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ABSTRACT

Over the last 15 years, é'ﬁafgé-éffort has been made to_demon? _1
strate reduction in the exteﬁt of ischaémic injury and subseqUent'my§—
cardial necrosis with specific therapies during myocardial infarcﬁioh
in man. Such research has been hampered by a lack of suitable methods
for quantifying infarct size in man. - ﬁecreased wall motiqn has been
shown to be a sensitive_indicgtof of myocardial-ischaemia and infa}c-
‘tion. This study was done to eva]ﬁate the‘ﬁ%tura] history of left |
ventricular abnormal wall motion (AWM) after acute anterior myocardial
1nfarctjon by two dimensional echocardiography (2D echo). Sixteen
.patients wjth acute anterior myocardial infarcfion underwent up to 10
serial 2D echo.studjes up to 6‘m0nths after 1nfarction. Serial short-
axis and long a*is images were recorded and the extent of total abnor-
mal wall motion (AWM) was computed for each section: Total AWM was
defined as hypokinesis plus akinesis.plus dyskinesis. Over the 6‘
months of the study there were no significant différences jn extents of
AWM in the group as a whole but there was aésignificant décrease in
extent of total AWM and extent of akinesis p]u; dyskinesis of approxi-
mately 20% (p < 0.05) in those 5 patients with small infarctions (as
determined: by a peak créatine kinase (CK) less than 1150 I.U.).v This
decrease occurred over the full é'months 6f the study. No change was
seen in extent of dyskinesis a1oné. Among 10 pétﬁenfs with medium to
large infarctions all deve]oped diastolic shape distortion guggestive
-of aneufysm, but LV di]gtion negated any absolute cﬁénges in extent of

abnormal wa?1 motion. No clinical events predicted the.changes in

iv



abnormal wall motion over time within the gﬁoup. The extent of total

AWM showed a gbod'cbfre1atibn wiﬁh‘peak serum CK (f'= O.70,'p < 0.0i

. and extent of dyskinesis correlated with summated Q waves (on'standard

anterior chest leads of electrocardiogram done at 48 hrs). (r = 0.65,

! p < 0.01). Intraobserver reproducibility wa$ satisfaptéry with a

variation of measurement of AWM of 10%. Thué, two dimensipna]

echocardioqraphy’is a reproducible method of%eétimating the extent of
‘ :

left ventricular asynergy. 1No significant chénges in extentvof AWM

|

occurred in the 6 months post-infarction.
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‘dimensional echocardiography.
<G

INTRODUCT ION

‘Ever since the studies of Tennant and Wiggersl, it has been
known that acute coronary occlusion resulted’in rapid and dramatic
changes in wall motion of the ischaemic region. They also showed that

restoration of flow after brief occlusion resulted in complete return

“of normal wall motion. This was the first experiment to suggest -

reversibitity of isehaemiclinjury. This concept has received majpr
interest2 since the 1ntroduction of coronary care ﬁhits resulted in a
majdr reduction in deaths from primary arrhythmias (2a). The.size of
1scheem1c 1n3ury is now the major determinant of morbidity and mortal-
ity in acute myocardial infarction.® To test the hypothesis that the
amount of ischaemic necrosis can be reduced during myocardié] infarc-
tion, a reliabple method toiquantify myocardial infarct stie is needed.
Manyjstudies have utilized wall motion abnormalities aé an indicator.of
myocardia] jschaemia. However, it was only with the advent of tﬁo
d1mens1ona1 echocardiography that repeated ser1a1 tomograph1c 1mag1ng
of the heart in motion became practical in man (3a). This: study was -
thus performed (1)'to'assess the feasibility and reproducibi]ity’of
repeated two dimensional echocardiographic 1mag1ng after acute |

myocardial infarction; (2) to determine the naturaﬂ h1story of abnorma]

wall motion in acute myocard1a1 infarction in man as assessed by two



LITERATURE REVIEW

)
. t

QUALITATIVE ASSESSNE&T OF WALL MOTION

DEFINITIONS

A discussion of pyocardia] ~all motion requires a defﬁnition of
terms. Thus, the ﬁovemgnt of the ventricular muscle mass relative to
the ventricular cavity can be defined as ventricular wall motion. It
can be divided into 4 components - isovolumic contraction and isovolu-
mic relaxation - both with fixed volume but conformational'chaqge; and
ejection phase and filling phase where wall movemént is-associated with
change in vb]ume. .

Abnormal wall motion will be defined as decreased amplitude or
abnormal direction of.wall movement during systole assoéiated(ﬁith
decreased systolic thickening; It is essential fo introduce the para-
‘meter of wall thickening to exclude non-ischaemic causes of abnormal
wall-motion.

There is heterogeneity of contraction and tﬁickening within the
normal Lgft ventr kl 14,5,6) and this has to be considered when evalu-
ating wall motion. vA]t(OUQh abnormal patterns of wall .ution within
systole (biphasic ‘lela ad) and during isovolumic reia/ui;an are |
characteristic in i .iaemia,’ they can be recognized on]} by frame by
frame analysis because the duration of these ahnormal patterns is too
short. | | ' '

Wall motion is the product of thé fatéfaction of developed

force through muscle fibre shortening against a resistance (electro-

chemical/mechanical coupling) and muscle fibri\iijentation.



MYOCARDIAL CONTRACTION

The mechanisms of actin and myosin interaction to initiate con-
traction and fibre shortening are well de§cribed.8’9 Initiation
of the normal processes of contraction and relaxation requires
adenosine triphosphate (ATP). There is a translation of chemical
energy (ATP) into mechanical erergy in the movement of actin-myosin
cross linkages that occurs during shortening. A "plasticizing" effect
- is provided by ATP, which allows dissociatfoﬁi‘ In its absence, actin

and myosin can interact d1rect1y to form rigor comp]exes which are

neither amenab]e to regulation by cal* concentrations nor fully

/

reversible,

Calcium regulates the interaction of actin and mygsin through
tﬁe tropomyosin troponin cbmp]ex. With Tow Ca* concentration, _
this cemplex 1nhibits binding of actin and mybsin'— ATP and it acti-
vates binding af high cencentrations.

Excitation- contraction coup11ng is rap1d1y inactivated by -
ischeem1a through the onset of hypoxia, ac1dem1a ;nd reduced 1eve1s of
ATP, The latter results in the, formation of the r1gor complexes seen

_early after acute myocardial 1nfarct1on.10

The sarcomeres in the mid wall of the myocardium?operate at
ciose to optimal resting 1ength for tension development at normal endo-
diastolic pressuree. The sarcomeres of the epicardium and endocardium
are shorter. With di]ation a progress1ve “recru1tment" occurs so that
the epicardial and endocard1a1 sarcomeres e]ongate. The sarcomeres re-

sist stretching beyond 2.2 microns ‘and further dilation can only occur

with distraction - resulting in myocardial damage and subsequent



\ | - .
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\
fibrosis. "Recruitment" results in increased force of contraction

and improvement in cardiac function'(Frank Starling mecham‘sm).11

Becéuse of geometéica] censiderations there is relatively less shorten-
ing of the épicardia] than the endocardial sarcomeres. The sequence of
‘recruitment and the above geometric considerations have signiffcant
t on wall motion patterns because of the varjations in fibre
architecture of the left ventricle and because iéchaemic damage prefer-
entially involves the subendocardium.
STRUCTURAL CONSIDEﬁATIONS
Thewleft ventricle has a complex geometry with inlet and out]et

compartments aligned at 30° to each other. IQ diastole the anteriﬂr
border of the heqrt (as seen on the RAO angiogram) is invariably c&n-
cave to the cavity but the inferior border is frequently flat or convex
in relation to the cavity. This relationship holds true in systole in
normal hearts.!2

_— To understand normal contraction patterns requires some knowl-
edge of the fibre architecture of the heart: This has recently been
reviewed.13 The basis of our understanding of fibre orientation
was stated bvarehl in describing the Triebwerk - a series of he]ica]
fihre pafhs passing from base to apex and from epi@ardium to endocardi-
um-éﬁd theh continuing from apex to base and from endocardium to epi-
card{um. The fibre pathways are not joined to each other and only a
.linﬁ}ed number of fibres are attachéd to the fibrous skeleton. These

concepts were wonfirmed by Torrenthuasp14\ysing a dissection pro-

tocol that rigorousiy.preserved the principal fibre path. Within this

v
framework there are a number of regional variations., Histological



analysis of through-wall blocks have shown thét the helix ang{eagrad-
ually changes from +90° (endocardium) to 0° (mid wall) to -90° (aﬁ\
epicardium) relative to the surface of the epicardium in mid cham- \\
ber.15 This structural relationship persists in systole.l6 By

using cross-sectional .slices of human hearts examined in rigor mortig;
Greenbaum, et a1.l7 have shown regional variations exiét in fibre

v

orientation.

At the base, the fibres are essentially circumferential in the
.mid-wall, sandwiched between longtitudinal fibres in the endocardium‘
and ob]iéue]y running spira] fibres in the sub-epicardium.

At the mid-ventricle level, 10ngtitudina1 fibres are seen in
the trabeculae and sub-endocardium, while circumfe;éntia1 fibres are
present mid-wall ésgecia]ly in the septum. Spiral oblique fibres are
subepicardial with longtitudinal fibres seen on the anterior;and obtuse
marginal surfaces. h

Towards the apex the spiral oblique fibres are-seen in both the
sub-endocardial and sub-epicardial "layers" - there is no middlie layer
- and the two interdigitate. The wall is thinner and forms a vortex at

g
the apex.

The orientation of fibres in the septum is almost exclusively

/

circumferential towards the lef* ventricle ekcebt near the apex wher
spiral oblique fibres are seéh.

There are extensive cross-over fibres both anteriorly and pos-
teriorly between the right and left ventricle. The septum is morpho-
Togically part of the left ventricle by virtue of the circumferential

fibres which are not seen in the right ventricle.



'

As a result of these reéiona] differences in morphology there
are variations in regional function.4:5:6 The relative roles of the
sub-endocérdium and sub-epicardium in myocardial thickenipg and wall
motion are important in the understanding of the gffects of ischaemia
on contraction,

Sub-endocardial thickening accounts for over 80% of total sys-
tolic thickening and therefore of overall pump function.l8 This is
at least partly related to mechanical and geometric constraints on
the epicardiuﬁ and the incompressibility of the myocardium.l8 Thus,
Sabbah et al demonstrated a reduction of 1nterﬁa1 dimension of the ]eff
ventricle (short axis) of 22% versus 6% for the external
dimension. 18 | |

Part of the sub-endocardial thickening is produced by longti-
tudinal shortening which occurs mostly dﬁe to movement of the base of
the heart.4 This shortenihg may be overestimated if there is apical
cavity"oﬁlitefﬁtion.lg ¥

In the normal ventricle, systolic ejection is achjeved main]yv\
through lateral apposition of walls.20 Thys, fracfionai shorteaing
of the 'short axis of the heart correlates well Qith ejectibn‘fraction
in normal and diffusely abnormal ventricles.l9 However, fractional
shortening (and thus wall motion) varies in extent from base to mid
chamber (andKPy extrapolation, presumably to the apex).? In tHe
study of Shap%ro et al,, fractfonal shortenfng at the base was 32+ 6%
(mean + S.D.) énd for papi]]ar}”Teve] 37+ 5%. Epicardial motion at the
base was much greater than at mid—chamber. This partly compensated for

the reduced systolic thickening at the Bhse. Septal thickening which

™~
contributes substantially to septal motion was significantly less than



that of the posterior wall at the crosssectional levels.
At mid-chamber levels, the posterior endocardium continues to

move inwards after the aortic valve is closed., This delayed contrac-

{ .
-

‘tion occurs in the absence of conduction de]ay and suggests temporal
dispersion of contraction. This delayed thickening is not due to
diastolic myocardial engorgement because it does not occur at all
cross-sectional levels. This non-uniformity is likely due to varia-
tions in fibre architecture rather than in local myocardial cei]
properties.

The relative changes in cavity dimensions and wa&j motion hqye
been demonstrated by angiography.19:21s22 In normal ventricles, long
axis shortening is approximately 18%. ’22 It i§ reduced in abnormal
ventricles e.g. 13%,19 7922 eépecia]]y in aortic stenosis where
the long axis may lengthen in systole. Howgver, changes in the short
axis more closely reflect overall cardiac function provided the abnor-
‘mality is diffuse.!® Measurements of normal fractional shortening
by cineangiogram 27%‘19’22 are slightly less than those by ultra-
sound 36%.23 |

Tec#nica]}proﬁ]ems associéted with definition of~endocard1a1
edge may cause apparent regional differences. Using angiogfaphy to
measure wall thickness, Mitchel124 found that systolic thickness
involved true'thiCKening,of the muscle and {nf01d1ng of the trabecuiaé
carnae, As tcgbecu]ation is not uniformly distributed over the left 1
ventricular surface thié gfves rise to apparent variations in thickness

an extent of wall motion. This is Tess of a problem with ultrasound

measurement .



Rotational forces contribute to apparent non-uniformity of wall
motion. -Torsion abouf the long axis haé\been measured!® by change
in %he fibre angle of myocardial musc]é Eetween diastole and systole.
This change %s 7° at the base and 19° near the apex. Using endocardiai
markers Rushmer et al.2° showed a torsion\¥e1at1ve to long axis of
approximately 10° at mid-chamber. Errors of\measurement of wall motion
may then be made by rotation of a surface out of the plane of

section.26 This torsion produces potential energy that allows for

active. and rapid relaxation through derotation.

PHYSIOLOGICAL FACTORS

Dilatation of the left ventricle occurs in response to
increases in pre]oad or‘éfterload or a decrease in contracti]ity. The
left ventricle dilates asymmetrically 1ncréasing mainly in the short
axis dimension to éssume a more spherical shape.lg As this occurs, aJ
disproportionéfe amount of the dec;ease in wall motion amplitude occurs
in the short axis relative to the long axis. Thus, the relative
amplitudes of regional contfaction are partly dependent on the size of
the cavity. |

'n the absence of change in cavity size or shape, changes in

preload, @~ ~7-2d 'and contractility will not alter the relative
amplitudes © onal wall motion,” However, increased éffgrload will
tend to decrec > amplitude of wall motion whereas increased preload

will ten” to inc- =e i-,9 1n the ibsence of sympathetic discharge,



changes in heart rate do not significanf]y change cardiac output, but
do change the end-diastolic size of the left venffit]e and the ampli-
tude of contraction.

Conduction disturbances cause temporal asynergy (asynchrony).
This is associated with some shape change. Further, in left bundle
branch block there may be an additive effect due to fhe asynchronous
contrection of the two ventricles.

An increase in right ventr1cu1ar filling volume or pressure
causes a flattening and a left shift of the intraventricular septum -
this causes a decrease in the‘septal/free wall dimension and an
increase in anterior/posterior dimension of the left ventricle.?2/
This.shape change decreases the compliance of left ventricle and
fi]]iﬁg volume resulting in a fall in stroke volume. These changes are
accentuated with acute cardiac dilation, but are seen to a mild degree
with inspiration in the normal sized heart. A decrease in the ampli-
tude'of wall motion of the sep%um (but not of wall thickening) occurs
relative to the posterior wal128 and septal motion may become

q

paradoxical.

st

ABNORMAL WALL HOTiON WITHOUT ISCHAEMIA

Localized abnormalities of wall motion not related to the above
factors are mostly due to ischaemic heart disease. Hdwever, there are
a-number of other causes of regional asynergy. These include ebnormal-
ities at the base ef the heart in mitral valve prolabse and” rheumatic
mitral valve disease and in the septum in hypertrophﬁc obstructive car-

diomyopathy. Focal disease in the heart may ockur with granulomatous
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and infiltrative processes causing regional asynergy which may be
associated with abnormal thickening. Thus, these conditions must be
excluded before assessment of ischaemia by regional wall motion abnor-

malities is possible.

THE USE OF ABNORMAL WALL MOTION TO DETECT ISCHAEMIA

Changes 'in contractile function are the earliest externally.
detectahle signs of ischaemia. w1¢hjn 5 seconds of occlusion of a
coronary artery there are characteristic changes of Systo]ic;thinning
and paradoxical motion in the centre of the ischaemic zone .29 Thesé
éﬁanges occur before any evidence of a chrrent'of injury on ECG and
also before the onset of cheggnpain.30

A number of studies$ have beén perﬁorméd to determine the
relationship between contractile function (demand) and myocardial blood
flow (supp]y).. Keeping myocardial work constant, Wyatt et al1.31
induced ischaemia by graded reductions in flow. Contractile function
rapidly decreases when coronary perfusion»pressure falls below 50 to 65
mm of Hg and coronary blood flow below 0.25 to 0.55 ml/min/g. Thé
. re1at10nshjp is sigmoidal. The subendocardium is more sensiti?e to a
decrease in blood flow than fhe subepicardiuﬁ. Below a flow of 0.5
ml /min/g there is a steep decline in subendocardial length shortening.
At a flow of 0 to 0.3 ml/min/g endocardial systolic shortening is
lost.32 Chéﬁges in endocardial segment length héVe been shown to

closely parallel those of thickness measured~by‘sonomicrometefs33

and echdcardiography.34
falbalt)
)
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The relationship between. subendocardial length shortening and
flow is important because of the greater contribution of the subendo-
cardium to the amb]jtude of motfon and thickening of the ventricu1ar
wall, 18 Further, reduction of b]qod flow to the subendocardium
results in decreased sysgo]ic gho}tening of the subepicardium despite
"normal subepicardial blood flows, 32 |

The amplitude and mean ve]ocjty of systolic wall motion is
progressively decreased with graduated reductions in coronary blood
flow.35 Some systolic wall motion was maintained in these experi-
ments despite cpmp]éte cofonary artery oéc]usion but b]obd flow did not
fall below 25% of normal, presumab]j due to collaterals.

Many experiments have shown subepicardial sparihg in acute
%myocard1a1 fnfarction.36s37’38 However,.it'is functioné]]y tethered
to the subendocardium. This makes amb1itude of wall motion.(énd th{ck—
-ening) a re]étive]y insensitive indicator of transhﬁra] extent of in-
farction és infarction involving greater than 20% of wall thickness iz
associated with systolic thinﬁing and no significant change in the
amount of thfnning occurs as transmural extent of infarction
increases:gg,

TETHERING

~ Weiss et al.40 showed a positive correlation between cir-
cumfeéentia] extent of wall motion evaluated subjectively and the
circumferential extent of infarétion pathologically. Howevér, the
_circumferent151 estent of myocardial in%arction assessed by abnormal
wall ﬁotion overestiméted the ektenf of myocardial necrosis. This was

due almost entirely to wall motion abnormalities in the region adjacent

to scar. As these zones were within the occluded bed of the infarct,
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' they could have been severely ischaemic at the timé of echo examina-
tion.40 However, there is considerable controversy regarding this
phenoménon. Kerber et al.3% showed a decrease in function by M
mode echocardiography in regions with normal perfusion but adjacent to
ischaemic segments sﬁggesting tethering of the normal myocardium to
abnormal myocardium or the late results of transient ischaemia as
suggested by Heyndrickx et al.4l Wyatt et al.42 not only found
depressed functidn adjacent to infarcted tissue but.a1so at a distance
- the degree of depressed function being related to distance from the .
infarcted zone. These latter results were based on epicardial record-
ings which contribute only to a minor degree to overall cardiac func-
tion. Wyatt et al. suggested a "parallel fibre" hypothesis to explain
their findiﬁgs. Their experiments involved length gauge placement 1in a.
reéion where the myocardial fibres are in serie;. However, these
results need to be cautiously appliéd to the endogardium‘and other
.sections of epicard{um where fibre architecture is not so uniform.”
Heikkila et al.%43 and Banka et al.4% failed to show any change

~in function of the posterior wall in response to left anterior
descending artery occlusion.

In contradistinction to the above studies, other529’45a4§

have shown that areas remote from the infarct show increased function

Tikely due to decreased afterload secondary to paradoxical bulging of

[y

the ischaemic segment (decreased afterload), slight end-diastolic
dilation (Starling effect) and reflex sympathetic discharge.

In zones adjacent to infarction the issue is more complex. The

_intermediate function of the "border" zone may be related to severe



ischaemia, microscopic islands or peninsulas of infarction or sub-
endocardial extent of infarction beyond éreas'of-transmura1.infarction.
Reversibility of asynergy can usually be induced in these zones by postT |
extrasystolic potentiation47-48 or by nitroglycerin.29,49,50,51

This contractile reserve within the ischaemic-zone52 may be the

result of improved function 6f»the residual norma1,myocard1uﬁ or.rever-
sible ischaemia. The former is suggested by studies,7‘which show »

’

continuation of ischaemic. patterns of contraction despite increased

~amplitude.

‘ Several studiesyhéve suggeéted no significant 1atera1,border
zone exists,38,53,54 although Jugdutt et a1,37 showed a lateral
border zone width of 7 mm (hean)} However, natural epicardial sparing
does frequently 6ccur.38’53 In the formér study, the transmura)

extent of infarction was slightly less at the borders than at the

-centre, which could in part explain the difference in responSé of the

two zones to poét-extrasysto]ic potentiatibn and nitroglycerin. TN

L3

N

However, the overestimation of circumferential extent of

infarction, the existence of an intermediate zone of function and its

‘improvement with post-ext?asysto]ic potentiation or nitroglycerin can

all be at least partly explained by "tether{ng" - the transmission of

wall motion of one region to an adjacent region. From a mechanical

- point of view, some degree of tethering is to be expected. However,

the degree to which it contributes to the extent of abnormal wall
motion, especially hypokinesis, but aiso akinesis, is unknown as are

its effect on the severity of wall motion of the ischaemic zone.
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ABNORMAL WALL MOTION AND THICKENING .

As has been discussed already, epicardial dimensiona] shorten;
ing fraction is small and thus the major contribution to wall motion is
Ithickenihg. Approximately 45% of this thickening is due to cjrcum-
ferentia] shortening, -40% radial shortening and }5% longtitudinal
shorténiﬁg.zo Thus, thickening39 and rate of thickening43,55
are very sensitive in detect1ng changes in ischaemia. However, therei
are technical prob]ems in measurement of thickness and rate of th1ckenl
ing in man.24 Detect1on of the. end-systolic endocard1a1 edge may be
difficult on LV angiograms and the eprcarh1a1 border 1s often d1ff1cu1t
to detect on two d1mens1ona1-echocard1ography. M-mode echocard1ography

~is more suitable for examining changes over the cérdiac cycle but is,

limited by small area and number of sampling sites.56

ABNORMAL WALL MOTION Iﬁ ISCHAEMIA AND INFARCTION
It has been shown that transient,comp]eteﬂisthaemia (myocardial
blood f]ow’less’than 0.1 ﬁ1/min/g)-is indistinghishab]e from acute
infarction @hen assessed by we11 mo=:on amplitude or thickening4’
de§p1te fhe'féct that these ehanges are complete1y reversible,
Reversibility {s related Fo the'duration of the1f1ow(81$turbance.35
" Occlusion for more than 20 minutes resu]tsWin 1rreVersib1e changes in
_~the centre of the 1schaem1c zone both pathb]og1ca11y, and in terms of
wall mpt1on. Further, because of the re1at1onsh1p between myocardial
blood }1ow and thickening,32 abnormal wall motion may be present in

the absence of infarction. The_difference betweenj}hese»two functional

states of the myocardium can be demonstrated by post—extraéystolic
. i _

i
/

J
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potentiation48 or qitrog]ycerin.40 These 1nterventiqns improve
function in the chronica]ly'ischaemic_zone, but not -in the area of
infarction. The improvement of function is reproduced by subsequent
successful coronary bypass grafting to the vessel supplying the )
ischaemic zone.%8 The severity of the‘wa11 motion abnormality is
partially predictive'of reversibi]ity.50a58 Thus,‘paradoxicaT.motion
is rarely reversible, akinesis may be reversible and hypOkinesis is

b,

frequent]y reversible. Whether or not this improvement is due to
. " . . 1
increased contraction of normal subepicardial zones or relief of the
“ischaemia, these findings show that wa]T motion cannot easily separate

chronﬁc ischaemia from infarction. Thus asynergy will tend to over-

estimate the extent of infarction.40 Despite this, its assessment is

: 7
valuable because it is the -extent of abnormal motion and not actual

extent of infarction, which defermines function.59 The size of this

ischaemic and non-infarcted zone is variable,59

PATHOPHYSIOLOGICAL FACTORS AFFECTiNG WALL MOTION
The pathophysib]oQica] changes that occur with evolving myoé
cardial infarction have a direct effect on the state of the myocardium

'and thus on the dynam1cs of 1ts movement

In dogs w1th induced acute coronary artery occ1u51ons there* 1s .

a time dependent change 1n'funct1on in the central 1schaem1c and

‘marginal zones.44,60,61 in the central ischaemic zone character1st1c

' xl

changes of systo11c thinning with aneurysmal bu1g1ng occur due to loss

of ejection tension.44  The amplitude of this by1g1ngA1s maximal
0 _

between 15 minutes to lghﬁyr and decreases slowly over next 6 hours to

4
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near zero. The Eeason for this change is a decrease in comp]iance.’ As -
cellular adenosine triphosphate (ATP) levels fall below 12 y moles/g
. dry weightlO in the ischaemic zone, free association of myosin and
actin to form "riébr complexes" 0ccur$ without bound ATP. These "rigor
complexes" stimulate rapid ATP hydrolysis and also result in decreased
compliance of the central zone. This decreased compliance improves
]eft ventricular fgnction by reducing the negative effect of the
aneﬁrysma] bulging on overall stroke output.60 This proceséuis com-
plete in all zones with ATP levels below 4 y moles/g dry weight.
Segment lengths in the ischaemic zone also undergo stress
relaxation within minutes of oéc]usion. The diastb]ic segment length
increases'by approximately 5% in the-absence of any change 1n'norma1
diastolic segment length.Gz
Much less work has been done on the behavior of thé marginal
‘zones that border the central ischaemic zone. These zones exhibit
intermediate abnormalities of reduced-systolic thickening and reduced
‘systolic motion33 associated with reduced ejection tensionb3
and endocardial seément length shortening.29 The size of this zone
#s controversial - from very small to equivalent to the size of the
4infarct. It is partly dependent on infarct size and geometry.6.4
This controversy is partly related to 1imitatibns of methodology54
and partly the.;esu1t-of varying interpretation of existing‘data.
This zone is presumably a mixture of normal and necrotic tissue or a
zone of ischaemia without infarction.33 :
The model of acute coronary occlusion in dogs has been very

useful in understanding the pathophysiology of acute myocardial



17

L _ ) | | ‘ R
v . e . ’ | Rl
infarction. However, human infarction is rarely due to sudden complete
occlusion of a previously normal vessel. Occ]usion may be transient,
secondary to spagm, or incomplete - both resulting in-a much higher,
percentage of cbntraction band necrosis than in acute gpmb]ete oéé]u—
.sions.35s65 Further, the infarction may occur o&er several days - .
especially if précéded‘by a history of preéinfarction angin@.Gf/ This
"stuttering” course of myocardial infarction59,66,67 may be related
either to a bro]ongation of the duration to complete necrosis in a
single ihfarctio; or due to very early extengions of completed .. farc-
tion - the exténsions are almost always in the territory of the
recently occluded artefy.66’58’69- These changes may be the result of
Tocal blood flow, metabolic, hormonal, haemgrrheo;ogic, haemodynamic or
wa1{ stress changes during the dynamic evolution of acute myocardial
infarction. The influence of collaterals will be discussed later.
Reflow after temporary occlusion results in eariy development
. of oedema, cellular infiltrate and haemorhagé associated with a broader
band of contraction band necrosis,36 although the%e changes are

seen by 4 days in no reflow infarction - these changes profoundly

affect the early changes in compliance<of the ischaemic zone.36

COMPLIANCE

Compliance of the abnormal segment plays a major role in its

!

behavior in the absence of contraction. Following myoéardia1 infarc-
tion, a high\& predictable series of histopathological changes

occurs70,71 although there is considerable variability in their

extent anéatfme course,
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. Initially, the central ischaemic zone becomes essentially
avascular resulting in decreased tissue turgor. ‘This, associated with
loss of contractile function, leads to an increase in comph’ance62
usually with systolic aneurysmal bulging. Early development of rigor
complexes then tends to décrease compHance.10 Subsequently, the
mass and stiffness/2 of tHe infarct is increased by oedema,
cellular infiltrate and variable amounts of'haemorrhage.36 Early in
this phase, myocardial necrosis may also significantly affect
comp]iance.A In the healing phase the compliance decreases further as a
' resu]; of ihcreasing fibrosis with scar formation.61,73 |

J A number of drugs have been shown to affect the hea]fng process
including methy1predniso1one,74 indomethacin75 and 1buprofen76 - the
latter two drugs- being commonly used for treatheht of pericarditis
associated with-acute myocardial infarction. The end result of this
'interference with cellular repaﬁr is infarct expansion with significént
diastolic segment length increase associated with major diastolic shape
distortion and marked diastolic thinning of the affected myocardium.
This process occurs in man in the absence of medications.68,77

This shape distortion is associated with siénificant decrease
in pump. function and thus with overall di]atfon of the ventricle.’8
As has been already stated,l9 this dilation is asymmetric, occur-
Eﬁng more in the short axis than in the 1on§ axis altering the regional
heterogeneity bf wall motion amplitude. Further, increase in LV size
increases wall stress and this resu]ts?in a compensatory hypertrophy in

the non-ischaemic zone6l - an-asymmetric hypertrophy which alters

LV mechanic¥.



Conduction disturbance will rgsult‘in asynchronous contraction
which may have a more marked effect on overall LV performance in acute
myocardial infarction depending on the comp]iancé of the ischaemic
segment. These can either be of bund]e branch pattern or

- intraventricular conduction delay.

PRESENCE OF LY THROMBUS

It has been shown thét in the absence of LV mural thrombus
there is a sparing of an endocardial layer of up to 12 ce]is
thick.36538,71 These cells develop into a dense Tayer of endocardial
fibroelastosis.’9 This layer is non-compliant and tends to prevent
aneurysmal bulging of the ischaemic-myocardium. - In the presence of
mural thrombus, this layer of endocardium is 1ost;79 The thrombus
itse]f tends to decrease compliance, but with healing there is a
greater likelihood of aneurysm formation. w1th't1me, the thrombué may
be incorporated into the wall as collagenous scar 79 making endo-
cardial definition difficult, and intefering with measurement of

~amplitude of motion and thickening of the affected segment., -

LOCATION OF ABNORMAL WALL MOTION

‘Inferior myocardial infarctions have a better prognosis than
anterior myocardial infarctions.80 For equivalent sized infarctions,“
the frequency of aneurysm8l and thrombus formation82 is greater
for anterior versus inferior infarcfs. This suggests that the location
of infarction may be an important variable in the subsequent pfocess of

healing.



“

20

Part of these differences are related to the extent of right
ventricu]ar involvement in the infarction process. Enzymatically
estimated infarct sizé’in inferior infarction includes both left and

right ventricular necrosis. Thus, the extent of left ventricular

infarction is greater in anterior than inferior infarcts. This results

in greater depression of left-ventricular function83»84_and‘more
widespread depression of regional function.83 This latter 'study also
suggested a degreé of improvement in regional and global function not
seen in Reduto's study.84 Ppart of fhe difference may be related to
the time interval from onset of symptoms to initial study (not
specifically giveﬁ in either stq?y). However, it is possible -that
there are regional differences in the left ventricle in resbohse to

ischaemic injury due to mechanical or haemodynamié factors, collateral

blood flow var15b11ity or fibre geometry. -

In human infarcfion, the horma]ity\gf coronary arteries not
involved in the infarction cannot be assumed\as it is for animal exper-
iments. Severe stenosis of another coronary artery can induce motion
abnormalities at a distance from the zone supplied by the occluded

artery.85:85 Weiss et al.40 showed that in all but one of the

‘segments judged to be akinetic but found to be normal pathologically,

the abnormality was within the zone of an artery with at least a 75%

‘stenosis.

‘Natural epicardia1 sparing occurs in human infarction38 and

is variable in extent. This is 1ik91y related to the degree to which

collaterals can return myocardial blood flow towards normal balanced
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against factors which increase myocardial oxygen demand. The develop-
ment of collaterals in man takes time. Their presence at the time of
acute infarction will be related to thé duration of significant
coronary artery stenosis.87 Thus, the bresence or qbsence of other
coronary artery disease and of cof]atera]s may have a significént

effect on the ultimate infarct size, the presence of remote ischaemia.

and the extent andbseverity of wall motion abnorma]ities.
QUANTITATIVE ASSESSMENT OF ABNORMAL WALL MOTION .

Gold Standard

The contrast left ventricular angiogram was the first in vivo
method used to evaluate left ventricular wall motion in man. Quantita—
tive information from angiography has been extensively validated
against patho]qgicé]]y demonstréted infarction (65, 88) and coronary
angiography.(65, 89). As such, it has become the "gold standard"
- against which other newer imaging modalities have been judged. However
othér imaging moda]ities such as two dimensional echocardiography and
radionuclide angiography do not reproduce the images of cineangiography
and are not strict]y comparable. Further, the value of comparison of
extent of wall motion abnormalities with the extent of pathologically
proven myocardial infarction is limited by the many dynamic factors.
which may influence regional wall motion (69). Thus, no true "gold
standard"‘exists. Methods must be judged by their reproducibility and

consistency with other experﬁmenta] observations (90).
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SUBJECTIVE VERSUS OBJECTIVE ASSESSHfNT

Initial attempts to analyze cineangiograms relied on subjective
assessment of wall motion - both in terms of extent and severity of
abnormality. A grading system for severity of abnormal wall motion was
established by Gér]in et. al (91) and extent was defined by the number
of arbitrarily assigned segments (92) that were abnérma] (93, 94). The
gréat advantage of such an approach is simplicity. However, the
reprodutibi]ity of the results is highly dependent on observer
experience.k An experienced observer’may be fairly consistent but there
may"bé significant inter-observer variation (94). A modificatioh of
this system is to use the end-diastolic outline to mark the extent of
abnormal wall mbtion and express it as a bercentage of the circumfer- "™
ence (95). This- percentage shows a close correlation with the size of
infarction measured by accumulated release of CK-MB (88, 97) and to the
impairment of global function (95, 98). Thése subjective methods have
been4used to evaTuate abnormal wall motion demonstréted at echocardio-
graphy. Thus, Kisslo et al. examined the heart according to anétomic
Eegments and related their findings to LV angiography (90). They found -
agreement in assessment of wall motion in 87% of all segments visual-
ized by both methodsf Echocardiography was less re]ﬁabie in visualiz-
ing all segments (68%). Inadequate target identifi;ation was respons-
ible for 23 of the 55 discrepancies bewteen Ehe two methods (90).
Heger et al. (99) shbwed that in a group of patients with acute myo-
cérdia] infarction satisfactory visualization of the left ventricle was
possible in 84%. Using a sggmenta] approach thef3D écho reliably
detected and determined the location of MI. They further showed agree-

ment between 2D echo and autopsy findings in 94% of»segménts assessed
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(99). Visser et al. (100) used a more extensive segmental approach to
determine an estimate 6f infarct size and found a close correlation

(r = 0.87) between Cﬁf;;—;;?ErFt size and the‘ZD Echo estimate of
infarct size. Another modification of the segmental approach is the
~wall motion index (101—104).‘ This index allows assessment of both
extent and severity of abnormal wall motion and corre]afes closely with
clinical subsets (101, 102), prognosis (102, 104) and infarct size as
assessed by technetium byrophosphate scanning (103) and thallium
perfusion defects (103). Two bther methods for quantitating extent of
subjectively evaluated waf] motion‘have used a similar dpprOach‘to
Field et al. (95) and expressed extent as a percentage of the endo-
cardial diastolic circumference (40) or as a pefﬁmeter extent for
serial studies (77). This me?hbd shows goéd correlation with pétho—
logical extent (r ; 0.90) but 2D Echo consistently overestimates ° |
infarct size (40). Finally, subjectively eva]uated wall motion abnor- -
malities have been used to determine the extent of left Veﬁtricu1ar
surface area that i; abnormal (105, 106) and -this has also been Shown

to correlate closely with pathological (105) and CK (106) estimations

of infarct size.

Objective Assessment

Although subjective assessment of abnormal wall motion has
pfovided useful information, objective quan{itation is moré reprodu-
cib]e'(107) especially in the evaluation of hypokinesis (9&). For LV
angiography a‘number of systems of superimposition of images in end-

diastole and end-systole have been used (94, 107, 107a). FEach method



24

. makes assumptions that are not entirely true (108). Using a simple

modification of the system of Herman et al. (109), Gelberg et al.
showed that the area shrinkage method was superior to chord or peri-
meter shortening (110). Similar methods have been applied to cross-
sectional images obtained by 2D Echocardiography. fee endecardial out -
Tine is circular in normal studies and thus a geometric centre can be
derived from which measurements of hemi-axia]’shorfening, perimeter
shrinkage and area shrinkage can be obtained (111). The area shrinkage
method was again found to be the most reproducib]e‘(lll). Further, of
the 3 metﬁdds it has the most sensitivity, specificity and predictive
accuracy in the detection of regional abnormal wall motion (112).
However, major problems exist in the detection of hypokinesis because.
of the natural heterogeneity of wall motion as defined by these methods
(5, 6). Thus, qualitative methods in 2D Echocardiography proved
satisfactory for detecting sﬁb-endocardia] infarction (113, 114) where
the most severe abnormality was hypekinesis in 50% of the patients
(114) and in distinguishing between subendocardial infarction and
normal studies in 85% o% patients with chest pain and no prior
infarction. Further, the,technique‘can be usee to showvchenges over
time with specific treatment (105, 106) and in the early natural

evolution of myocardial infarction (40, 100, 103, 104, 115).

Reproducibility

There are a number of Timitations to the quantificafion of

abnormal wall motion by two dimensional echocardiography (108). These

can be divided into factors relating specifically to the technique of
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echocardiography, those related to methods of quantification and those
related to the variability of wall motion. The latter 2 have a1ready
been discussed.

The physical properties of ultrasound 1imit the resolution of
the image in echocardiography. The reflection of ultrasound is depen-
dent on the acoustic impedance of the medium. This»is expressed as the
hal f-power distance of the medium which is partly dependent on the
frequency of ultrasound.. Blood in motioa has a high hal f-power
distance and reflects virtually none of the ultrasonic beam whereas,
boné reflects nearly all the beam (116). The myocardium has varfab]e
reflectance depending on the amount of contained fibrous connective
tissue (117, 118). It has been shown that these propérties of attenua-
tion and reflectance show predictable time related changes in areas df
‘myocafdia] infarct%on (119, 120). The endocardial edge is fréquent]y
difficult ts defjne (121) because it is a relative weak reflector of
echoes and depends on absence of cavitary echoes for identification.

in the preéence"of étasis, secgndary to cardiac dilation or
myocardial infarction, blood may cause weak cavity echoes which may
obscure the.endOCard1a1 outline (82). %hrombus formation may have the
.same result (82). Because the endocardial edge is a weak reflector
gain settings may be increased causing "blooming" - obscuring the
underlying edge (108).

The.reso1gtion of any sector image can be divided into 3
components - axial, lateral and azimuthal. Axial resolution is
constant af a]f levels of depth of field and %s approximately 2.5 mm
(122). Lateral and azimutha1?resoTution varies with depth of field

from 2-3 mm in near field (123) to as much as 17 mm in far field (122).
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. K \\\
These values depend on the instrumentation used and the energy oﬁ\the

\
beam (123)., This resolution is also affected by the orientation of\the
\

- edge to the beam. There is better resolution whefe the beam is at \\
right angles to the edge than when 1f is nearly parallel. Further, \\\
reverberation may make edge detection more difficult and Tess repro- \\\\
ducible and shadow effect due-to intervening ribs can obscure detail.

“These difficulties are magnified when defining epicardium where \\\
there is not a sharp image inteﬁsity interface (124) and where the
sfénal/noise ratio is greatly reduced by ultrasound scatter 1nlthe,
adjacent )ung tiséue.

In- specific patients further difficulty may be encountered
because of chest configuration, obesity or emphysema.

For these reasons, the acﬁuracy and reproducibility of 2D echo-
cardiographic measurement of dimensions is less than M mode measure-
ments (125, 126). However, part of this problem is related to loss of
intégrative data with stop frame analysis of 2D images, and lack of
standards as to what constitutes the endocardial or epicardial edge
(126). Parallax in measurement is also significantly greater on.a
curved monitor screen than with M mode format.

Finally, uncertainty‘as to the sector plane in space relative
to long axis of the heart is only partly alleviated by recognition of
interna1'1andmarks such as mitral valve attachments. This uncertainty
increases in ischaemic heart disease where normal anatomy méy be

distorted and particularly in all examinations of the apical region

where no such Tandmarks exist (108). Further, due to translational and
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rotational movements of the heaft in space during systole, fhe image
plane seen igzgiastole and systole may not be the same-(26). |
Despite these difficulties two dimensiona].echocdhdiography has
 been widely used fo study acute myocardial infarction becausé it is
non-invasive, portable and easily repeatable. It'is capable of .giving
tomographic séctjoqf that view essentially q1y of the éndoéardium._ It !
can give both structura] and functional information. A1l of these -
attributes suggest a role in the serial evaluation of 1nférct Timiting

therapies. The purpose of this study was to establish a baseline for

such evaluations.



STATEMENT OF THE PROBLEM

Principle Problems °

(a) To assess the feasibility and reproducibility of repeated“
two dimensional echocard?ographic~1maging after acute myocardial

-

infarction in man.

(b) To determine the natural history of abnormal wall motion in
acute anterior myocardial 1nfarctioh in man as assessed by two dimen-

sional echocardiography.

Subsidiary Praoblems

(a) To detérmine, if possiﬁ]e, some of the clinicaf‘determin-
ants of changes in abnormal wall motion over time in acute myocardial
1nfafction. |

(b) To estahlish a baseline of expected behavior of abnormal
wall motion for the p]annin§ of future experiments designed to test the
hypothesis that reduction of infarct size is possible with appropriate

interventions.

RN
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METHODS AND PROCEDURE

Jiid
=\. Patients selected for study were those admitted to the
University of Alberta Hospital with:

(1) A typical clinical history suggestive of acute myocardial

infafction (MI) - | | : )
Q

(2) Typical ECG'changes of acute MI.
Patients were excluded from the‘study if:
(l)wThere was a known‘history of previous myocard1a1 infarction.

(2) Admission was delayed beyond 72 hours after the onsef'of 9

symptoms

(3) EChocardiographic examination could not be performed within 96

hours of onset of symptoms for technical or?]ogistica] reasons,

<

(4) The initial two-dimensioné} echocardiographic study was

considered unsatisfactory because of  inadequate targetvidentificétion.ﬁ

> v
v

(5) Subsequent ECG and cardiac enzyme evaluations failed to confirm

acute infarction.
Patients were not excluded because of the. presence of bundle
. - . 'D
branch block provided the other criteria for myocardial infarction were

satisfied. *

ECG's were performéd (with the patfent supine) -on admissioh and
repeated daily;for the next&§2 hours. The ST segments were evaluated
according to the method of Hilis et al. (127) at 0.08 sec. after the J
point for the 6 anterior (V) chest leads. The height of R (plus R)
waves and the deptH of Qlwaves was’quantitated %%r Ehe same leads and
the resilts For all leads summated. ;ﬁ | L
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In the early part of the study echocardiographic examination
was not performed for the first 48 hoyrs after onset of symptoms
because it was performed outside the coronary care unit. Thus, the
group selected were those who survived to 48 hours and were stable
enough to be transferred for exahination. In the Tatter half of thé
study, patients were examined in the coronary care unit as soon as
possible after admission. No attempt was made to contrpl the treatment

received by patients and all patients received normal care including

opiates for pain, supplemental oxygen and prophylactic xylocaine for 24

hours and other medications as indicated.

Ay

There were 96 patients admitted to the University of Alberta
Hospital with a diagnosis of acute MI during the 7 month pc iod of
enroliment. Of these, 51 patients presented with a first myocardial
infarction. For technical reasons, only 41 patients actually had an
jnitial echocardiographic examination. Of these, 33 patients were
subsequently followed up, of whom the 16 patients with anterior Ml
rgpresent the study popu]at%on. }

N

Echocardiograms were obtained using a phased array ultrasono-

s

" graph (Tbshiba Sonolayergraph or Varian 3400). A standard examination

technique was used for each patient as previously described (128). The

(15 parasternal long axis
(2) apical four chamber view

(3) apical two chamber view
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(4) serial parallel parasternal short axis views at mitral,
chordal, m  papillary, low papillary and apical levels.

(See Fig. 1)

A1l recordings were made in held end-expiration. The interrogating
plane was considered optimal when the left ventricular outline was most
nearly circular. Great care was taken to maintain constant transducer
angulation for each short axis view, to keep the transducer perpendicu-
lar to fhe Tong axis of the heart and to move the transducer towards
the apex jn the line of that long axis. This usually required the
patient to lie with a tilt to the left of between 30 and 60 degrees.
Sub§§quent examinations were performed with approximately the same
angle of tilt, Ah attempt was made to equally space the short axis
views from base to apex. &mages were recoraed on videotapé for subse-
quent analysis.

Echgcardiographic exqminations were performed within 96 hours
of onset of symptoms with repeat examinations if po§§ib1e on alternate
days fof the first week, pre-discharge, one month, two months, three
months and at six monthé. At the time of each examination heart rate,
blood pressure and medicat{ons were recorded. Clinical events noted
included presence of hypotension, left ventricg1ar failure., (inc]uding
initial and maximal Killip class (129)), recurrent chest pain
(including extension, expansion and peficarditis) and recurrent
arrhythmias. Post-discharge events recorded included recurrent chest
pain, myoca?dia] infarction, onset of left ventricular fqi]qre,
coronary bypass surgery and New York Heart Association functional class

(130).
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Blood samples for cardiac enzyme determinations .were drawn
routinely on admission, 8 hourly for the first 48 houﬁs and once more
at 72 hours. Calculation 6f CK Infarct size was made according to the

method of Roberts et al. (131).

Method of Data Analysis

A]] echocérdiograms wefe analyzed by one observer as part of a
a larger study involving all 33 patients With first acute MI fo]]oweq
up. The observer was blinded to the identity of the patient and the
timing of the‘examination relative to the onset of chest pain. Analy-
sis was performed by a method simila- to Gibson et al. (104). “After
each view had been identified (see Fig. 3), endbcardia] and where pos-
.sible epicardial 6ut11nes‘Were traced oh plastic overlays from stop
frames images of end-diastole and end-systole of the same cardiéc
cycle. The frame count number was noted for subsequent reproducibility
studies. End- diastole was defined by p]acing_a cursor on the peak of
the R wave on the ECG. End-systole was determined at the beginning of
each study by setting a cursor on the ECG tracing to coincide with
aortic va]véwc1osure. The interval between the two cursors was assumed
to be constant throughout the study. Still frame edge detection was
augmented by too and fro playback for eéch view, Intracardiac land-
marks were marked and where possible both right.énd left ventricular
outlines were drawn. The end-diastolic tracing was sﬁperimposed on fhe
end-systolic image and subsequent too and fro playback of the images in
each view allowed the detection of-abnormal wall motion. This was

classified into 4 groups as defined by Gibson et al. (104).
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(1) Normal

(2) Hypokinesis - a reduction of endocardial wall motion relative
to a normal zone within the same section associated with a greater than
50% reduction in systolic thickening relative to normal zones as judged
visually and with the aid of the end-systolic tracing.

(3) Akinesjs_— absence of endocardial motion associated with
absence of wall thickening. |

(4) Dyskinesis - Paradoxical motion - systolic outward motion of
the endocardial edge associated with systolic thinning.

A1l degrees of wa]T motion abnormal ity were partially assessed
by displaying the systolic imgge with the diastolic outline super-
imposed. The extent and severity of abnormal wall motion was marked on
the end-diastolic outline and corrected on further playback ana]ysié.

This process was repeated for all available sections for each

4

examination.
During analysis of each section note was taken as to the

presence or absence of ventricular thrombi and their location was

"marked on the tracings. )

Image quality was empirically graded for each section according

to endocardial edge definition:

(a) Good - all endocardium clearly visualized. :

%
',\/

(b) Adequate - some small areas of endocardial drop-out but outline

easily_interpo]ated.

(c) Poor - significant regional endocardial drop-out making outline

difficult to interpolate.



34

Despite initial screening before entry, a significant number of
sections could not be analyzed because of iﬁsufficient endocardial
detail in one or more quadrants. For this purpose a minimum of 50% of
endocardial targets in each quaérant needed to be identified for
successful analysis as suggested by Kisslo et al. (90). Results were
tabulated for each view. The diastolic endocardial tracings were digi-
tized electronically on a Hewlett Packard HP9835A digitizer to obtain:

(1) the length of the arc of abnormal wall motion - both the total
~ extent and the extent of gach degree of severity of abnormal wall
motion.(See Fig. 2)

(2) the circumference for each section.

The reproducibility of these measuremenps by digitizer was checked by’
repeat digitization of 30 sections. ngimum error was 0.05 cm and
éveraged 0.02 cm. |

Reproducibility of the detection of abnormal wall- motion was
determined by one observer by:

(a) repeat blinded analysis of the same examination in 20 patients

(b) b1inded analysis of repeat examination done in 19 patien%%’with
past history of myocardial infarction and stable clinical status with
ino change in medications.

These results were analyzed in terms of circumferential extent
(expressed as percentége of total circumference) of paradoxical motion-
and akinesis, total extent of -abnormal wall motion and extent of para-

doxical motion alone in all cross-sections.
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‘Statistical Ana]ysfs»

Not every patient had an examinapion at each time zone and not
all examinations were complete. The long axis views were those most
frequently obtained. Thus; it was possible to examine changes over
time for a larger number of time éones in selected patients who had
complete examinations. The time zones chosen were:

‘(a) 0 to 72 hours, 3 to 5 days, 8 to 10 days, 1 month, 3 months and
6 months

(b) 3 to 5 days, 6 to 7 days, 8.fo 10 days, 1 month, 2 months, 3
months and 6 months |

(c) 3 to 5 days, 6 to 7 days, 8 to 10 days, 1 month, 3 months and 6

months

~

When looking at all sectfons, the data was grouped into 4 time
zones: O fo 5 days,'8 to 14 days, 1 to 2 months and 3 to 6 months.
Where a patient had more than one examination performed during a time
frame, the mean value was used. The one patient who died within 24
hdurs of admission was excluded from analysis.

The data from the 2 long axis views (parasternal long axis and
apical four chamber) was combined to obtain a mean - the long axi§
composite - the two views were considéred to be 2 planes of the heart
at 90° to each other. The mean values for each patient weFE grouped 1in
the same way as for individual sections. H

The mean values fqr each time zone for each section and each
degree of severity of abnormal wall motion werebéompared using a two

way ANOVA. Where the null hypothesis was rejected, the significance of

differences was testéd by multiple paired T tests. A p value Tess than

0.05 was regarded as significant.
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The population was arbitrarily divided into two groups accord-
ing to the peak value of serum creatine phosphokinase (CK).
Small infarction -A1ess than 1150 i.U./m].
Large infarction - greater than 1150 I1.U./ml.
Because of small numbers, this analysis could only be performed for a
few selected views.
The patient population was also divided aacording to:
(1) Summation of 0 waves in the anterior chest leads of ECG at 43
hours
(a) less than 2 mV
- - (b) 2.0 to 4.5 mV
(c) greater than 4.5 my
(2) extent of paradoxical motion on jnitia1 echocardiogram as
assessed hy the mean of the long a*is views
(a) Vess than 8%
(bh) 8 to 15%
(c) greater than 15%
(3) fota1 extent of abnormal wall motion on echocdrdiégram és
assessed by the mean of the long axis views at 345_days
(a) total A.W.M. greater than 35% |
(b) total A.W.M. less than 35%
(4) extent of akinesis and paradox on echocardiogram as assessed by '
tﬁe mean of the long axis views at 3-5 days |
(a) greater than 30%
(b) Tess than 30%

(5) accofdjng to clinical events in hospital
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',(a) increase in Killip class during admission
(b) unchanged Killip class during hospitalization
'(§) according to recurrence of chest pain during follow-up )
(a) angina or recufrentlﬁlvduring follow-up
(b) no recurrent chest pain
Changes over t{me weré tested for each group using the same
stqﬁistica] proéedures as for the whole population.

Variability of assessments of extent of abnormal wall motion

was calculated as the mean of differences between measurements for each

view. Thus

n
Mean Error % Circumference = L (x-y)
4 =1 x 100%
oo
where x = first observation as % circumference
‘ y = second observation as % circumference
n = numbers of pairs of observat®ions

(x-y) is ailways considered as a positive number

The variability of measurement relative to the actual measure-

ment was ca]cu1qted for each section as
Relative Error % = Mean Error % Circumference x 1002
“Mean value of A.W.M.

These calculations were repeated for each section. and each
degree of severity of abnormal wall motion. This was done for repeat
analysis of the same examination (Reproducibi]ity.l) and repeat examin-
ation and analysis of a stable patient with past history of myocardial

infarction (Reproddcibility 2).

i

o
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The mean er;or % circumference for all examinations in all
views was summated for each degree of severity for Reproducibility 1
and‘Reproducibilit;\2.

In the same way, the.relative error % for all examinations in
all views was summated for each degree of severity for each study.

Differences between Reproducibility 1 and Reproducibility 2
were then testee for significance by a student t test. |

The proportion of variability due to repeat analysis re1ative
to variability due to repeat examination was calculated for each degree
of severity for mean error % and for relative error %. Differences
were tested by a Chi squared test.

Linear regression analysis was used to co;re1ate the echo-
cardiographically determined extent of abnormal.-wall motion ng
axis section at 0 to 5 days with peak CK, the sum of Q wave ae
anterior chest‘1eads at 48 hours and ejection fraction (EF) determined
echocardiographically. The extent of abnormal wall motion at 3-6
months'waé also correlated with the echocardiographically determined
ejection fracton at that time.

Left ventricular eﬁection fraction was calculated by planimetry
of the endocaréia] outlines of the two long axis sections in end-
systole and end-diastole using a Simpson's rule for areas program. The
tong axis lengths were digitized and ejection fraction calculated using
the Dodge-Sandler formula for two views (132).

A1l values were expressed as mean + S.E.M.



RESULTS

There were 16 patients who were considered suitable for study.
The in-hospital clinical data is shown in Table 1. The ages ranged
from 29 to 76 years, with a mean of 56.1 + 3.3 years. There were 13
males and 3 females. Admission Killip class score was (mean) 1.6 +
N.1. There was a é]ight increase in overall &i]]ip class score to mean
2.2 + 0.2 during hospitalization. In 9 patients Killip class remained
unchanged and in 7, it increased. Three patients had hypertension, for
more than 6 hours and two patients had significant hypotension unrela-
ted to bradycardia or heart block. One of these patients progressed to
cardiogenic shock and death within 13 hours of admission and. was not
1n;1uded‘in subséquent analysis. Pericarditis occurred in 7 patients
and infarct extension, verified by new enzyme elevations and ECG
changes associated with chest pain, was confirmed in 3 patients. One
| patient developed an acute V.S.D. two'days after admission and was
treated surgically prior to diséharqe front hospital.

The ECG data is shown in Table 2. The first ECG was berformed
at 0.5 to 64 houfs - mean 14.8 + 5.2 hours - after the onsef of chest
pain although 10 of 16 patient§ had the first ECG within 8 hours. The
location of the ischaemic changes was antero-septal (16), antero-
Tateral (12) and inferior (2). Two of the antero-septal MI's were
sub-endocardial. The ST segments were nét summated because of widely
'Varying times of presentétion. The summation of the R waves in fheAan—
terior leads at 48 hours was a mean 1.3 + 0.3 mV but correlated poorly
with other indices of infarct size (peak CK, extent of left ventricular

0
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[

abnormal wall motion). The summation ofo waves in the antegior chest
Teads at 48 hours ranged from 0 to 6.8 mV'w%th mean 3.7 + 0.5 m{

The enzyme data are shown in Table 3. The range in peak CK
values was 231 to 4405 I.U., with a mean 1908.£ 296 I.U.)m]. The range
of CK Infarct sizes was 5.6 to 162.7 g/Eq, with a mean of 47.8 +
10.2 g/Eq. .

Thé-fo]]ow-up data over the six months of the study and beyond
is shown in Table 4: Recurrent angina occurred in 9 patients and pro-
gressed to myocardial infarction in 3 - although only in 1 within the 6
months of the echocardiographic‘study. The patient with a V.S.D.
complicating MI had open heart surgery at one month post-infarction to
repair the defect. The auration of clinical follow-up was 6 to 23
»months, with a mean 12.4 + 1.6 months. No patient died bf priﬁary
cérdiac causes during follow-up. However, two patients died of a
C.V.A. and in both cases embolic stroke was sﬁggested. At their last
echocardiographic examination both had persisténf LV apical thrombus
(see Table 5).

The qualitative echocardiographic data is shown in Table 5.
The delay in imaging the patients following onset of chest pain ranged
from 5:to 94 hours with a mean of 53.1 + 6.5 hoﬁrs. Al1 patients had
apical, antero-septal and antero-lateral abnormalities. Echocardio;
graphy tended to suggest more extensive infarction than did ECG but
otherwise agreemehtvwaé good between the two methods; A1l except one
patient had apical paradox and four patients a]so‘had some
anteéo-septa] paradox. Left ventricular thrombus was presenf in 12 of

16 patients‘on initial echocardiogram and was still present in 11 of



the 12 at 6 months although the morphology of the thrombusvhaa changed
from protruberant to mural. Biplane ejection fraction, calculated from
the two long axis views (Longitudinal and Apical 4 Chamber) was
| 33.0 + 1.8% on firs£ echo examination and 35.0 + 2.0% at the 6 month
echo examination. The difference was not statistically significant.

- Table 6 (a, b, ¢, d) describes the ability to obtain adequate
. quality serial echocardiograms in this study. For logistical reasons
patients did not all have examinations at the prescribed times (see
Table 6(b)). However, all patients were studied at the 4 time 7
intervals givén in Table 6(c).‘ Although an echb examination was
attempted in these 16 patients'a'total of 126 times not all views were
successfﬁ11y recorded. Table 6(d) gives a breakdown of success of
recording individual sections ~ these studies. At the start of the
study Apical 2 Chamber and Low Papillary éross-sectiona] views We}e not
routinely recorded and will be excluded from further considerétion.«‘
Incorrect orientation of the view recorded increased in a stepriée
manner from 0% at mitral valve cross-section to 7.9% at the apical‘
cross-section, Simi]af]y, inadequate definition sufficjent‘to prevent
~analysis was more common at apical cross-section (9.5%)‘§han mitral
cross-section (0%). Thus if all cross-sections.were attempted during
the examination it can be assumedffhat inadequate visualization %or the
- purposes of recording was. also more frequent as the transducer was
moved from base (0.8%) to apex (17.5%). These differenceé.are most .
likely due to an inability to obtain a satisfactory apical window,
intefposing lung tissuevand fewer internal landmarks. for section
recbgnition during both recording and ptayback analysis. This

difficulty in lower left ventricular cross-sections resulted in a
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smaller percehtage of successful examinations and analysis of apical
(65.1%) versus mitral (99.2%) cross-sections. Thus énly 38.9% of all
examinations were coﬁp]ete although 91.3% had 3 cross-SectionSf
The Tongitudinal and apical 4 chamber Views were consistently
— ' imaged and analyzed but there was a significant number of examinations
-in whiéh the apicai 2 chamber view was inadequate forvaﬁa1ysis. -This
was either the result of marked foreshorténinéior inadéguate.target

. i /
visualization of the anterior wall. : /

\\\\\\ ‘ The empirically assessed image quality of anafyzed views is

shown in Table 7. The image quality of the apical 4'chamber, mitral

and chordal cross-sectionsfwas significantly better/than for all other
views. Image quality was poor more frequently inJéhe longitudinal view -
and in Eﬁé\gfd-papilléry cross-section. In-the 1éngitudina1 vieW’thére“
was usua]]y,poo?\ppftefior and apical wall definition. In mid-paﬁi]-
lary cross-section tHEFé\was usually poor 1atér#1 wall definition and
occasionally poor posterior waT1'definitipn, ;%hus; in neigher case did
< the area of poor definitibh have a méjor effect on the interpEetation
of abno:...i wall métion in'these anterior myocardial infarctiohs.

Figure 4‘represents an actual trécing of stop ffame video
imagesnin systole and diastoie of mid-papillary cross-sections in one
patient at initial examination and at 3 months. The relative positions
of the papillary muscles and the pbsterior RV-intervéhtricu]ar septum
intersection suggest that the 3-month study cross-section is slightly
‘closer to the apex than in the initial Study. But, as is shown below,

the differences between the two studies in extent of AWM is unlikely to

-
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Ly
to be'exp]aineé on this basis. The extent of total AWM -was 34,0% and
47.3%. The extent of akinesis p]ué paradb% was 27.. and 42.4%. The
extent of paradox only was 10.9% and 18.8%. The increase in extent of
AWM was associated with s1ight diastolic anterior wall fhinning and.’

—

marked diastolic shape distortion.. In neither case is the view

entirely circular suggesting a slightly oblique section but the changes

are not significaht1y'affectedbby this. LeftuVentricu1ar throhpus had
developed in-this area of shape distortion (eneurysm).

F1gures 5 (a,rb, c) represent the results of serid] evaluations
of abnorma] wa]] motion in one patient over the 6 months of the study
p]otted on a logarithmic sca]e”forvc1ar1ty. Each po1nt‘represents one
,echocardfogfaphic-examiﬁation. %his patient deve]dped recurrent
myocardial infafcﬁidh afféf the 3 mOnth~study. Figdre 5(a) shows the
va]ues,for'totq] AWM-during the sfudy. ;There was a noh-sfgnifica i
fa]]-inlextent of total AWM -in the~L9ngtitud1na] and Apical.4 Chamber
views over time unti 3 moﬁfhé...The mean value of total AWM for 2-3
months and 6 months were 31.9% and 39.6%, p < 0. 05 for Long1tud1na1
view. and 32.0% and 40. 6% p < O 05. for Apical 4 Chamber view. The
increase was the resu]t of a s1gn1f1cant increase 1n AWM in the 1atera]
wa11 on chordal 5.6% to 25. 0%, p < 0.01 and Mid- Pap111ary 31, 5% to 46%,

.p < O.OS"Eross—sect1ona1'v1ews. There were no s1gn1f1cant-changes in
Lew Papillary and apical cross-sections. Figures Skb) end (c) show:the

.5§eria1 values of akinesis plus paradox and paradox altone respectively.

For akinesis plus paradox there were no signifieant.differences over

time for any views except Chordal and Mid-Papillary Cross- sect1ons

wh1ch increased from 0% to 20.1%, p < 0.01 and 25.6% to
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38.3%, p < 0,05 respectiye]y for pre and post recurrent'infarcﬁion
studies. For paradox alone (Fiéure 5(c)) there Qére no significant
changes over timé except in Mid-Papillary cross-section which increased
from 8.7% to 17.1%, p < 0.05 with the recurrent MI. °"As can be seen
there is considerable scatter of the points reflecting the inherent
variability of measurement. |

The reéu]ts of the follow-up study for each section are dijs-
played in Figures 6, 7 and 8, fn each case, for each section there are
no significant differences-between time zones by ANOVA testing.
Beééuse there were no'significapt differences shown, several time zones
were combined so that all 15 pa£1ents were examined at each of the 4
time zones choéen. Once again for the whole group there were no éigni—
ficant changes over time by ANOVA testing (see Fig. 9).'

To test the hypothesis that different sizes of infarction might
behave differently over time, the patient population was divided arbi-
trariTy into groups'with small to large infarction% by three different

(

‘FirstTy, a level of peak serum}CK of 1150 I.U./nl was uéed to

methods.

divide the patients into two groups. The results are shown in Fig. 10
(a to e) for each vfew with an adequate number of patients. There was
no significant differences in AWM over time in either gfoup in the
Chordal (Fig. 10 (d)) and Mid-Papillary (Fig. 10 (ej) cross-sections.
However,, for both the Longitudinal and long axis éomposiﬁe views there
was a significant fall in éxtent of total AWM and akinesis plus paradox
over time in the group with small infarcts. for the longitudinal view

total AWM fell by 27.8% from the initial time zone to the 3-6 month

studies, p < 0.01 and for the same time zones extent of akinesis plus
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paradox fell 26.8%, p < 0.01; There\wés no change in extent of paradox
alone. For the Apical 4 Chamber view (Fﬁg. 10(b)) there was a
non-signfficant decrease in total AwMiof 15.4% bug a 35.0% decrease in
extent of akinesis plus paradox;‘p\< 0.01.  Once aéain there was no
change in the extent of paradox alone. For the long axis composite
there was a 21.9% decrease in extent of total AWM, p < 0.05 and a 26.8%
decrease in extent of akinesis plus paradox, p < 0.0l1. There was no
significant changé for paradox alone. The changes were max%ma] at the
last study period but appropriate graduated chaﬁges were séen\at
intermedjate time zones. It has.already been shown that there was no

significant change in the overall group between 3 and 6 months., When

these time zones were examined for small infarcts then a slight

nonsignificant decrease in extent of both total AWM (7.0%) and akinesis"

plus paradox. (10.7%) was seen in the long axis composite. This
suggests that the decrease in extent of AWM continues for up to 6
months. The greater decrease in akinesis plus paradox coupled with no

LN .
change in extent of paradox ‘alone suggests that a significant amount of

akinetic wall becomes hypokinetic over time and on1y a sma]] amount of
akinetic wall becomes normal, That £his is so is further sUggested by
the fact that the initial extent of akinesis plus paradox is not
significant]y 1arger'(28.8% versus 23.8%) than the extent of total AWM
nf the‘enq of the study. The absolute extent of hypokinesis alone was
07 significantly larger (6.3% versus 5.6%) at 3-6 months versus the
it al stud” - |

= ‘a, b, c) disp]ays the results when the patients are

divided into ‘oups according to one ECG criterion for infarct size,

[N
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2. ( at 48 hours. The numbers arbitrarily chosen were 0 > 2.0 mV,

2.0 > 4.5 mV and > 4.5 mV and divided the patients into 3 equal groups.
Group 3 with =Q of 0 to 2.0 mV corresponded exactly to the patients
with peak CK less than 1150 I.U. Those with the large infarctions
(group 1) (E Q48 hrs > 4.5 mV) showed no significant changes with

time for any degree of severity of‘wa11 motion abnormaTity and for any
view tested (Longtitudinal, Apﬁca] 4 Chamber and the combined long axis
composite). For the group with medium sized infarctions (group 2)
(1EQ48 hrs. 2.0 > 4.5 mV) there were significant increases in

extent of total AWM and of akinesis plus paradox for the Apical 4
Chamber view of 20.4%, p < 0.05 and 26.9%, p < 0.05 respectively. For
the parasternal long axis view (Longtitudinal) the increases were not
significant. However, for the combined long axis composite the
increases were 16.7%, p < 0.05 and 19.9%, p < 0.05. There were no
changes in any view in extent of paradox alone. The increases in
extent were mainly related to changes in shape of the affected segments
although 1aterai wall extension was seen in one patient. This
diastolic shape distortion was seen in 10 patients at 6 months. All 5
patients with medium sized MI's had an apiéal aneurysm which was e
localized in 4 énd diffuse in 1. Those 5 patients with large infarc-
tions also had an aneurysm but in 4 of the 5 patient§ it was diffuse
and in only 1 was it localized. Because of the method used to calcu-
late circumferential extent, diffuse shape distortibn will tend td
underestimate increases in extent of AWM whereas seymental shape

-

" distortion will result in significant increases in % AWM.
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Figure 12 displays the results for the long axis composite
when the pétients were divided according to the extent of baradox in
the long axis composite on the first echocardiographic examination.

The group with‘sma11-infarcts (1ess than 8% paradoxical motion) was the
same as the group with small infarcts by peak CK and £ Q48 nrs,

The other two groups overlapped with those divided by ¥ Q48 nhrs

but the results were similar. There was an increase of 13.0%, p < 0.05
and 16.4% p < 0.05 for total AWM and akinesis plus paradox respecfive]y
in the group withhmedium sized infardgs. For total AWM this change was
gradual over the 6 months of the study but for akinésis plus paradox
most of the change occurred in the first two weeks. For those with
large infarction (paradoxical motion of greater thaa 15% on first
study) there were no signifiéant changes over time,.

Table 8(a) and (b) display.the results when the patients were
divided according to the exteqt oflabnormal wall motion on the 3-5 day
examination - for akinesis plus paradox (a) and total AWM (b). There
were no signficant within group differences over time for any degree of
" severity of AWM. This:sugdests that neither:the initial extent of
total AWM nor of akinesis plus paradox predic%s those_vnfarcts which
will get smaller or larger as assessed by AWM. ihis -esult is at least
in part related to the variability of measurerant.

Table 9(a) and (b) display the results when the patients were
divided according to clinical events - (a) increase in Killip class
during admission versus unchanged and (b) angina or recurrent MI during
follow-up versus no recurrent chest pain. From Table 9(a) it can be

seen that an increase in Killip class during initial admission was not
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associated with any significant increase in extent of AWM eithgr on the
pre-dﬁscharge studies (8-14 days) or subsequently. From'qggT6/9(b) it
can be seen that the occurrence of post-infarction ahgjﬁé (9 of 15
p%tients) did not effect the extent of abnormal wall m;;Hon over time
and did not differentiate those patients with large or small infarc-
tions (Between group differences not significant)t Recurrent MI
occurred in only 3 of 15 patients and in only 1 within the 6 month
follow-up period. 1In this one patient recurrence of MI was associated
with an increase in total AWM of 23.3% p < 0.01) and in akinesis plus '
paradox of 8.9%, N.S. in {ong axisbcomposite versus the 2 and 3 month
studies done prior to recurrent MI. In cross-sectional views the
majority of the increase was sgen in the chordal cross-section where

total AWM increased from 5.6% to 25% and akinesis plus paradox from 0

to 20.1% (both p < 0.01). Extent of paradox alone was not signifi-

.cantly different.

There were no significant changes in extent of AWM for Tow
papillary and-apical cross-sections and no study at the mid\papi]]ary
level was available for comparison at either 2 or 3 months.\ However,
earlier studies had a mean of 8.7% whereas studies after the\(ecur;ent
MI had a mean of 17.1%. Thus, the study was capable of detec£¥qg'and

localizing extensions to an existing MI in this one patient. \\

Correlation Studies
To assess the reliability of these studies, comparison was made
with other indices of size of myocardial infarction. Thus, Figure 13

displays the relationship between peak CK and extent of AWM - of total
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AWM, akinesis plus paradox and 6f paradox alone (from left t§ right).
the slope of the three curves is similar at 128, 126 and 111 respec-
tively. However, the intercept shift from -2450 (for total A&M) to 578
(for paradox alone) confirms that small infarcts rarely have signifi-
cant akinesis and/or paradox whéreas‘1arge infarctions usually do. - The
relationship is similar for total AWM and akinesis plus paradox (r =
0.70 and 0.66 respectively) but there is greater variability of extent
of paradox in relation to peak CK (r = 0.54). This suggests that
looking at extent of paradox a]oné is an unsatisfactory method: of

assessing infarct size but that total AWM and akinesis plus paradox are

.equally suitable. The re]atiénship between the two variab]es'wasA

significant at p < 0.01 for total AWM and akinesis plus paradox and at
p < 0.05 for paradox alone. Thus, although there 1is significant
scatter reflecting the lack of precision of both variables the résu1f§
suggest that AWM can be used as an indicator of infarct size.

Another measure of infarct size (£048 hrs.) was compdred
to the extent of AWM on the Tong axis composite and the relationship is
shown in Figure 14, From left to right the independent variéble is
total AWM, akinesis plus paradox and paradox alone. As can be seen,
th? only significant relationship is between the extent of paradox
alone and ¥ Q48 phps,, P < 0.01. The intercept is close to zero
suggesting that paradoxica1.mofion does not occur in the absence of
significant Q waves in these anterior‘infarctions. The lack of a

relationship between 048 hrg. for both total AWM and akinesis

plus paradox suggests that Q48 hrs. 1S a less satisfactory way

of determining infarct size.than AWM especially when the relationship

between peak CK and AWM (Figure 13) is. considered.
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The relationship between extent of abnormal wall motion and
global function is shown {n Figures 15 and 16. As has already been
shown in Figures 6-9 there are no significant differences in AWM over
time nor is there a significant change in global function (LVEF 34+1.6
at 0-5 days and 35.0+2:0% at 3-6 months. The relationship between LVEF
and extent of AWM - total AWM (Teft) and akinesis plus paradox (right)
- is very similar for J-5 day studies (Figure 15) and 3-6 month studies
(Figures 16). The intercepts for total AWM are 60.8% and 60.3% for the
0.5 days and 3-6 month studies respectively. The intercepts for
akinesis .pplus paradox is 57.2% and 56.4% respectively in the same
studies. This suggests that the extent of hypokinesis has a slight but
measurable effect on overall left ventricular function in this group of
patients. ‘Further, it suggests that analysis of hypokinesis on the Z
echocardiogram is worthwhile despite he;hodo]ogica] difficulties.

These corre]ations offer indirect evidence that AWM, as

measured in these studies, reflects the extent of myocardial infarc-

tion.

Reproducibility

"The extent to which the method of assessmeﬁt of abnormal wall
motion is reproducible Has an imhbrtant bearing on demonstration of
significant differences between groups. Thus,‘reproducibi11ty studies
were undertaken. The results are summarized'in Table 10. The absolute
difference betWeen two readings rather than thg average difference from
the mean was used because this appéoach estimates the random variation

when comparing two time intervals. Two methods of looking at
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‘variabiTity were used - the actual difference between 2 readings (as .

' percehtage of circumference) and the difference relative to the mean
percent extent of abnormal wall motion. It is assumed in this study
that the maximum variability should occur when é new study is‘performed
and analyzed at a time separate from the original study. The minimum
véfiabi]ity should occur when the same study is reanalyzed.

Tables 10(a).and (b) outline the results for variability of
each view for each degree of sevérity. Mitral cross-sectjdn is not
inc]uded-in this study because in é]] but' 2 patients studied this
section was normal.‘ The variability of 2 measurements of the same echo
examination (Reproducibility 1) ranged from 1.80 to 4.69% of LV circum-
ference. As fhe LV circumference decreases from base to apex in
cross-séctiona] views the absolute efror (in centimetres) remained
fairly constant for all views. The range for total AWM was from .0.64
to 0.85 cm, for akinesis and paradox .from 0.38 to 0.70 cm and for
paradox alone from 0.47 to 0.74 cm.

The variability of measurement of extent of abnormal wall
motion of two echocardiograbhic examinations performed and analyzed by
the same observer (Reproducibi'“ty 2) ranged from‘2.84 to 8.44% of LV
circumference, The absolute error (in centimetres) ranged from 0.67 to
1.78 cm (total A.W.M), 0.70 to 1.57 cm (akinesis and paradox) and 0.47
to 1.05 cm (paradox op]y).

- Total A.W.M. variability for Reproducibility 1 was signifi-
cantly less than for Reproducibility 2 in 4 of 7 views. Comparable
figures for akinesis and paradox were 5 of 7 views whereas in only 1 of |

7 views was variability significantly different when assessing paradox
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alone. However, in only i of 21 views was variability less for
Reproducibility 2 than for Reproducibility 1.

The relative error was much larger (as a'percengage) than the
absolute error. The extent of AWM was the major determinant of the
size of fhis error as would be expected with a re]atiQe]y constant
absolute error. Thus, relative error was largest in the chordal
cfoss-section (where mean extent of AWM was smallest) and smallest in
apical cross-section (where mean extent of AWM was largest.

Tables 10(c) and (d) reflect the magnitude of vériabi]ity’ﬁésed
on severity of AWM that was assessed. In all cases variabf]ity in
Repro&ucibi]ity 1 was significantly less than for Reproducibility 2.
Further in Table 10(c) it can be seen that variability was greatest for
total AWM. For Reproducibility 1 total AWM variability 3.2810.16% was

significantly greater than both other categories which were not

significantly differenf from each other. For Reproducibility 2,

paradox alone var%ability was significantly smaller than the other two.

The differences between variability of total AWM (5.14+0.46%) and

akinesis and paradox (4-61i0-41) failed to reach statistical

significance. The reason for the differences in ability to assess the
extent of AWM of varying severity between the two studies is not

/
apparent.

Table 10(d) shows the results for relative error for variabil-
ity at each degree of severity of AWM. Here, variabi]ity-in Reproduci-
bility 1 %s significantly 1e§s fhan for Reproducibility 2. However,
because of the dominating effect of the mean value of AWM on the
relative error, for both .studies paradox alone has the Targest error.

Thus, in this longtitudinal study, significant differences between
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groups at different time intervals are most easily demonstrated for
) /

total AWM and Teast easily for paradox alone. Akinesis and pa¥qgox AWM
is intermediate between them. I

The proportion of the variability due to réana]ysis of the same
study relative to assumed maximal variability is shown in Table 10(e).
.The results show that significantly greater than 50% of the maximal
error is related to simple reanalysis. This was true for absolute
error (% circumference) but on]y-true_for relative error in-assessment
of paradox‘a]one;i The variability was similar for assessment of
akinesis and paradox by both methods. Thus, the major source of
variability in all studies with one observer is reanalysis of the same
echocardiographic examination.

In all reproducibility studies, variaBi]ity has been assessed
as the absolute difference between 2 values. Tﬁis is appropriate for
comparison of single values. However, in comparing group data the mean
error and relative error should be‘aivided by 2 to givg the average
. variation from the mean value. If this is done, the variabi]ffy for
all report studies will be half those shown in Tables 10(a), (b), (c)

el

and (d).

Ry



DISCUSSION
The introduction of coronary care units has resulted in a major
reduction in mortality secondary to arrhythmias in the first few days
after acute myocardial infarction (26). Residual mortality is now '
mainly related to the extent of myocardial necrosis (3, 59, 69). Thus,

the objective in treatment of acute myocardial infarction has shifted

ccomplications to active 1ntervent4gn\£2 try and

.reduféﬂt ‘ vﬁ:&yocardial necrosis (2). That this is theoreti-

-

method for non- 1Hvas1ve assessment of extent of myocard1a1 1nfarct1on.
Many studi-s have demonstrated that myocardial 1nfarct1on resu]ts in
“.left ventricular asynergy (1, 29, 39, 81, 84, 91, 93). Rgcent studies.\
have shown ﬁhaf two dimenéioﬁa] echocardiography can re]iably detect
1ef§ ventricular asynergy (90, 141) and give a quantitative estimate of
. infarct size that is comparable to other methods (39,'40, 100,'103,
105, 142) although 2D Echocardiography consistently overestimates myo-
cardié] infarct size (40, 142). This study confirms the findings of
othérs that echocardiography usually dgmpnstratéggiarger qbnormaiit%es
- than WOuld'bé predictéd from the ECG (106;'104, 113, 143). It cénfirms
'tHe findings of others (100, 103, 144, 145) who have shown that in the
period immediately after acute myocardial infarction no change in '
extent or severity of abnormal wall motion occurs although ﬁhape-dis-
tdftion occurs frequently (77, 146), but extends them to 6 months
However, in patients with a small myocard1a1 infarction there is a

gradual reduction of left ventricular abnormal wall motion over the 6

months.

el 54
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This study does not address the issue of changes in the first 3
days after infarction. Thus, it is unlikely that.the decrease seen

subsequently in extent of abnormal wall motion in small infarctions is

related to reversible acute ischaemia. Rather it is more likely due to A

L

increased density of the infarct zone (147) with increased fibrous
tissue (71) and scar shrinkage (147). Recovery in marginal (hypo- -

kinetic) zones may be related to decreased ischaemia or secondary to -

hypertrophy (61) in response to decreased left ventricular function and

abnormal wall stress. It is unlikely to be related to changes in

compliance of the abnormal zone (and thus in tethering) because there

" was no change in the extent of paradoxical motion over time even in the

small infarctions (although the amplitude of paradox. was not assessed);
From the work of Lieberman et al. (39) it is sugdésted that the major
determinant of paradoxical motion at 48 hours post-infarction is the
transmural extent of infarction. If fhis was greater than 20% then
paradoxical motion was seen. In their study onTy a small humber of
segments were in the transition zone - thus the majority of paradoxical
segments can be expected to have greater than 60% transmural extent.

It 1s'un1ike]y that significant functional change could occur in this

‘ setting where viable epicardium is insufficient to maintain regional

shape (148). Any effect of scar shrinkage may be offset by the effects
of infarct expansion which, when present, seems«to be progressive

(77).

~ In patients with large infarcfions‘there was no change over

»time in the extent of abnormal wall motion as a % of left ventricular

;cirtumference. This was despite the fact that a11 5 patients developed

aneurysﬁs. These aneurysms.were diffuse and associateéd with marked

’
*
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progresive left ventricular dilation as previously shown by Erlebacher
et ‘al. (78). In this setting no change iﬁ extent as a pefcentagélof‘
circumference can be demonstrated (78) even though changes in perimeter
extent did occur in both this study‘and that of Er1ebacher.et al.

(78) because parallel changes in circumference*minimize percentage
differences.

In the patients with medium sized infarcts there waé an
increase of 16.7% and 19;9% in extent of total AWM and akinesis plus
paradox respectively. This was aésociated with clinically detected
infarct extension in only one patient (versus 2,witp large infarctions)
- in this batient echocardiography algo detected 1a£era1 extension of
the infarction. Thus, the increase in extent in the;e medium sized
infarcts appéﬁfs‘most1y related to development of a ‘shape disEortfon.iy
Four of the five developed a discrete aneurysm Qithoutjmajor left
ventricular dilation. However, that this was‘of functional signifi-
cance can be seen by the constant relationship between LVEF and the
e*tent of AWM from 3-5 days to 3-6 months (Table 15, 16).

That an aneurygm developed in all 10 patients wfth mid to large
“infarctions is compatible with fhe canine model studies of Eaton et al.
(148) where there was eXpansion.of 81% of all transmural infarctions
and in none with subendocardial infarctions.

In-]arge part, the results of this study are dictated by tﬁe
methodoiogy used to assess the extent of AWM, The méthod used is that
of wgiss et al. (40), which.isAa'mod{fication of that of Field ét a15
(96) féﬁfiiééngiograms. Thevhajor Timitations of the method of Eaton

et al. (77) for anterior and posterior segment lengths is that it can

“uy
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:,shr1nkage of the zone of abnorma] wa]] motion.
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‘on1y be applied to cross-sections with constant internal lankmarks that

are'easily identifiable. It cannot be easily applied to Tong axis
views nor to apical cross- sect1ons. The method undoubted]y has greater
sens1t1v1ty for detecting reg1ona1 change - espec1a]1y in the presence
of shape distortion, but 1t was not used because of difficulty 1n‘/‘b

obtaining the exact location of internal landmarks and its lack of

by

' genera] app11cabi]ity to all sections. Further, no attempt was made to

- use quant1tat1ve measures wh1ch use a geometr1c centre (108) because

<.
such programs were not ava11ab1e. In the setting of shape distortion

' 1n,d1astole (aneurysm) or systole (paﬂadox1ca1 motion) the determina-

t1on of the centra1 point in the 1ong axis of the ventr1cTe for each

sect10n ls complex and was beyond the scope of this study. However,

~

such~methodo]og1es have the potent1a1 advantage of more effectively

detect1ng changes related to shape d1stort1on and true extens1on or

)

o Th1s study demonstrated a progressaon of extent and sever1ty of

v

'i;aan{ma1 wall motion from the base to apex in these patients with
' anter1or 1nfarct1on5a Th1s reflected a fa]r]y constant infarct shape.

* The d1fferences in extent of AWM between serial cross- sectlons was 15-4

20%. Thus, the small errors in reproduc1ng the 1nterrogat1ng p]ane
could produce var1at1ons in extent of 5-10%. In the serial studies
this is part1cu1ar1y 1mportant because shape dwstdrt1on makes determ1n-

ation of the plane of section and correct angu]at1on more d1ff1cu1t and

'ob11que sect1on1ng more 11ke]y, gssp1te these potential prob]ems, the

major component of var1ab111ty for the one observer/operator in this:

study was related to reana]ys%s of the same echoca§d1ogram. The size

R

hy
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of this variabi]ity ranged from 0.38 to 0.85 cm. This is very similar
to the 6 mm for inter- readg; var1at1on found by Eaton et al. (77)
although h1gher than their intra-reader variation of 3 mm. This
trans]ates into a re]at1ve variability (in terms of standard devdation)
of 5.2% to 9.6% for the one study and 8.8% to 14.6% for two studigs.
The re]ative error tends‘go be greatest whera the extent of AWM is
smal]est, eg. Chorda1 cross ‘section. Thislis a potential problem in
therapeut1c stud1es because infarct sa]va e if possible would be
expected to occur in -proximal (basal) segments. Thus, this technicra’
has the ability to demonstrate changes in extent of tota: AWM dEf
‘greater than 20% but the magmtudn of <1 1ge.wou1d need to be‘much
c ‘ 1arger for sma]] infarctions. '

3
This study has delineated changes that occur 1o§a 'small popula-

tion of pat1ents*w1th anterior myocard1a] infarction. There is a need.&i
to conf1rm these findings in a larger series of pat1ents with 1nfer1on .
as well as anterior 1nfarct1ons because of their known d1fferences 1n
behavior (68) Ho;euer, such stud1es need only concentrate on a sma]l
,number of t}me 1nterva1s such as initial study, pre- d1scharge, 1 to 2
.months and 3 to 6 months._~ Such stud1es and compan1on an1ma1 stud1es

5 .are needed to determ1ne those factors which determ1ne 1nfarct hea11ng

and changes in abnormal wa11 mot1on over time afterfinfarctlon.




CONCLUSIONS | | O
(1) Two dimensional echocardiography is a reproducible method

for estimating the extent of left ventricular asynergy in man,

(2) Using the perimeter extent of abnormal w. 1 motion relatiive

to c1rcumference as.the method it appears that small infarctions heal

with shr1nkage@andwdeurease_1n extent of *teft ventricular abnormal wall

S o
motjon R
RN ‘Qw ) ‘
Z3) No changes are seen in med1um to large 1nfarct1ons with -

oo

th\s wethod bechuse changes in morpho]ogy (aneurxsm formation) are

ff s@t by overa]] left ventr1cu]ar d11at10n.

: F? (4) The stab111ty of extent of abnormal wall motion suggests

fhat relatively few exam1nat1ons over time are requirad to show the

e
i

effects of treatment: - both'acutely and chronically.
o ' S

o
4o
¥
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N.B.

o

Killip Class
Admit

Age  Sex
53 M 2
53 M 2
39 M 1
43 M 2
59 M, 1
46 M 2
58 y 1
29 M %
%
76 M 2
52 F 1
74 M 2
65 F 1
49 M 1
59 M 1
74 = F 2
69 M 2
56.1 1
+3.3 +0.
Hypotension

. Hypertensio

[

—on

J+

Table 1

Clinical Data

Hypertension

Max

2 +
3 -
1 -
2 -
2 -
2 -
2 +
2. -
2 -
1 +
2 .
3 -
3 -
) -

2 - -
4 ./’7':
2.2 )

0.2 .
~—

T

Hypotension

\:::::> Sustained -far > 6 hours after admission
n 1

> 110mm (diast.) < 90 (syst.) Pericarditis

+

+

.

co e
' C A e
R ¥
vl
) «-4"&‘.' ‘
lvafn¥$
Infarct .
Extension  Other
+ -
- e -
+ Sy
V‘ Y
- v.s.D.?
+ -
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Table 2
ECG Data .
Time To Location of Z R (48 hrs) Z0Q (48 hrs)

1st ECG (hrs) MI coomv ' mv
1 6.5 AS, AL . 0.1 | 4.8
2 1.5 'As, AL 0.6 | 4.4
3 33.0 AS, AL e T 40
4 0.5 AS, AL 3.0 2.9
5 75 7 as, A 0.5 a3
6 5.0 AS, AL - 0.3 | .;j;‘};}*;j,s,s‘
7 2.0 | s 0.4 37 :
8 13.5 AS, AL, InF 24 " osd
9 64.0 AS, AL - 0.7 3.0 |
10 45.0 . AS, AL - L7 .. 1.3
11 2.0 AS (Se) a0 0.39
12 3.0 " AS, AL 0.2 3.7
13 51.0 | .AS, AL, InF 0.5 6.7
14 3.0 Q, AS (Se) L9 0.0
15 2.5 As ‘ ‘ 1.6 = 0.2
16 Lo | oA, A - : - |

14.8 + 5.2 B 1.3 + 0.3 3.7+05 .
AS = Anterosepfé] I | - AL = Antero-lateral
InF = Inferior- 7 .7 Se = Subendocardial -

L Rgg hr§ = Sum of R Waves, V] ...... g at 48 hrs -

Z Q48 hrs = Sum of Q Waves, V] ...... ; at 48 hrs
Timeg hrs = onset of chest pa_in ,

S



Table 3

Enzyme Data

- Peak CK Peak AST , Peak LDH . CK g/kq
1 2736 321 950 45.9
2 2072 392 1188 38. 3
3 1810 . 480 27.9
4 1629 585 35.9
5 2739 327 922 62.9
6 2919 " 178 " 1166 162.7
7 1192 203 1 5360 26.3
F 4405 462 1289 71.5
9 1140 - - 26.8
10 521 107 . 378 22.9
53! 231 49 246 5.6
12 1970 480 . 983 o 40.7
13 3330 267 1187  99.3
14 841 177 539 14.5
15 1082 146 727 38.4
16 - - - -
. 1908 + 296 254 + 37 798 + 92 §7.8 + 10.2

AST

ﬂDH

CK g/Ekg.= Ck Infqggt-éﬁze calculated according to the
. et.ats ¥ ‘

e

Coeel CK = CpéEtinevPhOSphokihase

t - T ‘
Aspdyptate Transaminase

Lacti@fﬁgﬁydrdgena§é

method of Sobel

62



10 |

11
12
13
14,
15

16

LVF =4Left Ventricular Failure

NYHA = New York Heahf Associat1on Functional C1ass

Angina

Yes
Occ
.No
No
Yes

Occ

Yes

No
No
Occ
Yes
No

Yes .

Recurrent

MI (Months)

Yes (4)
No
No
No
No
No

Yes (23)

No \

No

No

ves (8)

No
No
No

No

HOSPITAL

' a

PN

Table 4

Fo116w-up Data

Bypass
Surgery
(Months)
No
No
No
No
No
No
No

No

No

LVF
Yes
Yes

No

~ No

Yes

Yes

. No

No

No

"~ No

Yes
Yes

Yes

‘No

Yes

Duration
Follow-up
(Months)

14

21

19

6

20

10

23
13

Last
NYHA

63

Cause
of Death

Cardiogenic
Shock
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Table §
Echocardiographic Data
f;}
v From 1st Echo From 6 mo, Echo
Time To Location iv LVEF Ly LVEF
First Echq Total Rkinesis | Paradox Thrombus | (Biplane) | Thrombus | Biplane
AWM + Paradox | Only
‘ (hours) (x) (%)
1 52 Ap, AS, AL Ap, AS + 28.6 + 23,7
Ap-Po ' . DT
2 76 Ap, AS, AL Ap . 36.8 e . 28,2
Ap-Po
3 94 Ap, AS, AL Ap ‘- 41.5s + 35.8
4 56 Ap,AS,AT Ap,AS,AL | Ap, AS + 35.0 4 35.5
Ap-Po L
5° -50 Ap, AS, AL Ap + 34.0 + 30.4
Ap-Po R
6 68 Ap,AS, AL Ap, AS + 27.5 + 37.6
" Ap-Po '
i 64 Ap, AS, AL - | Ap, AS’ + 326 + 28.7
©Ap-p Tl gk
: s i o
- 8 30 Ap,:-AS, AL " Ap, AS_ + 29.2 + 38.6
Ap-Po < WG
9 88 Ap, AS, AL Nil - 42,2 - 38.2
: Ap-Po
©'10 8 Ap, AS, AL Ap + 35.9. - 50.2
: Ap-Po
11 12 Ap, AL Ap - 35.2 - 48.3
: Ap-Po
12 58 "Ap, AS, AL Ap + 31.1 + 31.2
: Ap-Po ‘
13 57 Ap, AS, AL Ap + 20.9 + 24.4
Ap-Po .
14 30 . Ap, AS, AL “Ap + 44,7 + 44.1
: . . Ap-Po :
15 31 “ Ap,AS,Al Ap,AS,Al Ap - 34.4 - 30.7
Ap-Po ST
16 5 _ Ap,AS,A1, Ap,AS,AL | Ap - 19,0 - -
B.S Ap-Po"
AP-PO o
Mean  53.1 33.0 35,0
+ SEM 6.5 - - +1.8 *2i0

Ap = Apical, AS = Antero-Septal, B.S. = Basal-Septal, AL = Antero-lateral
Ap-Po = Apico-Posterior, LVEF = Left ventricular ejection fraction.

6l
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Table 6

Completeness of Echocardiographic Data

Y

———t e

(a) Number of patients studied ' n =16
0 Total number of studies recorded 128
‘ Studies lost due to technical reasons 2
Total number of studies analyzed | 126

(b) Number of studies at specific-time intervals

: " 0 - 72 hours - 13 )

‘72 hours - 5 days - 15

‘6 - 7 days 10

8 - 10 days 13

2 weeks 13

1 month 14

6 weeks -7 :

2 months - 13 ‘ .

-3 months 14 : '

6 months 14

(c) Number of patients_studﬁed at specific time intervals

0 - 5 days n=15 - Lo
8 - 14 days n'= 15 -

1 - 2 months n =15 :
3 - 6 months n =15 T

e



Table 6 (continued)
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(d) Number of individual sections obtéined (possible 126) ™
. Not Able To
View Number Analyzed (%) Not Recorded . Incorrect Analyze
Longtitudinal 124 (98.4) 0 2 (1.6) 0
Ap.4 Chamber 124 (98.4) 1.(0.8) 1 (0.8) 0
Ap.2 Chamber 68 (54.0) 41 (32.5) 8 (6.3) 9 (7.1)
Mitral XS - 125 (99.2) 1 (0.8) 0 0
Chordal XS 120 (95.2) 4 (3.2) 1 (0.8) 1 (0.8)
Mid-Papillary XS 106 (84.1) 5 (4.0) 7 (5.6) 8 (6.3)
Low Papillary XS 76 (60.3) 39 (31.0) 5.3) 3 (2.4)
Apical XS 82 (65.1) 22 (17.5) 10 (7.9) 12 (9.5)

(e) Number of serial sections obtained (possible 126)

: Viewé
Long axis cqmposite
3 Cross-sections
4 Cross-sections

5 Cross-sections

123 (97.6)
115 (91.3)

96 (76.2)

49 (38.9)

* Number analyzed (%)



View
‘Longtitudina] n =124
Ap.4 Chamber n= 124

Ap,2 Chamber n = 68
Mitral XS n = 125 |
Chordal XS n = 120

106

Mid-Papillary XS n
)

Low Papillary XS n = 76

Apical n = 82

Table 7

Image QuaTity

Good Adequate

40% T 29%
58% 27% .
449, 37%
60% 25%
51% 259,
36% 35%
6%  30%
449 sy

Percentage = % of images successfully analyzed

4

-

[y
:554 o

%
#

Poor
31%
15%
19%

159

24%
29%
24%
21%

67
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Table 8

Popu]atibn divided into 2 groups according to extent of abnormal wall

(a) Group 1 - total AWM greater than 35% n = 8 '-

motion on echocardiogram at 3 - 5 days.

Group 2 - total AWM less than 35% n = 7

Long Axis Composite

0-5 d 8-14 d 1-2 mo. 3-6 mo.
Group 36.49 36.94 35.28 34.2
n =238 +0. 64 +1.51 +1.44 +” 06
Total -3 B - - - T
AWM Group 29.04 29.62 30.61 29.70
n=7. +1.39 | +1.43 +2.83
Group 3..09 | 32,19 29.93
@ n=8 +1.30 | +1.93 +1:97
Akinesis % - o -
+ Group 24,63 24,94 23.88
Paradox n=7 #1.31 | +2.49 +3.24
Group 14.84 | 14.36 14.86 13.85
-n =8 +1.66 +1.90 +1.40 +1.63
Paradox % |. - - - -
Only | Group 8.62 7.36 8.56 9.11
3 : +1.79 | +2.32 +2.80

n=17"°

-~

No within group differences are significant.

v




Table 8 (continued)

-
3

(b) Group 3 - Extent akinesis + paradox greater than 30%
Group 4 - Extent akinesis + paradox less than 30%
\

Long Axis Composite

0-5 d 8-14d | 1-2 mo. 3-6 mo.
Group 3 36.76 | -37.31 35.81 35.88
n-=56 : +0.87 +1.66 +1.57 +1.04
Total % ) - o -, -

AWM Group 4 30.,52 31.01 .77 29.58
' n=9 +1.44 | +1,01 +lo72 *2.57
Group 3 33.23 67 | 20.80 31.98
n==~6 +0.96 +1.5Y +1.13 +1.54

Akinesis % - - - : _
+ Group 4 - 24.91 25.57 25.75 23.86
Paradox -n =9 +0.93 | +2.22 +2.45 - +2.59
Ve a ‘Group 3 16.68 15.09 15.48 - 15,10
- n==a6 10.98 | +2.07 +1l.64 +1.28

Paradox % : - i

Only Group 4 8.77 8.43 9.54 8.75
n=9 _+1.58 | +2.12 +2.29 +2.09

No within group differences are significant.



Table 9

Population divided into 2 grouhs according to clinical events.

(a) Group 5 - Increase in Killip class from admission
Group 6 - Killip class unchanged during hospitalization

c':
Long Axis Composit
0-5 d 8-14 d 1-2 mo. 3-6 mo.
- N : Ghup 5 - 35.05 | 36.39 | 35.07 35.76 |
n = : +1.50 | +2.55 | +2.20 - 42,18
Total % : on
‘AWM~ Group 6 | 31.66 31,62‘ 31.79 29.59
- n=9 < | #l.e8 | +1.37 +1.57 +2.23
Group 5 30.15 32.21 30.16 30.51
| n=6 +2.54 | +2.35 | +2.81 +2.64
! Akinesis | % _ ‘ *
4+ . Group 6 26.96 26.54 23.07 24.84
Paradox n=9 - +1.22 | +2.31 | +3.03 .+2.55
Group 5 14,71 15.33 14,21 ' 14,15
| | n=6 +1.76 | #2.17 | +2.45 | +1.61|
5 ' Paradox % _ ‘ ! ' : _
Only Group 6 10.09 /8.27 10.39 9.61
. n=9 +1.91 }i2-01 +2.22 +2.09

53

No within group differences are significant.




‘ e
' Table 9 (continued) : B
(b) Group 7 - Angina during follow- -up + recurrent MI \
Group 8 - No recurrent chest pain
Al
Long AX1§ Compos1te o {
0-5d | 8-14d | 1-2af5. | 3-6 mo.
Group 33.45 | 33.62 | 33.62 32.89
o n =9 +1.72 +1.89 +1.98 +2.56
~Total = % ' o o
AWM Group 32.36 33.39 32.32 "30.91
' . n =56 +1.77 +2.27 +1.58 +2.32
Group (T28.30 | 20.31 | 28.40 27.62
B n=29 +1.82 | +2.46 *2,47 +3.07
Akinesis % : ' - L
+ Group- 28.15 28.05 | 26.83 26.33.]
Paradox n==56 +1.83 | +2.73 +1.93 +1.88
Group 12,97 | 1228 | 1168 | 1210
n=9 #+1.58 +2.46° | *2.61 *2.23
Paradox % , |
Only 1 Group 10. 39 9.31 12.28 10.41
n=0 +2.76 |7 +2.18 ~+|-;%1.78 +1.83

group differences are significgant.

O

.
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(c) Mean Error Y for all views -

Pl

Table 10+fcont i.nued)

Reproducibility 1| Reproducibility 2 | Sig'nifitance
Total - - 3.28 + 0,10 5.14 + 0.46. 'HF  p 4 0.005
Akinesis + |- e , ' :
Paradox . 2.34+ 0.1 4:61 + 0,41 p < 0,001
. » %“ N ’ ’ b4
Paradox.: . o Uy o ’ ' '
Only = . % 2.;4,7.:'0‘.19 . 3.55.+ 0.40. p.< 0.01
) :'.:v‘.; m " I )i'; . - "!
Mean - | 2.7. + %4’5'6 ‘,,_4..‘.-;{:4.47 + 0.42 " p < 0.005 o
t A ~ . M:’_ ":" '_“\;{f) . o T e ' ‘ v
{;5" ,V’ o7 FONE
‘N, Bis for Reproduc1b111ty 1 ‘(T6ta7‘51gn1f1cant1y d1fferent from others
P <0.0l. j S . . Do ;j« I
‘“ﬁ“r Re produC1b1]1ty M Tot@] s1gn1f1cant1y d1ffe/rent from Paradox on]y
p < 0.01; Akinesis + Para significantly d1fferent from paradox only
BCo0s P e R
S e - £ 1 ’
s &f -, . . ‘s ,‘. ' Pt
(d)- Re]afc‘iifve Error % for all views o . ) m
p . @ o e, . ) é ) ;"F r 3
: CLt g v o7 Lo ' i ' [
Q}Reprodutibﬂity 1| Reproducibility 2 S1g¢%ﬁcance_,
£17.6 +.0.98° .| p < 0.001
23.6 + 1.69 P 0.001 ¢
‘ Pérfdo,x : : 3 L »
Only ©719.1 + 0.47 29.2 + 1.43° p< 0001
' - 3 ’ . ~.
Mean ~ 12.6_+ 0.41 23.3 + 1.37 p < 0. 001
. sy T -
N.B. for Reproducibility 1: -Total and ak1nes1s + paradox s1gn1f1cant1y
different than paradox on]y p < 0.001. : .
\ .
For Reproduc1b111,py 2: Total s1gn1f1cant1y d1fferent from ak1nes1s +
paradox (p < 0. 005) and paradox only (p < 0. 001)
- o
P

Akmes1s + Paradox s1gn1f1cant1y d1fferent from paradox only p < O 01.
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o FIGURE 3
2 D ECHOCARDIOGRAPHIC CROSS-SECTIONAL VIEWS
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Diastole

<y Figure 4 B v
Mid Papillaty Cross-section Scale 1= 1.125

(a) At 3-5 days
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FIGURE S(b)

€

_ EXTENT OF AKINESIS PLUS PARADOX WITH TIME

“»

IN ONE PATIENT
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