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MEASUREMENT

Do radionuclide and echocardiographic
techniques give a universal cut off value for left
ventricular ejection fraction that can be used to

select patients for treatment with ACE inhibitors
after myocardial infarction?
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Abstract
Objective-To determine whether
echocardiography and radionuclide
angiography give comparable results
when the left ventricular ejection fraction
is measured early after myocardial
infarction and thus whether, irrespective
of the method used, a single value for the
ejection fraction could be used as a guide
for starting treatment with an angio-
tensin converting enzyme inhibitor.
Design-Prospective comparison of
measurement of left ventricular ejection
fraction by echocardiography and radio-
nuclide angiography.
Setting-Coronary care units of two uni-
versity teaching hospitals in Glasgow.
Patients-99 patients studied within 36
hours of acute myocardial infarction.
Outcome measures-Left ventricular
ejection fraction assessed by echocardio-
graphy and radionuclide angiography.
Results-70 (77%) of the 99 patients had
ejection fraction measured by both
echocardiographic and radionuclide
techniques, 30 in centre 1 and 40 in cen-
tre 2. In centre 1 the mean difference
(SD) in ejection fraction (radionuclide
angiography - echocardiography) was
-8 (10%); 95% CI - 12 to -4%. In
centre 2 the mean difference was -14
(11%); 95% CI -17 to -11%. If patients
had been treated with an ACE inhibitor
on the basis of a radionuclide ejection
fraction of <40% then 93% in centre 1 (28
of 30) and 98% in centre 2 (39 of 40)
would have been treated. This compares
with 63% (19 of 30) and 50% (20 of 40),
respectively if echocardiography had
been used as a guide.
Conclusion-Measurement of ejection
fraction is highly dependent on the
method used and it is therefore impossi-
ble to quote a universally applicable fig-
ure for left ventricular ejection fraction
below which an ACE inhibitor should be
used after myocardial infarction.

(Br Heart J 1995;73:466-469)
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In the recently published AIRE trial patients
with signs of heart failure after myocardial
infarction survived longer when they were
treated with the ACE inhibitor ramipril, even
if the signs of heart failure were only tran-
sient.' This is a very important trial because it
provides simple clinical guidelines for the
treatment of a high risk group. If clinical signs
of heart failure were used exclusively to select
patients for treatment with an ACE inhibitor,
however, many patients likely to benefit
would be excluded.2 The Survival and
Ventricular Enlargement (SAVE) trial
showed that patients with left ventricular dys-
function but no symptoms also survive longer
when treated with an ACE inhibitor.3 Widely
applicable measures to identify this latter
group have yet to be defined but the method
most commonly used is the estimation of left
ventricular ejection fraction. In the SAVE
trial an ejection fraction of < 40% was used
as the threshold for randomisation and this is
now being adopted in clinical practice. One
potential difficulty with this approach is the
variation in ejection fraction when measured
by different methods and in different centres.
In the SAVE trial ejection fraction was mea-
sured by a radionuclide technique.4 In the
United Kingdom only about a third of gen-
eral hospitals have on site nuclear medicine
facilities and most must therefore measure
ejection fraction by echocardiography, the
only other widely available technique. We set
out to determine whether echocardiography
and nuclear imaging give comparable results
when used to assess left ventricular ejection
fraction early after myocardial infarction and
thus, by implication, whether a single widely
applicable figure could be used to guide treat-
ment with ACE inhibitors.

Patients
We studied 99 haemodynamically stable
patients between 6 and 24 hours after
myocardial infarction. Principal entry criteria
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were: (a) ST elevation of at least 3 mm in two
precordial leads V1-V4 and/or 2 mm in two
frontal plane leads or in V5-V6 or any ST ele-
vation in two frontal plane leads with ST
depression compatible with posterior wall
infarction of at least 3 mm in two precordial
leads. (b) Norris Index >3-5.5 (c) Systolic
blood pressure > 95 mm Hg.

These entry criteria were designed to
exclude patients with small infarcts and those
with haemodynamic instability or cardiogenic
shock. The characteristics of the population
studied and their short and medium term
outcome have been described in detail else-
where.67 Left ventricular function was
assessed as soon as possible after admission
by both cross sectional echocardiography and
radionuclide ventriculography. The examina-
tions were performed in no set order and in
most patients both were completed within 4
hours of each other. In a few cases radionu-
clide ventriculography was delayed for a max-
imum of 12 hours because the gamma
camera was not immediately available. All
studies were completed about 36 hours after
the onset of symptoms.

ECHOCARDIOGRAPHIC MEASUREMENT OF
EJECTION FRACTION
There were differences in the echocardio-
graphic methods used to measure ejection
fraction at both centres. In the first centre
long axis parasternal and apical two and four
chamber images of the heart were obtained
with a Hewlett Packard 770200 imaging sys-
tem. We measured left ventricular dimensions
in short and long axes with the internal cal-
lipers of the machine and obtained the left
ventricular ejection fraction using a simple
scientific calculator by entering these figures
into the equation derived by Quinones et al.8
In the second centre echocardiographic left
ventricular ejection fraction was measured by
a 10 segment Simpson's rule method.9 This
required acquisition of apical four chamber
and two chamber views and calculations of
ejection fraction were made on line using the
internal software package of an ATL
Ultramark 8 imaging system. The methods of
calculation were constrained by the different
software packages available with the imaging
equipment used and were chosen to allow
rapid estimation of ejection fraction without
the need for time consuming off-line analysis
or expensive additional software. All echocar-
diograms were obtained by one of three expe-
rienced operators and the mean of three
cardiac cycles was taken. The standard devia-
tion of repeated measures (10 duplicates for
each operator incorporating both techniques)
was 3-4%.

RADIONUCLIDE VENTRICULOGRAPHY
Radionuclide ventriculography was per-
formed after conventional in vivo labelling
with 800 MBq of technetium-99m pertech-
nate and the subsequent acquisitions were
performed in the standard left anterior
oblique projection.'0 This projection avoids
any significant overlap with the right ventricle

and the left atrium. The study was then col-
lected in frame mode by a Siemens portable
gamma camera in a 64 x 64 matrix, with a
x 2 zoom facility (total collection 4 million
counts). A low energy, general purpose, colli-
mator was used, optimised to 140 (10) kV.
The study was formatted using a 50 ms time
window and phase, amplitude, and stroke
volume images were calculated using a stan-
dard LINK computer and MAPS 5000 soft-
ware.
The left ventricular ejection fraction was

calculated by drawing a left ventricular region
of interest around an end diastolic frame of
the left ventricle using the amplitude and
phase images for guidance. A standard back-
ground region of interest was drawn and the
ejection fraction was calculated from the
change in counts between end diastole and
end systole correcting for background. The
method of acquisition and analysis was iden-
tical in both centres. The standard deviation
of repeated measurements was 1-9%.

Results
Left ventricular function was assessed by one
or other method in 91 of the 99 patients
recruited to the study. The remaining 8
patients died or were withdrawn before imag-
ing could be performed or were in atrial fibril-
lation, which effectively excludes accurate
measurement of ejection fraction. Echo-
cardiographic ejection fraction was measur-
able in 77 (85%), the remaining patients
having images of insufficient quality for
analysis. Eighty four patients (92%) under-
went radionuclide angiography and all studies
were of analysable quality. Seven patients
(8%) could not be examined because the
gamma camera was not available. Seventy
patients (77%) had ejection fraction assessed
by both echocardiography and radionuclide
ventriculography. Of these 30 were studied in
centre 1 and 40 in centre 2. In centre 1 the
mean radionuclide ejection fraction (24
(10)%) was substantially lower than the
echocardiographic ejection fraction measured
by the method of Quinones (32 (12)%). The
mean difference (RNVG - echo) was -8
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Figure 1 Relation between left ventricular ejection
fraction measured by echocardiography (echo) and
radionuclide angiography (RNVG) in centre 1.
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Figure 2 Relation
between left ventricular
ejection fraction measured
by echocardiography
(echo) and radionuclide
angiography (RNVG) in
centre 2.
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(10)%; 95% CI -12 to -4, limits of agree-
ment -28% to +12% (fig 1). In centre 2 the
differences were even more pronounced.
Mean ejection fraction by radionuclide imag-
ing was 24 (9)% and by echocardiography
using Simpsons Rule it was 38 (12)%. The
mean difference (RNVG -echo) was - 14
(11)%; 95% CI -17 to -11 and the limits
of agreement extremely wide at -35% to
+8% (fig 2).

If patients had been treated with an ACE
inhibitor on the basis of a radionuclide ejec-
tion fraction of <40% then 93% of patients in
centre 1 (28 of 30) and 98% in centre 2 (39
of 40) would have been treated. This com-
pares with 63% (19 of 30) and 50% (20 of
40) respectively if echocardiographic mea-

surements had been used.

Discussion
It is evident from these results that it is
impossible to quote a universally applicable
figure for left ventricular ejection fraction
below which an ACE inhibitor should be pre-
scribed after myocardial infarction. Neither of
the echocardiographic methods used in this
study showed a workable agreement with
radionuclide imaging. Previous studies
obtained closer agreement between echocar-
diographic and nuclear techniques but gener-
ally avoided patients with previous
myocardial infarction.9 " Albin and Rahko
compared nuclear techniques and various
echocardiographic methods in patients after
infarction.'2 With methods incorporating
short axis views the discrepancy (nuclear -

echo) was about -7%, similar to the differ-
ence seen with the method of Quinones et al
in our study.8 The closest correlation was

achieved with a 30 segment Simpson's rule
apical biplane method-when the mean dif-
ference in ejection fraction was only -2%. In
our series the difference between the radionu-
clide ejection fraction and that measured by a

10 segment Simpson's apical biplane method
was - 14%. We cannot be certain of the rea-

son for the considerable discrepancy in these
results. Simpson's rule analysis increases in
accuracy with the number of segments
analysed, but it is inconceivable that an

increase from 10 to 30 segments could
explain such a large variation. Although both

studies in the paper by Albin and Rahko were
performed within 48 hours of each other it is
not clear whether infarct patients were stud-
ied in the subacute or chronic phase.'2
Estimations of ejection fraction are more
likely to be reproducible in the chronic phase
of myocardial infarction and this might con-
tribute to the closer correlation they
observed. Albin and Rahko used sophisti-
cated off-line analysis of the echocardiogram,
which is not available or practical in most
hospitals.'2 Our aim was to use techniques
that did not require additional sophisticated
software and that could be used in routine
clinical practice in a district general hospital.
We were unable to compare directly the

two echocardiographic methods because the
ultrasound systems used were not compati-
ble. The mean ejection fractions measured by
the same nuclear technique in the two centres
were identical (24%). Despite this there was a
discrepancy of 6% in the mean ejection frac-
tions measured by echocardiography. This
implies that there is likely to be a systematic
difference in the value of ejection fraction
given by the two echocardiographic methods.
Although radionuclide measurements are
probably more reproducible than echocardio-
graphic ones and less subject to poor image
quality there is considerable variation
between centres in what is regarded as a nor-
mal ejection fraction. A recent survey by the
British Nuclear Cardiology Group'0 found
that the figure quoted for the lower limit of
the normal range of left ventricular ejection
fraction by radionuclide angiography ranged
from 35% to 75% (median 50%) in different
centres. The important practical issue is not
whether one method is intrinsically better
than the other but that echocardiographic
and radionuclide angiographic methods suit-
able for routine use do not necessarily pro-
vide comparable results. Moreover, neither
method is sufficiently independent of inter-
hospital variation in technique to allow the
universal adoption of a single figure as a cut
off for the use of ACE inhibition after infarc-
tion. The use of ejection fraction to guide
treatment is only meaningful when applied in
the context of a locally derived normal range
specific to the method of measurement.

It is possible that other screening methods
might supersede assessment of ejection frac-
tion in the selection of patients likely to bene-
fit from an ACE inhibitor. One such
possibility is measurement of brain natriuretic
peptide, which is raised in plasma from
patients with asymptomatic left ventricular
dysfunction.1' There is also some evidence
that late potentials on a signal averaged
echocardiogram in the early post-infarction
period might predict which patients are at
risk of ventricular dilatation and thus likely to
benefit for ACE inhibitor treatment. 14

Currently, however, measurement of ejection
fraction is an important part of the screening
process in many patients.

In conclusion, the estimation of ejection
fraction must be interpreted within the con-
text of the method used and with reference to
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a locally defined normal range. A single figure
cannot be used as a universal determinant for
the use of an ACE inhibitor after myocardial
infarction.
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