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Table 3 Phase, ejection fraction, and angiographic results for group 3

No.  Abnormal phase LVEF ANV CSEF Angiogram Occluded
L S I . coronary artery

36 202 188 220 40 Localised akinesis AD

37 253 10 33 20 Extensive akinesis AD R

38 179 197 224 27 42 32 Aneurysm R

39 232 24 39 30 Aneurysm AD

40 280 192 251 12 40 19 Aneurysm AD

41 43 Localised hypokinesis R

42 196 34 10 38 Aneurysm ADR

43 183 48 Localised hypokinesis C

4 192 29 Localised akinesis R

45 202 59 Localised hypokinesis R

46 253 12 43 23 Aneurysm R

47 244 189 277 27 55 42 Aneurysm AD

48 220 ’ 28 71 40 Aneurysm R

49 37 Normal C

50 235 234 24 50 35 Localised akinesis ADR

51 178 190 190 50 Normal R

52 36 Normal RC

53 211 211 24 Localised akinesis R

54 58 Normal ADR

55 213 231 22 52 33 Aneurysm AD

56 225 207 29 48 45 Aneurysm ADR

57 46 Normal AD

58 193 207 244 36 7 39 Aneurysm AD

59 57 Normal AD

60 206 188 232 11 50 16 Extensive akinesis AD C

61 37 Localised hypokinesis AD

62 197 57 Normal R

63 211 182 248 12 58 30 Extensive akinesis ADR

64 4 Localised hypokinesis R

65 186 192 57 Normal R

66 193 51 Normal ADR

67 193 29 7 38 Aneurysm AD

68 179 190 214 35 24 39 Localised akinesis AD R

69 186 17 Localised akinesis ADR

70 34 Localised akinesis AD

L, lateral; S, septal; I, inferior segments; LVEF, left ventricular ejection fraction; CSEF, contractile segment ejection fraction; AD, anterior
descending; R, right; C, circumflex coronary arteries; ANV, aneurysmal volume (% LV volume). Normal values not shown.

difference between estimated segmental phase values
was 6°0 + 4.4% (mean * SD).

Discussion

Endocardial activation times differ by up to 20 ms,

the apex in particular showing late activation.’

Initiation of contraction varies by up to 35 ms, the
. . 3 .

apex being the last region to contract.’ These findings

probably explain consistently higher phase values in
the normals in the inferior segment which contains
the apex. Regional differences were taken into
account by establishing a normal range for each
segment.

This study compares phase analysis with the extent
of coronary disease, left ventricular ejection fraction,
and contrast ventriculography. Of these the last

Table 4 Pre- and postoperative findings in three subjects who underwent left ventricular aneurysmectomy

No. Preoperative Postoperative
. Abnormal phase LVEF CSEF Abnormal phase LVEF
L S I L S I
42 196 34 38 37
47 244 189 277 27 42 225 210 218 40
48 ’ 220 28 40 39

LVEEF, left ventricular ejection fraction; CSEF, contractile segment ejection fraction; L, lateral; S, septal; I, inferior segments.
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causes most problems. The amplitude of wall
movement and the timing of emptying are
independent variables (conduction abnormalities are
the prime example). Subjective analysis of contrast
ventriculograms is less reproducible than objective
methods,* but fixed external reference systems
produce inaccurate results because of cardiac
movement. Different projections were used for the
radiographic and nuclear studies. For these reasons
we have not attempted to carry out a detailed
comparison between the two. We analysed
ventriculograms subjectively to correct for any
obvious errors produced by cardiac movement when
end-systolic and end-diastolic outlines were
superimposed. This approach is far from ideal but it
was adequate for our purpose which was, broadly, to
classify ventricles into groups with increasing
abnormalities. That this was achieved is reflected in
the fact that mean ejection fractions for each wall
motion category vary inversely with the degree of
abnormality.

Not surprisingly, as any resting ventriculographic
technique has limited sensitivity in the detection of
coronary disease, several group 2 and 3 subjects had
normal phase images. These normal findings were
largely supported by normal or near normal ejection
fractions (35 to 57, mean 45%) and ventriculograms
(10 normal, four local hypokinesis). Two group 2
subjects (21 and 31) had abnormal phase images
despite normal ejection fractions and ventricu-
lograms. This may reflect the poor sensitivity of the
latter two techniques® ® or it may be that phase is
affected by loading conditions as one subject was
hypertensive and the other had a raised left
ventricular end-diastolic pressure. In three group 2
subjects abnormal phase values were supported by
low ejection fractions and abnormal ventriculograms.

The higher phase values were only found in
association with total occlusion of a major coronary
artery. It was not possible reliably to predict the site
of coronary occlusion from the phase images (Table 5)
because of the superimposition of the territories of
different coronary arteries in the left anterior oblique
projection.

Ejection fraction values obtained using the nuclear
technique are somewhat lower than values we would
expect to obtain from a radiographic approach (40 to
59%). Once having defined a normal range, however,
phase imaging was not superior to ejection fraction
estimation in the differentiation between normal and
abnormal ventricles. It was superior, however, in the
distinction between regional and global ventricular
abnormalities.

Perhaps the greatest advantage of phase imaging is
that it can quantify the degree of abnormality. Within
a particular ventricle there is often a continuous
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Table 5 Comparison of segents with abnormal phase with site
of coronary occlussion

Abnormal region (3 regions per ventricle)

None Lateral Septal Inferior
AD (11) 4 4 5 6
R (11 3 2 6 7
C 1 1
ADandC (1) 1 1 1
RandC (1) 1
ADandR (9) 1 2 5 7

AD, anterior descending; R, right; C, circumflex coronary arteries.
Numbers in parentheses are totals of subjects with the particular
combination of coronary artery occlusion stated.

distribution of phase. Thus, in functional terms, the
distinction between aneurysms, regions with delayed
emptying, and normal regions is a quantitative rather
than a qualitative matter. It is merely a matter of
degree.

Of the 14 subjects with extensive akinetic or
aneurysmal regions on the ventriculogram, only two
did not have a mean segmental phase value in excess
of 220°. Even in these two, high phase regions within
the ventricle were obvious but they were too small to
affect the mean segmental value. Conversely, phase
values above 220° were confined to the extensive
akinesis or aneurysm group with one exception—a
subject with a localised area of akinesis and an ejection
fraction of 24%. In some subjects very high phase
values of 250 to 280° were found. Again, these figures
being mean segmental values underestimate peak
phase.

Traditionally, the clinical diagnosis and assessment
of ventricular aneurysm have been made from the
ventriculogram. The distinction between paradoxical
and normally contracting segments is, however, by no
means straightforward. The degree of paradoxical
wall motion is usually small and, even on good quality
angiograms, there is a certain amount of inaccuracy in
edge definition. Methods using fixed external
reference systems fail to correct for cardiac
movement, and methods which do attempt to correct
for this may introduce errors of their own. Thus,
current techniques are hardly ideal. They are even
less well suited for functional assessment of
aneurysmal regions.

The nuclear determination of ejection fraction
depends only on count rate changes within a region of
interest and makes no assumptions about the shape of
the ventricle. It is a simple matter to assign a region of
interest to the left ventricular phase image which
excludes any region of high phase (and therefore a
possible aneurysm) and thereby determine contractile
segment ejection fraction. This variable, which has
been shown to be the strongest predictor of survival
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Fig3

after aneurysmectomy,”"'® can therefore be deter-

mined without any of the geometrical assumptions
inherent in previous methods.”'? Because there is a
continuous distribution of phase a value has to be
chosen above which display elements are excluded as
aneurysm and below which they are included as
contractile segment. Fig. 3 and 4 illustrate the
problem. In both there is an area of high phase
representing an aneurysm. In Fig. 3 the remaining
ventricle is low phase and obviously represents the
contractile segment. In Fig. 4 the low phase region is
small and there is a large area of intermediate phase.
For determination of contractile segment ejection
fraction we arbitrarily chose 240° as the distinction
between aneurysm and contractile segment as this was
simple to detect on the phase image (red) and only
found in those subjects with radiographic extensive
akinesis or aneurysm. Using this technique in three
subjects there was a good agreement between pre-
operative contractile segment ejection fraction and
postoperative left ventricular ejection fraction. In
addition there was a pronounced improvement in the
phase images of these subjects which is under-
estimated by the mean segmental phase values. In
each case a region of high phase present pre-
operatively was not present postoperatively.

Fig. 5 and 6 show volume curves from the
contractile and aneurysmal segments of Fig. 3 and 4,
respectively. As tracer concentration must be the
same in both regions at equilibrium, the ratio of their
peak activities reflects the ratio of their volumes.
Thus, we cannot only predict postoperative left
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Fig.4

ventricular ejection fraction but we can also estimate
the volume of the aneurysm. Thus, subjects with
aneurysms on the phase image fall into three groups,
those with large aneurysms and low contractile
segment ejection fractions (37, 40, 46, 60), those with

Cs AN
15600 10155

11700 7616

15078

CSEF 40%
ANEF 13%

Fig. 5 Volume curves from contractile segment (CS) and
aneurysm (AN) of the patient whose phase image is shown in
Fig. 3. CSEF, contractile segment ejection fraction; ANEF,
aneurysm-emptying fraction.
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Fig.4

Fig. 3 Phase image showing a left ventricular aneurysm and relatively normal emptying of the rest of the left ventricle. RV, right
ventricle; A, aneurysm; CS, normally emptying contractile segment of the left ventricle.

Fig. 4 Phase image showing a left ventricular aneurysm with delayed emptying of much of the contractile segment. RV, right
ventricle; A, aneurysm; DE, region of the left ventricle with delayed emptying; N, normally emptying portion of the left ventricle.
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Fig. 6 Volume curves from the contractile segment (CS)and
aneurysm (AN) of the patient whose phase image is shoun in
Fig. 4. CSEF, contractile segment ejection fraction; ANEF,
aneurysm emptying fraction.

large aneurysms and high contractile segment ejection
fractions (38, 39, 47, 48, 50, 56, 57, 63), and those
with small aneurysms and high contractile segment
ejection fractions (42, 58, 67, 68). Operations for
heart failure would obviously be most beneficial in the
second group and two of the three operative subjects

fall into this category. The third had a small aneurysm
and was operated upon for control of recurrent
ventricular tachycardia. The subject fell into the third
category.

Other nuclear techniques have been applied to the
detection of ventricular aneurysm, as indeed has
phase imaging itself. Soon after the detection of
regional wall motion abnormalities from gated blood
pool scintigraphy,'* the technique was applied to the
detection of paradoxical motion.!* This approach,
however, depends upon the movement of a
mathematical derived edge which does not always
reflect actual wall movement. The paradox image'®
shows regions with higher activity at end-systole (as
defined from the ventricular activity time curve) than
at end-diastole. Thus it can detect regions with
paradoxical filling. It gives no information about other
ventricular regions even those with delayed emptying
of an extreme degree.

The phase image was initially developed by Adam
and co-workers. They realised the potential of the
technique in the detection of aneurysms'’ '® but so far
there have been few reports of clinical results. In a
preliminary study'® a reasonable agreement was found
between abnormal wall motion and phase delay.
Others have also used the technique to assess the
effect of conduction disorders on contraction
patterns.?®

The phase image is one of a series of parametric
images each one representing the spatial distribution
of a particular functional variable such as stroke
volume or ejection fraction.?! 22 We use, routinely, a
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combination of such images to differentiate between,
for example, phase delays caused by conduction
disorders (normal stroke volume image) or infarction
(reduced regional stroke volume).

CRITICISM OF TECHNIQUE
The chief worry concerns the use of a fixed external
reference system. No correction is made for cardiac
movement. Theoretically this would either produce or
mask regions of high phase. This is unlikely to be a
problem in hypokinetic ventricles with little overall
cardiac movement and it does not seem to be a
problem in the group 1 subjects who presumably have
vigorously contracting ventricles as no spurious
region of high phase was found. It may be part of the
explanation for some of the discrepancies observed
when comparing phase and angiographic results,
though, as already mentioned, there are alternative
explanations. This factor may also be operative in the
surgical patients in whom the pericardium has been
opened and who may, therefore, have pronounced
cardiac movement. The extent of the improvement in
the phase images was so obvious that this was unlikely
to have been artefactual.

Another problem derives from the need to use the
left anterior oblique projection for equilibrium
studies. This leads to foreshortening of the left
ventricle and superimposition of the territories of
different coronary arteries. In addition, small basal
abnormalities may be obscured because of absorption
of radiation from these deeper regions by more
superficial regions. The problem may well be
overcome by extending the technique to the first-pass
studies which can be performed in the right anterior
oblique projection. Such studies would also be more
suitable for a detailed phase/angiogram comparison as
the right anterior oblique projection is superior for
wall motion asessment.

The reproducibility of our present technique is
good, with a mean difference of 6% between
estimated mean segmental phase values in sequential
studies. This could probably be further improved by
prolongation of data accumulation time, which in this
study was relatively short (60 to 90 seconds). This was
done because we felt the need to develop a technique
that could easily be extended to exercise studies that
require high temporal resolution to detect short lived
abnormalities. For routine rest studies end-diastolic
intraventricular counts could easily be doubled.

On several occasions the use of mean segmental
phase values obscured the magnitude of the peak
phase delay. This was obvious on inspection of the
phase image but, if necessary, the problem could
easily be overcome by the use of a greater number of
smaller segments.

Walton, Yiannikas, Jarritt, Brown, Swanton, Ell
Conclusion

Phase imaging represents an important advance in the
detection and functional assessment of regional left
ventricular disease. The technique is relatively non-
invasive and the results are reproducible.
Intraventricular regions of high phase are associated
with total occlusion of a major coronary artery, low
values of ejection fraction, and significant
abnormalities of wall motion.

The technique greatly facilitates the estimation of
contractile segment ejection fraction in subjects with
left ventricular aneurysm and helps predict the results
of aneurysmectomy.

This work is supported by a grant from the Sir Jules
Thorn Charitable Trust.
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