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Summary

The clinical usefulness of thallium-201 myocardial emission computed tomography (ECT) for
evaluating left ventricular myocardial fibrosis was assessed in 47 patienis with Duchenne (MD), facio-
scapulo-humeral (FSH), limb-girdle (LG) and myotonic (MT) dystrophy.

1. Trans-, long- and short-axial images were interpreted quantitatively by circumferential profile
analysis, and the extent of fibrotic tissue (%FIB) was estimated by integrating hypoperfused areas in
six to eight consecutive short-axial slices. Lung / mediastinum count ratio (L/M ratio), LV cavity
dilatation, aneurysm formation and cardiac malrotation were also assessed with ECT.

2. Distinct ECT defects were demonstrated in 95 of a total of 235 LV segments (409%,) and in
37 of 47 cases (85%, of DMD, 719, of FSH, 50%, of MT and 609, of LG). They were observed
specifically in the posterior wall (829,) and the apex (659,) in DMD, and were scattered in all LV wall
segments in FSH, LG, and MT.

3. There was a significant correlation between 9%FIB and the L/M ratio (r=0.79, p<0.001),
and the L/M ratio was significantly higher in DMD than in MT (0.67+0.36 vs 0.34+-0.25, p<0.05).

4. ECT showed marked LV dilatation in seven (15%,), apical aneurysm in five (119,) and vertical
heart in 12 (269,) of the 47 patients.

5. There were no significant correlations between age or clinical stage scores and numbers of defect
segments or %FIB in each group.

6. During the one-year follow-up. period of these patients, a DMD boy with the largest 9%FIB
(54%) and the highest L/M ratio (1.4) together with LV dilatation had complications of refractory
heart failure and he died eight months following the ECT examination.

7. Thallium-201 planar imaging and standard 12-lead ECG underestimated the perfusion defects
which were evaluated with ECT.
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Fig. 1. Segmentation of the left ventricular wall by thallium-201 myocardial ECT images.

Trans-, long- and short-axial images are reconstructed on a slice width of 8 mm in each tomographic
section, and are interpreted quantitatively by circumferential profile analysis. The left ventricle (LV)
is divided into 5 segments, i.e., anteroseptal (AS), apical (A), lateral (L), posterior (P) and inferior ¢))
segments, and assigned to the images in each projection. LV segments in which the counts of profile
line are below the lower limit of normal values (mean —2 standard deviation) are assumed to be hypo-

perfused areas.
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Fig. 2. Method of estimating fibrotic tissue size.
A region of interest (ROI) is drawn around the
heart for each short-axial slice. The LV myocardial
boundary is then defined as 50 percent of the maximal
count within the ROI. Hypoperfused area in each
short-axial slice is approximated by means of a mathe-
matical equation from the adjacent interior angle bet-
ween the two most separate profile lines of subnormal
counts and the LV outer and inner diameters which are
obtained from the LV boundary. The total fibrotic
tissue size (%FIB) is estimated by integration of
hypoperfused areas in 6 to 8 consecutive short-axial
slices.
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Long-axial image

Fig. 3. The L/M ratio and cardiac malrotations in ECT images.

Two ROIs are located manually in the lung and the mediatinum in the trans-axial image at the middle
of the LV level, and mean count ratios of the two ROIs (L/M ratio) are calculated. Cardiac malrotation
is assessed by the angles between cardiac and body axes obtained from ECT images. Clockwise or
counterclockwise rotation is assumed to be present if the angle between cardiac and anteroposterior
axes in the trans-axial image is more than 50 or less than 20 degrees, respectively. The vertical or
horizontal heart is assumed to be present if the angle between the cardiac and horizontal axes in the
long-axial image is more than 70 or less than 10 degrees, respectively.
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Fig. 4. Segmentation of the left ventricular wall by thallium-201 myocardial planar images.

Immediately after tomographic imaging, planar imaging is performed with the same equipment
in each of the 5 (the anterior, 30-, 45- and 60-degree left anterior oblique and the left lateral) pro-
jections. The left ventricle is assigned 5 segments (AS, AP, L, P and I, as in ECT) in 5 images. A per-
fusion defect is diagnosed visually and assumed to be present if it is shown in at least one of these

0

5 images.
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Fig. 5. Correlation of types of muscular dystropy and sites of perfusion defects as

evaluated with ECT.

Perfusion defects are demonstrated in 95 of all 235 LV segments (409%;), and the incidence is
higher in DMD and LG than in MT and FSH. In DMD, a perfusion defect is most frequently observed
in the posterior region and the apex. Abbreviations are the same as those in Table 1.
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Table 1. Clinical and scintigraphic characteristics of the patients

ECT
No Age Sex Type Stage — Dil Aneu Abnormal axis
AS AP L P I

1 9 M DMD 5 0

2 9 M DMD 5 + 0

3 11 M DMD 4 + 0 CcC

4 11 M DMD 2 + + 0 v

5 12 M DMD 7 + 0

6 13 M DMD 6 + + + + +1

7 13 M DMD 7 + + + + 0

8 14 M DMD 6 + + 0 \"%

9 15 M DMD 5 + + + 0 A%
10 16 M DMD 7 + 0 +
11 16 M DMD 8 + + + + + +2
12 16 M DMD 6 + + + 0
13 16 M DMD 7 + + + + 0 v
14 17 M DMD 7 + + + + +1 CC
15 17 M DMD 6 - + 0
16 17 M DMD 7 + + + 0 CcC
17 17 M DMD 7 + 0 \%
18 18 M DMD 7 + + + 0 + v
19 18 M DMD 8 + + + + 0 H
20 18 M DMD 6 + + + 0
21 20 M DMD 8 + + + + 0
22 20 M DMD 7 + + + +1 +
23 20 M DMD 7 + + 0 A%
24 20 M DMD 6 + + 0
25 20 M DMD 5 0
26 20 M DMD 7 + 0
27 20 M DMD 7 0
28 21 M DMD 6 + + + 0 + \"
29 26 M DMD 7 + + + + +1 CC
30 23 M FSH 1 + + + +1 v
31 30 M FSH 2 + + + + 0
32 35 M FSH 1 + + 0 \%
33 37 M FSH 1 + 0 CC
34 38 M FSH 3 0 A%
35 41 F FSH 5 0
36 62 M FSH 2 + 0 CcC
37 34 M MT 1 + + + 0 H, CC
38 35 F MT 1 0 CC
39 36 M MT 7 0
40 41 M MT 1 + 0 H
41 42 M MT 2 + + 0
42 47 M MT 7 0
43 25 M LG 5 + + 0 + CcC
44 39 M LG 2 + 0
45 45 M LG 2 + + + +2
46 51 F LG 2 0
47 53 F LG 2 0

Aneu=apical aneurysm; AP =apical; AS =anteroseptal: CC=counterclockwise rotation; Dil=dilatation score of
the LV cavity; DMD =Duchenne muscular dystrophy; ECG =standard 12-lead electrocardiogram ; ECT =thallium-
201 emission computed tomography; FSH =facioscapulohumeral muscular dystrophy; H=horizontal heart; I=
inferior; L=lateral; LG=limb-girdle type muscular dystrophy; MT =myotonic dystrophy; N=normal; P=
posterior; V=vertical heart.

LV dilatation score (see text): +2=marked dilatation; +1=moderate dilatation; 0=no dilatation.
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Table 2. Prevalence of cardiac malrotations evaluated with trans- and long-axial ECT images

Muscular Other cardiac
dystrophy diseases
Cardiac malrotation (n=47) (n=103) p value
Clockwise rotation (+) 0 (0%) 13 (139% n.s.
(=) 47 (100%,) 90 (879%
Counterclockwise rotation (+) 9 (19%) 20 (19%) n.s.
(=) 38 (81%) 83 (81%)
Horizontal heart (+) 3 (6% 32 (31%) n.s.
(=) 44 (94%) 71 (69%)
Vertical heart (+) 12 (26% 3 (B%) <0.001
(=) 35 (74%) 100 (97%)
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Fig. 6. Correlation between %FIB and the L/M
ratio in 47 patients with muscular dystrophy.

Percent FIB correlates significantly with the L/M
ratio (r=0.79, p<0.001). The high L/M ratio is
thought to reflect severe lung congestion. Therefore,
patients with large perfusion defects are thought to
have a severe LV dysfunction or subclinical heart
failure.
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Fig. 7. Diagnostic reliabilities of thallium-201
planar imaging for evaluating perfusion defect(s)
in thallium-201 ECT.

In planar imaging, the diagnostic reliability is good
in the apical (AP), anterolateral (AS) and lateral (L)
regions, but the sensitivity is poor in the posterior (P)
and inferior (I) regions. Findings of ECT and planar
imaging agreed in 213 of all 235 segments. The re-
maining 22 segments have normal perfusion by
ECT, but not by planar imaging, distribution is
more frequent in the posterior wall (10) than in the
inferior, anteroseptal, apical and lateral walls (5, 4,
2 and 1, respectively).
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Fig. 8. Diagnostic reliabilities of standard 12-
lead electrocardiogram for evaluating perfusion
defect(s) in thallium-201 ECT.

In ECG, sensitivity is poor in the AS, AP and I
regions. Specificity is not good in L region. All patients
with ECG abnormalities have perfusion defects in at
least one segment, and some of them have malrotation
of the heart as well. Malrotation is associated with
abnormal ECG and ECT perfusion.
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Fig. 9. ECG and ECT in a case of the Duchenne type of progressive muscular dystrophy
(21-year-old man).

Standard 12-lead ECG shows only posterolateral wall lesion (RV,=1 mV, R/S (V,)=1, and RV, ;
<1 mV). Three trans-axial images at the upper, middle and lower LV levels viewed from the feet, and
three long-axial images at the septal, middle and lateral LV levels viewed from the right are shown in
the upper panel. Six consecutive short-axial images viewed from the feet are shown in the lower panel.
ECT shows two distinctly separate perfusion defects, one in the anterior and the other in the postero-
lateral walls. Abnormal deviation of the cardiac axis (vertical heart) can be diagnosed by the long-
axial image of ECT. Abbreviations are the same as those in Table 1.
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Fig. 10. ECG and ECT of a case of the Duchenne type of progressive muscular dystrophy

(21-year-old man).

ECG shows only ST-T changes and no abnormalities of the QRS complex. ECT shows large per-
fusion defects in the anterior and posterolateral walls. Abbreviation are the same as those in Table 1.
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Fig. 11. ECG and ECT in a case of the Duchenne type of progressive muscular dystrophy

(21-year-old man).

ECG shows only a posterolateral wall lesion (R/S(V;)=1, abnormal Q waves in I and ,V;, RV; (=<
1 mV). ECT suggests diffuse myocardial fibrosis, and °,FIB is 549,. This patient died eight months
following the ECT examination. Abbreviations are the same as those in Table 1.
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