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Relationship between thallium-201 myocardial SPECT and findings

of endomyocardial biopsy specimens in dilated cardiomyopathy
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The purpose of this study was to clarify which myocardial histological findings associated with
dilated cardiomyopathy (DCM) are reflected in quantitative 2°' Tl myocardial SPECT. We obtained
studied SPECT images from 21 patients with DCM 10 minutes and 2 hours after they received an
injection of 111 MBq 2°!TI at rest. We calculated the percent coefficient of variation of myocardial
20IT1 counts [%CV(T1)], the washout rate (WR), standard deviation of WR [SD(WR)], extent score
(ES) and severity score (SS). We used image analysis to measure % fibrosis, % myocytes, the ratio
of fibrous tissue to myocyte tissue (F/My), myocyte size and standard deviation of myocyte size
[SD(My)] in left ventricular endomyocardial biopsy specimens. The %CV(TI) was correlated with
% fibrosis and F/My. The ES and SS also correlated with F/My. The correlation between SD(WR)
and SD(My) was significant. The present findings suggest that %CV(T1), ES and SS of rest 2°/T]
SPECT reflect myocardial fibrosis and that the standard deviation of washout reflects the

distribution of myocyte size.
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INTRODUCTION

THE SEVERITY of dilated cardiomyopathy (DCM) is
often assessed by means of thallium-201 (*°'TI) myo-
cardial single photon emission computed tomography
(SPECT).!"3 The 2°'T1 myocardial SPECT findings of
DCM are quite varied. Uptake is not homogeneous, and
defects can appear as patchy, small or large.*® Because of
recent developments in computer analysis systems, 21T}
myocardial SPECT can be easily quantified.
Myocardial pathological findings in endomyocardial
biopsy specimens are also varied; fibrosis can appear as
diffuse, focal or mixed. Few studies have demonstrated
the relationship between the quantitative findings of myo-
cardial SPECT and the visual assessment of myocardial
fibrosis,” and the relationship between quantitative myo-
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cardial SPECT and quantitative histological findings
remains unknown. We compared visual assessments with
quantitative histological findings of myocardial fibrosis.

The purpose of the present study was to clarify whether
quantitative results of 2°!'Tl myocardial SPECT have
relevance to pathological findings. We therefore com-
pared the quantitative findings of 2°! Tl myocardial SPECT
with those of endomyocardial biopsy tissue (% fibrosis, %
myocyte and myocyte size) at the left ventricle (LV) and
of contrast left ventriculography.

MATERIALS AND METHODS

Subjects
Twenty-one patients (mean age 55 * 13 years; 15 male, 6
female) who fulfilled the following diagnostic criteria
were examined at Gifu University hospital from January,
1997 through March, 1999. Written informed consent
was obtained from all patients.

Diagnostic criteria®®

(1) Ejection fraction (EF) < 50% and end-diastolic
volume index (EDVI) > 100 m//m? assessed by contrast
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left ventriculography.

(2) Idiopathic, familial/genetic, viral and/or immune,
alcoholic/toxic, or associated with recognized cardiovas-
cular disease in which the degree of myocardial dysfunc-
tion could not be explained by either abnormal loading
conditions or the extent of ischemic damage.

201T] myocardial SPECT

Early and delayed images were obtained by means of a
gamma camera equipped with a low-energy high-resolu-
tion parallel-hole collimator (PICKER. PRISM-3000XP,
image size 64 x 64, angular Step 5° number of steps 24 X
3, value 30 sec/step, pixel size 3.7 mm) 10 minutes and 2
hours, respectively, after an intravenous injection of 111
MBq (3 mCi). The 2°'TI data were stored in a computer
(PICKER. ODYSSEY) for subsequent analysis. Circum-
ferential profiles of each short-axis tomographic image
were constructed of maximal count values per pixel in
each of 60 radii that were spaced at 6-degree intervals.
Count values at each point in the profile were then normal-
ized to the maximal counts in the profile of each image.
The resulting profiles were arranged as a series of concen-
tric circles that formed a single two-dimensional Bull’s
eye map with the apex at the center and the base at the
periphery. The mean of the counts per pixel and standard
deviation of the counts per pixel were calculated.

The % coefficient of variation of 2°' Tl counts [%CV(T1)]
was calculated as [(standard deviation of the counts per
pixel)/(mean of the counts per pixel)] x 100. The ZCV(T1)
was considered an index of the heterogeneity of myocar-
dial 20'T1 uptake.

Washout rates per pixel were calculated with the for-
mula [(counts per pixel on early images ~ counts per pixel
on delayed images)/(counts per pixel on early images)] X
100. The mean value of the washout rates per pixel is
named WR and their standard deviation is referred to as
SD (WR). Standard Bull’ eye maps were drawn with the
same apparatus from 96 normal individuals consisting of
47 males and 49 females.

A myocardial pixel region was considered abnormal if
the 2°'T1 uptake on the image was greater than 2 standard
deviations below the mean observed in the same pixel for
the standard Bull’s eye map. The Extent Score (ES) refers
to abnormal pixel points per total pixel points x 100. The
Severity Score (SS) refers to the sum of counts in abnor-
mal points which were the difference between the counts
in the same pixel in patients and counts in the standard
Bull’s eye per total pixel points!®!! (Fig. 1). The ES and
SS were considered to be an index of myocardial damage.

Cardiac catheterization

All patients underwent left side cardiac catheterization
within a month of undergoing 2°!' Tl myocardial SPECT.
By the standard area-length method, the end-diastolic
volume and ejection fraction were measured with an
Angiogram Analyzer System from traced silhouettes of
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the left ventriculogram in the right anterior oblique pro-
jection. We simultaneously obtained a left ventricular
endomyocardial biopsy specimen.

Histological assessment

Three to five biopsy specimens were obtained from left
ventricles. The largest specimens were diagnostically
evaluated by light microscopy. These specimens were
immediately fixed in 10% buffered formalin, dehydrated,
embedded in paraffin wax, sliced into 4 ym sections and
stained with Masson’s trichrome. Histological param-
eters such as the degree of fibrosis (from O to 3), % fibrosis,
% myocyte and myocyte size were evaluated.

The extent of fibrosis was graded by visual assessment
as O (no fibrosis), 1 (mild, when an isolated scar or mild
interstitial fibrous tissue formation or both were identified),
2 (moderate, intermediate between mild and severe), or 3
(severe, characterized by extreme replacement scarring
occupying substantial portions of the section)!'? (Fig. 2).

We defined fibrous tissue as blue stained areas, myocytes
as red stained areas and interstitial tissue as neither blue
nor red. Each area was measured with an Image Analyzer
(NIRECO, LUZEX-F, Fig. 3). The ratio of each area to
total tissue area was % fibrosis, % myocytes and %
interstitial tissue, respectively. Some crevices on biopsy
and fatty tissue were included in the interstitial tissue. The
ratio of fibrous to myocyte tissue (F/My) was calculated.
This was considered to be an index of fibrosis without the
influence of crevices and fatty tissue. Subendocardial
fibrosis and perivascular fibrosis were included in fibrous
tissue, but these conditions were infrequent in the total
tissue.

Myocyte size, namely the mean diameter of 30 to 50
myocytes per specimen was measured with the same
Image Analyzer at a point directly across the center of the
nucleus in the longitudinal sections.!? Standard devia-
tions of myocyte size [SD(My)] were also taken as the
inhomogeneity index. At the same time, [SD(My)/myo-
cyte size] X 100 was taken as the coefficient of variation
of myocyte size [%2CV(My)].

Statistical analysis

Values are express as means + 1 standard deviation (SD).
Significant correlation was assessed by linear regression
analysis where appropriate. But % fibrosis and fibrosis
score were compared by means of a logarithmic curve fit.
A p value < 0.05 was considered significant.

RESULTS

Quantitative *°'TI SPECT findings

The %CV(TI) on early images was 13.4 + 3.3% (mean
SD). The ES on early images was 17.8 + 14.5. The SS on
early images was 9.1 £ 10.0. The %CV(T1) on delayed
images was 13.4 £ 3.3%. The ES on delayed images was
18.9 % 18.0. The SS on delayed images was 10.7 £ 15.0.
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Fig. 1 Bull's eye, extent and severity maps. Quantitative findings of 2/ Tl SPECT in a patient with
DCM were calculated using a computer system.

Fig. 2 Degree of fibrosis (from 0 to 3) evaluated from light microscopic observations of the section
stained with Masson’s trichrome.
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Fig. 3 a: Biopsy tissue stained with Masson’s trichrome exam-
ined by image analysis. b: Blue area of biopsy tissue indicates
fibrosis. c: Red area of biopsy tissue represents myocytes.
Interstitial tissue was (b) and (c) subtracted from total tissue
area.

The WR was 12.2 + 10.9. The SD(WR) was 6.4 £+ 2.1
(Table 1).

Pathological findings of LV endomyocardial biopsy speci-
mens

The % fibrosis was 12.7 = 7.8%. The F/My was 0.37 £
0.42. The fibrosis score was 2.0 + 0.8. The myocyte size
was 21.2 4.5 um. The SD(My) was 5.2+ 2.1 um. The
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Table 1 Quantitative findings of >”!TI SPECT

early image
%CV of myocardial **'TI counts 13.4+£33
extent score 17.8+14.5
severity score 9.1 £10.0
delayed image
%CV of myocardial >’'TI counts 13.4+33

extent score 189+ 18.0

severity score 10.7+15.0
washout

washout rate 12.2+10.9

SD of washout rate 6.4+2.1

%CV: % coefficient of variation, SD: standard deviation

Table 2 Quantitative pathological findings of left ventricular
biopsies

% fibrosis 12.7+7.8
fibrosis/myocyte 0.37 £0.42
fibrosis score 2008
myocyte size ({m) 21.2+45
SD of myocyte size 5221
%CV of myocyte size 24.1+7.6
% myocyte 446+ 14.1
% interstitium 433+11.7

SD: standard deviation, %CV: % coefficient of variation

%CV(My) was 24.1 +7.6%, the % coefficient of variation
of myocardial cell size, which was greater than in non-
cardiac patients, was due to myocyte loss and vicarious
myocyte hypertrophy.'* The % myocytes was 44.6 +
14.1%. The % interstitial tissue was 43.3 £ 11.7% (Table
2). The correlation that was roughly between % fibrosis
and the fibrosis score was significant (r = 0.64, p < 0.01,
Fig. 4).

Left ventriculogram findings
The EDVI was 126 + 27.6 m//m?. The EF was 30.9 +
10.8%.

Correlation between quantitative *°' Tl SPECT findings,
pathological findings in endomyocardial biopsy speci-
mens and left ventriculography

The %CV(TI) on early images significantly correlated
with % fibrosis (r = 0.603, p < 0.01, Fig. 5), F/My (r =
0.604, p < 0.01), EDVI (r = 0.744, p < 0.0001, Fig. 6) and
EF (r = -0.490, p < 0.05), but %CV(TI) on early images
and fibrosis score were not correlated. The ES on early
images significantly correlated with F/My (r = 0.541,
p <0.05) and EDVI (r = 0.552, p < 0.01). The SS on early
images significantly correlated with F/My (r = 0.496,
p <0.05) and EDVI (r = 0.545, p < 0.01) (Table 3). The
%CV(TI) of delayed images significantly correlated with
% fibrosis (r=0.530, p < 0.05), F/My (r = 0.530, p < 0.05),
EDVI (r=0.673, p<0.001) and EF (r=-0.580, p < 0.01).
The ES on delayed images significantly correlated with
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Fig. 4 Relationship between fibrosis score and % fibrosis in 21
patients with DCM. Correlation coefficient is only 0.64 (p <
0.01), although these were assessed in the same specimen. This
shows that fibrosis score was sometimes judged to be more
severe than % fibrosis.
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Fig. 5§ Data plot showing relationship between %CV(TIl) on

early image and % fibrosis. Regression analysis reveals signifi-
cant correlation (r = 0.603 p < 0.01).
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Fig. 6 Relationship between %CV(TI]) on early image and
EDVI. Correlation coefficient is r = 0.774 (p < 0.0001).
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Fig. 7 Relationship between standard deviation (SD) of the
washout rate and of myocyte size. The correlation between the
two was significant (p < 0.001).

Table 3 Correlation between quantitative findings of 20'TI SPECT on early images,
and quantitative pathological findings of endomyocardial biopsies and LVG findings

fibrosis/

fibrosis

myocyte

early image % fibrosis . % myocyte EDVI EF
myocyte score size
%CV of i
ooy otmyocardial - _0603%* r=0604** NS NS NS r=0744%%*  r=—0490*
Tl counts
extent score NS r=0541*% NS NS NS r=0.552*%* NS
severity score NS r = 0.496* NS NS NS r=0.545%* NS

LVG: left ventriculogram, EDVI: end-diastolic volume index, EF: ejection fraction, %CV: % coefficient variation

*: p<0.05, **: p<0.01, ***: p<0.0001

Vol. 15, No. 1, 2001

Original Article 17



EDVI (r = 0.688, p < 0.001). The SS on delayed images
significantly correlated with F/My (r = 0.493, p < 0.05)
and EDVI (r = 0.722, p < 0.0001).

Correlation between quantitative washout of *°'TI SPECT
and pathological findings in endomyocardial biopsy speci-
mens

The correlation was significant (r = 0.704, p < 0.001)
between SD(WR) and SD(My) (Fig. 7) and between
SD(WR) and %CV(My) (r = 0.456, p < 0.05), but neither
the WR nor SD(WR) significantly correlated with other
pathological findings.

DISCUSSION

Assessment of pathological findings of LV endomyocardial
biopsy specimens in DCM '
Onodera et al.!? reported that the percent areas of fibrosis
in the septum, anterior, lateral and posterior walls of the
left ventricle in autopsy tissue of DCM do not significantly
differ among regions. These observations suggest that
biopsy findings represent a similar extent of total left
ventricular fibrosis, indicating that comparison of biopsy
specimens with the 20Tl image is acceptable.

On the other hand, our quantitative pathological assess-
ment of LV endomyocardial biopsy tissues with an Image
Analyzer revealed % fibrosis of 12.7 £ 7.8% and myocyte
size of 21.2 £ 4.5 um. These values were similar to those
reported by Fujiwara'® using a similar method in autopsy
tissue % fibrosis in the LV free wall was 11 + 4% and
myocyte size was 21 £3 um.

The coefficient of correlation of between % fibrosis as
a quantitative assessment and fibrosis score as a visual
assessment was only 0.64, in the same specimen. Figure
4 suggests that the fibrosis score in visual assessment was
more severe when regional fibrosis was severe, even if the
total % fibrosis was low. This finding showed that re-
gional replacement fibrosis greatly influenced the fibrosis
score in the visual assessment. Therefore, quantifying %
fibrosis is not the same as fibrosis score by visual assess-
ment. The fibrosis in DCM was mainly interstitial, al-
though some replacement fibrosis was evident.!”~'? This
suggests that quantitative evaluation is necessary to as-
sess interstitial fibrosis in biopsy tissues.

Relationship between quantitative 2°'TI SPECT and
pathological findings in endomyocardial biopsy speci-
mens
Myocardial damage in DCM is often assessed by 20Tl
SPECT, DCM images of which often show various findings
such as inhomogeneous uptake, patchy defects and small
or large defects. Therefore %CV(T1) should be a useful
parameter with which to assess diffuse and patchy dam-
age observed in DCM.

The %CV(T1) correlated with % fibrosis and F/My of
endomyocardial tissue, suggesting that inhomogeneous
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myocardial 2°!' Tl uptake reflects the degree of fibrosis.
The ES and SS significantly correlated with F/My as an
index of fibrosis because the influence of some crevices
and fatty tissue was excluded. Therefore, F/My was a
better index than % fibrosis. The %CV(TI) correlated well
with EDVI and EF. Therefore, %CV(T]) also reflects left
ventricular dysfunction.

This paper is the first known comparison of quantitative
20IT] and binarized quantitative methods of defining
fibrosis in endomyocardial biopsy specimens. Although
the visual assessment of myocardial fibrosis and quantita-
tive findings of 2°'T1 SPECT under our conditions did not
significantly correlate, quantitative % fibrosis and F/My
significantly correlated with quantitative findings of 2! Tl
SPECT. As a result, the % fibrosis and F/My, which are
objective indices, seemed to be reflected in the quantita-
tive 20! Tl findings.

Relationship between quantification of *°! Tl washout
rate and pathological finding of endomyocardial biopsy
specimens

The standard deviation of the washout rate per pixel and
of myocyte size (Fig. 7) significantly correlated. The
amount of 20Tl uptaken by the myocardium is determined
primarily by myocardial perfusion and depends on as-
pects of cell function such as the Na*,K* pump and the
electropotential gradient at the myocyte cell membrane.
The 20'TI washout rate reflects the net 20'T1 clearance,
which is the sum of the 2°' Tl uptake and backflow (depen-
dent on the electropotential gradient), but in hypertro-
phied myocytes, Na*,K*-ATPase is impaired.?% 2! There-
fore the SD of the washout rate reflected Na*,K*-ATPase
variability, which may in turn reflect myocyte size distri-
bution together with microcirculatory derangement and
luminal narrowing of capillaries.?? The inhomogeneous
washout rate was possibly caused by a mosaic state
produced by the framework, fibrosis and a combination of
cells with disparate functions, that is, groups of myocytes
with normal cell functions, one with impaired functions
and others.

Nishikawa et al.'# described %CV(My) as a parameter
of the distribution of myocyte cell sizes. They found that
patients with DCM had the histological feature of a larger
distribution of myocyte cell sizes. With regard to the
published relationship between 2°!TI and pathological
findings, no comparisons have been described. The
9%CV(My) together with SD(My) was used in the present
study as an index of the dispersion of myocyte cell size.
Because of the higher correlation coefficients, SD(My)
rather than %CV(My) seemed to be more appropriate as
a parameter of myocyte cell size dispersion, which is
reflected in the 2°!'TI SPECT findings.

In conclusion, (1) quantitative evaluation is necessary
to assess myocardial fibrosis in the endomyocardial bi-
opsy specimens, (2) %CV(TI), ES and SS, of rest 20! Tl
SPECT reflect myocardial fibrosis and LV function, and
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(3) the standard deviation of the washout rate reflects the
distribution of myocyte size.
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