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Summary. Nonuniform hypertrophy of the left ven- 
tricle is an important factor in regional diastolic dys- 
function in patients with hypertrophic cardiomyopathy 
(HCM). However, the effect of myocardial perfusion 
abnormalities on regional diastolic dysfunction has not 
been established in patients with HCM. We investigated 
the relationship between regional myocardial perfusion 
abnormalities and regional early diastolic function in 31 
patients with HCM and 8 control patients. Short-axis 
images of the left ventricle recorded by cine magnetic 
resonance imaging were divided into ten blocks. The 
time-to-peak-wall-thickness-thinning rate (TPWR) and 
the walt thickness were measured in each block. Of the 
310 blocks from the patients with HCM, 242 (78%) 
showed normal thallium-201 uptake (group 1), 40 
(13%) showed slightly decreased uptake (group 2), and 
28 (9%) showed markedly decreased uptake (group 3). 
There was no difference in the regional wall thickness 
among the three groups. The TPWR was longer in pa- 
tients with HCM than in control patients. It was signifi- 
cantly longer in group 3 (190 _+ 45ms) than in group 1 
(167 _+ 36ms) and group 2 (160 +_ 31ms). (P < 0.01). 
The linear regression slope of the relationship between 
the TPWR and the regional wall thickness was signifi- 
cantly steeper in group 3 than in groups 1 and 2 (P < 
0.05). In conclusion, abnormalities in regional myocar- 
dial perfusion, in addition to regional hypertrophy, con- 
tributed to the regional early diastolic dysfunction in 
patients with HCM. 
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Introduction 

Nonuniformity of regional left ventricular diastolic 
dysfunction, as well as global left ventricular diastolic 
dysfunction, are characteristic of patients with hyper- 
trophic cardiomyopathy (HCM) [1-5]. The degree of 
regional left ventricular hypertrophy is important in the 
nonuniformity of regional diastolic dysfunction in pa- 
tients with HCM [6-8]. Echocardiogrpahic assessment 
of regional left ventricular wall motion has been used to 
assess the relationship between regional left ventricular 
hypertrophy and regional diastolic function [6, 7]. How- 
ever, this relationship between regional diastolic func- 
tion and regional hypertrophy has been determined 
only for the basal septum and the basal posterior 
wall of the left ventricle in patients with HCM, since 
regional left ventricular wall motion at every site of 
the left ventricle cannot be measured precisely by 
echocardiography [6, 7]. Cine magnetic resonance imag- 
ing (MRI) with high spatial resolution can be used to 
analyze global and regional systolic and early diastolic 
function [8-11] because it clearly delineates the 
endocardial and epicardial margins of the entire left 
ventricle. 

Regional myocardial fibrosis and myocardial ische- 
mia contribute to regional ventricular dysfunction in 
patients with myocardial infarction [12-14]. Myocardial 
fibrosis and myocardial perfusion abnormalities, in ad- 
dition to regional myocardial hypertrophy, are also 
characteristic morphological findings in patients with 
HCM [2, 3]. However, the effects of myocardial fibrosis 
and myocardial perfusion abnormalities on regional 
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diastolic dysfunction have not been clarified. We 
therefore evaluated the relationship between re- 
gional myocardial perfusion abnormalities, detected by 
thallium-201 myocardial scintigraphy, and regional 
left ventricular early diastolic function, assessed by 
cine MRI. 

The age-matched control group consisted of eight 
patients (six men and two women; mean age 53 years; 
range, 29-72 years) who underwent echocardiography 
and cardiac catheterization to evaluate atypical chest 
pain. Their echocardiographic and catheterization 
findings were normal. 

Methods 

Sltbjects 

We studied 31 patients with HCM (23 men and 8 
women; mean age, 54 + 12 years; range, 24-70 years). 
The diagnosis of HCM was based on echocardiographic 
evidence of focal or diffuse hypertrophied (maximal 
wall thickness ->15mm), nondilated left ventricle, with- 
out an identifiable cause. Left ventricular ejection frac- 
tion in patients with HCM ranged from 55% to 86% 
(mean, 74 +- 10%) by M-mode echocardiography. 
Twenty-three of the 31 patients (74%) had asymmetri- 
cal septal hypertrophy (septal-to-free wall ratio >1.3). 
None of the 31 patients with HCM had an intraventricu- 
lar pressure gradient above 30 mmHg, as determined by 
cardiac catheterization or echocardiography. All pa- 
tients were in normal sinus rhythm, and had no associ- 
ated cardiac, coronary, or pulmonary disease, including 
atrioventricular block and left bundle-branch block. 
Symptoms included dyspnea in l l  patients, chest pain 
in 7 patients, and syncope and/or palpitations in 6 
patients. Drug treatment included calcium-channel 
blockers in t2 patients, beta-blockers in 16 patients, and 
amiodarone in 3 patients. We discontinued the cardiac 
medication in all patients, 24h before the study, to ex- 
clude the major effect of the medication and in consid- 
eration of the their safety. 

Cine MRI  

Cine MRI was performed using a gradient echo se- 
quence (repetition time, 50ms; echo time, 12ms: flip 
angle, 30 °) at a magnetic field strength of 1.5 Tesla 
(Magnetom H15; Siemens AG, Erlangen, Germany). 
Images with a 192 × 256 pixel size were obtained with the 
use of four signal averages. First, we obtained an image 
of the left ventricle in the frontal plane (Fig. la). In this 
plane, the horizontal long-axis plane was obtained from 
the line extending from the point of the apex to the 
midpoint of the base (Fig. tb). The vertical long-axis 
plane was then defined from the line extending from the 
point of the apex to the midpoint of the mitral valve (Fig. 
lc). Finally, short-axis images were oriented perpendicu- 
lar to the vertical long-axis plane. Electrocardiogram- 
triggered images were acquired in these true short-axis 
planes at the basal and apical sides of the heart. We 
obtained 15-18 cine MRI frames per cardiac cycle, 
depending on the heart rate. Cine MRI images were 
analyzed, independently, by two observers, as pre- 
viously described [8], and the mean values were used 
for analysis, The endocardium and epicardium of the 
left ventricle in the frame images for one cardiac 
cycle were digitized and input into an image-analyzer 
computer (Mipron; Kontron Elektronik, Mtinchen, 
Germany). The images for one cardiac cycle were 
superimposed by the center-of-gravity method. The 

a,b 

Fig. la-c. Method for determining left ventricular short-axis image, a Left ventricle in the frontal plane; b left ventricle in the 
provisional four chamber plane; c left ventricle in the true long-axis plane 
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endocardium and epicardium of a single-frame image 
were divided into 100 segments,  beginning f rom the 
anterior interventricular sulcus. The wall thickness and 
the radius (the distance f rom the center to the endo- 
cardium) were measured in each segment, and the 
measurements  obtained in 20 segments in each of five 
blocks, (anterior septum, poster ior  septum, inferior wall, 
lateral wall, and anterior wall), were averaged to esti- 
mate  regional function in each block. The regional wall- 
thickness-time curve and radius-time curve for each 
block were then calculated with fourth degree fast Fou- 
rier transformation; in addition, the first derivative 
curves were also calculated. The nadir of the radius-time 
curve was used to define end-systole. Two parameters  
were measured in each block: the end-diastolic wall 
thickness and the t ime-to-peak wall-thickness-thinning 

rate (TPWR).  which represents the time interval be- 
tween end-systole and the peak  value of the first deriva- 
tive curve of the wall-thickness-time curve (Fig. 2). 

Thallium-201 myocardial perfusion imaging 

Thallium-201 myocardial  perfusion imaging was per- 
formed, using a single photon  emission computed  
tomographic  (SPECT) gamma  camera (GCA-901A/  
HG;  Toshiba,  Tokyo,  Japan)  equipped with a low- 
energy general purpose collimator. Imaging was initi- 
ated within 10min of intravenous injection of 74MBq of 
thallium-201 at rest. We obtained 36 projections, using a 
128 × 128 matrix for 30 s each, in a 180 ° arc that extended 
from the 45 ° right anterior oblique projection to the left 
posterior  oblique projection. Each block of SPECT im- 

Fig. 2. Leftpanel showing basal short-axis planar image from 
cine magnetic resonance imaging at end-diastole in a patient 
withhypertrophic cardiomyopathy. He had asymmetric septal 
hypertrophy (septal-to-free wall ratio, 1.9). The left ventricu- 
lar wall and cavity are divided into five blocks by the black 
lines. The curves on the right are, from top to bottom, the 
regional wall-thickness--time curve, the regional radius-- 
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time curve, and the first derivative curve for the regional wall- 
thickness--time curve for the lateral block of the image shown 
in the left panel. Time-to-peak wall-thickness-thinning rate 
(TPWR) represents the time interval between end-systole 
(ES) and the peak value in the first derivative curve for the 
wall-thickness time curve 
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ages in the basal and apical sides corresponding to cine 
MRI  images was in terpreted visually and divided into 
three groups by three independent  observers,  based on 
the regional myocardial  thallium uptake: group 1, nor- 
mal uptake; group 2, slightly decreased uptake; group 3, 
markedly decreased uptake.  Thallium-201 SPECT and 
cine M R I  were pe r fo rmed  within a 2-week period. 

19ms; group l, t67 _+ 36ms; group 2, 160 ± 31ms: group 
3,190 ± 45ms; control versus group 1 and group 3, P < 
0.0001; control versus group 2, P < 0.05) (Fig. 4). The 
T P W R  was significantly longer in group 3 than in 

25 

Statistical analysis 

V a l u e s a r e  expressed as means + SD. Differences in 20 
mean values among groups were examined by analysis 
of variance ( A N O V A )  and Scheffe's test. Linear regres- 
sion analysis with the least-squares method was used to ~ 15 e-- 
examine the relationship between regional wall thick- --" 

o E 
ness and TPWR,  and differences in the regression slope "~ E 
among groups were evaluated by analysis of covariance m ~ ~ 10 
( A N C O V A ) .  A probabil i ty level of P < 0.05 was con- 
sidered to be statistically significant. 

Results 

Hemodynamics and wall thickness 

At the time of cine MRI,  the heart  rate did not differ 
between the control group and the patients with H C M  
(control, 63 + 10bpm; HCM,  60 + 8bpm),  nor did the 
blood pressure (control, 125 _ 14/74 + 9mmHg;  HCM, 
123 ± 16/72 ± 9mmHg) .  At  the time of thaUium-201 
myocardial  imaging, the heart  rate and blood pressure 
values in patients with H C M  did not differ when com- 
pared to the values obtained at the time of cine M R I  
(heart  rate, 63 + 7bpm;  blood pressure, 121 _-2 t6/71 _+ 
12mmHg) .  The maximal wall thickness in the H C M  
group ranged from 16 to 34ram (mean, 24 _+ 6ram) and 
was significantly greater  in the H C M  group than in the 
control group (10 _+ 1 ram) (P < 0.0001). The regional 
wall thickness in all blocks was significantly greater  in 
H C M  patients than in the control group (control group, 
8 + 1ram; group 1, 16 + 6ram; group 2, 15 + 5ram; 
group 3, 14 ± 5 m m )  (P < 0.0001). However ,  there was 
no difference in the regional wall thickness among the 
H C M  groups (Fig. 3). 
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Fig. 3. Regional end-diastolic wall thickness in three groups 
with hypertrophic cardiomyopathy and the control group. 
Group 1, Normal thallium uptake; group 2, slightly decreased 
thallium uptake; group 3, markedly decreased thallium up- 
take. *P < 0.0001 
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Thallium-201 myocardial perfusion images 

Based on thallium-201 SPECT myocardial  images, 242 
(78%) of the 310 blocks from the 31 patients with H C M  
were classified as group 1, 40 (13%) as group 2, and 28 
(9%) as group 3. Six of  the 31 patients (19%) exhibited 
a markedly  decreased uptake. 

Early diastolic fimction 

The T P W R  was significantly shorter in the control 
group than in the H C M  groups (control group, 142 ± 

50 

group1 group2 group3 control 

Fig, 4. Regional time-to-peak wall-thickness-thinning rate 
(TPWR) in three groups with hypertrophic cardiomyopathy 
and the control group. Group 1, Normal thallium uptake; 
group 2, slightly decreased thallium uptake; group 3, markedly 
decreased thallium uptake. *P < 0.05; **P < 0.01; ***P < 
0.0001 
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Fig. 5. Plots showing the relationship between regional wall 
thickness (WT) and time-to-peak wall-thickness-thinning rate 
(TPWR) in groups 1 (squares), 2 (diamonds), and 3 (dots). 
There are significant linear correlations among the three 
groups; the linear regression slope was significantly steeper in 
group 3 than in groups 1 and 2 (P < 0.05). Group i, WT = 3.5 
× TPWR + 110; r = 0.53; P < 0.0001. Group 2, WT = 3.5 × 
TPWR + 109; r = 0.58; P = 0.0001. Group 3, WT = 5.5 × 
TPWR + 112; r = 0.58; P = 0.013 

groups 1 and 2 (P < 0.01). The TPWR showed a signifi- 
cant linear correlation with the regional wall thickness 
in all three groups. The linear regression slope was 
significantly steeper in group 3 than in groups 1 and 2 
(P < 0.05) (Fig. 5). 

Discussion 

There was no variation in the regional wall thickness, 
regardless of the degree of thallium-201 uptake, among 
patients with HCM. The TPWR was significantly longer 
in patients with HCM than in the control group and was 
longer in patients with markedly decreased uptake than 
in patients with normal or slightly decreased uptake. 
The TPWR was linearly correlated with the regional 
wall thickness in patients with HCM, and the regression 
slope was steepest in patients with markedly decreased 
uptake. 

Concentric ventricular hypertrophy is an important 
determinant of diastolic dysfunction in patients with 
essential hypertension and aortic stenosis [15]. Non- 
uniform ventricular hypetrophy and impaired diastolic 

function are characteristic of HCM [1-5, 16, t7]. The 
relationship between the degree of regional hypertro- 
phy and regional diastolic dysfunction has been investi- 
gated with echocardiography [6, 7] and MRI [8] in 
patients with HCM. However, this relationship has 
been evaluated only in the basal interventricular 
septum and the basal posterior wall, which can be visu- 
alized by M-mode echocardiography, since echocar- 
diography cannot precisely measure regional left ven- 
tricular wall motion at every site of the entire left ven- 
tricle [6, 7]. Nonuniform hypertrophy has been 
observed at various sites in patients with HCM [16, 17]. 
MRI clearly delineates the endocardial and epicardial 
margins of the entire left ventricle. Thus, MRI may be 
more useful than echocardiography for evaluation of 
the relationship between the regional wall thickness and 
diastolic function at every site of the left ventricle. 

The rapid filling rate or the time-to-peak rapid filling 
have been used as parameters of global left ventricular 
early diastolic function in most previous studies [18-20]. 
We used the TPWR as a parameter of regional early 
diastolic function in the present study. Only a few pre- 
vious studies on regional early diastolic function have 
used indices dissimilar to the TPWR, such as the rate 
of posterior wall diastolic thinning [7, 8]. The time- 
to-peak filling, which represents global early diastolic 
function, ranged from 180-190 ± 56-85ms in HCM 
patients and from 136-160 ± 23.40ms in normal sub- 
jects in previous studies [18-20]. As the TPWR in the 
present study was 160-190 ± 31-45 ms in HCM patients 
and 142 + 19ms in the control group, the range of 
TPWR was similar to the reported range of time-to- 
peak filling values. Thus, TPWR is considered to be a 
reliable parameter of regional early diastolic function, 
although it is not strictly equivalent to the time-to-peak 
filling. 

Myocardial fibrosis, loss of myocardial contractile 
elements, myocardial perfusion abnormalities and 
changes in geometry cause early diastolic dysfunction to 
increase inappropriate spatial and temporal nonuni- 
form distribution of loading and inactivation [12-14, 
21-24]. Myocardial perfusion abnormalities have been 
detected by thallium-201 scintigraphy in patients with 
HCM [25-27]. Nagata et al. [27] observed marked myo- 
cardial fibrosis in patients with HCM who showed 
hypoperfusion or perfusion defects on thallium-201 
scintigraphy. Thus, it is important to clarify the effect of 
myocardial perfusion abnormalities suggestive of myo- 
cardial fibrosis on the regional diastolic function. We 
assessed myocardial perfusion abnormalities by resting 
thallium-201 scintigraphy. Markedly decreased myo- 
cardial thallium uptake was considered to represent 
massive myocardial fibrosis, and slightly decreased up- 
take was considered to represent a small degree of 
myocardial fibrosis. 
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The TPWR is influenced by the rates of isovolumic 
relaxation and early left ventricular filling [28]. Multiple 
factors such as hypertrophy, asynchrony, abnormal 
loading, ischemia, and abnormal Ca 2+ flux may be re- 
sponsible for the isovolumic relaxation. A significant 
linear correlation between the TPWR and regional 
wall thickness in patients with HCM has been 
reported [8]. On the other hand, early left ventricular 
filling is affected not only by active relaxation but also 
by passive filling characteristics. Myocardial fibrosis 
could be responsible for the passive filling charac- 
teristics. Therefore ,  the T P W R  can estimate the in- 
fluence of hypertrophy and myocardial fibrosis on 
early diastolic function. Patients with HCM who 
exhibited a markedly decreased myocardial thallium 
uptake (group 3) showed a greater prolongation of the 
TPWR than patients with only a slightly decreased 
(group 2) or normal uptake (group 1). The linear regres- 
sion slope of the relationship between the TPWR 
and regional wall thickness was significantly steeper in 
group 3 than in groups 1 or 2. Patients in group 3 had 
massive myocardial fibrosis, so passive filling character- 
istics, in addition to relaxation, affect the TPWR. 

Regional uptake on thallium-201 myocardial perfu- 
sion imaging was evaluated relatively compared to a 
normal uptake site. Thus, the thallium uptake in rela- 
tively thin wall thickness without myocardial fibrosis 
was underestimated, because patients with HCM had 
heterogeneous hypertrophy. A large overlap between 
group 1 and group 2 in the relationship between the 
TPWR and wall thickness may have occurred because 
of the relative underestimation of the thallium uptake. 

The present results suggest that the degrees of re- 
gional myocardial fibrosis and regional hypertrophy are 
important factors in the regional early diastolic dysfunc- 
tion in patients with HCM. O 'Gara  et al. [25] reported 
that fixed or only partially reversible defects suggestive 
of myocardial scar and/or severe ischemia in patients 
with HCM occurred primarily in patients with impaired 
systolic performance, and that symptomatic patients 
with HCM had a significantly higher incidence of fixed 
or partially reversible defects. Thus, in addition to 
evaluation of systolic function and clinical symptoms, 
thallium-201 scintigraphy is useful for assessing regional 
early diastolic dysfunction. 

In conclusion, regional myocardial perfusion abnor- 
mality, in additional to regional hypertrophy, contrib- 
uted to regional early diastolic dysfunction in patients 
with HCM. 
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