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Nuclear magnetic resonance in hypertrophic
cardiomyopathy
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SUMMARY The large differences in the spin lattice relaxation times (T1) of blood and myocardium
(measured by nuclear magnetic resonance) allow the heart to be visualised without the use of
contrast media. The findings using nuclear magnetic resonance in 11 unselected patients with
hypertrophic cardiomyopathy were compared with those in equal numbers of normal subjects and
patients with electrocardiographic features of left ventricular hypertrophy. In patients with hyper-
trophic cardiomyopathy characteristic septal hypertrophy was noted together with variable and
sometimes pronounced hypertrophy of the left ventricular free wall, which is consistent with the
heterogeneous nature of this disease. The mean (SD) ratio of septal to free wall thickness was

1*5(0-8) for patients with hypertrophic cardiomyopathy, 0.8(0.2) for those with left ventricular
hypertrophy, and 0*9(0*2) for normal subjects. Although septal measurements by nuclear magnetic
resonance were greater than those obtained by echocardiography there was a significant correlation
between the two. Septal and free wall area were significantly smaller in normal subjects. There were

no differences in septal or free wall T, values between the three groups.

Non-gated nuclear magnetic resonance can detect septal and free wall hypertrophy. With the
addition of multiple slice acquisition, rapid estimation of myocardial mass will be possible allowing
the potentially important assessment of progression or regression of myocardial hypertrophy.

Hypertrophic cardiomyopathy is characterised by
hypertrophy of myocardium, particularly of the inter-
ventricular septum, without apparent cause. Distinct
histological appearances-such as cardiac muscle cell
disorganisation, again mainly of the septum-have
been reported.' The diagnosis may be confirmed by
echocardiography if the typical features (systolic
anterior motion of the mitral valve, early aortic valve
closure, and disproportionate thickening of the sep-
tum relative to the left ventricular free wall) are pres-
ent. When few of the features are present or if
echocardiography is technically difficult than doubt
remains. In 1982 Goodwin suggested that angiocar-
diography was still the most useful investigation.2

Nuclear magnetic resonance can be used for both
non-invasive visualisation of cardiac structures and
tissue characterisation; the second can be achieved by
using the spin lattice relaxation time (T,). The large
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differences in the Ti-volues of myocardium and blood
allow clear separation between cardiac muscle and
cavity without the use of contrast medium.3

Using nuclear magnetic resonance we therefore
examined the appearances of hypertrophic car-
diomyopathy by measuring septal and free wall thick-
ness and contrasting T, values with those found in
concentric left ventricular hypertrophy and normal
hearts.

Patients and methods

SUBJECTS
Three groups were examined. The first consisted of
11 unselected patients attending a cardiac review
clinic with an established diagnosis of hypertrophic
cardiomyopathy based on clinical, echocardiographic,
and in two cases angiographic findings (Table 1). The
second group consisted of 11 patients with left ven-
tricular hypertrophy based on the electrocardiog-
raphic criteria of Romhilt and Estes,4 of whom nine
had World Health Organisation stage III hyperten-
sion, one aortic stenosis, and one aortic coarctation.
The third group--consisted ofl I age matched healthy
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Nuclear magnetic resonance in hypertrophic cardiomyopathy
Table 1 Echocrdiographic and nucar gnecresonance neasw nent 11 pati uiwth yerophic carcinyopathy
Case No Age M Mode edwac diography Nudear magntic resonme

Lw)
Septal Post* LV SAM Eary closwre Sepqen LV fre wal
thickness waldtckness of aortc vave
(nvn) (Mnn) Thickness Area Thicnss Area

(MnM) (on2) (MnM) (on2)
1* 50 14 16 NO NO 14 4-38 23 4-07
2 55 24 15 NO YES 23 4-96 7 4-40
3 26 32 20 NO YES 32 7-35 20 7.17
4 52 30 12 YES YES 41 7-69 54 8-82
5 45 18 20 NO NO 26 5-14 23 7-17
6 19 30 16 NO NO 30 4.62 14 5-57
7* 48 20 18 NO NO 26 4-93 15 4-53
8 32 32 14 YES YES 46 9-03 41 8-39
9 68 15 12 YES YES 29 5-36 27 6-00
10 19 26 12 YES YES 37 8-21 20 5-67
11 45 14 12 YES YES 38 6-55 18 5-18

*Sistes.
LV, left ventricular; SAM, systolic anterior motion.

volunteers drawn mainly from hospital staff. In all
cases consent was obtained and the study approved by
our institute's ethical committee.

NUCLEAR MAGNETIC RESONANCE
Nuclear magnetic resonance was carred out using a
commercial (M&D Technology) low field (0-08T)
resistive imaging system. Cardiac gating was not
used. Three transverse sections with a slice of 16 mm
were obtained from each subject with a separation of
20 mm between each section. The pulse sequence
used was an interlaced saturation recovery and inver-
sion recovery sequence each with a repetition rate of
1 s and a tau value of 200 ms for the latter. For each
section four images were obtained at the end of the 4
min 16 s acquisition: proton density, calculated T1,
inversion recovery, and a "difference" image (proton
density-inversion recovery). The inversion recovery
and difference images contain both T1 and proton
density information. Of the four images, the calcu-
lated T1 image gave the best contrast between blood
and myocardium. The long term precision of T1 esti-
mation using this particular technique has been found
to be 2 7% for a T1 value of 300 ms.
The section giving best definition between septum

and left ventricular cavity was selected for each
patient and studied in more detail. Initially, an esti-
mate of the mean and range of T1 values for myocar-
dium and ventricular blood was obtained in the 33
subjects. The mean (SD) T1 value for myocardium
was 345(28) and for blood 635(124). The window on
the T1 images was set so that all pixels with a T1 value
>450 ms appeared uniformly bright enabling
myocardium and blood to be clearly separated.
Irregular regions of interest were drawn around the
interventricular septum and free wall of the left ven-
tricle using the computer. Computer derived meas-
urements of septal and free wall thickness and area

were made together with total cardiac diameter.

ECHOCARDIOGRAPHY
M mode and real time echocardiography were carried
out in the left oblique position within two weeks of
the nuclear magnetic study. Septal and free wall
diameters were measured from M mode recordings
using an Irex-3 phased array system with a 2-5 MHz
transducer in the groups with hypertrophic car-
diomyopathy and left ventricular hypertrophy.
Recordings were made at end diastole at a level just
above the mitral valve. Septal and free wall thickness
were measured in three consecutive cycles and the
mean values noted for each subject. Five of the
patients with hypertrophic cardiomyopathy showed
systolic anterior motion of the anterior mitral leaflet
and seven some degree of early closure of the aortic
valve. None of these abnormalities was seen in
patients with left ventricular hypertrophy. Two
patients did not have echocardiographic features typi-
cal of hypertrophic cardiomyopathy, the diagnosis
having been established at angiography (cases 1 and
5).

STATISTICAL ANALYSIS
A non-paired Wilcoxon rank test was used for com-
parison between groups. Student's t test was used for
comparison of T1 values between septum and left ven-
tricular free wall with all groups combined.

Results

In eight patients with hypertrophic cardiomyopathy
nuclear magnetic resonance showed characteristic
appearances with pronounced septal hypertrophy and
a variable degree of left ventricular free wall hyper-
trophy (Figs. 1 and 2). Table 1 shows the results and
patient details for the group with hypertrophic car-
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Table 2 Septal and left ventricular free wall spin lattice
relaxation times (Td in three groups ofpatients. Values are mean
(SD)

Septal T, (s) Free wall T1 (s)

Normal subjects 374 (18) 331 (29)
Patients with ventricular

hypertrophy 355 (31) 333 (22)
Patients with hypertrophic

cardiomyopathy 352 (27) 342 (24)

diomyopathy. In those patients with secondary left
ventricular hypertrophy the free wall and septum
appeared of equal thickness, but the muscle mass was
greater than in normal subjects. The differences in
area and dimension between patients with hyper-
trophic cardiomyopathy, left ventricular hypertro-
phy, and normal hearts (Figs. 3 and 4) are summar-
ised below.

SEPTAL AND FREE WALL THICKNESS
There was considerable variation in the thickness of
both septum and left ventricular free wall measured
by nuclear magnetic resonance in the group with
hypertrophic cardiomyopathy (Table 1). Although
septal measurements were greater than those obtained
with echocardiography there was a significant correla-
tion between the two (r=0.71, p<0 001). The mean
ratio of septal to free wall thickness measured by nuc-
lear magnetic resonance and M mode echocardiogra-
phy was similar at 1-5(0-8) and 1-6(0.6) respectively.
The mean ratio of septal to free wall thickness as
measured by magnetic resonance imaging was 0-8(0.2)
for patients with left ventricular hypertrophy and
0.9(0.3) for normal subjects. In view of the variability
of this ratio in patients with hypertrophic car-
diomyopathy, there was no statistically significant dif-
ference detected between the three groups.
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Fig. 2 (a) Septal and free wall area and (b) ratio of septal to
free wall area in individual patients with hypertrophic
cardiomyopathy, those with left ventricular hypertrophy, and
normal subjects.

Fig. 1 Typical appearance of hypertrophic cardiomyopathy by nuclear magnetic resonance showing pronounced septal
hypertrophy (arrow 1) (a) with mild kft ventricularfree wall hypertrophy (arrow 2) (case 10) and (b) with pronounced left
ventricular free wall hypertrophy (arrow 2) (case 8).
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SEPTAL AND FREE WALL AREA
There was a significant difference in septal area bet-
ween normal subjects and both patient groups. Meas-
ured area in normal subjects was 2.7 cm2 compared
with 4-6 cm2 (p<005) and 6*1 cm2 (p<0.05) for
patients with left ventricular hypertrophy and hyper-
trophic cardiomyopathy respectively. Corresponding
values for left ventricular free wall area were 3-7 cm2,
6*3 cm2 (p<0.05), and 6.1 cm2 (p<0&05).

TOTAL CARDIAC DIAMETER
The diameter as measured from the right ventricular
border to the mid portion of the left ventricular free
wall was greater in both patient groups at 138(10) mm
and 130(14) mm for patients with hypertrophic car-

diomyopathy and left ventricular hypertrophy respec-

tively compared with 120(12) mm for normal sub-
jects. The difference did not reach statistical
significance.

SPIN LATTICE RELAXATION TIME (T,)
Table 2 shows the mean values for T1. There was no

significant difference between patient groups,
although septal T1 was consistently higher than free
wall T1 for all groups (p<001).

Discussion

This study shows the ability of nuclear magnetic reso-
nance to outline the interventricular septum and left
ventricular free wall and to. detect differences in
myocardial thickness in patients with increased after-
load and hypertrophic cardiomyopathy when con-

trasted with normal subjects. The pronounced con-

trast between flowing blood, which gives a high signal
intensity, and the chamber walls allows hypertrophy
to be demonstrated since there is also contrast bet-
ween myocardium and surrounding tissues.

Within the group of patients with hypertrophic
cardiomyopathy large variations in septal area were
found. In those cases in which a diagnosis of hyper-
trophic cardiomyopathy could confidently be made by
nuclear magnetic resonance the findings on echocar-
diography were more impressive (Table 1). Our
unselected population of patients with hypertrophic
cardiomyopathy represented the full spectrum of the
disease, which is known to be heterogeneous.5 This
variability in septal and free wall size was detected
both by echocardiography and by nuclear magnetic
resonance.

Steiner, in outlining the applications and potential
of nuclear magnetic resonance in cardiac imaging,
described the concentric nature of left ventricular
hypertrophy in patients with hypertension and aortic
stenosis and the non-uniform septal and free wall

hypertrophy of hypertrophic cardiomyopathy.6

Although these patterns may occur in typical exam-
ples, it is important to recognise that both the extent
and position of myocardial hypertrophy are variable
as illustrated by nuclear magnetic resonance (Figs. 1
and 2).

Stone et al recently reported the appearances of
hypertrophic cardiomyopathy obtained with non-
gated computed tomography using contrast medium
in nine patients.7 Visualisation of the septum was
good and showed the variability of the position of
maximal septal hypertrophy. Definition of the left
ventricular free wall was, however, poor and inadequ-
ate for measurements. By using the differences in the
relaxation index T1 between flowing blood and ven-
tricular muscle, nuclear magnetic resonance can allow
clear visualisation of both septum and free wall with-
out the use of contrast agents.

It was not the purpose of this study to compare
nuclear magnetic resonance with echocardiography as
there is a large difference in their cost and stage of
development. There is also a wide variation in pur-
chase and installation costs between different nuclear
magnetic resonance systems and the variables they
measure. The system we used is a low cost low magne-
tic field system. Echocardiography has contributed to
the understanding of hypertrophic cardiomyopathy
(for example, in determining the cause and level of
obstruction when present8) and is of value in making
the diagnosis. Echocardiographic features are not,
however, specific individually.5 M mode echocardiog-
raphy gives diagnostic information in over 85% of
patients, but precise measurements of left ventricular
dimensions are possible in only 60-65% of patients.9
Real time echocardiography improves diagnostic abil-
ity, and because of its rapidity and widespread availa-
bility echocardiography will remain the commonest
and most practical technique for confirming hyper-
trophic cardiomyopathy. Nevertheless, nuclear
magnetic resonance is possible in most patients and
may be helpful in those in whom echocardiographic
quality is poor.
The differences observed between our three groups

were from images taken without cardiac gating. The
extent by which gating improves resolution in nuclear
magnetic resonance is not yet established. Some
reports have emphasised the need for cardiac gating to
obtain satisfactory anatomical information.10 Choyke
et al, however, have shown that images of diagnostic
quality were obtained without gating using single spin
echo sequences with a very short echo time (10-20
ms).1 l In practice it gives a very similar echo time to
that used in our own system. They had noted pro-
nounced degradation of the image with longer echo
times and concluded that the previous unfavourable
reports using non-gated techniques may have been
due to longer echo times used in other centres.
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The ability to obtain measurements of myocardial

area and thus by multiple slice acquisition to estimate
myocardial mass may prove valuable in the follow up
of patients with myocardial hypertrophy. Drug
treatment in both patients with hypertension and
those with hypertrophic cardiomyopathy should
ideally result in a reduction in muscle mass. The non-

invasive nature of nuclear magnetic resonance makes
this an attractive method for long term assessment of
such patients.

This work was funded in part by the Medical
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Security, the Scottish Home and Health Department,
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