
INTRODUCTION

Idiopathic dilated cardiomyopathy usually has a

poor prognosis1－4）. However, some patients with
dilated cardiomyopathy show an improvement in
left ventricular systolic function5－11）. The clinical
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Objectives. This study evaluated the significance of myocardial gadolinium-diethylenetriamine pen-

taacetic acid（Gd-DTPA）enhancement on magnetic resonance imaging for the improvement of left ventric-
ular function in patients with dilated cardiomyopathy.

Methods. Twenty-seven patients with dilated cardiomyopathy（mean age 59±11 years）were studied.
The magnitude of myocardial Gd-DTPA enhancement was quantitatively assessed using signal intensity
ratio and compared to changes in left ventricular function and adverse cardiac events during a relatively
long follow-up period.

Results. Regional high signal intensity ratio, defined as＞－mean＋2SD in seven normal subjects, was
found in 14 patients : in three or more regions out of five myocardial regions analyzed in six patients
（extensive enhancement）and in only one or two regions in eight patients（limited enhancement）. The

remaining 13 patients had no high signal ratio in any of the five regions analyzed（no enhancement）.
During the follow-up period of 3.9±1.9 years, four patients died of cardiac causes. The incidence of car-
diac death was 33.3% in patients with extensive enhancement, 12.5% in those with limited enhancement
and 7.7% in those without enhancement, but there was no statistical difference. Mild improvement in frac-
tional shortening was observed in patients without enhancement during the follow-up（19±4%→27±
10%, p＝0.03）.

Conclusions. Evaluation of myocardial Gd-DTPA enhancement on magnetic resonance imaging may
provide useful prognostic information for patients with dilated cardiomyopathy.
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characteristics including hemodynamic variables
determined at initial diagnosis are not associated
with improvement in left ventricular systolic func-
tion5,7,8）, although pharmacological stress echocar-
diography with low dose dobutamine may be useful
for predicting the recovery of systolic function12）.

Magnetic resonance imaging with gadolinium-
diethylenetriamine pentaacetic acid（Gd-DTPA）
administration may have a potential role in charac-
terizing abnormal myocardial tissue such as
myocardial fibrosis, ischemia and degeneration of
myocytes13－17）, and is useful for assessing the
severity of myocardial changes and left ventricular
dysfunction in dilated and hypertrophic cardiomy-
opathy18－23）. However, the prognostic value of this
noninvasive method is not known. This study
assessed magnetic resonance imaging with Gd-
DTPA administration as a method for predicting the
recovery of systolic function and evaluating the
clinical outcome in patients with dilated cardiomy-
opathy.

SUBJECTS AND METHODS

Patients population
This study included 27 consecutive patients with

dilated cardiomyopathy（21 men and 6 women,
aged 26 to 76 years［mean±SD, 59±11 years］）
and seven healthy volunteers, seven men aged 26 to
33 years［mean±SD, 31±3 years］）. All patients
were in New York Heart Association ClassⅡ（n＝
23）orⅢ（n＝4）at the initial evaluation. A history
was taken carefully from all the patients, followed
by a physical examination, blood test, chest radiog-
raphy, standard electrocardiography, 24-hour ambu-
latory Holter monitoring, echocardiography, and
cardiac catheterization, including coronary angiog-
raphy and biplane left ventriculography. Patients
with acute myocarditis, significant coronary artery
stenosis, valvular disease, or left ventricular end-
diastolic volume below 85ml/m2 were excluded.

Magnetic resonance imaging
All magnetic resonance images were obtained

with a commercially available 1.5-tesla supercon-
ducting magnet scanner（ SIGNA, General
Electric）. The imaging sequence used was electro-
cardiography（ECG）-gated spin-echo with a flip
angle of 90°and echo time of 20msec. The repeti-
tion time was dependent on the heart rate, and
equivalent to the R-R interval of the ECG. Imaging
was done during systole using a trigger delay of

231±76（mean±SD, range 55－385）msec after
the R wave of the ECG. Imaging was taken in the
left ventricular long-axis plane, which correspond-
ed to the left ventriculogram in the 30°right anteri-
or oblique projection. A multislice technique was
used with a slice thickness of 10 mm（2.5 mm gap
between slices）. A matrix size of 256×128pixels
was used for reconstruction. After the baseline
magnetic resonance imaging, the imaging was
repeated with the same pulse sequences 10 min
after intravenous administration of 0.1 mM/kg of
Gd-DTPA. The baseline and Gd-DTPA-enhanced
images were then compared using the long-axis
image for analysis.

Image analysis
Quantitative evaluation of contrast enhancement

was performed by computer assisted determination
of the signal intensity. Regions of interest with an
area of 0.92 cm2 were used for analysis. Six regions
of interest were chosen, five in the left ventricular
myocardium and one in the skeletal muscles of an
upper limb. The signal intensity was measured for
each region, taking care not to include signals from
intracavitary flow or epicardial fat. The corrected
signal intensity of the myocardium was calculated
by dividing the signal intensity of the myocardium
by that of skeletal muscles24,25）. The signal intensity
ratio of the myocardium was calculated as follows :

Signal intensity ratio＝Post-contrast corrected sig-
nal intensity/Pre-contrast corrected signal intensity

The mean value of the signal intensity ratios was
calculated by dividing the sum of the regional sig-
nal intensity ratio by the number of regions in each
subject. One of 135 regions was excluded due to
poor visualization.

Echocardiography
TOSHIBA SSH160A ultrasound equipment with

a 2.5- or 3.75-MHz transducer was used to derive
standard views for the comprehensive, two-dimen-
sional, spectral pulsed-wave Doppler, and color
flow Doppler studies. The standard technique was
employed for measuring the size of the left ventri-
cle. Left ventricular fractional shortening was cal-
culated as previously described26）. Left ventricular
inflow velocities were obtained from the apical
four-chamber view, using pulsed-wave Doppler
echocardiography, by placing the sample volume at
the leaflet tips of the mitral valve27）. The Doppler
measurements included the left ventricular inflow
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early（E）and late（A）diastolic peak velocities, as
well as the E/A ratio for each cardiac cycle.

Holter electrocardiography
All patients underwent 24-hour ambulatory ECG

monitoring. Nonsustained ventricular tachycardia
was defined as＞－3 consecutive ventricular prema-
ture complexes at a mean rate of more than 120
beats/min.

Cardiac catheterization
Left heart catheterization and coronary angiogra-

phy were performed in all patients. Biplanar left
ventriculography was performed in the 30°right
anterior oblique and 60°left anterior oblique pro-
jections. Significant coronary artery stenosis was
defined as＞－50% reduction of the luminal diameter
in the left anterior descending, left circumflex or
right coronary arteries.

Follow-up
The mean（±SD）follow-up period was 3.9±

1.9 years. Clinical outcome was obtained in all
patients. Follow-up echocardiography was obtained
in all patients except four patients with Gd-DTPA
enhancement who died during the follow-up.

Statistical analysis
Results are expressed as mean±SD. A chi-

square test was used to compare categoric vari-
ables, and Student’s t-test to compare continuous
variables. A paired t-test was used to compare the
changes in signal intensity. A p value＜0.05 was
considered statistically significant.

RESULTS

Signal intensity ratio of the myocardium
The signal intensity ratio of the five myocardial

regions ranged from 1.013± 0.011 to 1.021±
0.019 in patients with dilated cardiomyopathy, and
from 1.005± 0.009 to 1.009± 0.006 in healthy
volunteers. The mean value of signal intensity ratio
was higher in patients with dilated cardiomyopathy
than in healthy volunteers（1.016± 0.011 vs
1.006±0.007, p＜0.05）.

Gd-DTPA enhancement in dilated cardiomyopathy
High signal intensity ratio was defined as a

regional signal intensity ratio＞－mean＋ 2SD of
seven normals, as reported previously18）. In patients
with dilated cardiomyopathy, 36 myocardial
regions had a high signal intensity ratio（Gd-DTPA
enhancement）, whereas 98 myocardial regions
were without enhancement（Fig. 1）. Fourteen
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Fig. 1 Magnetic resonance images
Upper row : Vertical long-axis magnetic
resonance images of a patient with exten-
sive Gd-DTPA enhancement, obtained
before（left）and after（right）injection of
Gd-DTPA. Increased signal intensity was
observed in the anteroapical region. 
Lower row : Vertical long-axis magnetic
resonance images of a patient without Gd-
DTPA enhancement, obtained before（left）
and after（right）injection of Gd-DTPA. No
significant increase in signal intensity was
observed. 
Gd-DTPA＝ gadolinium-diethylenetri-
amine pentaacetic acid.
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patients had Gd-DTPA enhancement in at least one
region, of whom six patients had Gd-DTPA
enhancement in three or more regions（extensive
enhancement）and eight patients in one or two
regions（limited enhancement）. The remaining 13
patients had no regional high signal intensity ratio
in any of the five regions（no enhancement ; Fig.
2）. Basic and echocardiographic characteristics are
shown in Table 1. Fractional shortening was better
in patients without enhancement at the baseline
（p＜0.05）. Other variables did not show any dif-

ference between the two groups.

Adverse clinical outcome
During the follow-up period of 3.9±1.9 years

（0.5－7.1 years）, four patients died of cardiac caus-
es ; three from heart failure and one from sudden
death. One patient died of malignant disease. There
were no differences in the use of cardioactive med-
ications between patients with Gd-DTPA enhance-
ment and those without enhancement（Table 1）.
The incidence of cardiac death was not statistically

Fig. 2 Results of magnetic resonance imag-
ing with Gd-DTPA and clinical out-
come in 27 patients with dilated car-
diomyopathy
DCM＝dilated cardiomyopathy ; pt（s）＝
patient（s）. Other abbreviation as in Fig.
1.

Age（yr）
Male

LVDd（mm）
LVDs（mm）
FS（%）
E（cm/sec）
E/A

Medication

Digitalis

Diuretics

ACE-inhibitor

Beta-blocker

Antiarrhythmic drugs

Enhancement
（n＝14）

  60±9    

 11（79）
63±6  

53±7  

16±5  

68±38

1.4±1.1

 10（71）
 12（86）
 11（79）
   2（14）
   5（36）

No enhancement
（n＝13）

  58±13  

 10（77）
61±5  

49±6  

19±4  

51±14

0.8±0.3

 10（77）
 11（85）
 11（85）
   4（31）
   2（15）

p value

NS

NS

NS

NS

0.05

NS

NS

NS

NS

NS

NS

NS

Continuous values mean±SD.（　）: %.
LVDd＝left ventricular diastolic dimension ; LVDs＝left ventricular systolic dimension ; FS＝fractional 
shortening ; E＝early diastolic peak velocity ; A＝late diastolic peak velocity ; ACE＝angiotensin converting 
enzyme.

Table 1　Baseline and echocardiographic characteristics
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different in patients with extensive enhancement
（33.3%）, compared to those with limited enhance-

ment（12.5%）and those without enhancement
（7.7%; Fig. 2）.

Changes in left ventricular function
Follow-up echocardiography showed no signifi-

cant difference in left ventricular diastolic and sys-
tolic dimensions, and fractional shortening at the
initial evaluation between patients with extensive
or limited enhancement and those without enhance-
ment（Table 2）. At the last follow-up, a significant
improvement in fractional shortening was observed
in patients without enhancement（19±4%→27±
10%, p＝0.03）compared to those with enhance-
ment（Fig. 3）, although left ventricular size showed
no significant change in either group.

Ventricular tachycardia
Ventricular tachycardia was found by Holter

ECG in three of six patients with extensive
enhancement（50%）, in three of eight patients with
limited enhancement（38%）, and in three of 13
patients without enhancement（23%）.

DISCUSSIONS

The most important finding of this study is that
fractional shortening improved with medical thera-
py in dilated cardiomyopathy patients without
myocardial Gd-DTPA enhancement during the rela-
tively long follow-up period. Also, two of the six
patients with extensive myocardial enhancement at
baseline died of cardiac causes.

Dilated cardiomyopathy, which is usually char-
acterized by dilated left ventricle and impaired
pump function, has a poor prognosis1－4）. Early ret-
rospective studies from tertiary referral centers
found mortality rates were 25% to 30% at 1 year
and approximately 50% at 5 years1,2）. However,
more recent observations suggest a better progno-
sis, with a 5-year mortality of 20%3,4）. Referral
bias, earlier detection of the disease, and better
treatments with angiotensin coverting enzyme-
inhibitors and beta-blockades may be related to this
improvement in prognosis. Although the majority
of deaths occur within 2 to 3 years of the onset of
symptoms, some patients may have a prolonged
period of clinical stability. Moreover, spontaneous
improvement in left ventricular systolic function
occurs in 20% to 45% of patients with dilated car-
diomyopathy5－7）. This improvement in left ventric-
ular function is independent of the hemodynamic
parameters determined at the initial examina-
tion5,7,8）. Although the extent of myocardial fibrosis
in endomyocardial biopsies has been helpful in
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Table 2　Changes in left ventricular function in patients with and without Gd-DTPA enhancement

LVDd（mm）
LVDs（mm）
FS（%） 

63±5

52±6

17±3

63±15

52±17

18±7  

61±5

49±6

19±4

57±7  

42±11＊      

27±10＊＊  

�

Values are mean±SD. ★Follow-up echocardiography was not obtained in four patients who died during the follow-
up
＊p＝0.09, ＊＊ p＝0.03
Abbreviations as in Fig. 1, Table 1.

No
enhancement
（n＝13）

�

Baseline Follow-up

Extensive and limited
enhancement
（n＝10）★

�

Baseline Follow-up

Fig. 3 Changes in fractional shortening in patients with
Gd-DTPA enhancement（extensive plus limited）
and in those without enhancement during the
follow-up period of 3.9±1.9 years
Abbreviation as in Fig. 1.
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assessing later improvement in left ventricular
function8－11）, the noninvasive prediction of such
improvement is desirable and of clinical impor-
tance, particularly in relation to the indication for
heart transplantation28）.

Gd-DTPA is rapidly distributed from the
intravascular to the extracellular fluid compartment
by biological membranes due to its hydrophilicity,
charge and molecular weight, and is then excreted
unchanged through the kidney24）. About 50% of the
injected Gd-DTPA is cleared from the capillaries
during the first pass. Gd-DTPA with a biological
half-life of 20min is largely washed out in the nor-
mal tissue by 10－15min after injection. Gd-DTPA
enhancement is influenced by regional Gd-DTPA
concentration and proton density24,29）. Gd-DTPA
concentration may be related to several factors,
including differences in the blood flow, vascular
permeability, and interstitial structure. The effect of
enhancement is determined by the amount of vas-
cularization, cellular damage, and size of the extra-
cellular space of the myocardium.

Magnetic resonance imaging with Gd-DTPA is
useful for myocardial tissue characterization in
patients with myocardial infarction, and hyper-
trophic and dilated cardiomyopathy17－23）. A case of
hypertrophic cardiomyopathy showed high signal
intensity of the hypertrophic ventricular wall20）.
This high signal intensity of the myocardium was
also found in patients with hypertrophic cardiomy-
opathy and impaired left ventricular function22,23）.
Myocardial fibrosis and subendocardial ischemia
are thought to be the cause of increased signal
intensity in the myocardium. Extensive myocardial
Gd-DTPA enhancement has been correlated to
impaired systolic and diastolic function in patients
with dilated cardiomyopathy, so the Gd-DTPA
enhancement of the myocardium may indicate
advanced myocardial changes such as extensive

and severe fibrosis18,19）. The absence of such
myocardial enhancement in magnetic resonance
imaging may suggest less severe myocardial
changes, as indicated by the present study. The pre-
diction of adverse clinical outcome based on mag-
netic resonance imaging with Gd-DTPA seems dif-
ficult and larger studies are needed to define the
significance of extensive myocardial Gd-DTPA
enhancement in the prediction of adverse outcome
in patients with dilated cardiomyopathy.

The limitations of this study include the small
number of patients studied. Myocardial enhance-
ment was quantified on a long-axis view of the
magnetic resonance imaging. Changes in myocar-
dial intensity were distributed more or less uni-
formly over the entire myocardium in patients with
dilated cardiomyopathy, although focal processes
may have affected our quantitative analysis. Also,
myocardial biopsies were not performed, although
we excluded patients with clinical indications of
myocarditis or secondary myocardial disease.

In conclusion, magnetic resonance imaging with
Gd-DTPA may be useful for myocardial tissue
characterization and the noninvasive prognosis in
patients with dilated cardiomyopathy. Absence of
myocardial Gd-DTPA enhancement is suggestive
of a prolonged period of clinical stability and future
improvement of left ventricular systolic function.
Such clinical information, together with informa-
tion from low dose dobutamine stress echocardiog-
raphy, is particularly useful when clinicians have to
decide whether or not heart transplantation is need-
ed.
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拡張型心筋症における磁気共鳴画像心筋ガドリニウム－ジエチレントリアミン

五酢酸造影効果と左室機能改善

秋澤　雅史 松村　敬久 北岡　裕章

山崎　直仁　　高 田　 淳　　土居　義典

目　的 : 拡張型心筋症における磁気共鳴画像心筋ガドリニウム（Gd）-ジエチレントリアミン五酢
酸（DTPA）造影効果と左室機能改善の関連性について検討する．

要　　　約
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方　法 : 拡張型心筋症患者 27例（平均年齢 59± 11歳）を対象として，磁気共鳴画像の心筋Gd-

DTPA造影効果の程度を定量的に評価し，長期経過観察後の左室機能変化および心事故との関連性
を検討した．
結　果 : 心筋の信号強度の増強（正常7例の平均＋2標準偏差以上と定義）は，解析を行った長軸

画像5領域の中で，14例の患者にみられた．そのうち，6例では3領域以上に信号強度の増強（広範
囲造影）が認められた．8例では2領域以下（小範囲造影）であった．残り13例では，5領域いずれに
も信号強度の増強は認られめなかった（非造影）．3.9±1.9年の経過観察で，4例の心臓死が確認さ
れた．心臓死の頻度は 3群間で有意差を認めなかったが，広範囲造影群（33.3%）で小範囲造影群
（12.5%）ないし非造影群（7.7%）より多い傾向を認めた．また，左室短縮率は非造影群でのみ改善を
示した（19±4%→27±10%，p＝0.03）．
結　論 : 磁気共鳴画像におけるGd-DTPA造影効果の定量評価は，拡張型心筋症患者の予後を評

価するうえで，臨床的に有用な情報を提供するものと考えられる．
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