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─────────────────────────────────────────────────────────────────────────────────────────────────────────────────────────────────────────────────────────────────────
Objectives. Reliability of left ventricular geometry assessed by echocardiography（Echo）using an

assumed left ventricular mass（LVM）and one-dimensional eccentricity（relative wall thickness : RWT）,
remains questionable. This study evaluated the feasibility of three-dimensional left ventricular geometric
analysis using magnetic resonance imaging（MRI）. 

Methods. Echocardiography and MRI were performed on 55 patients with hypertension. LVM was cal-
culated using 0.8（American Society of Echocardiography-cube LVM）＋0.6 g for Echo and the slice sum-
mation method for MRI. Eccentricity was determined by RWT（septal wall thickness＋posterior wall
thickness/left ventricular inner diameter）for Echo and LVM/1.05/left ventricular end-diastolic volume
（LVEDV）ratio［MRI-mass volume/cavity（M/C）ratio］for MRI. Left ventricular geometry was classified
into four patterns according to the presence/absence of left ventricular hypertrophy and abnormal/normal
eccentricity（partition value : RWT＝0.44, MRI ; M/C ratio＝2.0）, and the patient distribution was com-
pared between the two methods.

Results. Although the mean values for LVM were similar, the mean value for LVEDV by echocardiog-
raphy was significantly higher（p＜0.0001）and the mean M/C ratio was significantly lower（r＝0.004）
than those by MRI. There were widely dispersed LVM values at higher underlying values of LVM and sig-
nificant correlations between MRI-LVEDV and MRI-LVM（r＝0.87）and between Echo-LVEDV and
Echo-LVM（r＝0.75）. There was a significant difference in patient distribution according to left ventricu-
lar geometric pattern between the two methods（p＜0.01）. Concentric（n＝18）and eccentric hypertrophy
（n＝12）were dominant patterns in Echo analysis, and concentric hypertrophy（n＝23）and concentric
remodeling（n＝21）were dominant in MRI analysis. The left ventricular geometric patterns were different
in 32 patients（58.0%）. Inadequate LVEDV values in Echo were the primary cause of this phenomenon. 

Conclusions. Left ventricular geometric analysis by Echo results in inaccurate values. Three-dimension-
al left ventricular geometric analysis using MRI provides more accurate information about left ventricular
geometry.
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INTRODUCTION

Left ventricular hypertrophy has been recognized
as important for the prognosis since the
Framingham study showed an association between
increased left ventricular mass（LVM）and signifi-
cantly high cardiovascular mortality and morbidi-
ty1,2）. Echocardiographic assessment of left ventric-
ular geometry is considered useful for improving
risk stratification in hypertensive patients3）.
Numerous studies of the relationship between left
ventricular geometry and clinical variables have
found that concentric hypertrophy associated with
increased LVM and abnormal left ventricular
eccentricity is a strong predictor of cardiovascular
death, myocardial infarction and stroke, compared
to other geometric patterns such as eccentric hyper-
trophy, concentric remodeling and normal geome-
try4－13）. However, echocardiography（Echo）has
inherent limitations in assessing left ventricular
geometry. For instance, M-mode echocardiography
utilizes a complex analytic model of LVM that
requires a number of assumptions and is validated
only in the normal left ventricle14）, although abnor-
mal geometry is more common in hypertensive
subjects3）. Using relative wall thickness（RWT）as
an index of eccentricity also introduces uncertain-
ties because RWT is calculated from one-dimen-
sional values（septal and posterior wall thickness
and left ventricular internal diameter）in a single
plane of the cardiac chamber3）. Therefore, it is
questionable whether this value can accurately rep-
resent the entire heart.

Magnetic resonance imaging（MRI）is currently
the most accurate method for determining 
LVM15－17）. MRI can include the entire heart in a set
of parallel topographic images, so LVM can be
measured three-dimensionally without any assump-
tions. In addition, simultaneous measurements of
left ventricular cavity volume are also possible
using the cine-MRI method, which can determine
the relationship between LVM and left ventricular
cavity volume18,19）.

The present study investigated the feasibility and
effectiveness of three-dimensional analysis using
MRI and clarified why echocardiography failed to
adequately measure LVM and correctly assess left
ventricular geometry.

METHODS AND SUBJECTS

Echocardiography
Two doctors unaware of the MRI results per-

formed M-mode echocardiography using Secuoia,
Acuson and Vivid 7 equipment（GE Yokokawa）
with a 3.75-MHz transducer. Correct alignment of
the cursor was performed under two-dimensional
guidance in the parasternal long-axis view.
Measurements of interventricular septal thickness
（IVS）, posterior wall thickness（PW）and left ven-
tricular internal diameter（LVID）were made at end-
diastole and end-systole as recommended by the
American Society of Echocardiography20）. Left
ventricular mass was calculated according to the
following Devereux formula14）:

LVM＝ 0.8｛1.04（IVS＋ LVID＋ PW）3－
（LVID3）｝＋0.6 …………………………（1）

where 1.04 is the specific gravity of the myocardi-
um in echocardiography. 

LVM was then indexed to body surface area to
determine the left ventricular mass index（LVMI）. 

Left ventricular hypertrophy was considered to
be present if LVMI was＞ 116 g/m2 in men or
104g/m2 in women21）. RWT was calculated as 2×
the end diastolic PW/left ventricular radius3）.
Hypertrophy was considered concentric if RWT
was＞ 0.44 and eccentric if RWT was normal.
Patients with normal LVM were considered to have
normal left ventricular geometry if RWT was
＜－ 0.44 or concentric remodeling if RWT was
＞ 0.44. Left ventricular end-diastolic volume
（LVEDV）was calculated as 0.8×LVID3 14）. Intra-
observer variability in LVM measurements using
the Devereux formula was assessed in a separate
study comprised of 13 subjects. Two investigators
unaware of the clinical status interpreted all
echocardiograms. The mean coefficient of variation
between the two observers was 5.9% at a 95% con-
fidence interval of 0.8－11.0.

Magnetic resonance imaging
MRI was performed using a 1.5-Tesla supercon-

ductive magnet system（Siemens Magnetom
Vision）. Electrocardiographically-triggered gradi-
ent echo（white-blood）cine MRI images were
obtained 0 and 40 msec after the R wave with an
echo time of 4.8 msec. Slice thickness was 6 mm.
Five parallel short-axis image planes perpendicular
to the long axis were identified on the horizontal
long-axis view. The basal and apical planes were
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first located. The basal plane passed just below the
mitral valves and cut through the muscular septum,
whereas the apical plane passed just above the api-
cal myocardium. The remaining three midventricu-
lar image planes were then defined equidistant
between the apical and the basal planes. The five
short-axis and long-axis images were acquired at
end-diastole. Endocardial and epicardial borders as
well as the papillary muscles were traced manually
in each slice. LVM area and cavity area were calcu-
lated in diastole using the MRI scanner. Total mass
volume and LVEDV were calculated after the sum-
mation of slices and LVM was obtained by multi-
plying by the specific gravity（1.05g/ml）. Left ven-
tricular hypertrophy was considered present if
LVMI was＞ 114 g/m2 in men or 96 g/m2 in
women22）.

Intra-observer variability in LVM measurements
was assessed by two observers unaware of clinical
status in a separate study comprised of 14 patients.
One of the observers repeated LVM measurements
for intra-observer variability. The mean coefficient
of variation between the two observers was 2.0±
1.8%（95% confidence interval for limits of agree-
ment at 7.1%）. The hospital ethics committee
approved this study, and informed consent was
obtained from all patients.

Determination of three-dimensional eccentricity
Three-dimensional left ventricular geometric

classification used LVM volume/cavity volume
ratio［mass volume/cavity（M/C）ratio］as a determi-
nant of three-dimensional eccentricity. With MRI,
the M/C ratio is directly obtained by
LVM/1.05/LVEDV（MRI-M/C ratio）. To under-
stand the relationship between RWT and the Echo-
M/C ratio and to seek a partition value of the M/C
ratio, we used Devereux’s formula（1）:

Echo-M/C ratio＝LVM volume/cavity vol-
ume＝LVM/1.04/cavity volume
LVM volume＝［0.8｛1.04（IVS＋LVID＋

PW）3－（LVID3）｝＋0.6］/1.04
＝0.8｛（IVS＋LVID＋PW）3－（LVID3）｝
＋0.58

Because cavity volume＝0.8×LVID3

Echo-M/C ratio＝［0.8｛（IVS＋LVID＋PW）3

－（LVID3）｝＋0.58］/0.8×LVID3

＝［｛（IVS＋LVID＋PW）3－（LVID3）｝＋
あああ0.725］/LVID3

＝｛（IVS＋ LVID＋ PW）3－（LVID3）｝/
LVID3＋0.725/LVID3

where IVS is interventricular septal thickness,
PW is posterior wall thickness, LVID is left ven-
tricular internal diameter and 1.04 is the specific
gravity of the myocardium in echocardiography.

Because 0.725/LVID3 is negligible, 
Echo-M/C ratio＝｛（IVS＋LVID＋PW）3－
LVID3｝/LVID3 ……………………………（2）

Because RWT is defined as 2×PW/LVID or
（IVS＋PW）/LVID, 

2×PW≒ IVS＋PW＝RWT×LVID
then, 

I V S＋ LV I D＋ P W≒ RW T× LV I D＋
LVID＝LVID×（RWT＋1）

Thus, if formula（2）is rewritten as 
｛LVID3×（RWT＋1）3－LVID3｝/LVID3

then the following equation is obtained :
Echo-M/C ratio＝（RWT＋1）3－1 

If RWT is 0.44（a partition value of RWT）, 
Echo-M/C ratio＝（0.44＋1）3－1＝1.99≒
2.0

Thus, we defined the partition value of three-
dimensional eccentricity as 2.0（Fig. 1）.

In our study, we used RWT calculated by（IVS＋
PW）/LVID because RWT calculated using（IVS＋
PW）/LVID might be different from that using 2×
PW/LVID23）.
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Fig. 1 Three-dimensional left ventricular geometric
classification
Partition value of M/C ratio was 2.0.
96（F）114（M）: Cut-off values for left ventricular
hypertrophy in females and males were 96 g/m2 and
114g/m2, respectively.
M/C ratio＝ left ventricular mass volume/left ventricu-
lar end-diastolic volume ; MRI-LVMI＝ left ventricular
mass index（left ventricular mass/body surface area）by
magnetic resonance imaging.
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Statistical analysis
Values are expressed as the mean±SEM. Linear

regression analysis was used to determine the cor-
relation between LVMI and LVEDV assessed with
echocardiography and MRI, and to assess the rela-
tionship between RWT, the Echo-M/C ratio, and
the MRI-M/C ratio. Comparisons between echocar-
diography and MRI were made using Student’s t-
test and chi-square test as appropriate. Comparisons
between multiple groups was performed with
Scheffe’s post hoc test. In addition, a Bland and
Altman analysis24）was performed to determine the
agreement between LVM by echocardiography and
LVM by MRI. p＜0.05 was considered statistically
significant.

RESULTS

Patient characteristics
This study included 55 patients with clinically

stable hypertension treated with antihypertensive
drugs and a salt-restricted diet. The 34 men and 21
women had a mean age of 62.2± 10.3 years.
Treatment was conducted for a mean duration of
101±93.1 months. Mean systolic/diastolic pres-
sures were 140.3±15.4/77.5±14.2 mmHg, mean
heart rate was 70.3± 10.9 beats/min, and mean
ejection fraction was 78±12%. Drugs adminis-
tered to the patients included calcium antagonist
（49%）, beta blocker（31%）, angiotensin-converting

enzyme inhibitor（27%）, angiotensin receptor-1
blocker（24%）, alpha blocker（6%）and diuretic
agents（20%）. The mean interval between echocar-
diography and MRI was 20.7±20.1 days.

Comparison of LVM, LVMI, LVM volume and
LVEDV as determined by MRI and echocardio-
graphy 

Mean values of LVM, LVMI, and LVM volume
by echocardiography were slightly higher than
those by MRI. However, the differences between
the two methods were not statistically significant
（191±69 vs 186±65 g, NS, 112±34 vs 109±
35g/m2, NS, and 184±66 vs 177±62ml, NS, for
echocardiography and MRI, respectively）. The
LVMI correlation between the two methods was
statistically significant but weak（y＝0.33x＋72,
r＝0.33 by linear regression）. Bland and Altman
analysis showed a mean difference of－6.1g in the
value of LVM between the two methods. The mean
differences, calculated as 1.96× the standard devi-
ation（SD）of the difference at a 95% confidence
interval, were＋65.9g and－78.1g（Fig. 2）.

The LVEDV mean value by echocardiography
was significantly higher than that by MRI（95.0±
33.0 vs 73.4±23.0 ml, p＜0.0001 ; Fig. 3－left）,
and the LVEDV correlation between the two meth-
ods was statistically significant（y＝ 0.31x＋ 44,
r＝ 0.43 ; Fig. 3－right）. However, higher and
lower values of LVEDV by echocardiography were
observed in 38 patients（69.1%）and 17 patients
（30.9%）, respectively, compared to those by MRI. 

RWT, Echo-M/C ratio, and MRI-M/C ratio
The mean RWT, Echo-M/C ratio and MRI-M/C

ratio were 0.43± 0.09, 1.93± 0.56 and 2.41±
0.46, respectively. There was no correlation
between RWT and the MRI-M/C ratio（y＝0.1x＋
2.5, r＝ 0.004 by linear regression）. The mean

Fig. 2 Bland and Altman analysis
LVM estimates by MRI were mean 6.1 g
smaller than those by echocardiography.
The wide scatter within subjects for the
two methods shows the poor comparability
of MRI and echocardiography.
LVM＝ left ventricular mass. Other abbre-
viation as in Fig. 1.
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MRI-M/C ratio was significantly higher than the
Echo-M/C ratio（p＜0.0001 ; Fig. 4－left）. There
was also no correlation between the Echo-M/C
ratio and the MRI-M/C ratio（r＝0.004 ; Fig. 4－
right）. 

Correlation of LVEDV and LVM with MRI-
mass/cavity and Echo-mass/cavity curves

Fig. 5 shows the relationships between LVEDV
and LVM in MRI and echocardiography. The two
cubic curves were constructed by calculating
1.05× the MRI-M/C ratio and 1.04× the Echo-
M/C ratio. There were significant correlations
between MRI-LVEDV and MRI-LVM（r＝0.87 ;
Fig. 5－left）as well as between Echo-LVEDV and
Echo-LVM（r＝ 0.75 ; Fig. 5－right）. The two
cubic curves were nearly identical until LVEDV
reached 80 ml. After this point, LVM increased at a
slower rate with echocardiography until LVEDV
reached 140 ml,  whereas LVM continued to
increase at approximately the same rate in MRI. 

Comparison of LVM measurements by MRI and
echocardiography 

LVM could be measured using the MRI-
mass/cavity and Echo-mass/cavity curves（Fig. 5）.
MRI-LVM was calculated as MRI-LVEDV×

1.05× the MRI-M/C ratio, so the mean value for
MRI-LVM（186 g）was obtained by taking 73.4 ml
（mean value for MRI-LVEDV）multiplied by
2.53 g/ml（1.05×mean MRI-M/C ratio）. Echo-
LVM（191g）was also obtained from 95.0ml（mean
value for Echo-LVEDV）multiplied 2.01 g/ml
（1.04×mean Echo-M/C ratio）. Based on this
schema, the mean values for LVM appear to be
quite similar, however, different mechanisms, i.e.
different LVEDV values and different M/C ratios,
were used for in calculating LVM in the two meth-
ods. In addition, both values for Echo-LVEDV and
Echo-LVM were never the same for the two meth-
ods in the present study.

Comparison of left ventricular geometric pat-
terns by MRI and echocardiography 

Fig. 6 shows the patient distribution according to
the left ventricular geometric classification obtained
by echocardiography and MRI. There was a signifi-
cant difference in patient distribution according to
the left ventricular geometric pattern between the
two methods（p＜ 0.01）. The echocardiographic
geometric classification showed 18 patients（32.7%）
had concentric hypertrophy, 12 patients（21.8%）
eccentric hypertrophy, 9 patients（16.4%）concentric
remodeling, and 16 patients（29.1%）normal geome-
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Fig. 3 Comparison of mean values of left ventricular end-diastolic volume between echocardiogra-
phy and magnetic resonance imaging（left）and correlation of left ventricular end-diastolic
volume by echocardiography and magnetic resonance imaging（right）
LVEDV determined by echocardiography was significantly higher than that by MRI（p＜0.0001）. 
Correlation of LVEDV between echocardiography and MRI was statistically significant（y＝0.31x＋44,
r＝0.43 by linear regression）.
LVEDV＝ left ventricular end-diastolic volume; Echo＝echocardiography. Other abbreviation as in Fig. 1.
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try. In contrast, the MRI geometric classification
showed 24 patients（43.6%）had concentric hyper-
trophy, 2 patients（3.6%）eccentric hypertrophy, 23
patients（41.8%）concentric remodeling, and 6
patients（10.9%）normal geometry. Thus, the num-
ber of patients with hypertrophy was higher with

the echocardiographic geometric classification
compared to the MRI geometric classification（30
vs 26, 54.5% vs 47.3%）. Furthermore, the number
of patients with abnormal eccentricity（M/C ratio＞－
2.0）was higher in the MRI geometric classification
compared to the echocardiographic geometric clas-
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Fig. 5 Correlation of left ventricular end-diastolic volume and left ventricular mass by magnetic
resonance imaging and echocardiography: MRI-mass/cavity curve（left）and Echo-mass/cavi-
ty curve（right）
There were close correlations between LVEDV and LVM in MRI［y＝－113＋0.1x－0.78x2＋（3.2E-
4）x3, r＝0.87］（left）and in echocardiography［y＝－83＋6.7x－0.6x2＋（2.6E-4）x3, r＝0.75］（right）.
Abbreviations as in Figs. 1－3.

Fig. 4 Comparison of mean M/C ratios between echocardiography and magnetic resonance imaging
（left）and correlation of M/C ratio by echocardiography and magnetic resonance imaging
（right）

M/C ratio determined by MRI was significantly higher than that by echocardiography＜0.0001）. There
was no correlation between the Echo-M/C ratio and MRI-M/C ratio（y＝0.01x＋2.5, r＝0.004 by linear
regression）.
Abbreviations as Figs. 1, 3.
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sification（47 vs 27, 85.5% vs 49.1%, p＜0.01）. 
The M/C ratio increased in 39 of 55 patients

（70.9%）and decreased in 16 patients（29.1%）if the
geometric classification was changed from echocar-
diography to MRI. The number of patients with
abnormal eccentricity increased in 23 patients and
decreased in only 3 patients. The LVMI values
increased in 24 patients and decreased in 31
patients if the method of geometric classification
was changed from echocardiography to MRI. The
number of patients with hypertrophy decreased in
12 patients and increased in 8 patients. 

Changes in M/C ratio and LVMI subsequently
caused changes in the geometric patterns of 32
patients（58.2%）: 3 patients from concentric hyper-
trophy to normal geometry, 3 patients from concen-
tric hypertrophy to concentric remodeling, 4
patients from eccentric hypertrophy to concentric
hypertrophy, 5 patients from eccentric hypertrophy
to concentric remodeling, 1 patient from eccentric

hypertrophy to normal geometry, 6 patients from
normal geometry to concentric hypertrophy, 8
patients from normal geometry to concentric
remodeling and 2 patients from concentric remod-
eling to concentric hypertrophy. The left ventricular
geometric pattern remained unchanged in only 23
of 55 patients（41.8% ; Fig. 6）.

Effect of changing geometric classification on
variables 

Table 1 shows the changes in the MRI-M/C
ratio, Echo-M/C ratio, and LVM and LVEDV val-
ues that occurred if the geometric classification was
changed from echocardiography to MRI. The
echocardiographic geometric classification showed
the Echo-M/C ratios were significantly higher in
concentric hypertrophy and concentric remodeling,
the LVM values were significantly higher in con-
centric hypertrophy and eccentric hypertrophy, and
the value of LVEDV was highest in eccentric
hypertrophy. There were no statistical differences
in the M/C ratios of all geometric patterns. The
MRI geometric classification showed the MRI-M/C
ratios were significantly higher in concentric hyper-
trophy and concentric remodeling, and the LVM
values were significantly higher in concentric
hypertrophy and eccentric hypertrophy. The highest
LVEDV value occurred with eccentric hypertrophy,
although no statistical significance was noted
because there was only a small number of patients
with eccentric hypertrophy. All LVM and LVEDV
values were approximately 5% to 30% lower with
the MRI geometric classification compared to the
echocardiographic geometric classification. To
determine the reliability of the echocardiographic
geometric classification, we re-examined the LVM
and LVEDV values using MRI data from the same
patients. We found that there were no statistical dif-
ferences in the LVM and LVEDV values in any of
the geometric patterns, although the LVM values
were still highest in concentric hypertrophy.

DISCUSSION

Comparison between the LVM measurements
by echocardiography and MRI

LVM measurements according to the American
Society of Echocardiography-recommended
（Deveurex）formula are universally accepted and
widely described in the literature14）. However, the
accuracy of this method has recently been ques-
tioned. This formula assumes the ventricle is a trun-
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Fig. 6 Changes in patient distribution from the
echocardiographic geometric classification to the
magnetic resonance imaging geometric classifi-
cation
Numbers in parentheses indicate patients who remained
in the same geometric pattern.
Upper square box : Increased or decreased number of
patients. 
Lower square box : Number of the patients before and
after changing the geometric classification from
echocardiography to magnetic resonance imaging.
Thick arrows indicate the directions of new geometric
patterns. 
CR＝concentric remodeling ; CH＝concentric hyper-
trophy ; N＝normal geometry ; EH＝eccentric hyper-
trophy.
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cated, ellipsoid cone with a long-axis/short-axis
ratio of 2 : 1. However, abnormal left ventricular
geometry is more common in the human heart,
especially in patients with hypertension3）.

In fact, several studies comparing the accuracy
of LVM measurements using echocardiography and
MRI in humans15－17）reported that M-mode echocar-
diography overestimates LVM compared to MRI
and that the difference in LVM between the two
methods becomes greater with higher the underly-
ing values of LVM15－17）. Our results were consis-
tent with these previous studies. Although there
was no statistical significance, echocardiography
slightly overestimated LVM compared to MRI, and
Bland and Altman analysis showed that the distrib-
ution of LVM values became wider as values of
LVM increased（Fig. 2）. 

The present study showed a significant correla-
tion between Echo-LVEDV and Echo-LVM（Echo-
mass/cavity curve, r＝0.75）. In addition, simulta-
neous measurement of LVM and LVEDV using the
cine MRI method could obtain the correct values
for MRI-LVM and MRI-LVEDV, which led to a

significant correlation between MRI-LVEDV and
MRI-LVM（MRI-mass/cavity curve, r＝ 0.87）.
Because LVM is calculated as the specific
gravity×M/C ratio×LVEDV, the measurement
of both LVEDV and M/C ratio appears to be
absolutely necessary for determining the mecha-
nisms of LVM measurements in both methods. 

There was an approximately 30% overestimation
of the mean value for LVEDV with echocardiogra-
phy, although overestimated and underestimated
LVEDV values were observed in 38 patients
（69.1%）and 17 patients（30.9%）, respectively. By
evaluating the relationship between the difference
of LVEDV and LVM values between the two meth-
ods, we found that the difference between Echo-
LVEDV and MRI-LVEDV significantly influenced
LVM measurements. 

There was no statistical difference between the
mean values of Echo-LVM and MRI-LVM in our
study, possibly because the hearts were smaller
compared to previous studies15,16）. The mean LVM
values were less than 200 g in our patients and
more than 200 g in patients from other studies. A
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          n�

MRI-M/C ratio�

Echo-M/C ratio�

LVM�

LVEDV�

          n�

MRI-M/C ratio�

Echo-M/C ratio�

LVM�

LVEDV�

          n�

MRI-M/C ratio�

Echo-M/C ratio�

LVM�

LVEDV

N
�

16�

2.42±0.38�

1.57±0.16�

138±35  �

85±25�

16�

2.42±0.38�

1.57±0.16�

170±75  �

67±27�

6�

1.82±0.05�

1.92±0.23�

124±26  �

65±14

EH

12�

2.30±0.44�

1.66±0.21�

202±44∮�

117±31★�

12�

2.30±0.44�

1.66±0.21�

179±36  �

74±16�

2�

1.83±0.07�

1.46±0.00�

175±6    �

91±7  

CR

9�

2.46±0.2  �

    2.07±0.33∞♯�

155±33  �

  72±13∞�

9�

2.46±0.2  �

    2.07±0.33∞♯�

170±31  �

66±12�

23�

2.41±0.3†�

2.05±0.33�

157±36†�

62±16

CH

18�

2.49±0.6  �

    2.36±0.33†§�

  248±70†∬�

101±35  �

18�

2.49±0.6  �

    2.36±0.33†§�

214±73  �

82±26�

24�

  2.62±0.5§†�

1.99±0.33�

  231±65☆†�

  84±26∬�

�

☆p＜0.0001 CH vs CR. ∬p＜0.01 CH vs CR. §p＜0.001 CH vs EH. †p＜0.001 CH vs N. ∞p＜0.01 CR vs EH. �
♯p＜0.001 CR vs N. ★p＜0.001 EH vs N. ∮p＜0.05 EH vs N. �
A : Results obtained from geometric classification by echocardiography using echocardiographic data. �
B : Results obtained from geometric classification by echocardiography using MRI data.�
C : Results obtained from geometric classification by MRI using MRI data.�
Abbreviations as in Figs. 1－3, 6.

�

Table 1　�Changes in variables according to the left ventricular geometric patterns calculated by 
three different methods

A

B

C
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similar result was also reported showing quite simi-
lar mean values for LVM17）.

RWT and M/C ratio
RWT is widely used as a determinant of eccen-

tricity in echocardiographic geometric classifica-
tion. The partition value of 0.44 was first used to
represent approximately the 99th percentile value
of normal subjects in order to maintain acceptable
detection of abnormal left ventricular geometry3）.
In our study, by determining the relationship
between RWT and the Echo-M/C ratio using the
Devereux formula, we found that Echo-M/C ratio
was a cubic function of RWT, Echo-M/C ratio＝
（RWT＋ 1）3－ 1, and the partition value of the
Echo-M/C ratio corresponding to the 0.44 RWT
value was 2.0. This observation validated the use of
the Echo-M/C ratio as an index of three-dimension-
al eccentricity. However, the mean value for the
Echo-M/C ratio was significantly lower than that
for the MRI-M/C ratio, which was directly obtained
by MRI, and there was also no correlation between
the Echo-M/C ratio and the MRI-M/C ratio. In our
study, the mean values for LVM were similar
between echocardiography and MRI, so the overes-
timation of Echo-LVEDV rather than MRI-LVEDV
is attributable to lower M/C ratio in echocardiogra-
phy. These results indicate the limited accuracy of
echocardiography for measuring true eccentricity. 

The MRI-mass/cavity curve had a better correla-
tion than the Echo-mass/cavity curve（r＝0.87 vs
0.75, respectively）. The reasons for this result seem
to be twofold : the difference in the number of vari-
ables that influence LVM calculation and LVEDV
value, and also the difference in the measurement
accuracy of these variables. MRI-M/C ratio is
always calculated for MRI-LVM and MRI-LVEDV,
which are known to be correct, whereas Echo-LVM
can be influenced by IVS thickness, PW thickness,
and LVID. In addition, the assumed Echo-LVEDV
value（0.8×LVID3）significantly influences the
LVEDV value, and overestimation and underesti-
mation of the Echo-LVEDV value can lead to wide-
ly dispersed LVM values. Thus, since these results
support the validity of the cubic formula for LVM
measurements, MRI provides a more accurate M/C
ratio than echocardiography. 

Currently, there are no reports evaluating the
clinical usefulness of the M/C ratio, although the
mass/cavity ratio is used as an index of left ventric-
ular dysfunction18）. Based on the present findings,

we assume that the MRI-M/C ratio can provide an
important marker of the development of left ven-
tricular hypertrophy.

Left ventricular geometric classifications :
Echocardiography vs MRI

Patient distribution significantly differed
between echocardiography and MRI classifications
according to the left ventricular geometric pattern.
Left ventricular geometry is defined by LVM,
LVEDV and the M/C ratio, and the LVM, LVEDV
values and M/C ratio differed for every patient
according to the two methods in our study, so the
left ventricular geometry will never be the same if
comparing MRI and echocardiographic geometric
classifications. Therefore, the significant differ-
ences seen in patient distribution between echocar-
diographic and MRI classification are not surpris-
ing. In fact, significant changes in both the M/C
ratio values and the LVMI values occurred simulta-
neously in 14 patients when the method of geomet-
ric classification was changed from echocardiogra-
phy to MRI. Accordingly, geometric changes from
normal to concentric hypertrophy, and vice versa,
occurred easily and most patients had abnormally
increased eccentricity when the geometric classifi-
cation changed from echocardiography to MRI
（Fig. 6）.

The inaccurate Echo-LVEDV values were the
primary cause of the incorrect left ventricular
geometry observed by echocardiography. Although
0.8×LVID3 for the LVEDV value is theoretically
reasonable as long as Devereux’s formula is used
for LVM measurements, LVEDV values by M-
mode echocardiography that were calculated using
0.8×LVID3 are known to be inaccurate25）. This
may be the reason why many previous attempts to
measure LVM have disregarded the LVEDV
value15－17）. However, our study demonstrated that
an accurate LVEDV value is essential for accurate
LVM measurement and the correct assessment of
left ventricular geometry. These findings indicate
that M-mode echocardiography is of limited value
for the measurement of LVM and assessment of left
ventricular geometry and may give rise to misun-
derstandings, so left ventricular geometric analysis
by this method should be interpreted cautiously. 

In spite of the inaccurate left ventricular geomet-
ric analysis by echocardiography, patients with con-
centric hypertrophy had more severe disease and
poorer prognosis compared to other geometric pat-
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terns2－4,6－12）. This is probably because the echocar-
diographic geometric classification provides par-
tially correct information about LVM and LVEDV
in patients with concentric hypertrophy. In our
study, although re-examination using the values of
MRI-LVM and MRI-LVEDV showed no statistical
significance in relation to LVM and LVEDV values
by the echocardiographic geometric classification,
the LVM value in concentric hypertrophy was still
higher than the values found in other geometric pat-
terns（Table 1）. This hypothesis is supported by the
fact that 12 of 18 patients（66.7%）with concentric
hypertrophy by the echocardiographic geometric
classification still remained in the same category
after changing from geometric to MRI classifica-
tion. 

In contrast to echocardiography, MRI can accu-
rately measure LVM and LVEDV and detect three-
dimensional eccentricity without any assumptions,
so this method should be the gold standard for eval-
uating left ventricular geometry. 

Study limitations
Only a few subjects were examined in this study

and the LVM was relatively small compared to pre-

vious studies15,16）. Only 5 short-axis slices were
used for the MRI measurement. Undoubtedly, more
slices would increase the accuracy of this tech-
nique. Recent technological improvements now
allow for 10 short-axis slices. Although we used a
partition value of 2.0 as the MRI-M/C ratio, this
value originated from the RWT value of 0.44 in the
echocardiographic geometric classification.
Therefore, we hope to find a more adequate parti-
tion value for three-dimensional geometric classifi-
cation by MRI that represents approximately the
99th percentile value in normal subjects.

CONCLUSIONS

Accurate assessment of left ventricular geometry
is assuming greater importance for determining the
severity, prognosis and therapeutic efficacy of
patients with hypertension. The present study clear-
ly demonstrated that three-dimensional geometric
analysis using MRI is feasible and that this method
can provide a more accurate assessment of left ven-
tricular geometry than the conventional left ventric-
ular geometric classification by M-mode echocar-
diography. Further studies are needed to confirm
the clinical usefulness of this method.
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磁気共鳴画像による三次元的左室形態評価の意義: 心エコー図法との対比

森内　正人　　斎 藤　 穎　　笠巻　祐二

小牧　宏一　　上松瀬勝男　　早坂　和正

目　的 : 心エコー図法による左室形態の評価法は，推定された左室心筋重量（LVM）と一次元的な
偏心性の指標である相対的左室肥厚度（RWT）を用いており，その信頼性には疑問がある．本研究
の目的は，左室心筋重量測定のgold standardである磁気共鳴画像（MRI）により三次元的左室形態評
価の可能性を検討し，その重要性を明らかにすることである．
方　法 : 高血圧患者 55例で心エコー図法とMRIを施行し，それぞれの方法［心エコー図法 : 0.8

（ASE-cube LVM）＋0.6 gの式，MRI : 左室の短軸スライス断面のSimpson法］により左室心筋重量を
求めた．偏心性の指標は心エコー図法ではRWT，MRIでは心筋重量/心筋比重（1.05）/拡張末期容量
（MRI-M/C ratio）を用いた．RWT［（左室中隔厚＋左室後壁厚）/左室内腔径］は0.44，Echo-M/C ratioは

2.0を境界値とし，左室肥大の有無と併わせ左室形態を比較した．
結　果 : 平均左室重量には両者に差がないが，心エコー図法ではMRIに比べ左室拡張末期容量が

大きく（p＜0.0001），M/C ratioは小さかった（r＝0.004）．心筋重量の増大とともに両者の差は大き
くなった．拡張末期容量と心筋重量には両者に良好な相関が認められた（MRI : r＝0.87，心エコー
図法 : r＝ 0.75）．左室形態は心エコー図法では，求心性肥大（18例）と遠心性肥大（12例）が多く，
MRIでは求心性肥大（24例）と求心性リモデリング（23例）の頻度が高かった．心エコー図法におけ
る推定左室拡張末期容量の不正確さがこれらの原因と考えられた．両者の左室形態は32例（58.2%）
で異なっていた．

要　　　約
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結　論 : 心エコー図法による左室形態評価は不正確である．MRIによる三次元的左室形態評価が
可能であり，その臨床的有用性が示唆された．

J Cardiol 2003 Dec; 42（6）: 249－260
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