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Left ventricular hypertrophy (LVH) is an
independent cardiovascular risk factor. It has not
been established, however, whether left ventricular
geometry is an independent predictor of extracardiac
target organ damage in essential hypertension. Study
groups were classified according to relative wall
thickness: 27 patients with concentric LVH and 50
patients with eccentric LVH. Age and left ventricular
mass indexes of two groups were matched. As
indexes of extracardiac target organ damage, retinal
funduscopic grade, and serum creatinine level were
measured. The severity of hypertensive retinopathy
and the renal involvement were more severe in
patients with concentric LVH than in patients with
eccentric LVH. Extracardiac target organ damage was
consistently higher in patients with concentric LVH
than in those with eccentric LVH. Systemic
hemodynamics paralleled ventricular geometric
patterns, with higher peripheral resistance and lower

aortic compliance in patients with concentric LVH,
whereas end-diastolic volumes and stroke volumes
were higher in patients with eccentric LVH than in
patients with concentric LVH. In addition, total
peripheral resistance was related to retinal
fundoscopic grade (r 5 0.41, P < .01), and serum
creatinine level (r 5 0.28, P < .05). Even in the
presence of an identical degree of LVH,
echocardiographically determined left ventricular
geometry may provide a further independent
stratification of extracardiac target organ damage in
essential hypertension. Am J Hypertens 1998;
11:1171–1177 © 1998 American Journal of
Hypertension, Ltd.
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In essential hypertension, echocardiographically
determined left ventricular hypertrophy (LVH)
is known to be an independent risk factor of
future cardiovascular complications.1–4 There

are two patterns in LVH: concentric LVH and eccen-

tric LVH5; the clinical importance of left ventricular
geometry has been discussed for decades.4–10 The
prevalence of cardiovascular morbidity and mortality
in hypertensive patients with concentric LVH is
higher than in those with other patterns of left ven-
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tricular geometry,4 but the underlying mechanisms
are poorly understood.

Abnormalities of viscoelastic properties of the arte-
rial system occur in response to aging and sustained
hypertension,11 and arterial compliance is one of the
quantitative measurements of their abnormalities.12,13

Furthermore, the level of systemic vascular resistance
is the major determinant of left ventricular afterload
and the hallmark of systemic vascular disease in hy-
pertension.14 In our previous report,10 we showed that
hypertensive patients with concentric LVH had the
most advanced hypertensive retinopathy and renal
involvement, but we did not adjust for the differences
in baseline left ventricular mass. Therefore, the inde-
pendent contribution of left ventricular geometry to
hypertensive target organ damage is not completely
understood.

This study was designed to extend our previous
analyses of the association between left ventricular
geometry and hypertensive extracardiac target organ
damage. Using echocardiographic techniques, we also
elucidated the question of whether differences in left
ventricular geometric patterns exerted any deleterious
effects on the vascular compliance of the large arteries
and systemic vascular resistance in hypertensive pa-
tients.

METHODS

Study Population Seventy-seven consecutive pa-
tients (52 men and 25 women) with uncomplicated
essential hypertension who had obvious echocardio-
graphically determined left ventricular mass (LVM)
index $125 g/m2 were enrolled in the study. The
patients who had preexisting cardiac disease, preex-
isting medical illnesses (ie, diabetes mellitus), or un-
satisfactory M-mode echocardiograms, which were
not sufficiently good to detect clear internal lines of
the interventricular septum and left ventricular poste-
rior wall, were excluded from the analysis. Sixty-four
age- and sex-matched normotensive subjects (39 men,
25 women) who had no history of hypertension and
no evidence of cardiac disease served as controls. The
mean 6 SD age of the normotensive control subjects
was 55.3 6 10.3 years. Their systolic and diastolic
blood pressures were 121 6 12 and 71 6 10 mm Hg,
respectively. Body mass index [weight in kilograms/
(height in meters)2] was 22.3 6 2.9 kg/m2. All subjects
participated in the present study after giving informed
consent.

In all hypertensive patients, a complete medical his-
tory, physical examination, and appropriate labora-
tory evaluation failed to reveal a secondary cause for
the hypertension.10 Study groups were classified ac-
cording to relative wall thickness: 27 hypertensive
patients with concentric LVH and 50 hypertensive
patients with eccentric LVH. All study patients had

never received antihypertensive therapy at the time of
their initial diagnostic evaluation.

Blood pressure was measured in triplicate by a sin-
gle physician who was expert in the evaluation of
hypertension, with an appropriate arm cuff and a
mercury sphygmomanometer after 5 min of rest in the
sitting position. The arithmetic mean of the last two
measurements was calculated. Korotkoff phase V was
taken for diastolic blood pressure. Hypertension was
defined as systolic blood pressure $140 mm Hg or
diastolic blood pressure $90 mm Hg.15

Hypertensive Retinopathy and Renal Involvement
Hypertensive retinopathy was assessed directly from
fundoscopy by a single ophthalmologist who was
blinded to blood pressure levels and echocardio-
graphic data. The fundoscopic grades were classified
according to the grading of Keith et al.16 Creatinine
was analyzed by Jaffe’s method (normal range of se-
rum creatinine for our laboratory, 0.5 to 1.2 mg/dL).
Measurements of serum creatinine, electrolytes, total
cholesterol, and high density lipoprotein (HDL) cho-
lesterol were carried out using an automatic analyzer
(model TBA-60S, Toshiba Inc., Tokyo, Japan).

Echocardiographic Measurement Two-dimensional
guided M-mode echocardiography was performed by
standard methods, as previously outlined,10,17 using
an SSD-9000 echocardiograph with a 3.5-MHZ trans-
ducer (Aloka Inc., Tokyo, Japan). Left ventricular in-
ternal dimension (LVID) and interventricular septal
and posterior wall thickness (IVST and PWT) were
measured at end-diastole and end-systole, according
to the American Society of Echocardiography guide-
lines,18 and used for all purposes except determination
of left ventricular mass. Left ventricular mass (LVM)
was calculated at end-diastole by using Penn conven-
tion.19 LVM index was measured as follows: LVM
index 5 LVM/body surface area and LVM/
height2.7.20 Relative wall thickness (RWT) was also
measured as follows7: RWT 5 2 3 (PWTd/LVIDd),
where d is end-diastole.

Endocardial fractional shortening, defined as
(LVIDd 2 LVIDs)/LVIDd 3 100, where s is end-
systole, was calculated as a measure of ejection phase
performance. Midwall fractional shortening was esti-
mated by taking into account the migration toward
the epicardium of midwall left ventricular fibers from
end-diastole to end-systole. In this model the left ven-
tricular wall is divided into an inner and outer shell.
The volume of each shell is assumed to be constant
throughout the cardiac cycle. Thus, the inner ventric-
ular shell volume at end-systole can be calculated as
follows: (LVIDd 1 Hd/2)3 2 LVIDd3 5 (LVIDs 1
Hs/2)3 2 LVIDs, where H is the combined septal and
posterior wall thickness. From this equation the sys-
tolic thickness of the inner shell can be calculated,
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which allows computation of midwall fractional short-
ening according to the following formula21: [(LVIDd
1 PWTd/2 1 IVSTd/2) 2 (LVIDs 1 Hs/2)]/(LVIDd
1 PWTd/2 1 IVSTd/2) 3 100. Midwall fractional
shortening was expressed as observed value and pre-
dicted value according to the method reported by de
Simone et al.21

Left ventricular volumes were estimated from end-
diastolic and end-systolic dimensions by using the
Teichholz formula.22 Meridional end-systolic stress
was calculated using cuff systolic blood pressure at
end of echocardiographic recording in an invasively
validated formula.23 Total peripheral resistance was
assessed ([Mean arterial blood pressure 3 80]/Cardiac
output); mean blood pressure was estimated as one-
third pulse pressure 1 diastolic pressure. The ratio of
stroke volume to pulse pressure was used as an indi-
rect measure of arterial compliance.12

Definition of Groups We chose hypertensive pa-
tients whose LVM index was $125 g/m2. Therefore,
all hypertensive patients examined in this study had
LVH. The partition value of 0.44 for RWT, the mean 1
2 SD value of normotensive control subjects, was used
both for men and women. Patients with LVH and
increased RWT were considered to have concentric
LVH, and those with LVH and normal RWT were
considered to have eccentric LVH.5

Statistical Analysis All values are expressed as
mean 6 SD. The statistical evaluation was performed
by unpaired Student’s t test. Univariate correlation
was analyzed using Pearson’s correlation coefficient
and comparison of proportions between groups were
performed using the x2 test. In addition, serum creat-
inine level and fundoscopic grade of retina (treated as
a continuous variable) were assessed by ANCOVA
with total peripheral resistance as covariate. A multi-
ple regression analysis was also performed to select
appropriate independent variables producing the
highest partial correlation with hypertensive retinop-
athy or renal involvement. Results were considered
significant at P , .05.

RESULTS

Patients Profiles and Target Organ Damage There
were no significant differences between the two hy-
pertensive groups with respect to clinical and labora-
tory parameters (for details see Table 1). The hyper-
tensive retinopathy was more strongly concentrated in
the group with concentric LVH than in the group with
eccentric LVH (Table 2). Serum creatinine level was
also higher in the group with concentric LVH than in
the group with eccentric LVH. Serum creatinine level
and hypertensive retinopathy as judged by fundo-
scopic grade of retina were not changed after elimi-
nating any impact of total peripheral resistance. The
results from a multivariate analysis showed that the
highest and significant partial correlation with hyper-
tensive retinopathy was RWT. Similarly, the highest
and significant partial correlation with renal involve-
ment was RWT. LVM index (LVM/height2.7), age,

TABLE 1. GENERAL CHARACTERISTICS AND
EXTRACARDIAC TARGET ORGAN DAMAGE IN 77

HYPERTENSIVE PATIENTS

Characteristic

EH With
Concentric LVH

(n 5 27)

EH With
Eccentric LVH

(n 5 50)

Men/women 18/9 34/16
Age (years) 55 6 9 59 6 11
Body mass index

(kg/m2)† 24.0 6 2.7 24.7 6 3.2
Duration of

hypertension (years) 11.3 6 8.4 12.1 6 9.6
Systolic blood pressure

(mm Hg) 176 6 21 169 6 19
Diastolic blood pressure

(mm Hg) 98 6 15 93 6 13
Total cholesterol

(mg/dL) 206 6 40 202 6 35
HDL cholesterol

(mg/dL) 42 6 11 43 6 15
Serum creatinine level

(mg/dL)
Unadjusted 1.20 6 0.45 0.86 6 0.22*
TPR adjusted 1.18 6 0.33 0.87 6 0.33*

Retinal fundoscopic
grade

Unadjusted 2.3 6 0.8 1.2 6 0.8*
TPR adjusted 2.2 6 0.8 1.3 6 0.8*

EH, essential hypertension; LV, left ventricular; LVH, left ventricular
hypertrophy; LVM, left ventricular mass; HDL, high density lipoprotein;
TPR, total peripheral resistance.

Retinal fundoscopic grade is treated as a continuous variable. Values are
mean 6 SD.

* P , .005 v EH with concentric LVH.

† Body mass index is the weight in kilograms divided by the square of the
height in meters.

TABLE 2. FUNDOSCOPIC GRADE OF RETINA IN
77 HYPERTENSIVE PATIENTS

Fundoscopic Grade

No. of Patients (%)

EH With
Concentric LVH

EH With
Eccentric LVH

0–I 4 (15) 33 (66)†
II 11 (41) 12 (24)

III–IV 12 (44) 5 (10)*

EH, essential hypertension; LVH, left ventricular hypertrophy.

* P , .001; † P , .0001 v EH with concentric LVH.
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total peripheral resistance, systolic or diastolic blood
pressure did not contribute to these associations.

Left Ventricular Structure and Function Echocar-
diographic data in the study groups are shown in
Tables 3 and 4. There was no significant difference in
heart rate between the two groups. Left ventricular
end-diastolic dimension and left ventricular end-dia-
stolic volume were smaller in the group with concen-
tric LVH than in the group with eccentric LVH,
whereas left ventricular end-systolic dimension and
left ventricular end-systolic volume were similar.
Therefore, stroke volume and cardiac output were
lower in the group with concentric LVH than in the
group with eccentric LVH.

Meridional end-systolic stress in the group with
eccentric LVH was greater than that in the group with
concentric LVH. Endocardial fractional shortening did
not differ between the two groups, whereas midwall
fractional shortening was depressed in the group with
concentric LVH. The ratios of observed-to-predicted
midwall fractional shortening were lower in the group
with concentric LVH than in the group with eccentric
LVH. Total peripheral resistance was markedly ele-
vated, and the stroke volume/pulse pressure ratio
was lower in the group with concentric LVH than in
the group with eccentric LVH. Furthermore, total pe-
ripheral resistance was related to retinal fundoscopic
grade (r 5 0.41, P , .01) and serum creatinine level
(r 5 0.28, P , .05).

DISCUSSION

Our results indicate that left ventricular geometry
plays an important role in risk stratification of hy-
pertensive target organ damage, such as hyperten-
sive retinopathy and renal involvement. The second
important finding is that hypertensive patients with
concentric LVH have increased total peripheral re-
sistance and indirect evidence of reduced arterial
compliance.

A previous study from our laboratory10 has shown
that hypertensive patients with concentric LVH have
more advanced fundoscopic abnormalities and greater
renal involvement than hypertensive patients with
other patterns of left ventricular geometry. The new
finding in this study is that even in the presence of an
identical degree of LVH, echocardiographic definition
of left ventricular geometry provides a further inde-
pendent stratification of extracardiac target organ
damage in hypertensive patients. Koren et al4 clearly
demonstrated that the hypertensive patients with con-
centric LVH had the greatest risk of mortality, fol-
lowed by hypertensive patients with eccentric LVH.
Furthermore, hypertensive hypertrophic cardiomyo-
pathy in the elderly, a condition of severe concentric
LVH is associated with increased risk for cardiovas-
cular events.24 In contrast, Krumholz et al25 showed
that the association between types of geometry and
prognosis was largely attenuated by adjustment for
baseline differences in left ventricular mass. In this
study, hypertensive target organ damage was consis-
tently higher in hypertensive patients with concentric
LVH than in those with eccentric LVH after adjust-
ment of the independent effect of covariates including
left ventricular mass and age. Therefore, the assess-
ment of left ventricular geometric patterns in addition
to left ventricular mass may be useful in determining
which patients will need intensive antihypertensive
treatment.

The concomitant level of hemodynamic volume
load on the heart has been recognized as an important
factor that regulates the left ventricular mass in hyper-
tension independently of the effect of blood pres-
sure.26,27 Previously, we reported that expansion of
plasma volume induced by aldosterone excess seemed
to contribute to LVH and left ventricular geometric
patterns as well as blood pressure in primary aldoste-
ronism.28 Therefore, the prevalence of eccentric LVH
was high and LVH markedly progressed despite the
mild extracardiac target organ damage in primary
aldosteronism.28 Taking these observations into con-
sideration, predominant volume load, be it attribut-
able to aldosteronism or other mechanisms, result-
ing in eccentric LVH is less likely to cause
hypertensive extracardiac target organ damage than

TABLE 3. ECHOCARDIOGRAPHIC DATA IN 64
NORMOTENSIVE CONTROL SUBJECTS

Characteristic

Normotensive
Control Subjects

(n 5 64)

Heart rate (beats/min) 65 6 10
Mean blood pressure (mm Hg) 88 6 9
LV mass index (g/m2) 82 6 13
LV mass index (g/m2.7) 38 6 8
Relative wall thickness 0.32 6 0.06
LV end-diastolic dimension (mm) 47.2 6 3.8
LV end-systolic dimension (mm) 28.3 6 3.9
LV end-diastolic volume (mL) 104.4 6 19.7
LV end-systolic volume (mL) 31.3 6 10.3
Stroke volume (mL) 73.0 6 14.1
Cardiac output (L/min) 4.70 6 0.99
Endocardial fractional shortening (%) 40.1 6 6.0
Midwall fractional shortening (%) 20.7 6 2.5
Meridional end-systolic stress

(103 dynes/cm2) 51.7 6 15.7
Total peripheral resistance

(dynes z sec z cm25) 1545 6 318
Stroke volume/pulse pressure

(mL/beat/mm Hg) 1.50 6 0.38

LV, left ventricular. Values are mean 6 SD.
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hemodynamic or nonhemodynamic mechanisms re-
sulting in concentric LVH.

Obesity was associated with eccentric LVH and in-
creased cardiac output at all levels of blood pressure.29

Our current analysis, however, showed no significant
difference in body mass index between the two hyper-
tensive groups. Furthermore, criteria of LVH based on
normalization of left ventricular mass for body surface
area markedly underestimate the prevalence of LVH
in overweight individuals.20 Thus, to prevent the un-
derestimation of left ventricular mass, height-based
normalization of left ventricular mass was also per-
formed in this study.

Systemic vascular resistance is an indicator of sys-
temic vascular disease14 and was shown in a prospec-
tive study to be a predictor for the development of
cardiovascular morbidity and mortality along with
age and left ventricular mass.30 In our study, total
peripheral resistance in hypertensive patients with
concentric LVH was found to be higher than in hyper-
tensive patients with eccentric LVH at similar levels of
mean arterial pressure. This finding agrees with the
results from other laboratories.5,21 In addition, the vas-
cular compliance of the large arteries as indicated by
stroke volume/pulse pressure ratio in hypertensive
patients with concentric LVH was lower than in hy-
pertensive patients with eccentric LVH. Underlying

mechanism by which concentric LVH may predispose
patients with advanced extracardiac target organ
damage cannot be assumed from our study. However,
increased total peripheral resistance and reduced aor-
tic compliance in hypertensive patients with concen-
tric LVH appear to be linked to advanced peripheral
vascular damage.

Our results are consistent with those from the study
by de Simone et al21 who showed normal endocardial
but depressed midwall fractional shortening in 63 hy-
pertensive patients with concentric LVH. Midwall
fractional shortening–stress relationship progressively
decreased with increasing relative wall thickness in
borderline-to-mild hypertensive patients.31 Shimizu et
al32 initially showed that endocardial fractional short-
ening significantly overestimated left ventricular per-
formance in hypertensive patients with LVH. In addi-
tion, de Simone et al33 recently reported that
depressed midwall fractional shortening was a predic-
tor of adverse prognosis in hypertensive patients.
Therefore, to prevent premature heart failure and car-
diovascular morbid events, early assessment of left
ventricular systolic function by using midwall frac-
tional shortening should be done in hypertensive pa-
tients.

In conclusion, even in the presence of an identical
degree of LVH, extracardiac target organ damage was

TABLE 4. ECHOCARDIOGRAPHIC DATA IN 77 HYPERTENSIVE PATIENTS

Characteristic

EH With
Concentric LVH

(n 5 27)

EH With
Eccentric LVH

(n 5 50)

Heart rate (beats/min) 70 6 8 67 6 10
Mean blood pressure (mm Hg) 124 6 15 118 6 14
LV mass index (g/m2) 146 6 22 139 6 24
LV mass index (g/m2.7) 66.8 6 11.1 63.8 6 11.6
Relative wall thickness 0.49 6 0.06 0.39 6 0.03‡
LV end-diastolic dimension (mm) 48.3 6 3.6 51.5 6 3.2‡
LV end-systolic dimension (mm) 31.9 6 4.6 33.4 6 4.4
LV end-diastolic volume (mL) 110.1 6 18.9 127.6 6 18.6‡
LV end-systolic volume (mL) 42.0 6 14.3 46.7 6 16.0
Stroke volume (mL) 68.1 6 11.6 80.8 6 14.0‡
Cardiac output (L/min) 4.79 6 0.61 5.30 6 0.94†
Endocardial fractional shortening (%)

Observed 34.2 6 6.2 35.3 6 6.2
% of predicted 94 6 11 104 6 22

Midwall fractional shortening (%)
Observed 13.9 6 2.6 16.2 6 2.6‡
% of predicted 66 6 11 86 6 16‡

Meridional end-systolic stress (103 dynes/cm2) 65 6 18 78 6 20*
Total peripheral resistance (dynes z sec z cm25) 2109 6 355 1835 6 377‡
Stroke volume/pulse pressure (mL/beat/mm Hg) 0.93 6 0.25 1.11 6 0.30†

EH, essential hypertension; LVH, left ventricular hypertrophy; LV, left ventricular.

Values are mean 6 SD.

* P , .05; † P , .01; ‡ P , .005 v ET with concentric LVH.
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more strongly concentrated in patients with concentric
LVH than in patients with eccentric LVH. Left ventric-
ular geometry assessed by M-mode echocardiography
may be an independent predictor of extracardiac tar-
get organ damage in essential hypertension.
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