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Is left ventricular systol-
ic dysfunction in hyper-
tensive  patients with
heart failure normalized
by long-term antihyper-
tensive therapy?
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The critical left ventricular (LV) mass when hypertensive heart failure appears, and whether LV
dysfunction in hypertensives with heart failure is normalized by long-term antihypertensive therapy
were investigated. L.V dimension, LV mass, LV mass index, LV ejection time (LVET) and pre-ejection
period (PEP) were measured in 27 normal subjects and 56 essential hypertensives, the latter divided
into three groups: group I, without LV hypertrophy; group II, with LV hypertrophy; and group III,
with hypertensive heart failure. LV mass and LV mass index were 135.0+23.8 g and 85.8+11.7 g/m?,
respectively, in normal controls, 133.0+30.8g and 82.0+18.4 g/m? in group I, 222.3+38.0g and
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136.1+19.9 g/m? in group II, and 422.0+30.3 g and 235.7+19.6 g/m? in group III of essential hyper-
tensives. The upper limits of LV mass and LV mass index in group II (mean+2SD) were about 300 g
and 180 g/m?, respectively. Significant shortening of LVET was observed only in group III, but PEP
was prolonged with an increase in LV mass. LV diastolic dimension and PEP were not normalized by
long-term antihypertensive therapy (mean: 16 months). These results indicate that the critical LV
mass marking the transition from non-failing hypertrophied left ventricle to failing ventricle associated
with essential hypertension is about 300 g, or LV mass index of 180 g/m?, and that LV dilatation and
depressed myocardial contractility in essential hypertensives with a past history of congestive heart

failure were not normalized by chronic antihypertensive therapy.
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Introduction

Myocardial hypertrophy of the left ventricle
associated with hypertension occurs as a path-
ophysiologic adaptation to the increased after-
load?. Increased left ventricular wall thickness
reduces wall stress and permits the heart to
adapt to the pressure overload without suc-
cumbing to congestive heart failure. However,
congestive heart failure inevitably results when
the left ventricle cannot adequately sustain the
afterload. Little is known about the critical val-
ues of the left ventricular mass and function
which change from the compensated to the de-
compensated stage during the pathophysiologic
response to the increased afterload®®. In addi-
tion, no investigation has evaluated whether re-
gression of the hypertrophied left ventricle and
normalization of the left ventricular dysfunction
in essential hypertensive patients with conges-
tive heart failure are achieved by long-term
antihypertensive therapy.

This study determined the left ventricular
mass and the left ventricular function at the crit-
ical point when the heart of patients with essen-
tial hypertension enters the decompensated stage
and evaluated whether regression of the hyper-
trophied left ventricle and normalization of left
ventricular dysfunction in essential hyperten-
sives with heart failure were achieved by long-
term antihypertensive therapy.

Patients and methods

Subjects

The study included 56 essential hypertensive
patients (38 men and 18 women) with clear
echocardiograms selected from 68 consecutive
essential hypertensive patients admitted to our
clinic between January 1988 and March 1989,
and selected patients with a history of heart
failure due to high blood pressure admitted to
our clinic in the last 8 years. Hypertension was
defined as systolic blood pressure =160 mmHg
andfor diastolic blood pressure =95 mmHg
measured in the outpatient clinic®. The 56 pa-
tients were classified into 3 groups based on in-
terventricular septal thickness (IVST) and left
ventricular posterior wall thickness (PWT) de-
termined by echocardiography and clinical
symptoms. IVST and PWT were both less than
10 mm in group I patients (r=22), IVST and/
or PWT were 10 mm or greater in group II
patients (n=26). There was a history of hyper-
tensive heart failure in group III patients (n=
8). Patients with valvular heart disease, signifi-
cant coronary artery stenosis, diabetes mellitus,
or bundle branch block shown by electrocardio-
graphy were excluded from the study. Twenty-
seven normotensive volunteers (17 men and 10
women) with no history of hypertension and no
abnormalities detected by physical examination,
electrocardiogram, chest radiogram and echo-
cardiogram served as the control group.
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Measurement of the left ventricular mass

Left ventricular mass (LVM) was calculated
by the method of Devereux and Reichek®.
LVM index (LVMI) was defined as LVM
divided by body surface area. The IVST was
measured exactly by excluding the moderator
band and accessory tendon attached to the left-
sided interventricular septum®. After identifi-
cation of the moderator band and the acces-
sory tendon using two-dimensional echocardio-
graphy, the IVST and PWT were measured us-
ing M-mode echocardiography according to the
recommendations of the American Society of
Echocardiography™.

Measurement of systolic time intervals

Systolic time intervals were measured from
the simultaneous recording of an electrocardio-
gram, a phonocardiogram, and a carotid pulse
tracing at a paper speed of 100 mm/sec. Systolic
time intervals were measured as reported pre-
viously®: 1) left ventricular ejection time
(LVET)=from the onset of the upstroke on
carotid pulse tracing to dicrotic notch. The initial
upstroke and the end of LVET were determined
tangentially. To adjust LVET for heart rate,
LVET was corrected (LVET index=LVETTI)
by the equation of Weissler et al?; 2) preejec-
tion period (PEP)=(Q-II)-~LVET, where Q-1I
is electromechanical systole, defined as the in-
terval from the beginning of QRS complex of
the electrocardiogram to the beginning of the
aortic component of the second heart sound.
This study expressed these intervals as the mean
of measurements from five consecutive beats.

Study protocols

Protocol I: The relationship between left
ventricular mass and left ventricular function in
patients with essential hypertension was investi-
gated using echocardiographic and mechanocar-
diographic examinations. Medication was stop-
ped for at least one week in groups I and II,
while group III patients were examined at the
out-patient clinic.

Protocol II: The left ventricular function of
patients in group III was examined again after
blood pressure was well controlled. To obtain
adequate control of blood pressures, all patients

Hypertension and heart failure

participating in the protocol II study were treat-
ed with nifedipine (30 mg/day), methyldopa
(250-500 mg/day) and furosemide (40-80 mg/
day or 2 days). In addition, 3 patients received
enalapril (5 mg). The mean follow-up period
was 16+22 months. Informed consent was ob-
tained from all subjects participating in the
study.

Statistical analysis

All values are expressed as mean+SD. Sta-
tistical evaluation used analysis of variance, and
subsequent comparisons between mean values
for groups used Duncan’s multiple range test.

Results

Table 1 shows the profiles of the control and
patient groups. Mean blood pressures measured
at the outpatient clinic were highest in group
ITI, medium in group II and the lowest in
group L.

Fig. 1 shows LVM and LVMI in the control
and patient groups. There was no significant
difference in LVM and LVMI between the
control and group I, but LVM and LVMI in-
creased with the development stage of hyper-
tension. The upper limits of LVM and LVMI
in group II (mean+2SD) were about 300 g and
180 g/m?, respectively.

Fig. 2 shows LVETI and PEP in the control
and patient groups. There were no significant
differences in LVETT among the control and
patient groups I and II, but a significant short-
ening of LVETI was observed in group III.
PEP increased with an increase in LVM.

Fig. 3 shows there was a fairly high correla-
tion between PEP and LVET. In addition, there
was a turning point at a PEP of about 140 msec.
LVET decreased linearly with prolonged PEP
of more than 140 msec, but remained almost
constant for PEP in the range of less than
140 msec.

Fig. 4 shows the changes in left ventricular
diastolic and systolic dimensions, and in PEP
before and after long-term antihypertensive
therapy in group III patients. Systolic and di-
astolic blood pressures were decreased from
218+14 to 162+14 mmHg, and from 130+
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Table 1. Patient characteristics and data from mechano-

Age SBP/DBP HR LVET/LVETI
(yrs) (mmHg) (beats/min) (msec)
Normotensive controls 45+9 128+24 | 78+10 65+8 284+17 [393+11
Essential hypertensives
Group I (n=22) 43+12 164+19*/ 95+11* 67+10 275+21 /386+16
Group II (n=26) 46+9 184 +20%/107 +16* 63+8 280+18 /383+14
Group III (n=8) 48+9 218 +14%/130 +14* 71 +6% 2294+20*%/350+15*

Values are mean+SD. # $<0.05 (vs normotensive controls); * »p<0.01 (vs normotensive controls).
SBP, DBP=systolic, diastolic blood pressure; HR=heart rate; LVET, LVETI=left ventricular ejection

time, left ventricular ejection time index; PEP=pre-ejection period;
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Fig. 1. Comparisons of left ventricular mass
and left ventricular mass index in control and
essential hypertension patient groups.

14 to 98+21 mmHg, respectively. Despite the
significant decrease in blood pressures, no
significant improvement in left end-diastolic
and end-systolic dimensions and PEP was ob-
served.

Fig. 5 shows the echocardiographic changes
in a group III patient who was followed up for

LVDd=left ventricular end-diastolic.
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Fig. 2. Comparisons of left ventricular ejection
time index and pre-ejection period in control
and essential hypertension patient groups.

more than 9 years. At his first visit for assessment
of exertion dyspnea, blood pressure was 248/
128 mmHg and echocardiography showed mark-
ed dilatation and disturbed filling of the left ven-
tricle (Fig. 5A). His blood pressure was control-
led well, but marked dilatation of the left ven-
tricle persisted (Figs. 5B, C and D). The LVM
measured during admission decreased from
about 400 to 300 g after antihypertensive ther-
apy, but high values of LVM ranging between
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cardiographic and echocardiographic analyses

Hypertension and heart failure

PEP LVDd IVST PWT LVM LVMI
(msec) (mm) (mm)| (mm) (2 (g/m?)

118+8 47.5+2.6 7.5+0.8 7.84+0.8 135.0+23.8 85.8+11.7

118+10 48.0+4.1 7.4+0.3 7.8+0.8 133.0+30.8 82.0+18.4

133+11* 47.3+4.0 10.3+1.4* 11.44+1.7* 222.3+38.0* 136.1+19.9*

166 +12* 58.4+5.3*% 11.94+2.0% 15.1+1.8* 422.0+30.3* 235.7+19.6*
dimension; IVST =interventricular septal thickness; PWT=left ventricular posterior wall thickness; LVM,
LVMlI=left ventricular mass, left ventricular mass index.
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Fig. 3. Relationship between pre-ejection pe-
riod and left ventricular ejection time in control
and essential hypertension patient groups.

330 and 360 g persisted during the subsequent
9 years.

Fig. 6 shows the short axial thallium-201
myocardial scintigrams in a group II patient
(Fig. 6A) and in a group III patient (Fig. 6B).
The thallium-201 uptake was homogenous in
the group II patient, but heterogenous in the
group III patient.

Discussion

Our study shows that the critical indicators
of myocardial mass marking the transition from
the non-failing hypertrophied left ventricle to
the failing left ventricle associated with essential
hypertension are LVM of about 300g and
LVMI of 180g/m2. LVET, which reflects
stroke volume, was markedly shortened after

Fig. 4. Effect of antihypertensive therapy on
left ventricular diastolic and systolic dimen-
sions, and pre-ejection period in group III es-
sential hypertensive patients.

Black bar in each column shows mean+SD in con-
trol group.

this point. In addition, depression of myocardial
contractility was observed with the progression
of myocardial hypertrophy. The study also
showed that left ventricular dilatation and de-
pressed myocardial contractility in essential hy-
pertensives with a past history of congestive
heart failure were not normalized by long-term
antihypertensive therapy.

The progressive increase in left ventricular
hypertrophy associated with chronic arterial hy-
pertension ultimately results in congestive heart
failure. Few reports have investigated the critical
transition of heart weight from the non-failing
hypertrophied left ventricle to the failing left
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Fig. 5. Serial echocardiographic changes in a group III patient.
A is an echocardiogram recorded at his first visit for the treatment of exertion dyspnea. The blood
pressure was 248/128 mmHg. B, C and D are echocardiograms recorded under well-controlled blood

pressures.

ventricle. Linzbach found in autopsy cases that
the critical weight of the left ventricle was ap-
proximately 200 g, which corresponded to a total
cardiac weight of about 500 g?. Astorri et al in

their autopsy study found that about 330 g for
the left ventricle (or 250 g for the left ventricular
free wall) was the critical weight®. The latter
data are almost identical with the values in our
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Fig. 6. Short axial thallium-201 myocardial scintigrams.
Az a group II patient, B: a group III patient.

study. Beyond this critical weight, cellular hy-
perplasia becomes evident with an increase in
ventricular weight2:3),

The intrinsic contractility of hypertrophied
myocardium is still controversial. Hypertensive
patients with left ventricular hypertrophy de-
monstrate cardiac function which is normal or
above normall®~1?  so left ventricular hyper-
trophy appears to be a process of physiological

adjustment, or an adaptation of the heart to
physiologic stress. However, systolic and/or di-
astolic abnormalities in cardiac function associ-
ated with hypertension are also reported!s-2v,
Several reasons for this discrepancy can be con-
sidered. A major reason is a difference in the
severity of myocardial hypertrophy. In mild or
borderline arterial hypertension, most hyperten-
sive patients showed normal systolic function
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and normal or moderately increased left ven-
tricular contractility. Our data indicated that
PEP in group I with normal LVM was normal,
while PEP in groups II and III with increased
LVM was prolonged. Variations in the indica-
tors of left ventricular dysfunction or the phase
of the cardiac cycle are also responsible. Systolic
time intervals in hypertensive disease are a more
sensitive indicator of left ventricular dysfunc-
tion in the presence of myocardial hypertrophy
than echocardiographic measurements?20.
Ejection phase indicators are usually less sen-
sitive for detecting left ventricular dysfunction
due to arterial hypertension than indicators of
isovolumic phase?225. Finally it is very impor-
tant to distinguish left ventricular hypertrophy
due to essential hypertension from that due to
hypertrophic cardiomyopathy. Left ventricular
systolic function in hypertrophic cardiomyo-
pathy is usually normal or super-normal despite
the marked impairment of diastolic function?®.
Since PEP is a good index of myocardial con-
tractility, our study showed that left ventricular
hypertrophy associated with hypertension was
almost always accompanied by a decrease in
myocardial contractility. However, whether a
decrease in contractility of hypertrophied myo-
cyte occurs due to hypertension remains to be
determined.

The exact mechanism causing the decrease in
myocardial contractility in hypertensive patients
with myocardial hypertrophy remains unknown.
A reasonable hypothesis proposes an imbalance
between the oxygen supply and the demand due
to a variety of mechanisms associated with myo-
cardial hypertrophy?”. A marked limitation of
the coronary reserve in hypertrophied left ven-
tricle?8-30 | increase in oxygen consumption as-
sociated with the increase in left ventricular
mass?”, impairment of O.-diffusion capacity
due to an increase in the diffusion distance be-
tween capillary and myocardial cell®”, and re-
duction of protein synthesis and decrease in
myosin-ATPase activity in the hypertrophied
myocardium?-% may contribute to a decrease
in myocardial contractility in hypertensive pa-
tients. In addition to these myocardial factors,

reactive changes of the cardiac interstitium as-
sociated with sustained hypertension also appear
to be related to the cardiac changes*¥. Increase
in collagen volume, perivascular fibrosis, and
medial thickening of coronary resistance vessels
probably impair left ventricular function and
oxygen availability. In the presence of severe
and prolonged cardiac involvement associated
with hypertension, ventricular and coronary
mechanisms invariably interact and result in
myocyte necrosis and heart failure. Thallium-
201 SPECT is very useful to evaluate the con-
dition of the left ventricle associated with arte-
rial hypertension. Heterogenous uptake of thal-
lium-201 may indicate the critical state or the
end stage of the hypertrophied heart due to sus-
tained hypertension.

Lack of regression or little regression of left
ventricular dilatation and hypertrophy was
found in essential hypertensives with a past his-
tory of congestive heart failure, despite the sat-
isfactory reduction in blood pressure. This is a
very serious problem, indicating that these pa-
tients are constantly at high risk of recurrence
of congestive heart failure due to an increase in
blood pressure. Poor regression in group III
patients seems to be largely related to left ven-
tricular dilatation. Blood pressure elevation
leads to increased left ventricular wall stress, but
the extent markedly depends upon the size of
the left ventricle. A dilated heart has a high in-
itial wall stress, and an additional equal rise in
blood pressure leads to a much greater increase
in wall stress. Consequently, much more marked
left ventricular depression develops in a dilated
heart than in a non-dilated hypertrophied heart.
Likewise, at a comparable pressure load, myo-
cardial oxygen consumption also increases
much more markedly in a dilated heart than in
a non-dilated heart. This indicates that normali-
zation of left ventricular pressure overload must
be achieved. However, maintenance of the
cerebral and renal blood flows makes control of
the blood pressure at a normal level in group
III type essential hypertensive patients very dif-
ficult, and poses a great dilemma in the treat-
ment of this hypertensive group. Early diagnosis
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and treatment of essential hypertension are the
best approach to effective prevention and man-
agement of the cardiac complications of hyper-
tension.
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