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Summary

To observe the effects of anatomical distibution of left ventricular hypertrophy (LVH) and the
differences in blood pressure on cardiac function, borderline hypertensives (group A) and mild or
moderate sustained hypertensives (group B) were studied at rest and during dynamic exercise and
their results were compared with those of normal controls (group C). LVH was estimated by M-
mode echocardiography, and cardiac function was assessed by radionuclide (RI) first pass and multigate
methods. In each subject, 0.5 watt/kg and 1.0 watt/kg loads of ergometer exercise were administered
for 16 min in the supine position. The main results were as follows:

1. In borderline hypertension, there was significant hypertrophy of the interventricular septum,
and the left ventricular mass index was greater than that in normal controls.

2. The cardiac index in borderline hypertension did not differ from that of normal controls, but
that of sustained hypertension was significantly reduced.

3. Significant positive correlations were observed between blood pressure and the left ventricular
mass index at rest and during exercise.

4. No difference in left ventricular ejection fraction (LVEF) at rest was observed among the
three groups, but that in sustained hypertension during exercise was markedly less than that of the
other groups. LVEF at 1.0 watt/kg load and 4LVEF correlated inversely with the left ventricular mass
index.
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5. Left ventricular end-systolic volume determined by an RI count method decreased signifi-
cantly during exercise in normals and borderline hypertension, while that in sustained hypertension
was not reduced during exercise. Accordingly, cardiac function in the latter group was judged to be
impaired.

6. In borderline hypertension, regional LVEF in the septal portion was slightly reduced at rest
and during exercise. This reduction might have been caused by an imbalance of hypertrophy between
the septal and free wall portions. In sustained hypertension, regional septal LVEF was maintained at
rest, but was markedly less during exercise as compared with the other groups. Regional LVEF in the
free wall portion was similar in degree to that of LVEF at rest and during exercise in the three groups.

7. Though the peak filling rate (PFR) in borderline hypertension did not differ from that in
controls, that of sustained hypertension was significantly reduced at rest and during exercise. Significant
positive correlations were obtained between PFR and LVEF at rest and during exercise.

In summary, elevated blood pressure at rest and during exercise was thought to be the most im-
portant causative factor of LVH in hypertension. Since the degree of LVH in borderline hypertension
was mild, normal systolic and diastolic cardiac functions were maintained at rest and even during
exercise. However, diastolic function in sustained hypertension was already impaired at rest in spite of
normal systolic function. Therefore, systolic function was judged to be interrupted during exercise in
patients with LVH, and the inotropic reserve was observed to have deteriorated.
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Fig. 1. Correlation of cardiac output (CO)
measured by first-pass method (RI) to that by
thermodilution method using a Swan-Ganz
catheter.
Excellent correlation (r=0.82) is observed between
the two methods. Therefore, CO determined by the
RI method in the present study is quite reliable.
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Fig. 2. Method determining regional left ven-
tricular ejection fraction (LVEF) in the septal
and free wall portions.

Region of interest (ROI) of the left ventricle (LV)
separated from the RV in the left anterior oblique pro-
jection (approximately 40 degrees) is set, and then the
ROI of the LV is subdivided into 8 sections from the
center of RI counts in end-diastole and end-systole.
Using 2 neighboring sections, regional LVEF in the
septal and free wall portions is measured. In this case,
regional LVEF in the septal portion is 629, and that
in the free wall portion is 909%,.
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Fig. 3.
(PFR).

After the time-activity curve (white curve) is dif-

Method of measuring peak filling rate

ferentiated by the convolution method (yellow curve),
PFR corrected for end-diastolic counts per sec is
determined.
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Table 1. Systemic hemodynamics at rest by the RI first pass method
Controls Group A Group i
(normal) (bordcrlme HT) (sustamed HT) CvsA CvsB AvsB
MBP (mmHg) 87.0+12.4 108.7+3.2 118.6+11.6 EE i ol
CI (I/min/m?) 4.14+0.47 3.90+0.68 3.59+0.53 n.s. * n.s.
TPRI (mmHg/l/min/m?) 21.2+3.4 28.8+5.8 33.8+6.6 b ok n.s.

* p<0.05; ** p<0.01; *** p<0.001; mean+1SD.

MBP =mean blood pressure; CI=cardiac index; TPRI=total peripheral resistance index.
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Fig. 4. Echocardiographic values of wall thickness, diameter, and the left ventricular

mass index (LVMI).

In borderline hypertension (group A), IVSTd is significantly increased compared with that in the
controls, but PWTd is not different. In sustained hypertension (group B), both PWTd and IVSTd are
markedly increased compared with those in the other groups. There are no differences in LVDs or
LVDd among the 3 groups. As judged from the calculated LVMI, left ventricular hypertrophy seems
already present in cases of borderline hypertension.

PWTd=posterior wall thickness in end-diastole; IVSTd=interventricular septal thickness in
end-diastole; LVDs=dimension of the left ventricle in end-systole; LVDd=dimension of the left

ventricle in end-diastole.

In the following figures, group A means borderline hypertension; group B, sustained hypertension of
mild to moderate degree; and group C, normal controls.
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Fig. 5. Changes in blood pressure (BP) and heart rate (HR) at rest and during exercise.

Systolic BP (Ps) and diastolic BP (Pd) in hypertension are much higher than those in controls at
rest and during exercise. Comparing hypertensive groups, Ps in borderline hypertension (Group A) is
not lower at rest or during 0.5 watt/kg load than that in sustained hypertension (Group B). However,
Ps in borderline hypertension becomes lower than that in sustained hypertension during 1.0 watt/kg
load (p<0.01). Pd in group B is substantially higher than that in group A at rest and during exercise,
though the absolute change in Ps or Pd is not significantly different among the groups.

HR is increased significantly in each group, though there is no difference in HR at rest or during
exercise among the groups.
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Fig. 6. Relationships of systolic blood pressure (Ps) to the left ventricular mass index
(LVMI) at rest and during exercise.

Significant correlations are observed between Ps and LVMI at rest (r=0.66) and during exercise
(0.5 watt/kg load, r=0.65; 1.0 watt/kg load, r=0.58). Therefore, the LVMI seems to be greatly in-
fluenced by Ps at rest as well as during exercise.
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Fig. 7. Relationships of diastolic blood pressure (Pd) to the left ventricular mass index
(LVMI) at rest and during exercise.

Significant correlations are seen between Pd and the LVMI at rest (r=0.64) and during exercise
(0.5 watt/kg load, r=0.76; 1.0 watt/kg load, r=0.77).
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Fig. 8. Left ventricular ejection fraction (LVEF) at rest and during exercise, and 4JLVEF
during exercise.

There are no differences in LVEF at rest among the groups. However, LVEF in sustained hyper-
tension is significantly less than that in controls at 0.5 watt/kg and 1.0 watt/kg loads.

In sustained hypertension, ALVEFs at 0.5 watt/kg and 1.0 watt/kg loads are remarkably less than
those in controls and those in borderline hypertension. There is no difference in the JLVEF during
exercise between controls and borderline hypertension.

Accordingly, systolic cardiac function in sustained hypertension is supposed to be impaired during
exercise. However that in borderline hypertension is maintained even during exercise.
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Fig. 9. Relationships of the left ventricular mass index (LVMI) to left ventricular ejection
fraction (LVEF) and to ALVEF at 1.0 watt/kg load.

There is an inverse correlation between LVEF at 1.0 watt/kg load and LVMI (r=—0.54). A weak
but significant correlation is also obtained between 4LVEF at 1.0 watt/kg load and LVMI (r=—0.44).
Therefore, left ventricular hypertrophy is supposed to be an important determinant of systolic cardiac
function.
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Fig. 10. Relationship of the 4LVESV to JLVEF at 1.0 watt/kg load.

There is a significant inverse correlation between them (r=—0.61). ALVESV decreases remarkably
in controls and in borderline hypertension (group A). On the other hand, JLVEF remains unchanged
in sustained hypertension (group B). Judging from this relationship and the reaction of JLVESV to
exercise, cardiac reserve in sustained hypertension seems impaired during exercise.
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Fig. 11. Regional left ventricular ejection fraction (LVEF) in the septal and free wall
portions at rest and during exercise.

In the septal portion, regional LVEF in borderline hypertension (group A) is unexpectedly decrea-
sed compared with that in controls at rest and during exercise. Regional LVEF in sustained hypertension
(group B) is not different from that in controls at rest, but much less than that in controls and that
in borderline hypertension at 1.0 watt/kg load. The reason why regional LVEF in group A is reduced
at rest and during exercise might be explained by the imbalance of left ventricular hypertrophy between
the septal and free wall portions, or in some parts by too much afterload in the septum due to the lack
of proper septal hypertrophy.

In free wall portion, regional LVEF at rest and during exercise is quite similar with LVEF in each
group. Regional LVEF in sustained hypertension at 1.0 watt/kg load is less than that in controls
(p<0.001) and in borderline hypertension (p <0.05).
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Fig. 12. Peak filling rate (PFR) at rest and during exercise.

PFR in sutsained hypertension (group B) is less than that in controls at rest (p<0.01). During ex-
ercise, PFR in sustained hypertension is also less than that in controls (p<0.001) and in borderline
hypertension (group A) (p<0.05). Though mean value of PFR in borderline hypertension is less
than that in controls, the difference is not significant at rest and during exercise.
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Fig. 13. Relationships of the peak filling rate (PFR) to the left ventricular mass index
(LVMI) at rest and during exercise.

Significant inverse correlations are observed at rest (r=—0.55) and during exercise (0.5 watt/kg
load, r=—0.47; 1.0 watt/kg load, r=—0.51). PFR, an index of early diastolic cardiac function, is
significantly influenced by the LVMI at rest and even during exercise,
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Fig. 14. Relationships of the peak filling rate (PFR) to left ventricular ejection fraction

(LVEF) at rest and during exercise.

There are significant positive correlations between them at rest (r=0.56) and during exercise (0.5
Watt/kg load, r=0.67; 1.0 Watt/kg load, r=0.65). The correlations during exercise seems to be
better than the correlation at rest. According to these relationships, systolic cardiac function is judged
to be interrelated with diastolic cardiac funqtion at rest and during exercise.
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