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ABSTRACT 
The left ventricular (L V) contractile performance in left ventricular hypertrophy 

(L VH) induced by chronic pressure overload was assessed in 87 essential hYJ:ertensive 
(EHT) patients. They were classified by the presence of L VH as measured by the surn 
of L V end-diastolic posterior wall thickness and interventricular septal thickness on 
echocardiograrn, and the presence of ST-T changes on electrocardiogram into a Hl
subgroup (Hl) consisting of patients with neither LVH nor ST-T changes, a H2-
subgroup (H2) with L VH but without ST-T changes and a H3-subgroup (H3) with 
both L VH and ST-T changes. Thirty-two normal subjects were used as a normal 
control group (N). 

The relation between the peak systolic pressure and L V end-systolic volume normalized 
by volume intercept at 100 rnrnHg peak systolic pressure, E'max/V100, was used for 
expression of the L V inotropic state. The peak systolic pressure was measured with a 
cuff sphygrnornanorneter and the L V-end systolic volume was determined by echocar
diography. To validate whether E1max/V100 was insensitive to loading condition, E'max/ 
V 100 obtained during dynamic responses to acute L V afterload reduction by nifedipine 
(NIF group) was corn pared with that obtained by isosorbide dinitrate-induced preload 
reduction (ISDN group). E'max/V100 obtained in the NIF and ISDN groups showed 
similar values in analogous subgroups, indicating the independence of this index on 
acute reduction in cardiac load. 

In the NIF group, E'max/V100 in H3, 0.13±0. 04 rnrnHg/rnl2
, was significantly lower 

than that in H2, 0. 23 ±0. 05 (p<O. 01), and the value in H2 was significantly lower 
than that in Hl, 0. 36±0.17 (p<O. 01). Similarly, the ISDN group showed that E'max/ 
V 100 in H3, 0. 15 ±0. 07 rnrnHg/rnl2, was significantly decreased frorn that in H2, 0. 21 ± 
0. 05 (p<O. 05) and the value in H2 was significantly less than that in Hl, 0. 40±0. 17 
(p<O. 01). Both the NIF and ISDN groups showed no difference in the value of 
E' ma x/V 100 in Hl frorn N, indicating a normal level of L V contractility. The value 
of E'max/V100 obtained in both the NIF and ISDN groups did separate the three EHT 
subgroups (Hl, H2 and H3) with a lower L V contractility frorn those with a normal 
contractile state. 

These findings indicate that in L VH induced by pressure overload the L V contractile 
state is depressed and becomes further impaired when ST-T changes accompanied L VH. 
Clinically it is reasonable to assume that the classification of EHT as in this manner 
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is a simple and accurate way to evaluate L V performance. It is also concluded that 
E'max/V100, which is easily determir.ed noninvasively, can be used as a load-independent 
index of L V contractility. 

INTRODUCTION 
Evaluation of the left ventricular (L V) func

tion in patients with essential hypertension 
(EHT) is immensely important in determining 
the therapy and predicting their prognosis 
clinically. In EHT patients, chronic pressure 
overload is a predominant cause of concentric 
LV hypertrophy (LVH) which is well regarded 
to occur as a compensatory mechanism for 
maintaining adequate cardiac pump function 19>. 
At present, though the effects of compensatory 
hypertrophy on cardiac performance are still 
controversial41 >, previous investigation in terms 
of the end-systolic wall stress-diameter relation 
confirmed that the L V function was depressed 
in L VH41l. In their study, however, classifica
tion of EHT patients was based only on the 
presence or absence of L VH using echocardio
graphy. 

L V performance is determined by the interac
tion of four physiologic variables; preload, 
afterload, myocardial contractile state and L V 
myocardial mass3>. Preload and afterload of 
the human LV can be estimated with reasonable 
accuracy, but the measurement of myocardial 
contractility has proved elusive. In recent 
reports9• 18• 31 • 41 >, it has been pointed out that 
contractility indices derived from analysis of 
the end-systolic pressure-volume relation or 
end-systolic wall stress-diameter relation ap
pears more promising than these derived from 
analysis of isovolumic contraction18> or from 
typical ejection phase indices21 • 31 • 36>. The for
mer two indices are independent of the end
diastolic volume (preload), incorporate afterload 
and vary directly with alterations in a myo

cardial contractile state39 >, while the latter two 
are influenced by both preload and afterload17• 

30 > Therefore, in both experimental and clinical 
studies, the slope of the end-systolic pressure
volume relation (Emax) 30• 31 • 39

> or peak systolic 
pressure-end-systolic volume relation (E1max)20

> 

has been advocated as a useful measure in 
evaluating the contractile state of the heart. 

Grossman et al. 9
> have suggested the impor

tance of the extrapolated value of end-systolic 
volume at zero pressure (V0 ) in assessing the 

L V function, but others2• 21 • 39
> claimed that V 0 

was not a sensitive index of myocardial per
formance. Sagawa3u and Noble23> proposed 
that simultaneous consideration of V 0 and Ema x 
would add more informational value to the 
end-systolic pressure-volume relation, allowing 
estimation of the position of the relation. The 
slope of the entire end-systolic pressure
volume relation shifts when there is an altera
tion of the inotropic state2• 35 • 39>. Thereby, the 
steepness of the slope alone does not necessarily 
reflect the ventricular contractile state2• 4u. 
Recently, to obtain a relative position of the 
slope noninvasively, the peak systolic pressure
end-systolic volume relation normalized by 
volume intercept at 100 mmHg, E'max/V100, has 
been proposed and it was used for expression 
of the contractile state25 >. However, the quan
tification of this analysis has to be elucidated 
in order to provide a new clinical approach to 
the assessment of L V contractile performance 
under an acutely changing loading condition 
in man. 

The purpose of the present study is (1) to 
evaluate the L V performance in variable states 
of hypertrophy in a simple manner using echo
cardiographic and electrocardiographic methods 
in patients with essential hypertension, by ana
lyzing the peak systolic pressure-end-systolic 
volume relation normalized by volume intercept, 
and (2) to prove that this index is not affected by 
an acute change in afterload and preload, which 
are obtained during dynamic responses to acute 
pressure and volume reduction by nifedipine 
and isosorbide dinitrate administration respec
tively. 

SUBJECTS AND METHODS 
Patients. A single-blind protocol of the in

vestigation procedure was designed in hyper
tensive out- and in-patients and normal volunte
ers. Patients having blood pressure (BP) equal 
to or higher than 165/95 mmHg and belonging 
to WHO grade I and II were chosen. All 
patients were diagnosed having EHT after ex
clusion of secondary hypertension, and have 
sinus rhythm. No patient was associated with 
a valvular heart disease and congestive heart 
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position, the echocardiogram was recorded at 
the standard left ventricular position at the level 
of the chordae tendinae, after long-axis and 
transverse scans had been performed. The 
transducer was kept in place throughout the 
study and the echogram was continuously 
checked to assure that all recordings came 
from the same level in the ventricle. Lead II 
of the ECG, phonocardiogram from the second 
left intercostal space and carotid pulse tracing 
(CPT) were recorded simultaneously with the 
echocardiogram. The L V end-systolic dimen -
sion (ESD) and end-systolic posterior wall 
thickness (PWTs) were measured at the onset 
of the second heart sound (A2). The L V end
diastolic dimension (EDD), PWTd and IVSTd 
were obtained at the Q wave of the ECG using 
the leading edge method32>. Data were analyzed 
as the mean of at least five consecutive cardiac 
cycles. Adequate echocardiograms were defined 
as those in which the M-mode scanning could 
be clearly measured. In all the patients and 
normal subjects BP was measured in triplicate 
using a standrad cuff sphygmomanometer. 
Mean BP was defined as diastolic BP+ 1/3 
pulse pressure and heart rate (HR) was obtained 
from ECG. 

After the basal echocardiographic and cuff 
pressure data were obtained, hemodynamic load 
was altered with sublingual administration of 
either 10 mg of NIF or 10 mg of ISDN to 
determine the peak systolic pressure-end-sys
tolic volume relation. Data were included in 
the analysis only when mean BP obtained 30 
min after NIF and 20 min after ISDN showed 
a change of at least 10 mmHg. 

Measurements and calculations. For evalua
tion of the L V systolic and diastolic functions, 
the following indices were derived from the 
echocardiograms. The L V end-diastolic volume 
(EDV) and end-systolic volume (ESV) were 
calculated from the echocardiographic dimen
sions using the method of Teichholz et al. 43 >. 
The L V stroke volume (SV) was calculated 
as;EDV-ESV. All the ventricular volumes 
were reported as volume indices, that is, ml/m2 

body surface area (EDVI, ESVI and SVI, 
respectively). The left ventricular ejection frac
tion (EF) was calculated as; 

EF (%) = E~vv x 100. 

The L V mean velocity of circumferential fiber 

shortening (m V cf) was calculated from the 
formula, 

V f ( . I ) EDD-ESD 
m c circ sec - LVETxEDD' 

where L VET represents measurement of the 
LV ejection time (sec) which was obtained 
from the upstroke of the CPT to the nadir of 
its dicrotic notch. The cardiac output (CO) 
was calculated as ;SV x HR and was then divided 
by the body surface area as a cardiac index 
(CI). The systemic vascular resistance (SVR) 
was calculated as; 

SVR (dyn·sec•cm-5)- me~n0BP x80. 

The mean normalized systolic ejection rate 
(MNSER) was calculated by the method of 
Karliner et al. 13> as; 

MNSER(sec-1
) - EDV :~VET. 

The end-systolic circumferential midwall stress 
(ESWS) was calculated from the modified 
LaPlace equation27 l, 

ESWS (dyn/cm2)= (SBP x ESD/2) {i
PWTs 

ESD } 
8 (ESD+PWTs) x 

1334
• 

where SBP is systolic blood pressure (mmHg), 
ESD is a L V dimension at end-systole (cm) 

and PWTs is a L V posterior wall thickness at 
end-systole (cm). The 1334 is a conversion 
factor to obtain dyn/cm2. The L V mass was 
calculated according to the method of Bennet 
and Evansll and was then divided by the body 
surface area to give a L V mass index (L VMI), 
expressed in gram/m2• 

The L V isovolumic relaxation time (IVRT), 
obtained from the dual-echocardiogram (Fig.I), 
was measured as an interval from the aortic 
valve closure and the opening of the mitral 
valve leaflet. The PR-AC interval (Fig. 1) was 
defined as an interval between point A and the 
termination of mitral valve closure or point C; 
and then subtracted from the interval between 
the onset of P wave to the beginning of the 

QRS complex, as described by Konecke et 
al. 15>. The measured LVET, IVRT and PR
AC interval were then corrected to the heart 
rate of 60 beats/min using the Bazett's formula; 

the measured interval was divided by the 
square root of the RR interval in seconds. 
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Fig. 1. Dual M-mode echocardiogram of the aortic root and the mitral valve (left panel) and 
schematic representation (right panel) of the isovolumic relaxation time, the interval from the 
aortic valve closure (AVC) to mitral valve opening (MVO), and the AC interval. AV =aortic 
valve; MV =mitral valve; PCG=phonocardiogram; ECG= electrocardiogram. 

End-systolic pressure-volume determination. 
Because only noninvasive measurements were 
available, the slope of the linear relation between 
the peak systolic pressure obtained with a cuff 
sphygmomanometer and the end-systolic volume 
from the echocardiogram was used as an index 
of the inotropic state. The slope (E'maJ was 
calculated as; 

I 1 LJPSP Ema x (mmHg/m )- AESV , 

where LJPSP and AESV are changes in the 
peak systolic blood pressure and end-systolic 
volume respectively, after either NIF or ISDN 
intervension (Fig. 2). Previous studies in man21• 
35> and in animal experiments39' 40> have shown 
that the L V end-systolic pressure-volume rela
tion is linear. According to the end-systolic 
formula used by Grossman et al. 9>, 

PEs=m (VEs-Vo), 
where PEs and V Es are L V end-systolic pres
sure and volume respectively, m is the slope 
of the line and V0 is the volume at PEs =0, a 
modified formula was constructed as; 

Pps=m (VEs-Vo), 
where PPs is a peak systolic pressure. By 
solving the regression equation for PPs =100 
mmHg, V 100 was calculated. It has been re
ported that the position of the slope of end
systolic pressure-volume relation may reflect 
the L V inotropic state under basal condition2• 
35,rn To avoid applying a negative V0 value 
found in this study, E' max was normalized by 
volume intercept at 100 mmHg peak systolic 
pressure as a new index of the myocardial 
contractile siate and expressed as mmHg/ml2

, 

E1max/V100 (Fig. 2) 25>, 
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bO 200 

~ 
$ 

I LI PSP 
E max = 'LfE'SV 

100 200 

END-SYSTOLIC VOLUME (ml) 

Fig. 2. Schematic diagram of methodology 

in calculation of E' max and E' max/V100· LIPSP 
=change in peak systolic pressure; LIESV = 
change in end-systolic volume; V0=volume 
at zero pressure; V100 =volume at 100 mmHg 
peak systolic pressure. 

Statistical analysis. Correlations were calcu
lated by linear and multiple regression an
alyses. Student's t test was used for statistical 
evaluation of paired data. Group and sub
group comparisons were assessed using the 
Mann-Whitney U test. The level of significance 
was set at p<O. 05. 

RESULTS 

Evaluation of LV function in NIF group 
(Table 2). 

The hemodynamic data in the normotensive 
subjects and each of three essential hypertensive 
subgroup before NIF intervention is shown in 
Table 2. HR was not statistically different 
among all the group and EHT subgroups. 
Among Hl, H2 and H3, systolic (166. 3±11. 7 
mmHg, 165. 6±11. 0 mmHg and 172. 7 ±19. 4 
mmHg, respectively), diastolic (98. 0±12. 1, 107. 2 
± 10. 5 and 105. 0±10. 5, respectively) and mean 
BP (121. 2±10. 2, 126. 2±9. 7 and 127. 6±9. 8, 
respectively) were not significantly different but 
the levels of systolic, diastolic and mean BP 
in each EHT subgroup were significantly higher 
than those in N (116.4±7.2, 71.7±7.8 and 
86. 4±7. 5 respectively; all p<O. 01). 

Systolic and diastolic indices. The values 
of EDVI and ESVI were significantly higher 
in H3 than those in H2, Hl and N (H3 vs 
H2, both p<O. 01; H3 vs Hl, NS and p<O. 01 

respectively; and H3 vs N, p<O. 05 and P< 
0. 01 respectively). In the hypertensive sub
groups, LVMI was progressively increased from 
Hl (137. 5±25. 4 g/m2) to H2 (197. 2±35. 6) and 
to H3 (211. 4±40. 1). The values in H2 and 
H3 were significantly higher compared to that 
either in Hl (p<O. 05 and p<O. 01 respectively) 
or normotensive subjects (122. 1±22. 1, p<O. 05 
and p<O. 01 respectively). 

SVI and CI were similar in the EHT sub
groups and normotensive group. EF and m V cf 
showed gradual decline in the hypertensive sub
groups in the order of Hl, H2 and H3 (70. 0 ± 
6. 4% and 1. 36±0.16 circ/sec in Hl, 65. 0± 
8. 4 and 1. 22±0. 18 in H2 and 60. 1 ±8. 7 and 
1. 14 ± 0. 22 in H3), but a significant difference 
was only found between Hl and H3 (both 
p<O. 05). These values were significantly lower 

in H3 than in N (70. 5 ± 8. 9 and 1. 37 ± 0. 15, 
both p<O. 05). LVET was similar in the EHT 
subgroups and normotensive subjects. SVR was 
significantly higher in the EHT subgroups than 
normal subjects. MNSER gradually declined 
in the order of Hl, H2 and H3. ESWS was 
significantly increased in the EHT subgroups 
than in the normotensive subjects; among the 
EHT subgroups, H3 showed a significant in
crease in this value compared with other two 
subgroups (both p<O. 01). 

IVRT was gradually prolonged in the hyper
tensive subgroups in the order of Hl, H2 and 

H3, whereas a significant difference was found 
between Hl and H2 (p<O. 05) and between Hl 
and H3 (p<O. 01). The value of IVRT in H2 
and H3 was significantly larger compared with 
that in N (p<O. 05 and p<O. 01 respectively). 
The PR-AC interval was also gradually short
ened in N and EHT subgroups; N>Hl>H2> 
H3, and the significant difference in this para
meter was evident between Hl and H3 (p< 
0. 05), while the values in H2 and H3 were 
significantly lower than that in N (p<O. 05 and 
p<O. 01 respectively). The overall systolic and 
diastolic indices could not clearly separate three 
EHT subgroups. 

Contractility indices by NIF intervention. 
To determine the peak systolic pressure-end
systolic volume relation in this group, hemody
namic load was altered with NIF. The values 
of E'max and E1max/V1oo were progressively 
decreased from the normotensive subjects to 
the three EHT subgroups (Hl, H2 and H3). 



Table 2. Hemodynamic data in normotensive group and essential hypertensive subgroups before nifedipine intervention 

Normotensives Essential Hypertensives 

N Hl H2 H3 
p p' p" 

( n =16) ( n =22) (n =8) ( n =11) 

Heart rate 'HR (beat/min) 64.5 ± 7.6 62.4 ± 10.6 65.4 ± 7.3 70.1 ± 8.3 NS NS NS 

Systolic blood pressure, SBP (mmHg) 116.4 ± 7.1 166.3 ± 11.7** 165.6 ± 11.0** 172.7 ± 19.4** NS NS NS 

Diastolic blood pressure, DBP (mmHg) 71.7 ± 7.8 98.0 ± 12.1 ** 107 .2 ± 10.5** 105.0 ± 10.5*i' NS NS NS 

Mean blood pressure, MBP (mmHg) 86.4 ± 7.5 121.2 ± 10.2** 126.2 ± 9 7** 127.6 ± 9.8-r.* NS NS NS 

L V end-diastolic volume index, EDVI (ml/m2) 64.3 ± 10.2 69.3 ± 13.2 63.0 ± 13.1 79.4 ± 16.1* NS NS <0.01 > 
00 
00 
(!) 

LV end-systolic volume index, ESVI (ml/m2) <0.01 <0.01 
00 

19.1.± 6.9 21.3 ± 5.0 21.5 ± 7.4 32.4 ± 8.1** NS 00 s 
(!) 

L V mass index, L VMI (g/m2 ) 122.1 ± 22.1 137.5 ± 25.4 197 .2 ± 35.6* 211. 4 ± 40 .1 ** <o.o5 <0.01 NS a 
Stroke volume index, SVI (ml/m2 ) NS NS 

a. 
45.2 ± 9.8 49.3 ±' 11.6 41.5 ± 11.4 47.3 ± 10.5 NS p:: 

'<: 
Cardiac index; CI (L/min/m2 ) 2.96± 0.70 3.07± 0.62 2.65± 0.69 3.29± 0.98 NS NS NS 'O 

~ 
L V ejection fraction, EF (%) 70.0 ± 60.1 ± 8.7* NS <0.05 NS 

..... 
70.5 ± 8.9 6.4 65.0 ± 8.4 0 

'O 

Mean velocity of circumferential fiber shortening, ::T 

1.34± 0.15 1.36± 0.16 1.22± 0.18 1.14± 0.22* NS <o.os NS n;· 
mVcf (circ/sec)_ 0... 

L V ejection time, LVET (msec) 301.4 ±_ 15.1 298.4 ± 21.0 304.0 ± 25.1 305.4 ± 27.1 NS NS NS l' 
< 

Systemic vascular resistace, SVR (dyn•sec·cm-5 ) ±~58.5 ±572.5** ±706.5** 1881 ±435.l* NS NS <0.05 
'"iJ 

1506 2092 2410 (!) 
..... 
O' 

Mean n_ormalized systolic ejection rate, MNSER (sec-1) 2.34± 0.38 2.35± 0.24 2.14± 0.29. 1.97± 0.30*i' NS <0.01 NS ..... s 
!» 

LV end-systolic wall stress, ESWS ( x 103 dyn/cm2 ) 140.3 ± 17.3 187 .5 ± 31.9i=* 163. 7 ± 29.3* 222.6 ± 65.4** NS <0.01 <0.01 ::i 
("l 
(!) 

Isovolumic relaxation time, IVRT (msec) 72.4 ± 10.8 81.3 ± 15.2 94.3 ± 16.0* 108.8 ± 17.4** <o.o5 <0.01 NS 

PR interval minus AC interval, PR:._AC (msec) 89.2 ± 12.9 84.8 ± 19.0 71.1 ± 16.1 * 56.2 ± 15.3** NS <0.01 NS 
Peak systolic pressure-end-systolic volume relation, 

E'max (mmHg/ml) - . 8.42± 2.25 7.02± 1.98 3.85± 1.87** 3.48± 1.78*** <0.01 <0.01 NS 

Peak systolic pressure-end-systolic volume relation/ 0.37± 0.11 0.36± 0.17 0.23± 0.05** 0.13± 0.04*** <0.01 <0.001 <0.01 Volume at 100 mmHg peak systolic pressure, E' max_. 
· /V1oo- (mmHg/ml2) · 

All values are mean±standard deviation 
p =difference from values in patients in subgroups Hl and H2 * p<0.05 } 
p' · =cl~fference from .values ~n. pat~ents ~n subgrollps Hl and H3 _** p<O. 01 compared with N 
p" =difference: from values m patients m subgroups H2 and H3 ~-** p<O. 001 
Abbreviations: NS=.not significant; Hl,.2 an~ 3=essential hypertensive subgroups; LV=left ventricular f:?3 c.n 
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E' max /V 1 oo (mmHg/ml2) E' max/V100 (mmHg/ml2) 

P<0.001 I P<0.01 P<0.01 
Ii 

0.8 0.8 
P<0.001 I P<0.01 P<0.05 

Ii 

• • 
•• •• • • • • • • 

f-=· 
• • • •• • : • ** •• •• ••• •• t. .. • •• 

• ••• 
~f •• • • • •• ••• 

0.6 

0.4 

0.2 

• • • • • • • • • • • • 
• • • • • • ••• •• •• • 
•• *** •• • ••• f .. f: . • ••• • • • • .: . • •• • • •• 

0.6 

0.4 

0.2 

• • • 
0----------....... ---------------- 0-... ........................... __ ............. _... .................... __ ...... 

N H1 H2 H3 N H1 H2 H3 
(A) (B) 

Fig. 3. Peak systolic pressure-end-systolic volume relation/;volume intercept at 100 mmHg 
peak systolic pressure, E'max/V100 obtained by nifedipine (A) and isosorbide dinitrate (B) interven
tions in normotensive subjects (N) and essential hypertensive subgroups (Hl, H2 and H3). 
'"*p<O. 01, ***p<O. 001 compared with N. 

As seen in Table 2, the value of E'max was 
relatively higher in N (8. 42±2. 25 mmHg/ml) 
and became gradually smaller in the subgroups 
in the order of Hl, H2 and H3. E1 max in Hl 
(7. 02±1. 98) showed a significant difference from 
the values in H2 and H3 (3. 85±1. 87, p<O. 01 
and 3. 48±1. 78, p<O. 01, respectively). No 
significant difference in E' max was observed be
tween H2 and H3. E'max in Hl had no signifi
cant difference from N but those in H2 and 
H3 were significantly lower than in N (p<O. 01 
and p<O. 001 respectively). 

On the other hand, the values of E'max/V100 
in the hypertensive subgroups were progres
sively decreased as L VH occurred (from 0. 36 ± 
0.17 mmHg/ml2 in Hl to 0. 23±0. 05 in H2) 
and attained the lowest value in H3 (0. 13 ± 
0. 04). The intersubgroup differences in E'max/ 
V 100 were found to be highly significant (Hl 
vs H2, p<O. 01; H2 vs H3, p<O. 01; and Hl 
vs H3, p<O. 001) (Fig. 3A). It is obvious that 
each hypertensive subgroup can be significantly 
differentiated by E1 max /V 100· However, this in· 
dex cannot separate Hl from the normal control 

(0. 37 ±0. 11). Figure 4A shows a positive cor
relation between E1max and E1max/V100 which 
were determined with NIF intervention (r= 
0. 79, p<O. 001, n=41) in the EHT patients. 
The systolic and diastolic indices except ESWS 
as well as contractility indices in the NIF 
group did not show any significant difference 
between N and Hl. 
Evaluation of L V function in ISDN group 
(Table 3). 

The hemodynamic state in the normotensive 
subjects and three EHT subgroups before ISDN 
intervention is shown in Table 3. No signifi· 
cant difference in HR was found among the 
hypertensive subgroups and between each sub
group and normotensive subjects. In the EHT 
subgroups, Hl, H2 and H3, the levels of sys
tolic (17 4. 1±18. 2 mmHg, 175. 5±18. 0 mmHg 
and 178. 6±13. 3 mmHg respectively), diastolic 
(98. 3±23. 2, 103. 4±13. 2 and 100. 8±8. 7 re
spectively) and mean BP (126. 2±11. 3, 127. 2± 
12. 1 and 125. 5±9. 7 respectively) were similar, 
while the levels of these indices in each EHT 
subgroup were significantly higher than those 



Table 3. Hemodynamic data in normotensive group and essential hypertensive subgroups before isosorbide dinitrate intervention 

Heart rate, HR (beat/min) 

Systolic blood pressure, SBP (mmHg) 

Diastolic blood pressure, DBP (mmHg) 

Mean blood pressure, MBP (mmHg) 

L V end-diastolic volume index, EDVI (ml/m2) 

L V end-systolic volume index, ESVI (ml/m2) 

L V mass index, L VMI (g/m2) 

Stroke volume index, SVI (ml/m2 ) 

Cardiac index, CI (L/min/m2) 

L V ejection fraction, EF (%) 

Mean velocity of circumferential fiber shortening, 
mVcf (circ/sec) 

L V ejection time, L VET (msec) 

Systemic vascular resistance, SVR (dyn•sec•cm-5 ) 

Mean normalized systolic ejection rate, MNSER (sec-1) 

LV end-systolic wall stress, ESWS ( x 103 dyn/cm2) 

Isovolumic relaxation time, IVRT (msec) 

PR interval minus AC interval, PR-AC (msec) 

Peak systolic pressure-end-systolic volume relation, 
E' max (mmHg/ml) 

Peak systolic pressure-end-systolic volume relation/ 
Volume at 100 mmHg peak systolic pressure, E' max/ 
V100 (mmHg/ml2) 

Significances and Abbreviations see Table 2. 

Normotensives 

N 
(n =16) 

Hl 
( n =22) 

Essential Hypertensives 

H2 
(n =11) 

H3 
p p' p" 

( n =13) 

69.2 ± 7 .5 72.1 ± 9.3 71.3 ± 11.0 63.8 ± 7 .1 NS NS 

NS 

NS 

NS 

NS 

NS 

121.6 ± 13.5 174.1 ± 18.2*** 175.5 ± 18.0*i'* 178.6 ± 13.3**i' NS 

77.3 ± 10.0 98.3 ± 23.2*i'* 103.4 ± 13.2*** 100.8 ± 8.7**i< NS 

92.2 ± 10.6 126.2 ± ll.3i'** 127.2 ± 12.l*t.* 125.5 ± 9.7*i'* NS NS NS 

66.6 ± 8.6 62.1 ± 12.3 65.3 ± 14.6 77.5 ± 17.5 NS <0.01 NS 

22.7 ± 4.6 20.9 ± 5.7 21.9 ± 5.3 35.5 ± 10.7** NS <0.01 <0.05 

130.7 ± 24.6 129.7 ± 24.1 

43.9 ± 7.9 41.7 ± 8.7 

3.04± 0.69 3.01± 0.62 

67.9 ± 7.4 68.2 ± 6.7 

1.30± 0.21 1.28± 0;20 

293.0 ± 14.2 295.0 ± 17.2 

1499 ±400 2181 ±490** 

2.37± 0.24 2.31± 0.19 

159.4 ± 20.4 202.4 ± 37.4't-'t· 

57. 6 ± 17. 9 81.1 ± 21. 6 

87.3 ± 18.5 81.2 ± 23.8 

8.04± 1.8 

0.41± 0.11 

7.94± 2.96 

0.40± 0.17 

209.2 ± 47.5** 266.9 ± 47.2*i'* <0.01 <0.001 <0.05 

43.5 ± 7.8 42.0 ± 9.2 NS NS NS 

3.11 ± 0.70 2.68± 0.74 NS NS NS 

66.6 ± 9.7 57.4 ± 11.4* NS <0.05 NS 

1.26± 0.27 1.04± 0.28* NS <0.05 NS 

291.1 ± 29.2 303.2 ± 22.8 NS NS NS 

2036 ±512** 2357 ±740*-t- NS NS NS 

2.33± 0.21 1.90± 0.24* NS <0.05 <0.05 

223.8 ± 51.4** 

91.1 ± 20.2-t-* 

75.4 ± 20.1 

3.87± 1.62*** 

0.21± 0.05**T-

258.1 ± 42.0**i' NS <0.01 

101.0 ± 21.91'i'* NS <o.05 

62.7 ± 16.2'' NS <0.05 

NS 

NS 

NS 

3.04± 2.28*** <0.01 <0.001 NS 

0.15± 0.01*** <0.01 <0.001 <o.o5 
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in N (121. 6±13. 5, 77. 3±10. 0 and 92.2±10. 6, 
all p<O. 001). 

Systolic and diastolic indices. The values of 
EDVI and ESVI in H3 were larger than those 
in N (NS and p<O. 01 respectively) or in Hl 
(both p<O. 01) or in H2 (NS and p<O. 05 
respectively). LVMI in Hl (129. 7±24.1 g/m2) 

was similar to that in N (130. 7 ±24. 6, NS). 
Among the EHT subgroups, H3 (266. 9±47. Z) 
showed a maximum value of L VMI as com
pared either with that in H2 (209. 2±47. 5, P< 
0. 05) or Hl (p<O. 001). 

SVI and CI were similar in the three sub
groups and normotensive subjects. While EF 
and m V cf were gradually diminished in the 
hypertensive subgroups from Hl (68. 2±6. 7% 
and 1. 28±0. 20 circ/sec respectively) to H2 
(66. 6±9. 7 and 1. 26±0. 27 respectively) and to 
H3 (57. 4±11. 4 and 1. 04±0. 28 respectively). 
The values of EF and m V cf in N (67. 9 ± 7. 4 
and 1. 30±0. 21 respectively)• were similar to 
those in HI. No significant difference in L VET 
was found among the normal control and EHT 
subgroups. SVR was significantly higher in 
the EHT subgroups than the nor~al ·subjects. 
MNSER was similar among N, Hl and H2, 
but the level o!' this index in H3 was signifi
cantly lower than that either in ·N (p<O. 05) 

12 i-
oNoRMAL 
• HI-SUBGROUP 

D HZ-SUBGROUP 
A H3-SUBGROUP • + ·~ Q • s 8-......._ 

llO 
::r: 

E! 
-...§. A De D 

:...• ... 
x 

II. •• •o (1j .... ,E • • w 4,. •. 
...... ~ D Y=13.15X+l.68 

D 
r=0.79 A 

A A P<0.001 
II. DD 11=41 

0 0.2 0.4 0.6 0.8 
. E'max/V100 (mmHg/ml2) 

(A) 

or Hl (p<O. 05) or H2 (p<O. 05). ESWS in 
each subgroup was significantly higher than 
that in the normal subjects (Hl, p<O. 01; H2, 
p<O. 01 and H3, p<O. 001). Among the hy
pertensive subgroups, ESWS increased progres
sively from Hl to H2 and to H3 whereas a 
statistical significance was found between Hl 
and H3 (p<O. 01). 

IVRT was prolonged gradually from N to 
the hypertensive subgroups consecutively, Hl 
to H2 arid to H3. When compared with N, 
the IVRT value in each subgroup was signifi
cantly increased (H2, p<O. 01 and H3, i:>< 
0. 001), but .an intersubgroup difference was 
found only between Hl and H3 (p<O. 05). The 
PR-AC interval was found to be gradually 
shortened in the order of Hl, H2 and H3, and 
this ·value was significantly shortened in H3 
compared with that in N and Hl (both I>< 
0. 05). It was also noted in the ISDN group 
that all the systolic and diastolic indices except 
ESWS could not distinctly differentiate each 
EHT subgroup. 

Contractiliy indices by ISDN intervention. 
The LV contr~ctile state indices, E'max and 
E1max/V100, showed progressive decreases from 
Hl to H2 and to H3. E1max in Hl (7. 94± 
2. 96 mmHg/ml) showed a significant difference 
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Fig. 4, Relationship bet~eell'. peak systolic pressure-'-end-systolic volume. relation/volume 
intercept at 100 mmHg peak systolic pressure (E' max/V100) and peak systolic pressure-end
systolic volume relation {E' max) obtained· by nifedipine (A) and isosorbide dinitrate (B) 
interventions in essential hypert~nsive patients. Open circle ·represents the control· value (±SD) 
of the~e indices, 



Table 4. Average percent changes in hemodynamic data after nifedipine intervention 

N group Hl -subgroup H2-subgroup H3-subgroup 

% % % % 
p' p" p'" 

Change p Change ? Change p Change p 

Heart rate, HR (beat/min) 5.6 <0-.05 14.0 <0.01 10.8 <0.01 9.0 <0.01 NS NS NS 

Systolic blood pressu~e, SEP (mmHg) -15.0 <0.01 -21.6* <0.001 -20.7* <0.001 -22.8* <0.001 NS NS NS 

Diastolic blood pressure, DBP (mmHg) -11.0 <0.01 -18.0* <0.001 -17.0* <0.001 -18.3* <0.001 NS NS NS >-rn 

Mean blood pressure, MBP- (mmHg) <0.01 -20.1* <0.001 -18.4'1< <0.001 -20.0'l< <0.001 
rn 

-13.0 NS NS NS ('l) 
rn 
rn 

LV end-diastolic volume index, EDVI (ml/m2 ) 3.1 NS - 0.1 NS - 4.2 NS - 6.8** <0.01 NS <0.05 NS 
s 
('l) 

g_ 
L V end-systolic voluine index, ESVI (ml/m2 ) -11.0 <0.01 -19.3 <0.01 -23.0* <0.01 -26.0* <0.01 NS <0.05 NS 8., 

Strok~ volume index, SVI (ml/m2 ) 9.0 <0.05 5.0 NS 9.0 <0.01 11.0'~ <0.01 NS <0.05 NS 
::r: 

'<: 
'O 
('l) 

Cardiac index, CI (L/min/m2 ) 15.0 <0.01 19.0 <0.01 21.0 <0.001 25.2 <0.001 NS NS NS 
'"I 

8 
L V ejection fraction, EF (%) <0.05 6.5 <0.01 14.8* <0.001 16.0~' <0.001 <0.05 <0.05 

'O 
5.1 NS P"' 

(p' 
Mean: velocity ·of circumferential fiber shortening, 14.0* 

CL 

mVcf (circ/sec) 3.0 <0.05 5.5 <0.01 <0.01 19.0* <0.01 <0.05 <0.05 NS t'""' 
< 

L V eje~tion time, L VET (m~ec) 3.2 <0.01 3.0 <0.01 3.6 <0.05 3.0 <0.05 NS NS NS '"Cl 
('l) 

Systemic vascular resistance, SVR (dyn·sec·cm-5 ) -22.1 <o.cn -33.2 <0.001 -35.4 <0.001 
'"I 

-42.5 <0.001 NS NS NS O' 
'"I 

M~i~ normalized systolic ejection rate, MNSER (sec-1 ) NS <0.05 <0.01 <0.01 <0.01 
s 

2.1 4.2 11.0 14.0 NS NS ll' 
::i 
n 

LV end-systolic wall stress, ESWS (x 103 dyn/cm2) -9.8 <0.05 -33.9** <0.001 -29.l*'l< <0.001 -34.6** <0.001 NS NS NS 
('l) 

~ ~ . . . . 

Isovolum!c relaxation time, IVRT (msec) -2.2 NS -21.5* <0.01 -20.0* <0.01 -39.2*-I<* <0.001 NS <0.01 <0.01 

PR interval minus AC interval, PR-AC (msec) 6.1 NS 11.0 <0.05 31.5** <0.01 57.8*'** <0.001 <o.o5 <0.01 <0.05 

p =Significance of the change 
p' =Significance of the differences in changes in each parameter, between Hl - and H2-subgroups * p<0.05 ) 
p'' =Significance of the differences in changes in each parameter, between Hl - , and H3-subgroups 'l<* p<O. 01 . compared with N 
p"' =Significance of the differences -in changes in each ·parameter, between H2- and H3-subgroups 'l<** p<O. 001 
Abbreviations: NS=not significant; N=normotensive; HI, 2, and 3=essential hypertensive subgroups; LV=left ventricular 
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Table 5. Average percent changes in hemodynamic data after isosorbide dinitrate intervention 

N group Hl -subgroup H2-subgroup H3-subgroup 

% % % % 
p' p" p"' 

Change p Change p 
Change 

p 
Change 

p 

Heart rate, HR (beat/min) 2.2 NS 0.3 NS 2.6 NS 3.8 NS NS NS NS 

Systolic blood pressure, SBP (mmHg) -18.0 <0.001 -21.0 <0.001 -20.1 <0.001 -19.8 <0.001 NS NS NS 

Diastolic blood pressure, DBP (mmHg) -8.5 <0.05 -10.5 <0.01 -9.1 <0.01 -13.4 <0.01 NS NS NS 

Mean blood pressure, MBP (mmHg) -13.2 <0.001 -17.1 <0.001 -14.0 <0.001 -14.6 <0.001 NS NS NS 

L V end-diastolic volume index, EDVI (ml/m2) -7.8 <0.05 -10.8 <0.01 -14.5* <0.01 -16.2* <0.01 NS <0.05 NS 

LV end-systolic volume index, ESVI (m1/m2) -8.0 <0.01 -23.5 <0.001 -34.2* <0.001 -39.4** <0.001 NS <0.01 NS ~ 
Stroke volume index, SVI (ml/m2) -8.5 <0.01 -8.0 <0.05 -4.8 NS 4.0'~* NS NS <0.01 NS 0 

('!) 

Cardiac index, CI (L/min/m2) <0.01 <0.05 8.2** <0.001 
s 

-6.5 -8.6 -3.0 NS NS NS NS I') 
"1 

LV ejection fraction, EF (%) 2.0 NS 4.0 <0.05 12.0 <0.05 19.0* <0.05 NS <0.01 NS 
Mean velocity of circumferential fiber shortening, 

mVcf (circ/sec) 8.5 <0.05 13.4 <0.01 24.2 <0.01 28.0* <0.01 NS <0.01 NS 

L V ejection time, L VET (msec) -6.0 <0.01 -7.5 <0.01 -6.5 NS -2.6 NS NS NS NS 

Systemic vascular resistance, SVR (dyn·sec·cm-5 ) -3.0 NS -10.ff~ <o.o5 -11.0* <0.05 -5.0 NS NS <o.os <0.05 

Mean normalized systolic ejection rate, MNSER (sec-1) 4.0 <0.05 12.0 <0.01 17.0 <0.01 22.6* <0.001 NS <0.01 NS 

LV end-systolic wall stress, ESWS ( x 103 dyn/cm2) -21.5 <0.001 -33.0 <0.001 -30.5 <0.001 -36.0 <0.001 NS NS NS 

Isovolumic relaxation time, IVRT (msec) 15.0 <0.05 11.8 <0.01 12.0 <0.01 20.8* <0.001 NS <0.05 <0.05 

PR interval minus AC interval, PR-AC (msec ) 4.1 NS 4.6 NS 10.6 <0.05 24.0* <0.001 NS <0.05 <0.05 

Significances and abbreviations see Table 4. 
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Fig. S. Isovolumic relaxation time, IVRT, before (BEF) and after (AFT) nifedipine (A) and 
isosorbide dinitrate (B) in~erventions in normotensive subjects (N) and essential hypertensive 
subgro\}ps (Hl, H2 and H3). *p<O. 05, **p<O. 01, ***p<O. 001 compared with N. 
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from the values in H2 and H3 (3. 87 ±1. 62, 
p<O. 01 and 3. 04±2. 28, p<O. 001, respectively). 
No significant difference in E'ma x was notep 
either between N (8. 04±1. 8) and Hl or be
tween H2 and H3. The values or E1max in 
H2 and Hl were significantly lower as com
pared to that in N (both p<O. 001). 

The value of E1max/V1oo was gradually and 
significantly declined from Hl (0. 40±0. 17 
mmHg/ml2' to H2 (0. 21 ±0. 05) and further to 
H3 (0. 15 ±0. 07). It was recognized that this 
index showed a highly significant difference 
among the EHT subgro'ups (Hl vs H2, p<O. 01; 
H2 vs H3, p<O. 05 and Hl vs H3, p<O. 001). 
The value of E1max/V100 in Hl was similar to 
that in the normal control (0. 41±0.11, NS) 
(Fig. 3B). The linear relation of E1max to 
E1max/V100 in patients with EHT (ISDN) is 
shown in Fig. 4B (r=O. 86, p<O. 001, n =46). 
Effects of nifedipine and isosorbide dini
tra te on L V hemodynamics (Tables 4 and 
5). 

Though the basal levels of HR, BP and L V 
volumes (EDVI and ESVI) in the analogous 
EHT subgroups of NIF and ISDN intervention 
groups were considerably equal (Tables 2 and 
3), some different changes in hemodynamic 
variables were observed after these drugs in
terventions(Tables 4 and 5) .. In the normoten
sive subjects and EHT subgroups, HR was 
accelerated by NIF, but not altered by ISDN. 
The effect of NIF on BP reduction in the EHT 
subgroups was significantly higher than that 
in the normotens!ve group: But the decrement 
of BP after ISDN in the EHT subgroups was 
similar to that in the normal subjects. NIF 
did not change EDVI. in the N ·a1id. EHT 
subgroups, except in H3. in whom EDVI was 
decreased significantly. On the other hand, 
ISDN decreased EDVI significantly both in the 
N and EHT subgroups, showing a large dec
rement in H3. 

ESVI was decreased significantly in and EHT 
subgroups both after · NIF and ISDN with a 
gradual increment of percent change from N 
to Hl to H2 to H3. NIF augmented SVI and 
CI in N and EHT subgroups, while ISDN 
diminished these indices in all subgroups except 
in H3 who · showed an increase in SVI and 
CI (both 'NS); Enhancement of CI after NIF 
was gradually greater from Hl 'to H2 to H3. 
However, after ISDN, decrement of CI was 

gradually smaller Hl to H2. NIF and ISDN 
increased EF, m V cf and MN SER in N and 
EHT subgroups. The percent rises in these 
indices were larger in H3 than those in N and 
Hl. 

NIF and ISDN showed an opposite alteration 
of IVRT in N and EHT subgroups. NIF 
shortened IVRT significantly in EHT subgroups, 
while ISDN prolonged it both in N and EHT 
subgroups (Fig. 5). On the other hand, PR
AC interval was significantly prolonged in 
EHT subgroups both after NIF and ISDN. 
Comparison of contractility indices ob
tained by NIF and ISDN 

The value of E1max/V100 as well as E1max 
obtained in each analogous subgroup by NIF 
and ISDN was found to be similar (Tables 2 
and 3). In both the intervention groups, each 
EHT subgroup can be significantly and distinct
ly separated by only E1max/V100 (Fig. 3). 

DISCUSSION 

The assessment of L V function in patients 
with essential hypertension is clinically impor
tant to choose the therapy and to predict the 
prognosis, especially in the presence of L VH. 
Since echocardiography (UCG) has been re
ported to be superior fo electrocardiography 
(ECG) alone in identifying the presence of L VH 
in patients with systemic arterial hypertension°>, 
the application of UCG has proved to be the 
most reliable method to diagnose L VH and to 
measure LV massll. However, unlike ECG, 
UCG does not permit evaluation of the existence 
of myocardial damages or ischaemia. Therefore, 
methods are needed that permits quantitative 
evaluation of variable states of L VH by means 
of a noninvasive technique which is easily 
obtained in clinical practice as previously re
ported from this laboratory25 >. 

Cardiac hypertrophy, which occurs in essen
tial hypertension, is one of the fundamental 

mechanisms of adaptation to abnormal loading 
conditions19' 41l. However, studies on the effects 
of hypertrophy on myocardial performance are 
controversial. The systolic L V performance in 
L VH has been reported to be depressed7', nor
mal14> or 'supranormal'10>. Sasayama et al.34> 

and Karliner et al. W reported that a successful 
hypertrophic ·response 'to chronic pressure over-
· load did not result in depression of the myo
cardial inotropic state. On the other hand, 
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Takahashi et al. 40 recently concluded that myo
cardial contractility might be depressed in hy
pertensive patients with advanced L VH. The 
presenae of these contrary results is probably 
firstly due to methodological differences in the 
parameters of L V function studied and secondly 
due to the absence of subclassification in EHT 
patients with L VH. In the present study, 
therefore, to evaluate the L V performance in 
patients with EHT, especially in the presence 
of L VH, a simple method to classify those 
patients by a noninvasive approach was de
signed. 

Myocardial relaxation, the active process by 
which the ventricular muscle returns to its 
initial length and tension37 ', has been exten
sively studied in vitro37 > and in· vivo animal 
studies8'. In man, L V relaxation has been 
assessed using indices such as the time course 
of isovolumic pressure decrease or the rate of 
changes in the LV volume or dimension during 
the rapid filling phase12>. In this study, the 
IVRT and PR-AC interval were used to 
evaluate elasticity and compliance of the LV 
wall as the diastolic indices of L V function. 
The former index was markedly prolonged in 
both secondary forms of L VH and hypertrophic 
cardiomyopathy12>. Recently, it has been re
ported that LV end-diastolic pressure inversely 
correlates with the PR-AC interval which has 
been claimed as an index of LV filling pres
sure15' 46'. .They have also proposed that a 
shortened PR-AC interval is due primarily to 
abnormality of the ventricular diastolic func
tion. The results . of this study suggest that 
LV diastolic compliance may have been im
paired in hypertensive L VH with and without 
ST -T changes,. as estimated from the prolonged 
IVRT and shortened PR-AC interval (Tables 
2 and 3). This finding is consistent with pre
vious observations12>. Nevertheless, the L V 
diastolic indices used in this study may not 
be adequate for separating EHT patients into 
subgroups. 

The validity of the index used in the ;is
sessment of the L V performance depends on 
two factors, the sensitivity of index for evalua
tion of variable states of cardiac function prior 
to development of . cardiac failure, and the. 
independency of this index on changes in after
load and preload. Braunwald et al.3' reported 
the usefulness of ejection phase indices such as 

EF, m V cf and MN SER in characterising the 
basal L V performance. The ejection phase 
indices remain relatively constant in a chronic 
pressure and volume overload state; however, 
they do vary with acute changes in the loading 
conditions of the heart28'. In other words, 
when preload is decreased or afterload increased, 
the ejection phase indices are depressed even if 
the inotropic state of L V is constant. · The 
present study demonstrated the failure of ejec
tion phase indices in differentiating EHT sub
groups. Ideally, when the contractile state is 
to be assessed, a load-independent index must 
be employed. 

The end-systolic pressure-volume relation, 
Emax' which is generally used for estimating 
the length-tension relation, was considered as 
a sensitive measure for the assessment of the 
myocardial contractile state in human21, 3o>, 
The utility of this relation has been developed 
by the finding that the peak systolic pressure 
can be substituted for the end-systolic pressure 
without significantly altering these properties21 ' 
36

'. In this study, the systolic blood pressure 
obtained with a cuff sphygmomanomet~r was 
utilized as a close approximation to the peak 
systolic L V pressure3~', as long as valvular 
heart diseases were not involved. Therefore, 
the peak systolic pressure~end-systolic volume 
relation, E1max' which is easily obtained in 
clinical practice, was defined as an index of 
the myocardial contractile state20, 25>. In addi
tion, the peak systolic pressure-end-systolic 
volume relation was well represented by a 
straight line, where the . use of two systolic 
presimre-volume data points for the calcula
tiop of E1ma x in this study (Fig. 2) was in 
accordance· with Mehmel et al. 21 >. 

Since the slope and the position of the end
systolic pressure-volume relation proved a 
reliable feature of the L V contractile state2' rn, 
a simultaneous application of the slope and its 
position as a new index of L V inotropic state 
would be a valuable indicator. The intercept 

of the end-systolic pressure-volume relation on 
the volume axis (theoretical value of end-sys
tolic volume extrapolated to zero systolic 
pressure, V0 in Fig. 2) has been considered as 
a possible additional index of L V contractility 
because it might reflect the maximum pumping 
capacity of L V and it should be independent 
of preload9' 18>. In this study, however, the V 0 
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value varied widely among patients ( -16 to 46 
ml). Therefore, instead of applying the nega
tive V0 value, E'max was normalized by volume 
intercept at the peak systolic pressure=lOO 
mmHg, i.e., E1max/V100, as a new index of the 
ventricular contractile state (Fig. 2). 

Volume intercept V100 was selected as a 
parameter instead of V 0, firstly because the 
intercept of peak systolic pressure-end-systolic 
volume could cause disappearance of a negative 
value of V 100 in this study, secondly because 
the level of peak systolic pressure at 100 mmHg 
is regarded as a normal range of peak L V 
pressure in normotensive subjects and thirdly 
because the end-systolic pressure-volume rela
tion can be approximated by a linear line in 
the range of 50 to 150 mmHg38

'. In addition, 
the crossing point of each individual slope in 
the majority of EHT patients was not recognized 
above the level of 100 mmHg peak systolic 
pressure and a positive correlation between 
E1max and E1max/V100 in the EHT patients was 
observed in both NIF and ISDN interventions 
(Fig. 4). 

To evaluate the L V performance in this study, 
E'max/V100 was used as a sensitive index of 
contractility, because it did separate the three 
EHT subgroups significantly and clearly. This 
index provided a similar value in N and Hl, 
indicating that in patients with uncomplicated 
essential hypertension the L V function was not 
involved. To prove the independence of this 
index on acute change in afterload and preload, 
NIF and ISDN wer~ used, because these two 
agents have a different mode of actions on the 
circulatory system, producing a different effect 
on L V hemodynamics. NIF exhibited vascular 
smooth muscle relaxation by inhibiting the 
slow calcium channels and the movement of 
calcium ions across the cell membranes44 l ; 

however, the mechanism by which ISDN prod
uced a venodilatation is not yet clearly under
stood22'. It has been reported that NIF de

creases the tone of resistance vessels, leading to 
lower arterial BP45>, while ISDN dilates capac· 
itance vessels, resulting in a decrease of venous 
return and thereby a BP reduction22>. 

As NIF acts predominantly on the arteriolar 
system44, 45>, the accelerated HR in the EHT 
subgroups and normotensive subjects observed 
in this study might be associated with sympa
thetic response reflected by the elevation of 

plasma cathecholamines24 >. However, unlike 
NIF, ISDN-induced venodilatation did not alter 
HR, even if it was found to increase catechol
amine release in the EHT subgroups and nor· 
motensive subjects26>. In this regard, these 
results are in accord with the previous inves· 
tigation by Tarazi et al. 42> who reported that 
vasodilators which lower the blood pressure by 
a dilating effect on resistance vessels increase 
HR, but those that cause a dilatation of capac
itance vessels do not elevate HR. This phe
nomenon may be explained by the release of 
right atrial wall stretch secondary to a reduction 
of venous return which might produced an 
inadequate stimulation on sinoatrial node, 
resulting a slowing to rates4>. 

The difference in the degree of decrement 
of EDVI after NIF and ISDN confirmed that 
NIF acts predominantly on afterload reduction 
while ISDN on preload reduction. The findings 
of venodilatation and the consequent reduced 
preload by nitrate provided an explanation for 
the decline in stroke volume and cardiac out· 
put22 >. Under normal condition, cardiac output 

is limited by the rate of venous return, so 
that the heart serves as a "demand pump", 
with a pumping capability for exceeding the 
level of cardiac output required under normal 
circumstances29>. In the present study, the 
increased in CI after ISDN in H3 (Table 5) 
was ·most likely the result of change in the 
LV end-systolic pressure-volume relationship. 
In H3, in whom the slope of the peak sys
tolic pressure-end-systolic volume line was 
reduced, the decrement of EDVI after ISDN 
was smaller than that of ESVI and thereby 
cardiac output should be increased. The sys
tolic phase indices like EF, m V cf and MNSER 
were found to be markedly increased in N and 
EHT subgroups both after NIF and ISDN. 
These findings confirmed that these indices were 
dependent on variations in both afterload and 
preload. 

The effect of NIF on IVRT (Fig. 5A) seems 
to be related by a direct effect of this agent on 
the myocardium by altering calcium content or 
transport in the hypertrophied myocadium16'. 

Additionally, NIF may ameliorate the impaired 
L V late diastolic filling, as estimated by the 
prolongation of PR-AC interval, in patients 
with EHT. This effect mainly resulted from 
the shortening of the AC interval of mitral 



Assessment of Hypertrophied L V Performance 535 

leaflet which was probably caused, in part, by 
reduction of LV afterload secondary to peri
pheral arterial dilatation. On the other hand, 
after ISDN administration a significant prolon
gation of IVRT was observed in all the sub
groups and normal subjects (Fig. 5B). This 
prolongation can be interpreted as a larger 
decrease in venous return, since a larger de
crement of EDVI represents a greater reduction 
of venous return. Since HR showed almost 
no changes after ISDN, the PR interval should 
be expected to be always constant after inter
vention; thereby the prolongation of the PR
AC interval consequently represents the short
ening of the AC interval which may be caused 
by the decrease in venous return.. The overall 
changes in systolic and diastolic indices ob
served in this study both after NIF and ISDN 
were clearly explained by the different sites of 
action of these two agents. 

Possible criticisms on the methods used in 
the present study may include the following. 
First, the systolic cuff blood pressure was used 
to estimate the peak L V pressure, because only 
noninvasive measurements were used in this 
study. Studies in humans36l have shown that 
the peak systolic blood pressure obtained with 
a cuff sphygmomanometer has a close correla
tion with a peak L V pressure. Since the peak 
systolic pressure may be used instead of the 
end-systolic pressure to calculate the slope of 
peak systolic pressure-end-systolic volume re
lation 20121l, the E' max value in this study would 
not substantially differ from the value of Emax' 
although the value tended to shift toward a 
steeper slope36l. Second, it is assumed that the 
LV contractile state remained constant at dif
ferent levels of loading conditions during phar
macologic interventions. Although the agents 
used to induce pressure changes, NIF and 
ISDN, have no direct cardiac inotropic effect 
in vivo5,45l, the probability that sympathetic 
activation after vasodilators alters L V contrac
tility cannot be dismissed. In animal studies33 >, 

when sustained aortic constriction was abruptly 
released, acute ·sympathetic reflex influenced 
contractility was shown to be insignificant. 
Other observations11l also provided an additional 
evidence that sympathetic nerve reflex did not 
play a significant role in the inotropic alteration 
of the normal heart. In t~e present study, 
since the accelerated sympathetic response as 

~ ::r: 
1 
w 
0:: 
:::> 
en 
U) 

w 
0:: 
11.. 
u 
:J 
0 
E-< 
U'J 
>-
U'J 

::.:: 
< w 
11.. 

200 
a b c 

0 100 200 

END-SYSTOLIC VOLUME (ml) 

Fig. 6. Diagrammatic representation of the 
individual slope lines (a, b and c) of peak 
systolic pressure-end-systolic volume relation. 
When the lines, a and c, crossed at point (A) 
under .100 mmHg, the order between E' max/ 
V100 (a) and E'max/V100 (c) were not changed 
compared with the order between E' max (a) 
and E' max (c). On the other hand, when the 
lines, b and c, crossed at point (B) above 100 
mmHg, the order between E'max/V100 (b) and 
E' max /V1oo (c) might be inverted compared 
with the order between E'max (b) and E'max 
(c). 

reflected by compensatory elevation of plasma 
catecholamines after NIF24> or after ISDN26l 

administration was noted, this effect would be 
expected to increase the value of E1 max and 
E1max/V100 that can mask the presence of de
pressed myocardial contractile force. Con
versely, E1max and E1max/V1oo observed in the 
present study could explicitly separate the degree 
of L V function in variable states of hypertensive 
L VH. Therefore, any sympathetic effect would 
not affect the validity of the conclusions. Third, 
if the slopes of the peak systolic pressure
end-systolic volume relation crossed under the 
level of 100 mmHg peak systolic pressure, the 
order of E1max/V100 did not change the order 
of corresponding E' max• However, if the slope 
crossed above the level of 100 mmHg, the order 
of E1max/V100 might invert the order of corre
sponding E1 max (Fig. 6). 

In conclusion, these data suggest that in 
hypertensive hypertrophy induced by pressure 
overload the L V contractile state is depressed 
and undergoes more impairment when ST-T 
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changes accompanied L VH. A modified index 
of contractility, E1 max /V 1o0, did separate signifi
cantly and clearly the LV function of the un
complicated EHT subgroup (Hl) from that of 
EHT with L VH (H2), and the L V function of 
H2 from that of L VH c~mbined with ST-T 
changes (H3). Therefore, E1max/V1oo may be 
a useful index in evaluating the L V performance 
more reliably than the typical ejection phase 
indices or IVRT or PR-AC interval. By 
pharmacological interventions which exert ac
tions on different sites, acute changes in after
load and preload do not substantially affect 
this index; thus supporting its use in the 
assessment of LV contractile state. Clinically, 
the application of UCG and ECG as a simple 
and readily available approach is valuable in 
evaluating the cardiac performance in patients 
with EHT.. Moreover, it is reasonable to 
classify EHT patients, in whom the hypertensive 
cardiac failure has not yet occurred, into three 
subgroups as a means of assessing the L V 
function. 
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