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Summary

The effects of age, body weight, and heart rate on cardiac function and left ventricular (LV) vol-
umes at rest were determined for 203 normal subjects, aged 10 to 75 years, using a multiple linear re-
gression model.

LV volume was calculated by the formula: volume="7 x dimension3/(2.4+dimension). There were
age-related increases in ejection fraction, mean velocity of circumferential shortening (mVcf), frac-
tional shortening (FS), stroke volume (SV), and cardiac output (CO). Weight-related increases in SV
and CO were observed. Heart rate-related increases in mVef and CO were also observed. LV volumes at
end-systole and at the end of the rapid filling, and slow filling phases decreased with age and increased
with weight. However, end-diastolic volume increased with weight, independently of age. The change
in LV volume during the rapid filling phase increased with weight; that during the slow filling phase
was independent of age, weight, or heart rate. The change in LV volume during the atrial contraction
phase increased with age and weight. The ratio of the change in LV volume during atrial contraction
to end-diastolic volume was age-related, but independent of weight and heart rate [(an increase in LV
volume during atrial contraction) / (end-diastolic volume)=0.0032 x age (years)+0.00042 x weight (Kg)
+0.034 x RR interval (sec)]; (r=0.67, p<0.001). The velocity of change in LV volume during the rapid
filling phase decreased and that during atrial contraction increased with age.

These results indicated that, although left ventricular filling during the rapid filling phase decreases
with age, systolic function increases due to age-related increases in the contribution of atrial contrac-
tion.
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Table 1. Distribution of the subjects by age, sex
and weight -

Age (yrs) Male/Female Weight (kg) Male/Female

10-19 15/10 30-39 3/4
20-29 7/16 4049 3/36
30-39 34/14 50-59 35/46
4049 26/12 60-69 48/7
50-59 17/21 70-79 17/0
60-69 7115 80-89 4/0
70-79 4/5

Total 110/93
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Fig. 1. Methods of measuring left ventricular
(LV) dimensions and time intervals in M-mode
echocardiogram.

Des=end-systolic LV dimension; Drf =LV dimen-
sion measured at the end of the rapid filling phase;
Dsf=LV dimension measured immediately before
atrial contraction; Ded (A)=end-diastolic LV dimen-
sion measured according to recommendations of the
American Society of Echocardiography; Ded=max-
imum end-diastolic LV dimension; Trf=time for
rapid filling of the LV; Tsf=time for slow filling of
the LV; Tac (A)=time from atrial contraction to the
onset of a QRS complex; Tac=time from atrial con-
traction to the maximum LV dimension at end-diastole.
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Table 2. Regression of dimensions, volumes and time intervals for age, weight and RR

interval
Regression coefficients
Measurements r
A0 Al A2 A3

Des (mm) 20.75** —0.074** 0.120** 0.312 0.45
Drf (mm) 25.99** —0.048* 0.190** 5.352* 0.54
Dsf (mm) 30.35** —0.043* 0.176** 4.162 0.50
Ded (A) (mm) 29.86** 0.008 0.194** 3.956 0.50
Ded (mm) 29.57** 0.026 0.195%* 3.872 0.51
LAD (mm) 18.28** 0.137** 0.132** 0.325 0.53
Ves (ml) 12.10 —0.190** 0.309** 7.786 0.45
Vrf (ml) 12.72 —0.194* 0.801** 21.76 0.53
Vsf (ml) 26.81* —0.195* 0.804** 18.66 0.49
Ved (A) (ml) 20.60 0.034 0.929** 19.590 0.49
Ved (ml) 17.97 0.121 0.946** 19.833 0.50
Trf (sec) 0.041 0.0007** 0.0004 0.059 0.33
T'sf (sec) —0.374 —0.0008** —0.0004 0.745** 0.86
Tac (A) (sec) 0.038* 0.000008 0.0003 0.012 0.18N8
Tac (sec) 0.060** 0.000004 0.0004 0.016 0.22N8
ET (sec) 0.251** —0.000008 —0.0005** 0.087** 0.52
Des/Ded 0.670** —0.0020** 0.00002 0.0187 0.47
Drf/Ded 0.878** —0.0016** 0.0004 0.0487 0.59
Dsf/Ded 0.996** —0.0015** —0.0002 0.0154 0.67
Ves/Ved 0.377** —0.0025** 0.0002 0.0217 0.51
Vif/Ved 0.731** —0.0031** 0.0008 0.1001 0.59
Vsf/Ved 0.984** —0.0025** —0.0004 0.0347 0.67

Measurement=A0+A1 X age (years)+A2 X weight (kg)+A3 X RR interval (sec).

All correlations are significant beyond p=0.001.
*p<0.01; **p<0.001.
NS =not significant.

For LV volume determinations, the Teichholz formula is used.

LAD =left atrial dimension; Ves=end-systolic LV volume; Vrf =LV volume measured at the end of the rapid
filling phase; Vsf =LV volume measured immediately before atrial contraction; Ved (A)=LV volume measured at
the onset of a QRS complex; Ved =maximum LV end-diastolic volume; ET =ejection time measured by carotid

pulse. Other abbreviations are as in Fig. 1.
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Table 3. Regression of indices of systolic function for age, weight and RR interval

Regression coefficients

Measurements A0 Al A2 A3 r

mVcf (circ/sec) 1.317** 0.007** 0.002 —0.421** 0.52
FS (%) 33.04** 0.203** —0.002 —1.869 0.51
EF (%) 62.30** 0.246** —0.0153 —2.017 0.51
SV (ml) 5.87 0.311** 0.637** 12.056 0.54
CO (ml) 3,946.9** 17.995** 38.879** —2,849.8** 0.59

Measurement =A0+ Al X age (years)+A2 X weight (kg)+ A3 x RR interval (sec).

All correlations are significant beyond p=0.001.
*p<0.01; **p<0.001.

mVcf=mean velocity of circumferential fiber shortening=(Ded-Des)/(Ded xET) (circumferences/sec); FS=
fractional shortening of the LV =100x (Ded-Des)/Ded; EF = ejection fraction=100x (Ved-Ves)/Ved; SV =stroke
volume =Ved-Ves; CO=cardiac output=SV x 60/RR interval. Abbreviations used in the formulae are as in Fig. 1

and Table 2.

Table 4. Regression of changes in volume for age, weight and RR interval

Regression coefficients

Measurements A0 At A2 A3 r
dVrf (ml) 0.62 —0.005 0.493** 13.975 0.43
dVsf (ml) 14.09** —0.0002 0.0036 —3.093 0.05%8
dVac (ml) —8.85 0.316** 0.142* 1.164 0.64
dVrf/Ved 0.354** —0.0007 0.0006 0.0785 0.18Ns
dVsf/Ved 0.252** —0.00008 —0.0011 —0.0654 0.23Ns
dVac/Ved 0.0160 0.0032** 0.0004 —0.0347 0.67

Measurement=A0+A1 x age (years)+A2 x weight (kg)+ A3 X RR interval (sec).

All correlations are significant beyond p=0.001.
NS =not significant.
*p<0.01; **p<0.001.

dVrf=change in LV volume during the rapid filling phase=Vrf-Ves; dVsf=change in LV volume during the
slow filling phase=Vsf-Vrf; dVac=change in LV volume during atrial contraction=Ved-Vrf. Abbreviations used

in the formulae are as in Table 2.
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Table 5. Regression of velocities of changes in volume for age, weight and RR interval

Measurements

Regression coefficients

A0 Al A2 A3

dVrf/Trf 27,034 ** —179%* 372** —657 0.38
(ml/sec)

dVsf/Tsf 14,157** 14 4 —10,033** 0.44
(ml/sec)

dVac/Tac —3,762 443%* 112 —2,665 0.62
(ml/sec)

dVrf/Ved/Trf 4.18** —0.017** —0.001 —0.529 0.36
(1/sec)

dVsf/Ved/Tsf 1.29** 0.001 —0.003 0.833** 0.50
(1/sec)

dVac/Ved/Tac 0.63 0.032** —0.0006 0.600 0.63
(1/sec)

Measurement=A0+ A1 X age (years)+A2 X weight (kg)+A3 X RR interval (sec).

All correlations are significant beyond p=0.001.
*p<0.01; **p<0.001.
Abbreviations are as in Fig. 1, and Tables 2 and 4.
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