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Summary : The hemodynamic responses to isometric handgrip(THG)exercise were
studied in 33 patients: with chronic renal failure in comparison with 15 normal subjects
(Group N). The patients were classified by serum creatinine(Scr)level : Group F;; 18
cases with Scr 2.0-4.9 mg/dl, Group F, ; 15 cases with Scr 5.0 mg/dl and more. Studies were
conducted at rest and immediately, 1 and 5 minutes after IHG exercise at 50% of maximum
voluntary contraction for one minute, and consisted of simultaneous recording of
mechanocardiogram and echocardiogram. The relations between clinical data and
hemodynamic indices in 33 patients with chronic renal failure were analyzed.

(1) At rest, stroke index(SIDwas increased and left ventricular ejection fraction(EF)
and mean velocity of circumferential fiber shortening(mVcf)tended to increase in Group F,
as compared with Group N. While in Group F,, corrected pre-ejection period(PEPc)in-
creased and ET/PEP decreased as compared with Group N ; besides, EF and mVcf tended
to decrease as compared with Group F,. These findings suggest that myocardial
contractility decreases with aggravation of renal failure.

(2) Hemodynamic indices in 33 patients with chronic renal failure were closely related
to mean blood pressure(MBP)and Scr.

(3) IHG exercise resulted in a significant rise in heart rate, MBP, cardiac index, EF,
mVcf and ET/PEP and a significant shortening of PEPc in Group F; and F,, which showed
left ventricular reserve. In Group F,, IHG exercise resulted in an insignificant rise in SI and:
changes in PEPc and ET/PEP were less than in Group F;. Thus, augmentation of myocar-
dial contractility induced by IHG exercise tends to decrease Witp aggravation of renal
failure. :

Index Terms
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Table 1. Age and sex of 15 normal subjects and 33
patients with chronic renal failure

Group

Age(y) N F, F,

Male Female|Male Female|Male Female

20~29 8 0 3 1 4 1
30~39 7 0 2 0 1 5
40~49 0 0 4 0 1 0
50~ 0 0 4 4 2 1

15 0 13 5 8 7
Total

15 18 15

Group N ; normal subjects (av age 29.0 yrs),
Group F,; Scr 2.0~4.9mg/dl (av age 45.9 yrs),
Group F, ; Scr 5.0 mg/dl and more (av age 38.3 yrs).
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Fig. 1. Comparison of hemodynamic measurements between normal subjects and patients with chronic renal ‘
failure classified by serum creatinine level. * ; p<0.05, % % ; p<0.01.
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Table 2. Hemodynamic measurements in normal subjects and patients with
chronic renal failure classified by serum creatinine level before and
after IHG exercise at 50 % MVC for one minute. (mean + SD)

Group
Item IHG
N F, F,
Before 63.4+5.6 66.2+8.1 75.1+15.0*
HR Immed after 6744721 74.1+10.9tF 80.9+16.3tt
beats/min 1 min after 65.1+5.5 71.1+12.2 76.5+15.6%
' 5 min after 63.116.0 705+11.3 74.3+15.5
Before 78.9+7.9 108.14+17.6** 120.3+19.3**
MBP Immed after 87.7+10.0t+ 114.8+19.1tF 126.6+17.01t
mmHg 1 min after 82.6+8.7 112.7+17.3tF 119.5+17.7
5 min after 79.5+6.7 110.6+18.3 119.8+18.3
Before 103.1+8.6 113.2+16.8* 122.7£16.5**
PEPc Immed after 95.5+10.3tt 105.2+15.2% 118.0+15.9t
msec 1 min after 100.6+10.1 108.4+15.5% 118.5+13.8
5 min after 102.3+12.1 114.5+16.9 120.8+15.9
Before 264.5+7.6 265.5+21.0 257.4+20.2
ETc Immed after 261.0+8.3t1 264.2+16.0 263.7+18.8tF
msec 1 min after 267.7+8.6 272.6+19.2% 261.14+21.31%
5 min after 267.7+8.3 265.9+19.9 259.0+23.3
Before 2.59+0.23 2.39+0.47 2.131+0.42%*
ET/PEP Immed after 2.76+0.261 2.56+0.48% 2.24+0.441
1 min after 2.68+0.27 2.56+0.461+ 2.20+0.41
5 min after 2.66+0.33 2.37+0.45 2.17+0.45
Before 416476 52.2+13.1* 46.3+8.2
SI Immed after 43.6 7411 57.2+13.7F 50.3+£10.2
ml/m? 1 min after 427479 53.8+16.7 47.7+7.7
5 min after 42.0+7.9 51.1+12.8 453477
Before 2.61+0.42 3.47+1.06**  3.441£0.78**
Cl Immed after 2.91+0.43tF 4.26+1.2411 4.06+1.12+
1/ min/m? 1 min after 2.76+0.49% 3.85+1.40% 3.68+1.02
5 min after 2.63+0.44 3.62+1.08 3.34+0.72
Before 64.2+7.1 67.3+6.3 62.2+12.8
EF Immed after 66.7+6.7t 70.8+6.7F 66.0+13.3t1
% 1 min after 64.7+6.8 67.6+6.6 64.5+11.7
5 min after 64.5+79 66.9+6.0 62.6+13.3
Before 1.2940.19 1.45+0.23 1.3440.30
mVecf Immed after 1.41+0.18+% 1.614+0.28t 1.48+0.3111
cire/sec 1 min after 1.30+0.18 1.46+0.25 1.41+0.29
5 min after 1.26+0.20 1.44+0.22 1.33+0.31
Before 24724455 2691+925 2934 840
TPRI Immed after 2460+467 2386987t 2680+ 888t
dynesesecs 1 min after 24604497 264541053 2826+1102
cm=%/m? 5 min after 2490 +487 2697 +1083 3025+976
Before 2.761+0.44 5.18+1.93** 5.69+1.47**
CWI Immed after 3.43+£0.431t 6.65+2.061F 7.06+1.93tt
kg- m/min/m* 1 min after 3.06+0.52tt 5.97+2.38t 6.05+1.91
5 min after 2.8040.50 5.45+1.77 5.47+1.32

Abbreviations : IHG ; isometric handgrip, MVC; maximum voluntary contraction, HR ; heart rate, MBP ; mean
blood pressure, PEPc; corrected pre-ejection period, ETc; corrected left ventricular ejection time, SI; stroke
index, CI; cardiac index, EF ; left ventricular ejection fraction, mVcf; mean velocity of circumferential fiber
shortening, TPRI; total peripheral resistance index, CWI; cardiac work index. Compared with Group N : * ;
p<0.05, # % ; p<0.01. Compared with before IHG exercise: t; p<0.05, 11; p<0.01.
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Table 3. Correlation coefficients between hemodynamic measurements
and clinical data in 33 patients with chronic renal failure

Item PEPc ETc ET/PEP SI CI EF mVcf
MBP 0.34* —0.36* —0.44** —0.20 0.06 —0.51** —0.25
Scr 0.36* —0.25 —0.38* —0.25 —0.07 —0.43** —0.32
BUN 0.27 —0.31 —0.32* —0.23 —0.12 —0.38* —0.32*
TP —0.10 —0.02 0.05 —0.27 —0.21 —0.11 -0.13
Alb —0.01 —0.05 —0.04 —0.28 —0.30 —0.19 —0.25
Ht —0.16 —0.14 0.09 —0.04 —0.05 0.16 0.27
S-Na —0.30 0.15 0.29 0.03 —0.07 0.34* 0.28
S-K —0.12 0.21 0.13 —0.02 0.01 0.03 -0.05
CTR 0.13 —0.15 —0.17 0.09 0.10 —0.16 —0.16

* ; p<0.05,% % ; p<0.01.

Table 4. Multiple regression analysis in 33
patients with chronic renal failure

PEPc =0.217 MBP+1.107 Scr+85.152
(0.151) (0.099)
R=0429 P.VE. (%)=184
ETc =-2.917 Scr—1.212 Ht+318.548
(0.004)  (0.010)
R=0481 P.V.E. (%)=231
EP/PEP =—0.008 MBP—0.026 Scr+3.378
(0.031) (0.119)
R=0.502 PVE. (%)=25.2
SI =—0.906 Scr—3.568 TP+ 78.617
(0.039)  (0.033)
R=0425 P.VE. (%)=181
CI =—0.178 TP+4.729
(0.213)
R=0.210 PVE. (%)=44
EF  =-0.240 MBP—0.895 Scr—2.535 TP+114.359
(0.006) 0.021)  (0.065)
R=0.634 PVE. (%)=40.2
mVef  =-0.005 MBP—0.101 TP+0.015 Ht+2.183
(0.058) (0.049)  (0.018)
R=0.481 P.V.E. (%)=23.2

( ) ; significance probability, R; multiple correlation
coefficient, P.V.E.; proportion of variation explained by
all predictor variables.
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Fig. 2. Variation of hemodynamic measurements in normal subjects and patients with chronic renal failure
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