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Summary

The effect of hemodialysis on the heart was studied by echocardiography in 30 uremic patients on
a program of maintenance hemodialysis and was compared with 27 normal subjects. None of the uremic
patients had any evidence of congestive heart failure.

Left ventricular transverse dimension, left atrial dimension (LAD), aortic dimension (AoD), and E-F
slope of the mitral valve were measured on echocardiograms. Using the cubic formula, end-diastolic
volume (EDV) and end-systolic volume (ESV) were computed, and stroke volume (SV), cardiac output
(CO), and ejection fraction (EF) were derived. The mean velocity of circumferential fiber shortening
(mean Vcf) was also derived from end-diastolic dimension (EDD), end-systolic dimension (ESD), and
ejection time (ET).

As compared with the values in normal subjects, the values of EDD, ESD, LAD, AoD, SV, CO,
EF, and ET before dialysis were significantly higher. After dialysis LAD, EF, and ET were reduced signi-
ficantly and fell within normal ranges. ESD and AoD were not altered significantly, and AoD showed
significant correlation with diastolic pressure. E-F slope before dialysis was significantly lower than
that of mormal subjects and showed further decrease after dialysis. The mean Vcf before dialysis was
similar to that in normal subjects and was relatively unaffected by hemodialysis.

The results indicate the following:

(1) TItappears that LAD reflects the plasma volume (PV) better than EDD does in uremic patients.

(2) The reduction of E-F slope before dialysis suggests the decreased rate of left ventricular filling.

(3) The elevated CO in uremic patients is explained by increased SV but not by increased heart
rate (HR).

(4) The reduction of SV and ET after dialysis are probably due to the reduction of preload.

(5) There is no evidence which suggests the decrease of left ventricular performance in
uremic patients and the drastic improvement of dialyzable biochemical abnormalities by dialysis does not
appear to enhance left ventricular performance.
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Figure 1. Left ventricular echogram with shematic representation
obtained from a patient with chronic uremia before dialysis.

ECG: electrocardiography, CW: chest wall, RV: anterior wall of the right
ventricle, IVS: interventricular septum, CPW: carotid pulse wave, END:
endocardium of the left ventricle, PW: posterior wall of the left ventricle.

L7y, BETHIREZEL, MBHELFEOELT LOREE L D REWE (p<0.001) 277 L T
& 7270 - 7= (Figure 2B). 7= (Figure 3A),
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Table 1. Biochemical data before and after dialysis
Weight mean BP Serum Na Serum K Serum Ca BUN Creatinine Hematocrit
(kg) (mm Hg) (mEq/L) (mEq/L) (mEq/L) (mg/100 ml)(mg/100 ml) (%)
Pre-dialysis
Mean 52.5 107 140 5.3 4.4 101 15.9 21.5
SD 9.3 19 3 0.6 0.6 20 3.7 3.5
Post-dialysis
Mean 51.2 96 136 3.9 5.7 40 7.2
SD 8.9 23 3 0.4 0.8 13 2.3
P< 0.001 0.01 0.001 0.001 0.001 0.001 0.001

After dialysis of 4.8 hours (mean), levels of BUN, serum creatinine, potassium, sodium, mean BP and

body weights showed statistically significant decrease and serum calcium increased significantly.
BP: blood pressure, BUN: blood urea nitrogen, SD: standard deviation, P: significance.
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Figure 2. Changes in mean blood pressure (BP) and heart rate (HR).

A)

Mean BP was reduced significantly (from 107+ 19 mmHg to 96 +23 mmHg,

p<0.01) after dialysis. Pre-D: pre-dialysis, Post-D: post-dialysis.

B) HR increased significantly after dialysis (from 7248 beats/min to 78 +-11
beats/min, p<0.001), but there was no significant difference between uremic
patients and normal subjects (74413 beats/min).

3B).
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S7ehs, BHRITEIICED L (p<0.001), %t
B L 0ENE L L5z (Figure 4A).  E-Fslope
ERHBEEL VB Sk (p<<0.01), BHE X
SIZ{ETF (p<0.001) L7z (Figure 4B).

AoD ZFENTIC X A F BRI L - T3,
RHREE X VLI KEWE (p<0.001) &L

Tu 7= (Figure 5A),

EBEALEF O AoD L IGEMImETEE L
(p<<0.001) IE AR (r=0.60) %% L7~ (Figure
5B).

ET i3#&#ric X i L (p<<0.001), sffdse s
BERERRE L {5 -7z (Figure 6A),

SV 33E#ric X 2 HE %D (p<<0.001) 3B
s, FEHBLAR I YK (p<0.005) T H 5 72

— 512 —



MEENT & Dx = —[Y

Table 2. Echocardiographic measurement values before and after dialysis
EDD ESD LAD AoD E-F SLOPE HR ET sV co EF mean Vcf
(cm) (cm) (cm) (cm) (mm/sec) (beats/min)(msec) (ml/beat) (L/min) (%) (circ/sec)
Pre-dialysis
Mean 5.3 3.1 3.2 3.1 84 72 330 120 8.6 80 1.25
SD 0.6 0.4 0.5 0.4 22 8 33 39 2.6 7 0.19
Post-dialysis
Mean 4.9 3.1 2.8 3.1 69 78 294 89 6.9 73 1.26
SD 0.6 0.4 0.5 0.4 21 11 39 35 2.4 T 0.22
P < 0.001 NS 0.001 NS 0.001 0.001 0.001 0.001 0.001 0.001 NS
Normal Subjects
Mean 4.3 2.8 2.6 2.7 105 74 309 62 4.5 73 1:17
SD 0.6 0.5 0.4 0.3 23 13 32 24 1.8 7 0.23

Comparison with Normal Subjects and

Pre-D

P < 0.001 0.05 0.001 0.001 001 NS 0.05 0.001 0.001 0.001 NS
Post-D

P < 0.001 0.05 NS 0.001  0.001L NS NS 0.005 0.001 NS NS

EDD: end-diastolic dimension, ESD: end-systolic dimension, LAD: left atrial dimension, AoD: aortic
dimension, E-F slope: E-F slope of the mitral valve, HR: heart rate, ET: ejection time, SV: stroke
volume, CO: cardiac output, EF: ejection fraction, mean Vcf: mean velocity of circumferential fiber
shortening, SN: non-significant.
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Figure 3. Changes in end-diastolic (EDD) and end-systolic dimensions
(ESD).

A) EDD increased significantly before dialysis compared with normal subjects
(5.340.6 cm to 4.340.6 cm p<0.001) and reduced significantly after dialysis
(4.9--0.6 cm, p<0.001), though remained above normal range (p<0.001).

B) ESD increased significantly before dialysis compared with normal subjects
(3.1+-0.4 cm to 2.84-0.5 cm, p<0.05), and was not altered significantly after

dialysis (3.1+0.4 cm).

(Figure 6B).

EF 1353 #ric X Vg L (p<0.001), xtfEzEs L

CO 1z SV L FA#kIc, FBITIC X VWD (p< DEEENE L 15 - 7= (Figure 7A).
0.001) L7=73, #FHriE e FEEE X D K (p<0.001) mean VCF (LB X 2 HEREE AL, *F

T - 7= (Figure 6C),

BE L ofIc b BEEZEIR L) -7z (Figure 7B).
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Figure 4. Changes in left atrial dimension (LAD) and diastolic closure
rate (E-F slope).

A) LAD increased significantly before dialysis compared with normal
subjects (3.240.5 cm to 2.6+-0.4 cm, p<0.001) and reaching normal range
after dialysis (2.8-40.5 cm).

B) E-F slope before dialysis was significantly lower than that of normal
subjects (84+22mm/sec to 105423 mm/sec, p<<0.01) dropping further after
dialysis (69421 mm/sec, p<<0.001).

(A) (B)

R = 0.60
P <0.00]
L] . .
L]
00
L
(XX RN ]
g LX R -
5 } L ..::.. .i-ﬁ.i- 5
~ L XX ] ~
é - (XXX ] g
» J eee %
‘i‘ ..... g
= oo a
=] .:. ©
=
R £
1k
ConTRoL PRe-D Post-D 40 60 80 100 120 140

DiastoLic PRessure ( mmHc )
Figure 5. Change in aortic dimension (AoD) and the comparion with
diastolic pressure level.

A) AoD increased significantly before dialysis compared with normal
subjects (3.14-0.4 cm to 2.740.3 cm, p<<0.001) and was not altered signi-
ficantly after dialysis (3.1+0.4 cm).

B) Comparison of the AoD and diastolic pressure in uremic patients.

There was significant correlation between AoD and diastolic pressure (r=0.60,
p<<0.001).
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Figure 6. Changes in ejection time (ET), stroke volume (SV), and cardiac output (CO).

A) ET was significantly prolonged before dialysis compared with normal subjects (330+4-33 msec to
309432 msec, p<0.05) reaching to normal ranges after dialysis (29439 msec).

B) SV increased significantly before dialysis compared with normal subjects (1204-39 m/ to 624-24 m/,
p<0.001) and reduced significantly after dialysis (89435 ml, p<<0.001), though remained above normal
range (p<0.005).

C) CO increased significantly before dialysis compared with normal subjects (8.6+2.6 L/min to
4.5+1.8 L/min, p<0.001) and reduced significantly after dialysis (6.942.4 L/min, p<0.001), though
remained above normal range (p<0.001).
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Figure 7. Changes in ejection fraction (EF) and mean Vcf.

A) Ejection fraction (EF) increased significantly compared with normal
subjects (804-7% to 73--7%, p<0.001) and fell within normal range (734
7%) after dialysis.

B) The mean Vcf before dialysis was similar to that in normal subjects
(1.25-£0.19 circ/sec to 1.17-+0.23 circ/sec) and was relatively unaffected by
dialysis (1.264-0.22 circ/sec).
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