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Table 1. Summary of clinical data in patients with congestive heart failure.
CTR=cardio-thoracic ratio (%), Cl=cardiac index (L/min/M?), SI=stroke
index (ml/beat/M2 ), NYHA =functional classification of New York Heart
Association on acute volume overload.
No. age sex Diagnosis CTR CI SI NYHA
. 1. 57 F 0ld myocardial infarction ' 55 1.8 34 I
2. 36 M Mitral stenosis 58 1.5 34 hig
3. 66 F Hypertensive heart disease 62 2.2 34 I
4. 42 F  Aortic insufficiency + .
mitral stenosis and insufficiency 54 1.5 19 I
5. 52 M Hypertrophic cardiomyopathy 52 2.0 28 I
6 59 M Aortic stenosis and insufficiency +
mitral insufficiency 68 1.6 30 b1
7 57 M  Aortic stenosis and insufficiency +
mitral stenosis and insufficiency : 60 1.8 34 s
8 52 M  Mitral stenosis 60 1.6 37 I
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Fig. 2. Left side: Correlation between predicted circulating blood volume

(CBYV) and measured CBV.

Right side: The reproducibility of measurement in CBV.
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Table 2. Mean difference and standard deviation (SD) between predicted
hematocrit (Ht) and measured Ht (n=10) in the experiment of blood
dilution by saline and low molecular weight dextran L (LMWD).

Dilution (%)

material 1.25 2.5
Saline mean -0.1 -0.1
+S.D. +0.2 0.3
LMWD mean 0.1 ~-0.1
*S.D. 0.1 0.1
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Table 3. Effect of acute volume overload with saline and low molecular
weight dextran L (LMWD) on the % changes of circulating blood volume.
P value indicates differences between O time and at each following time
period in the group. CBV=circulating blood volume, NS=not significant.

Acute volume overload

with saline

No. age sex

mean
ts.D. ¢

P value

(vs 0 min.)

25
47
57
37
43
48
28

41
11

M

2R 2R R

=

infusion
volume (ml)

400

367

502

415

423

420

479

429
+46

Acute volume overload

with LMWD

12.

13.

14.
mean
tS.D. ¢
P value

(vs 0 min.)

40
40
49
43
44
23
45
33

50

46
22
44
53
47

41
9

R ERRIMEIRRRR

406
448
442
426
455
373
423
390
399
451
341
399
371
400

409
+34

changes of CBV (%)
0 5

108
110
108
109
114
112
110

110
+ 2

113
121
115
121
118
115
124
124
116
119
131
127
126
122

108
110
108
108
110
110
110
109
+ 1
NS

115
122
119
114
119
119
125
122
119
120
134
132
130
128

10

108
109
104
108
110
109
108

108
+ 2

p<0.05 p<0.01 p

116
122
119
116
118
120
126
121

" 118

120
130
131
129
123

122

NS

15

105
106
102
108
108
109
107

106
+ 2

115
121
120
116
120
120
125
121
118
120
129
131
127
122
122
+ 5
NS

20 min.

105
105
102
108
107
108
105
106
+ 2
<0.01
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Fig. 3. Correlation between venous hema-
tocrits and arterial hematocrits before
(open circles and dotted line) and after
(closed circles and solid line) acute
volume overload.
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Fig. 4. Effect of acute volume overload
with saline (closed circles) and low
molecular weight dextran L (open
circles) on the % changes of circulating
blood volume (CBV). The asterisk
indicates statistical difference between 0
time and at each following time period
in the group. (*=p<<0.05, **=p<0.01)
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Table 4. Responses of hemodynamic variables to acute volume overload in
the control group (n=14) and patients with congestive heart failure (n=
8). Values are expressed as mean*SD.
Abbreviations; CBV=circulating blood volume, HR=heart rate, MBP=
mean blood pressure, CI=cardiac index, MUZ=mittlere Umlaufzeit, SI=
stroke index, SWI=stroke work index, TPR=tctal peripheral resistance,
NS=not significant, bef.=before acute volume overload, SD=standard
deviation.

Control group(n=14)

before after
0 5 10 15 20 min.
changes of 121 123 122 122 120
CBV (%) 5 16 15 +5 14
P value NS NS NS NS
(vs 0 min.)
HR 62 66 66 67 66 67
(beats/min) 16 18 7 19 48 18
p value p<0.05 p<0.05 p<0.01 p<0.05 p<0.05
{vs bef.)
MBP 94 98 98 98 97 97
{mmHg) $10 $10 $10 10 $11 19
P value NS NS p<0.01 p<0.01 p<0.05
(vs bef.) .
I 2.74 3.50 3.44 3.40 3.41 3.46
(L/min/M?) £0.37 +0.54 £0,56 £0.61 £0.62 £0.56
P value p<0.001 p<0.001  p<0.001  p<0.001  p<0.001
(vs bef.)
MUZ 0.89 0.85 0.88 0.90 0.89 0.86
10.12 $0.14 $0.16 $0.21 $0.20 20.17
p value p<0.05 NS NS NS NS
(vs bef.)
s 44 53 52 S1 51 52
(ml/beat/M?) 15 +5 16 16 6 +7
p value p<0.001 p<0.001 p<0.001 p<0.001 p<0.001
(vs bef.)
SW1 S8 72 71 69 70 0
(q-m/beat/M?) 29 11 212 £12 112 111
p value p<0.001  p<0.001 p<0.001  p<0.001 p<0.00L
{vs bef.)
TPR 2781 2277 2349 2355 2334 2294
(dyne.sec.cn®) 450 411 +449 £459 462 £387
p value p<0.001 p<0.01 p<0.001 p<0.001 p<0.01
{vs bef.)
Congestive heart failure(n=8)
betore after
0 5 10 15 20 min,
changes of 119 121 121 121 120
CBV (%) 24 4 14 x4 24
p value p<0.01 p<0.05 p<0.05 NS
(vs 0 min.)
HR 58 61 63 64 62 67
(beats/min) 112 £13 *11 $15 211 114
p value NS p<0.05 p<0.05 NS p<0.01
. (vs bef.) .
MBP 93 97 96 96 96 94
{mmHe) 12 114 214 112 111 12
p value NS p<0.0S NS p<0.0S NS
(vs bef.)
Cx 1.70 1.89 1.95 1.79 1.91 2,00
(L/min/M?) $0.29 0.34 0.46 $0.46 +0.40 +0.38
p value p<0.001 p<0.05 NS p<0.05 p<0.05
(vs bef.)
Uz 1.61 1.73 1.82 1.90 1.75 1.67
$0.31 10.30 $0.39 10.49 10.39 10.38
p value p<0.01 p<0.05 p<0.05 NS NS
(vs bef.)
SI 30 32 31 28 31 3l
(ml/beat/M?) 16 +6 5 7 +7 6
p value NS NS NS NS NS
{vs bef.)
SWI 40 44 42 39 43 41
(g-m/beat/M?) 211 112 212 £13 £13 112
p value p<0.05 NS NS NS NS
{vs bef.)
TPR 4381 4149 4032 4408 4081 3817
(dyne.sec.cn®) 1518 636 1645 1700 2537 3571
p value NS NS NS NS NS

(vs bef.)
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Fig. 5. EBffect of acute volume overload oty
on the % changes of circulating blood
10+

volume in the control group (open
circles) and patients with congestive
heart failure (closed circles). Vertical
lines with cross bars at the ends show
the standard deviation. The asterisk
indicates statistical difference between O
time and at each following time period
in the group. CBV=circulating blood
volume. (*=p<0.05, **=p<0.01)
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Fig. 6. Effects of acute volume overload
(A.V.0.) on heart rate (HR), mean
blood pressure (MBP) and cardiac index
(CI) in the control group (open circles)
and patients with congestive heart
failure (closed circles) are shown in
figure 6. Vertical lines with cross bars
at the ends show the standard deviation.
The asterisk indicates statistical differ-
ence between the A.V.O. taken before
and at each 5 minute periods following
AV.0. in the group. (#=p<0.05, **=
p<0.01, **%=p<<0.001)
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Fig. 7. Effect of acute volume overload
on mittlere Umlaufzeit (MUZ) in the
control group (open circles) and pa-
tients with congestive heart failure
(closed circles) are shown in figure 7.
MUZ=circulating blood volume (CBV)/
cardiac output (CO). Details are the
same as in the legend of figure 6.
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Fig. 8. Changes in cardiac output (CO)
and circulating blood volume (CBV) fol-
lowing acute volume overload (A.V.0.).
Open and closed circles show the values
of the control group and patients with
congestive heart failure before A.V.O.,
respectively. Arrows show the values of
CO and CBV at 0 time after A.V.O..
Vertical and horizontal lines with cross
bars at the ends show the standard
€ITor.
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predicted CBV
overload. CBV=circulating blood vol-
ume. Details are the same as in the
legend of figure 8.
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(TPR) in the control group (open
circles) and patients with congestive
heart failure (closed circles) are de-
scribed in figure 10. Details are the
same as in the legend of figure 6.
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Clinical Studies on Acute Volume Overload (I) Basic Studies on Hemodynamic Variables by
Acute Volume Overload. Jun-ichi Hirai, Department of Internal Medicine (II), School of medi-
cine, Kanazawa University, Kanazawa 920, Japan. J. Juzen. Med. Soc., 89, 221236 (1980),

Abstract (I) Recently acute volume overload (A.V.0.) has been utilized to help assess cardiac
function. The purpose of the present study was to investigate, firstly, the method for the
measurement of circulating blood volume (CBV) and changes in CBV following A.V.O.. Second-
ly, I attempted to examine the hemodynamic changes by A.V.O. in the control group (14 cases)
and patients with congestive heart failure (8 cases).

The method and results are as follows:

I) The method for the meaurement of CBV and changes in CBV following A.V.O..

1) CBV was estimated from the zero time plasma concentration of 131y human serum albumin
(HSA) obtained by semilogarithmic extrapolation of values measured in the
samples obtained 5, 10, 15 and 20 minutes after injection of radioisotope; and from the
hematocrit reading. '

2) In 12 normal controls, the measured CBV was almost equal to the predicted CBV. And
reproducibility of measured CBV in 8 cases was found to be satisfactory.

3) In the experiment of blood dilution by saline or low molecular weight dextran L, the
measured hematocrits were almost equal to the estimated hematocrits and it was possible
to detect only 1% changes of the hematocrit.

4) During A.V.0., arterial hematocrits were equal to venous hematocrits. The data presented
indicates that changes of CBV following A.V.0O.were possible to caluculate by measuring
the red cell volume before A.V.0. and the measurement of hematocrit after A.V.O..

II) Hemodynamic effects of A.V.0. in the control group and patients with congestive heart
failure.

1) Low molecular weight dextran L (100 ml/L. of predicted CBV) was infused intravenously
in 6 minutes.

2) No significant difference in the changes of CBV could be noticed between the control
group and the patients with congestive heart failure.

3) In the control group, cardiac index (CI), stroke index (SI) and stroke work index (SWI)
increased markedly, while mittlere Umlaufzeit (MUZ) decreased significantly. On the other
hand, in the patients with congestive heart failure, SI did not increase significantly and CI
and SWI increased slightly, while the MUZ increased markedly.

. . measured CBV
4) By plotting CI against — . & T CBY

the control group moved upward sharply and to the right, while the values of the patients

with congestive heart failure were located downward and to the right. After A.V.O., the

values of the patients with congestive heart failure moved upward slightly and to the right.

The data obtained in the present study suggest that changes in hemodynamics by A.V.O. are a
useful clue for assessing the latent congestive heart failure.

(%) before and after A.V.O. (0 min.), the values of




