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A Study on Erythrocyte Deformability in Essential Hypertension

Yang Gyu Lee, M.D,, Jung Keun Kim, M.D., Jang Sik Choo, M.D,,
Bang Soo Kim, M.D., Young Woo Lee, M.D., Chang Sup Song, M.D.
Department of Internal Medicine, Red Cross Hospital, Seoul, Korea

Background ! To pass through the microcirculation, erythrocytes need to undergo considera-
ble deformation. We performed an experiment to investigate the erythrocyte “deformability in
healthy adults and in patients with uncontrolled hypertension and controlled hypertension.

Methods : 5ml of whole blood is anticoagulated with 2mg ethylenediaminotetra-acetic acid
(EDTA). 1ml graduated plastic syringe, without its plunger, is filled with anticoagulated whole
blood to the Iml mark. And the syringe is put into the assembled membrane holder. Under
standard condition, whole blood is passed through a 5p polycarbonate membrane filter under
negative pressure of 20cm H>O. The studies are performed at room temperature and within
two hours of venipuncture.

Results : Erythrocyte deformability was observed in 91 normal healthy adults and 25 patients
with uncontrolled hypertension and 18 patients with controlled hypertension. Following results
were obtained.

1) In male control age group I, II, III, the erythrocyte deformability indices were 0.776+ 0.
125, 0.792%0.189, and 0.714% 0.172 respectively and in female the indices were 0.880+ 0.138,
0865+ 0.182 and 0.796% 0.170 accordingly.

2) The RBC deformability indices in female control group were significantly higher than
the male group in statistics(p<<0.05).

3) No significant differences were observed among each age group in control.

4) In patients with uncontrolled hypertension, each age group I, II and IlI, the erythrocyte
deformability indices were 0.785+ 0.050, 0.775% 0.122, and 0.692+ 0.133 respectively and in control
group, the indices were 0.8365+ 0.140, 0.8252%0.186 and 0.7534+0.173 acdcordingly. And in
patients with controlled hypertension, the indices were 0.820% 0.00, 0.788+ 0.135 and 0.716% 0.141
accordingly.

5) The erythrocyte deformability index in patients with uncontrolled hypertens(ion were signi-
ficantly lower than the control group(p<{0.05), and no significant differences were observed
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among each age group between male and female in patients with uncontrolled hypertension.

6) There was no significant statistical difference of deformability indices between uncontrolled

group and controlled group(p>>0.05).

Conclusion . This study reveals that the erythrocyte deformability in patients with essential
hypertension is significantly lower than the healthy adults.

KEY WORDS : Erythrocyte deformability < Essential Hypertension.
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Fig. 1. A schematic representation of the apparatus.
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Table 1. Sex and age distributions of subjects
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Sex Age(Year
No. Male Female 15—29 30—49 50— 69
Control 91 45 46 31 31 29
U“:;;:::gon 25 1 14 2 6 17
Controlled
Hypertension 13 12 6 ! 4 13
Table 2. Filtered blood volume in controls by age and sex
Age Sex(No.) ml/15sec ml/30sec ml/45sec ml/60sec
15—99 M(13) 0.308+ 0.089* 0.513%0.115 0.667%0.113 0.776% 0.125
F(18) 0.296% 0.078 0.546% 0.133 0.751£0.137 0.880+ 0.138
30— 19 MQ17) 0.258% 0.069 0.458%0.118 0.649+ 0.164 0.792+ 0.189
F(15) 0.312+0.077 0.550+ 0.126 0.751+0.176 0.865+0.182
50— 69 M(15) 0.261% 0.066 0.44710.109 0.588+0.140 0.714£0.172
F(14) 0.274% 0.068 0.486+ 0.126 0.666+ 0.173 0.796£ 0.170
Towl M(45) 0.273% 0.076 0.470% 0.115 0.634+ 0.148 0.762% 0.167
F(46) 0.294% 0.075 0.528%0.129 0.725% 0.162 0.850% 0.163
T(91) 0.284% 0.076 0.500£ 0.125 0.680% 0.161 0.806+ 0.170
*Meant SD.
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Table 3. Filtered blood volume in patients with uncontrolled hypertension by age and sex

Age Sex(No.) ml/15sec ml/30sec ml/45sec ml/60sec
M(1) 0.28 £0.00 0.48 £0.00 0.67 £0.00 0.75 £0.00
15—29
F(1) 0.31 +0.00 0.52 +0.00 0.71 £0.00 0.82 +0.00
50— 49 M(4) 0.275% 0.018 0.448+ 0.022 0.587+ 0.087 0.768+ 0.017
F(2) 0.275% 0.007 0.43 %0.00 0.66 *0.017 0.79 *0.028
M(6) 0.222+ 0.020 0.428+ 0.028 0.553% 0.039 0.693% 0.014
50—69
F(11) 0.219%0.017 0.425% 0.023 0.562% 0.031 0.692% 0.401
M(11) #0.7255+ 0.0396
Total
F(14) *(.7157£ 0.0589

Note : Meant SD
*p<0.05 between controlled group and uncontrolled hypertension group

Table 4. Filtered blood volume in patients with controlled hypertension by age and sex

Age Sex(No.) ml/15sec ml/30sec ml/45sec ml/60sec
15—99 M(1) 0.33 £0.00 0.57 £0.00 0.70 £0.00 0.82 +0.00
F(0)
M(3) 0.283% 0.031 0.456% 0.032 0.627% 0.025 0.783% 0.042
30—49
F(2) 0.28 +0.00 0.44 +0.00 0.63 +0.00 0.80 *0.00
S0— 69 M(8) 0.250% 0.038 0.459+ 0.461 0.636% 0.056 0.720% 0.050
F(5) 0.258+ 0.025 0.440% 0.034 0.606% 0.030 0.710% 0.025
M(12 0.7442% 0.0570
Total (12)
F(6) 0.7386+ 0.0531

Note : Meant SD

Table 5. Filtered blood volume in patients with uncontrolled hypertension(u-H/T) and controlled hypertension

(c-H/T)
Age Sex(No.) ml/15sec ml/30sec ml/45sec ml/60sec
15—29 u-H/T(2) 0.295 £ 0.021 0.500 £ 0.028  0.690 £ 0.028  0.785 £ 0.050
cH/T(1) 0.330 £ 0.000 0.570 £ 0.000  0.700 * 0.000  0.820 * 0.000
30— 19 u-H/T(6) 0.275 £ 0.010  0.442 * 0.020 0610 £ 0077  0.775 £ 0.122
cH/T(4) 0.283 £ 0.025  0.453 * 0.028 0628 £ 0.021 0.788 * 0.135
u-H/T(17) 0.220 = 0.017 0.426 = 0.024  0.560 £ 0.033 0.692 £ 0.133
50—69
c-H/T(13) 0.25% = 0.033  0.452 £ 0.041  0.625 £ 0.049 0716 = 0.141
Towl u-H/T(25) 0.234 £ 0.083 *0.4362+ 0.030 *0.0582% 0.592 *0.720 * 0.151
H/T(18) 0.267 £ 0.038 0464 * 0052 0633 £ 0.047 0742 £ 0.154

Note : Meant SD
*p<<0.05 between controlled group and uncontrolled hypertension group
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Table 6. Deformability index in controls, uncontrolled hypertensive groups and controlled hypertensive

groups
Group Age 15—29 30— 49 50— 69 Total
Control M 0.776£ 0.125 0.792+ 0.189 0.714£0.172 0.7616X 0.167
group F 0.880% 0.138 0.865+0.182 0.796% 0.170 0.8498+ 0.163
T 0.8062+ 0.170
Uncontrolled M 0.75 £0.00 *0.768% 0.017 *0.693% 0.014 *0.7255% 0.0396
hypertensive F 0.82 +0.00 *0.79 *+0.028 0.692+ 0.401 *0.7157% 0.0589
group T *0.720 £0.151
Controlled M 0.82 £0.00 0.783+ 0.042 0.720% 0.050 0.7442% 0.0570
hypertensive F +0.00 0.80 +0.00 0.710% 0.025 0.7386% 0.0534
group T 0.742 £0.154

Note . Mean* SD

*p<0.05 between controlled group and uncontrolled hypertension group

vi PLOT OF CONTROL AND HYPERTENSIVE GROUP

09

0.84

0.74

0.64

054

0.4

a Control

034 @ Hypertensive group

SEC

Fig. 2. The comparison of filtered volume between co-
ntrol and uncontrolled hypertensive group.
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Fig. 3. The comparison of filtered volume between co-
ntrol and uncontrolled hypertensive group in 15
—29 ages.
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Fig. 4. The comparison of filttered volume between co-
ntrol and uncontrolled hypertensive group in 30
—49 ages.
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ntrol and uncontrolled hypertensive group in 50
—69 ages.
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