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Indirect calculation for volume of packed red cell(VPRC) by means
of erythrocyte sedimentation rate(ESR) of diluted blood in dogs
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College of Veterinary Medicine, Chonnam National University
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Abstract: The study was undertaken to obtain indirect values of volume of packed red cell
(VPRC) without centrifugation, using the erythrocyte sedimentation rate (ESR) of diluted
blood in dogs. ESRs of diluted blood using the diluent of autologous plasma in which formed
numerous RBC-rouleau clumps, autologous serum in which formed a few RBC-rouleau clumps,
and 5% dextrose or 6% sucrose solutions in which formed numerous RBC—aggregation clumps,
were accelerated. But, ESR of diluted blood using the 0.9% saline, D-S, ACD-B, CDP or
D-PBS solutions were sluggish, because erythrocytes were dispersed in these diluents.

Reliable values of VPRC on the basis of the correlating regressive equation to the ESR could
be derived from values of 60°-angled-micro-ESR/40 min in the mixture, four parts of 5%
dextrose solution and one part of whole blood.

In the ESR values of diluted blood with low ratio, 1:1~3:1, 60°-micro-ESR ‘was ‘higher
than 60°-Wintrobe-ESR. But, in the diluted blood with high ratio, 4:1~5:1, there was no
different ESR values. For an aid of practical use, authers suggested a list of the 60°-micro-

ESR/40 min in the diluted blood with equivalent VPRC of whole blood.

Key words: volume of packed red cells (VPRC, PCV), erythrocyte sedimentation rate (ESR), dextrose

solution, canine.
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Fig 1. Red cell clumps or dispersion in different blood diluents.
A : Erythrocyte-rouleaux formation in autologous plasma.
B : Erythrocyte-aggregation formation in mixture of 5% dextrose solution and blood.
C : Erythrocyte-dispersion in mixture of 0.9% saline solution and bjood.

Table 1. Summarized data of red blood cell morphology and erythrocyte sedimentation rate in mixture of
blood and various diluents using five canine blood samples

Tests

\\

RBC morphology in mixture of 20pu! of
blood and 5ml of diluent

45°-angled ESR in mixture of
blood(1ml) and diluents(2ml)

\\~
Blood N

Phes . RBCshape  Fomaln o W0 T Wik B/ tinery ESK7
Autologous plasma  Normal Many rouleau clumps *83.41+0.6 *%83.4+0.9
Autologous serum  Normal A few rouleau clumps 73.6+1.1 77.0%1.6
5% dextrose sol. Normal Many aggregation clumps 72.8+4.3 72.0+4.2
6% sucrose sol. Slightly crenated  Many aggregation clumps 71.2+3.1 71.6+4.0
0.9% saline sol. Slightly crenated  Dispersed RBC 38.8+4.3 59.6+4.3
D-S sol. Normal Dispersed RBC 35.6+4.1 61.8+1.3
ACD-B sol. Normal Dispersed RBC 35.243.3 57.642.6
CPD sol. Slightly crenated  Dispersed RBC 36.8+2.9 64.4%2.3
D-PBS sol. Slightly crenated Dispersed RBC 38.8+4.3 61.2+1.5

D-S : Mixture of same volume of 0.5% dextrose and 0.9% saline.

ACD-B : Acid-citrate-dextrose, NIH Formula B.
CPD ' Citrate-phosphate-dextrose.

D-PBS : Co", Mg" free Dulbecco’s phosphate buffered saline.
* :In 45°-Wintrobe-ESR, L.S.D. was 4.35(t0.05) and 5.84(t0.01) among nine blood diluents.
**  :In 45°-micro-ESR, L.S.D. was 3.62(t0.05) and 4.84(t0.01) among nine blood diluents.

Aol A go] o) &= A&Ae] e HE A3y
do g9l ESREAAG A= 5% dextrosed & 3o
HHA =2 o] &3 2 et

ESREE M iz T 34 g ESRej 4
#3e VPRCE A %3] 7317 934+ RBCY A7
S x7) wetol e FAle BFo] LoldA H A
ojof §trt. o] APedME T AT EAA FHAHY

2 JletA ¢e& A ¥ (whole blood)st, =28z 5%
dextrosed : whole bloode] ¥ g€ 2:13 4:18 &
3 2% AP A o utEe o]Fe] G W0E(F
A), 60% 2 45% A A+e] Wintrobe-ESR/hr 2@ micro-
ESR/hr& &43te] vl wnsstgch. = A Table 2
oA By ubel o] W0E(FF)AAN = F ESRE A4
A thzhe] 60t 45% Z Atel w[d A ESRe] #A 3



Table 2. Comparison of ESR values in accordance with different angles of Wintrobe-or capillary-ESR
tubes in blood diluted with 5% dextrose solution in five canine blood samples

Blood dilution

Angled-micro-ESR/hr at 20°C

Angled-Wintrobe-ESR/hr at 20°C

(5% Dextrose:

Degrees of angle
whole blood)

Degrees of angle

90° 60° 45° 90° 60° 45°
Whole blood 23.2+14.6  43.3%7.5 46.145.9* 23.1+15.7  37.9%15.3 40.613.2*
Diluted blood(2:1) 43.0£18.9** 71.2+4.6 75.1+4.5% 56.61+9.5%*  73.6% 5.1 75.0% 5.2*
Diluted blood(4:1) 81.6+12.3  85.7%4.9 90.1+4.5*  86.11k6.5

87.84 5.5 91.4+ 6.5%

* . ESR reading wﬁs indi;t;;lible because ofmriérlixrl;i-ﬁed bldbciitrmr vthe tube wall. W

** . ESR reading was indiscernible because of turbidity on surface of red cell sedimentation,

Table 3. Effect of different ratio of 5% dextrose solution to whole blood on 60°-micro-and 60°-Wintrobe-
ESRs at room temperature in five canine blood samples

5% Dextrose:

60°-micro-ESR/hr (%)

60°-Wintrobe-ESR/hr (%)

Whole blood VPRC (ml/100ml)

VPRC (ml/100ml)

20 40 60 20 40 60
111 58.513.1 28.2+7.5 11.6+ 3.7 32.8%+12.9 15.1+4.6 5.24 1.3
2 11 82.5+1.5 66.6+5.2 45.8+12.4 83.2+ 1.9 65.8+6.5 42.9+17.6
3 11 88.1%1.1 74.813.3 59.9+ 4.2 88.24 1.4 76.2%3.5 54.5+12.2
4 11 91.8*1.5 81.242.8 67.0+ 3.5 92.24+ 0.8 82.9+3.1 67.0% 5.3
5 11 92.0£1.5 85.1+3.3 74.3+ 6.4 92.9% 1.2 86.2+3.3 74.8% 6.9
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Fig 2. Changes of 60 degree-angled micro- and Wintrobe-ESRS at 30°C with the lapse of time in
the diluted blood, four parts of 5% dextrose solution to one part of blood, from five canine

blood samples.
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13.?



Table 4. Values of 60 degree-angled micro ESR/40 min in the diluted blood, four parts of 5% dextrose
solution to one part of whole blood, equivalent to to volume of packed red cell (VPRC) of
whole blood in dogs

VPRC Values (%) of 60°-micro-ESR/40min,
(ml/100ml) Ambient temperature (°C)
10 12 14 16 18- 20 22 24 26 28 30
10 88.2 88.7 89.3 89.8 90.4 90.9 91.3 91.5 91.8 92.0 92.3
15 88.2 88.6 89.1 89.5 90.0 90.4 90.7 91.0 91.2 91.5 91.8
20 87.4 87.8 88.2 88.5 88.9 89.3 89.6 89.9 90.1 90.4 90.7
21 87.1 87.5 87.9 88.2 88.6 89.0  89.3 89.6 89.8 90.1 90.4
22 86.8 87.2 87.5 87.9 88.2 88.6 88.9 89.2 89.5 89.8 90.1
23 86.5 86.9 87.2 87.6 87.9 88.3 88.6 88.9 89.2 89.5 89.8
24 86.1 86.5 86.8 87.2 87.5 87.9 88.2 88.5 88.8 89.1 89.4
25 85.7 86.1 86.4 86.8 87.1 87.5 87.8 88.1 88.5 88.8 89.1
26 85.2 85.6 85.9 86.3 86.6 87.0 87.3 87.7 88.0 88.4 88.7
27 84.8 85.2 85.5 85.9 86.2 86.6 86.9 87.3 87.6 88.0 88.3
28 84.3 84.7 85.0 85.4 85.7 86.1 86.4 86.8 87.1 87.5 87.8
29 83.7 84.1 84.5 84.8 85.2 85.6 86.0 86.3 86.7 87.0 8§7.4
30 83.2 83.6 83.9 84.3 84.6 85.0 85.4 85.8 86.1 86.5 86.9
31 82.6 83.0 83.3 83.7 84.0 84.4 84.8 85.2 85.6 86.0 §6.4
32 81.9 82.3 82.9  83.1 83.5 83.9 84.3 84.7 85.0 85.4 85.8
33 81.3 . 81.7 82.1 82.4 82.8 83.2 83.6 84.0 84.5 84.9 85.3
34 . . 80.6 81.0 81.4 81.8 . 82.2 82.6 83.0 83.4 83.9 84.3 84.7
35 79.8 80.2 80.6 81.1 81.5 81.9 82.3 82.8 83.2.. 83.7 84.1
36 79.1 79.5 79.9 80.4 80.8 81.2 81.7 82.1 82.6 ° 83.0 83.5
37 78.3 78.7 79.2 79.6 80.1 80.5 - 81.0 81.4 81.9 82.3 82.8
38 77.4 77.9 78.4 78.8 79.3 79.8 '80.3 80.8 81.2 81.7 82.2
39 76.6 77.1 77.6 78.0 78.5 79.0 ,.79.5 80.0 80.5 81.0 81.5
40 75.7 76.2 76.7 77.2 77.5 78.2 78.7 79.2 79.8 80.3 80.9
41 74.7 75.2 75.8 76.3 76.9 77.4 77.9 78.4 79.0 79.5 80.0
42 73.8 74.3 74.9 75.4 76.0 76.5 77.1 77.6 78.2 78.7  79.3
43 - 72.8 73.4 73.9 74.5 75.0 75.6 76.2 76.8 77.3 77.9 78.5
44 71.7 72.3 72.9 73.5 74.1 74.7 75.3 75.9 76.5 77.1 77.7
45 70.7 71.3 71.9 72.6 73.2 73.8 74.4 75.0 75.6 76.2 76.8
" 46 69.6 70.3 70.9 71.6 72.2 72.9 73.5 74.1 74.8 75.4 76.0
47 68.4 69.1 69.8 70.5 71.2 71.9 72.6 73.2 73.9 74.5 75.2
48 67.3 68.0 68.7 69.5 70.2 70.9 71.6 72.3 72.9 73.6 74.3
49 66.1 66.8 67.6 68.3 69.1 69.9 70.6 71.3 72.0 72.7 73.4
50 64.8 65.6 66.4 67.2 68.0 68.8 69.5 70.2 71.0 71.7 72.4
52 62.3 63.2 64.1 64.9 65.8 66.7 67.5 68.3 69.0 69.8 70.5
54 59.6 60.6 61.5 62.5 63.4 64.4 65.2 66.0 66.9 67.7 63.5
56 - 56.7 57.8 58.9 59.9 61.0 62.1 62.9 63.7 64.6 65.4 66.3
58 53.8 55.0 56.1 57.3 58.4 59.6 60.5 61.4 62.3 63.2 64.1
60 50.7 52.0 53.2 54.5 55.7 57.0 58.0 58.9 59.9 60.8 61.8
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Table 5. Comparison of direct values of volume of packed red cell (VPRC) obtained by capillary hematocrit
method in whole bloods with indirect values of VPRC derived from 60°-micro-ESR/40 min in
the mixture, one part of whole blood to four parts of 5% dextrose solution, in twenty dogs

Direct VPRC by
capillary hematorit

Indirect VPRC derived from ESR in the diluted blood

(¢Y) 10°C(0y) 20°C(0y) 30°C(0y)
No. of blood samples 20 20 20 20
Range 35.4~54.7 32.2~60.4 32.9~59.7 34.8~58.9
Mean+SD 45.8+ 5.4 46.61+ 6.3 45.5+ 6.0 45.3% 6.2
Chi-square test 0y ~-T) O; -T) (05 -T)
X2 5.39 3.30 3.44
DF 19 19 19
P >0.99 >0.99 >0.99
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