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Haemocytometry by laser-beam optics: evaluation of the Hemac 630L
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manufacturer, are of the order of 2% for Hb and
RBC, 2-8% for PCV, and 3%, for WBC. The series
of precision tests which were carried out upheld this
claim. When precision was again looked at in terms
of drift by repeating the replicate samples between
batches during the course of a day, the CV was
within the same limits for Hb (1-81%) and RBC
(1:57%) but slightly increased for PCV (3-:15%) and
for WBC (4:30%). However, this represented a
fluctuation around the mean and was not a consis-
tent trend. The extent to which carry-over contamina-
tion between samples might be expected to affect
results was estimated; it was less than the limits of
precision, and thus of no intrinsic significance.

The instrument is claimed to measure with a
linearity of response within the following ranges:
Hb 3-23 g/dl, RBC 0-5-8-0 x 1012/, WBC 0-75 x
109/1, PCV 0-09-0-66. When tested the instrument
showed good linearity of response within these
limits (WBC was tested only up to 40 x 109/I).

There was a significant difference between Hemac
and other methods in the measurement of PCV/MCV
and the alternatively derived MCV/PCYV, as well as
the related MCHC. This discrepancy was found in
a comparison study against a Coulter S in routine
use, as well as in interlaboratory trials. The former
was carried out on a large number of specimens of
EDTA blood from a hospital population while the
latter was performed on two samplesof blood in ACD,

Table 4 Correlation data of PCV by microhaematocrit
(corrected for trapped plasma) and values obtained by
Hemac and by Coulter S*

Coulter S v corrected Hemac v corrected
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Fig 6 Comparison of microhaematocrit PCV

(corrected for trapped plasma) with PCV as reported by
(a) Hemac and (b) Coulter S.

(X) and human blood (Y) in ACD. Results were
assessed in relation to those of participants using
fully automated, semiautomated, and manual pro-
cedures (Table 5).

A limited test was also performed with the material
used in the French National Survey (Etalonorme),
which was provided by courtesy of Dr A. F. Goguel.
These results are shown in Table 6.

Interpretation of data

The claimed limits of precision, according to the

mi.rohaematocrit

£

i ok
micr

Mean MHct = 31-1152 Mean MHct = 31-1152

Mean Coulter = 32:7677 Mean Hemac = 31-1273

SD MHct = 9-1991 SD MHct = 9-1991

SD Coulter = 87780 SD Hemac = 9-2956
Paired T = 46379 Paired T = 00377 (not
(p < 0-001) significant)

a = 38127 a = 03100

b = 09305 b = 09904

r = 09752 r = 09801

1PCYV expressed for convenience as %.

one being normal human (MCV ¢ 90 fl) and the
other donkey (MCYV c 60 fl).

As different principles are involved in the measure-
ment or calculation of PCV and MCV by each
method, discrepancies are not unexpected (Chanarin,
1975; Crosland Taylor, 1975). National inter-
laboratory trials provide a means to judge precision
within a method, but good precision does not
necessarily indicate accuracy; to determine whether
any one method provides ‘accuracy’ or ‘truth’ as


http://jcp.bmj.com/
http://group.bmj.com/

Downloaded from jcp.bmj.com on February 10, 2012 - Published by group.bmj.com

62

S. M. Lewis and S. A. Bentley

Table 5 Data from DHSS/BCSH Interlaboratory Trials comparing Hemac results with results obtained by participants

using various procedures on two preparations (X and Y)

Hb (g/dl) RBC (x 10"I) PCV
mv SDv IR/ m¥ SDv IR/ m¥ SDv |R/
Preparation X
Hemac 9:60 4-52 0-321
Coulter S (192)* 9-27 015 2:20 4-519 0-075 0-01 0-276 0-010 4:50
Coulter with computed HCT (46) 923 026 1-42 4-523 0-137 0-02 0-271 0-015 333
Semiautomated (111) 9-26 0-26 1-31 4-284 0-366 0-64 0-275 0-007 657
Hemalog (8) 9-33 0-49 0-55 4-385 0-209 0-65 0-287 0019 1-79
Manual (194) 9-37 0-35 0-66 4-471 0-230 0-21 0-278 0-008 538
Preparation Y
Hemac 10-80 3:55 0-335
Coulter S (192) 10-55 013 1-92 3-569 0-073 026 0-310 0-007 3:57
Coulter with computed HCT (46) 10-63 0-27 063 3-582 0-116 0-28 0-315 0-016 125
Semiautomated (111) 1071 0-28 032 3-485 0-199 0-33 0-338 0010 0-30
Hemalog (8) 10-50 0-27 111 3-440 0-121 091 0-331 0-004 1-00
Manual (194) 10-72 0-33 0-24 3-561 0-238 0-05 0-341 0-008 075
Ratio Y| X
Hemac 113 079 1-040
Coulter S 1-139 0-016 0-56 0-788 0012 0-17 1-122 0-030 2:73
Coulter with computed HCT 1-148 0-024 0-75 0-790 0-024 0 1-164 0-055 2:25
Semiautomated 1-154 0-028 0-86 0-817 0-069 0-39 1-231 0-046 4-15
Hemalog 1-150 0-017 1-18 0-797 0-012 0-58 1-160 0104 115
Manual 1-149 0-025 0-76 0-804 0-036 0-39 1-232 0-040 4-80

1The number of participants in each group is indicated in brackets.

well as precision requires other means of assessment.

The Hemac measures pulses which are derived
from light scattered as red cells pass the laser beam.
The magnitude of the pulse is directly related to cell
volume and this gives a measurement of PCV. By
Coulter S, PCV is computed from MCV, which is
derived from the amplitude of the pulses which are
generated by the electronic response in an electro-
lytic solution as red cells pass the cell-sensing
aperture. By instrument calibration, the PCV
obtained by the Coulter can be made to correspond
to centrifuged haematocrit; and a correction factor
can be applied to take account of trapped plasma.
However, while this is an acceptable manipulation
for normal blood in which there is 2-39( trapped
plasma, it fails to compensate for the greater and
variable degree of plasma trapping which occurs in
certain disorders (Chanarin, 1975).

This has an important implication when absolute
values are used for evaluating anaemia and especially
MCYV for detecting minimal degrees of macrocytosis
and microcytosis. In recent years, with the develop-
ment of different methodologies various figures have
been given for normal ranges. Thus, Dacie and Lewis
(1963) gave the normal mean value (+2 SD) for
MCYV as 86 + 10 fi, MCH 29-5 + 2-5 pg, and
MCHC 34 + 2 g/dl. With the advent of electronic
counters, improved precision resulted in these

values being altered (Dacie and Lewis, 1975) to
85 + 81l, 29'5 + 2-5 pg, and 33 + 2 g/dl, respec-
tively. But England and Down (1974) have suggested
that the mean normal MCV by Coulter S measure-
ment is 87-7 fl, and Bain and England (1975) found
a mean MCYV of 89-5 fl. England and Down (1976)
have recently compared measurements by Coulter
S and Coulter Fn with Channelyzer; they showed
that, when calibrated with 4 C, the Coulter S over-
estimated the MCV of normal blood by 2:1 fl and
microcytic blood by 5-4 fl, while an error as high as
309 might occur with certain calibration
conditions.

The present study suggests that Hemac gives
results which more closely reflect the true values of
PCV and the ‘absolute values’. This seems to be con-
firmed when MCHC, as reported by the instrument,
is correlated with the derivation MCH/MCYV (Fig. 5).
However, whether this ‘accuracy’ is necessarily a
major advantage is a matter for debate. The essential
attributes for an instrument designed for routine
blood counts are its reliability and clinical usefulness.
As the Coulter S is the most commonly used auto-
mated system in Western Europe, the data generated
by it have had a significant influence on clinical
interpretation. The advent of a different system
necessitates reconsideration of the interpretation of
the blood count. Thus, macrocytosis will be signified
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Table 5 (continued)
MCV (f) MCH (pg) MCHC (g/dl) WBC (x 10%/])
mv SDv IR/ mv SDv IR/ mv SDw IR/ mv SDv IR/
71-00 2120 29-90 710
60-65 1-97 525 2049 051 139 3365 1-01 371 662 031 1-55
60:10 2:40 454 2075 0-92 049 3409 1-47 285 654 0-54 104
6321 413 189 2171 2:05 025 3364 120 32 621 0-67 133
6517 402 145 2140 1-61 012 3245 178 143 745 048 073
62:12 330 269 2182 2:01 031 3335 141 245 676 071 0-48
94:00 30-30 32:20 440
8614 1-90 414 2963 0-68 099 3415 0-78 250 418 037 0-59
88-18 398 146 3008 091 024 3344 1-42 087 360 0-51 1-57
9571 607 028 3077 1-95 024 3157 1-42 044 361 083 095
95:33 231 058 3037 0-80 009 3167 047 113 450 046 022
9534 531 025 3136 211 050 3122 1-14 086 367 0-65 112
132 143 1-08 062
1-422 0-044 232 1-447 0-035 049 1-013 0-025 268 0628 0-043 019
1-468 0-049 302 1-450 0-054 037 0-989 0-046 198 0558 0-048 129
1-517 0111 177 1-421 0216 0-07 0-941 0-043 323 0578 0122 034
1-457 0-119 1-15 1-440 0-036 028 0-993 0-076 114 0587 0-067 0-49
1-539 0-083 2:64 1-438 0-128 0-06 0936 0039 369  0-561 0-086 0-69

Weighted means (m™) and weighted standard deviations (SD¥) are obtained by excluding results >2 SD in an initial analysis.

/R/ is the variance index. It is calculated from

Result — m"

SDv~

A score of 1-0 or less is good; 1-0-2-0 is still acceptable.

. Thus, 1 unit of variance is equivalent to 1 SD¥.

Table 6 Data from material provided by Etalonorme*

Hb (g/dD RBC (x 10*¥I) PCV WBC (x 10°[l)
Hemac 17'5 4-69 0452 10-1
Coulter S 16'5 5-18 0-484 11-2
‘True’ results?®
(a) 16:50 + 0-23 514 + 009 0-482 + 0-012 10-90 4 0-47
®) 1671 + 077 521 + 023 0-522 + 0-013 10-84 4 0-89
© 16-62 4+ 0-68 520 + 021 0-508 + 0-025 10-83 + 0-84

1Courtesy of Dr A. F. Goguel
2Mean results and SD of trial participants:

(a) Coulter S (n = 248); (b) semiautomated cell counters (n = 473); microhaematocrit PCV (n = 426) and haemoglobin by cyanmethaemoglobin

(n = 345); (c) overall results from all participants (n = 790).

at a lower level of MCV by Hemac than by Coulter
S, and there is a narrower gradient between increas-
ing degrees of macrocytosis.

The discrepancies in blood counts by different
systems highlight a major difficulty. Despite refine-
ment in instrumentation which has resulted in
remarkable improvement in precision over the past
decade, the problem of interlaboratory com-
parability is no nearer solution. Apart from Hb, for
which there is an absolute reference, at the present
time it is not possible to define the accuracy of one
type of instrument by comparison with another.

As far as the evaluation of the Hemac is con-

cerned, on the basis of standardized conventional
methods it appears to give accurate measurements of
blood count parameters within its limits of precision.
It has stood up to its manufacturer’s claims for
precision and reliability. It is thus an acceptable
instrument for use in a routine laboratory where a
semi-automated system for blood counts is required
provided that the fact that there are differences in
results obtained by Hemac and by other methods is
recognized. Moreover, its principle introduces an
instrumentation development which may provide a
valuable new technique in studies of blood cell
sizing.
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