
J. clin. Path., 1977, 30, 54-64

Haemocytometry by laser-beam optics: evaluation
of the Hemac 630L
S. M. LEWIS AND S. A. BENTLEY

From the Department of Haematology, Royal Postgraduate Medical School, London W12 OHS

SUMMARY Hemac is an automated blood counting system which is based on production of impulses
from light scattered and diffracted by cells flowing past a laser beam. The pulses are processed
electronically for cell counts and packed cell volume; haemoglobin is measured as cyanmethaemo-
globin; absolute values are computed.
On evaluation the precision was of the order of 2% for Hb and RBC, 2-8 % for PCV, and 3% for

WBC. When compared with other methods in the routine laboratory, PCV and absolute values gave

divergent results, but PCV was found to correlate well with microhaematocrit corrected for trapped
plasma. This suggests that Hemac may more closely reflect true values of PCV, MCV, and MCHC
than other routine methods. Whether this 'accuracy' is necessarily an advantage must be con-

sidered in the light of clinical diagnostic needs. The implications for clinical interpretation of the
blood count data, especially MCV, are discussed.

Electronic cell counters have become an essential
tool for routine diagnostic haematology. To cope
with a heavy work load, these instruments have been
integrated into units which provide some degree of
automation and which are capable of measuring
several parameters simultaneously or consecutively
and printing the results directly on to a report.
Perhaps the best known instrument of this genre is
the Coulter Model 'S'. But, in recent years, several
other instruments have been developed. They are all
relatively expensive; to use them effectively, there
may be need to make radical changes in the working
pattern of the laboratory. With increasing numbers
of specimens there is a greater tendency to undetected
error and thus the need for an assured level of
instrument reliability and accuracy. Moreover, as
the laboratory becomes increasingly dependent on
the instrument-generated tests, the instrument must
be dependable. Thus a choice of equipment from
among this group is not to be made lightly. There is
a need for independent evaluation of instrument
performance in terms of both complying with the
manufacturer's claims and fulfilling the needs of the
laboratory.
The purpose of this paper is to report on an
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instrument developed by Ortho Diagnostic Instru-
ments which has been named the Hemac 630 L
Haematology Counter'. The basis of this evaluation
was a testing schedule which was recommended by
the Laboratory Developments Advisory Group of
the Department of Health and Social Security and
which has previously been used for an evaluation of
the Coulter S (Sharp and Ballard, 1970) and the
Hemalog (Lewis and Ward, 1975).

Basic information

PRINCIPLE
The counting system is based on the production of
impulses from light which is scattered when cells in
suspension flow through a laser beam in an optical
chamber.
The diffracted and scattered light is detected by a

silicon photovoltaic cell ('sensor'), which generates
pulses which have a magnitude relative to the
measured optical property. The pulses pass to the
electronic system where they are accumulated for
subsequent counting; those due to the red cells are
also processed electronically for determination of
PCV as the sum of their amplitudes. MCV, MCH,

1Ortho Instruments, 2 Chemin des Mines, Geneva CH-1202,
Switzerland.
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and MCHC are derived by computation.
Haemoglobin is determined as cyanmet haemo-

globin by photoelectric colorimetry, a gallium
arsenide phosphide light-emitting diode providing a
539 nm monochromatic light source.
The system's flow process is illustrated (Fig. 1). A

90 ,ul sample of a blood specimen is aspirated into
the instrument, where appropriate volumes are
diluted, respectively, 1:120 in a cyanide ferricyanide
solution for measurement of haemoglobin, 1:3600
in an isotonic saline solution for RBC, and 1:19 in a
lytic reagent for WBC (see below for further
information on reagents).
The RBC suspension passes to the laser optics

system. It is injected into a chamber in the centre of
a streaming sheath of fluid (the same solution as for
the RBC dilution). The diameter of the stream is
progressively reduced by narrowing of the chamber
interior and this in turn constricts the central core of
the specimen which, at maximum constriction, is 18
,um. The passage of cells is maintained at a steady
rate by the steady force of the surrounding laminar
flow, and they pass at a rate of 2500 cells per second
in single file through a laser beam which is focussed
to intercept the central cell stream to a depth of 25

WBC
1i 1:19

add
Lysac*

whole
blood_
90,#1.

add _add
Salac*

add
Cyana

,um. As each cell passes through the beam, the
diffracted light is measured by the sensor which
generates pulses which are accumulated and pro-
cessed electronically for counting and for determina-
tion of PCV, as described above. The pulses are also
displayed on an oscilloscope. After the RBCs have
been counted, the second aliquot, diluted in the
lysing agent, enters the flow chamber for the WBC
count.

Specimens are fed into the instrument individually
by hand. Thereafter, all parts of the process are
carried out automatically within the instrument and
the results are presented as a digital printout of the
seven parameters within 60 seconds of the specimen
being presented to the instrument. The printout is in
a format similar to that used in the Coulter 'S'
system.

DIMENSIONS
The outside dimensions of the instrument are as
follows: width 99 cm; height 54-6 cm; depth 54 6
cm; bench space 0-55 M2. The instrument does,
however, require at least 21 cm clearance on each
side to ensure adequate ventilation and clearance for
service, and thus it requires a bench area of at least

waste
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Fig 1. Flow diagram illustrating the Hemac processes.
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140 x 55 cm. There is also need for access to the
rear of the unit for maintenance. There should be
facilities for a drainage outlet.

Originally, the instrument was wired to operate
from a 115 V, 60 Hertz, single-phase power source.
This has been modified for a 220 V, 50 Hertz, 8 amp
power source.
According to the manufacturer's specification, the

instrument should operate at a temperature less than
85°F (29.5°C) and a humidity between 30 and 60%.
These conditions were not exceeded during the
evaluation but could well necessitate air-conditioning
in unfavourable environmental conditions.

Reagents

As indicated above, three reagents are required.
These are sold by the manufacturer as specified
reagents as follows:

Salac (for RBC dilutions, laminar flow sheath, and
instrument washout)
NaCl 9 g/l, buffered with monobasic and dibasic
sodium phosphate to pH 7-4 together with a
lubricant (polysorbate) and a preservative
(thimerosol).

Lysac (for WBC)
Acetramide (ethylhexadecyldimethyl ammonium
bromide) 2-5 g, NaCl 2-0 g, sodium citrate 7 0 g,
and glacial acetic acid 8-0 g, per litre. The pH is
40.

Cyanac (modified Drabkin's reagent for haemo-
globin)
Potassium ferricyanide 4 0 g, potassium cyanide
0-6 g, boric acid 12-4 g, sodium hydroxide
6-6 g, p-diisobutylphenoxypolyethoxyethanol
(Triton x 100) 20 ml, per litre. The pH is 10-0.

In use this reagent is mixed automatically with an
equal volume of Salac. Each test requires 11 ml of
Salac, 0-8 ml of Lysac, and 1-7 ml of Cyanac.
The manufacturer does not require that any per-

formance warranty be restricted to use of the kit
reagents, although it is suggested (not unreasonably
perhaps) that if home-made reagents are used, a
pilot lot should be submitted for a preliminary test to
ensure that they do not have any deleterious effects
on the instrument.

Specimens

The least volume for sampling is 200 ,ul. Normally,
whole blood freshly collected into EDTA is used,
but prediluted samples of capillary blood can be
introduced into the machine.
The claimed performance is one blood count every

S. M. Lewis and S. A. Bentley

minute. In a timed test series, the performance rate
was found to be within acceptable limits of this
claim.

Calibration and internal quality control

For calibration of the instrument, Ortho Diagnostics
initially provided a reference preparation (Hemac
630L Calibrator), composed of a mixture of partly
stabilized and heavily fixed human red cell suspended
in defibrinated human plasma medium with added
preservatives. This material was, however, found to
be unsatisfactory (see later). Instead, calibration was
carried out with normal blood freshly collected into
EDTA, and reference values of Hb, RBC, PCV, and
WBC were obtained by standard procedures with
semi-automated methods. Five consecutive samples
of the specimen are introduced into the Hemac; the
first result is discarded and the mean of the subse-
quent measurements is obtained. By comparison with
the reference values, the correct settings of the
calibration dials are calculated for each parameter,
and the dials are fixed accordingly. The test specimen
is then again run to confirm that the settings have
been correctly adjusted. This daily exercise takes
about 10minutes. Internal quality control is provided
by observing the shape and height of the signals
derived from the pulses on the oscilloscope. The
machine automatically rejects samples that are
haemolysed, clotted or agglutinated by reporting
only zero on the data card.

Staff and training

The machine requires the skill of a senior technician
for standardization and maintenance after a training
programme of a few hours. Weekly maintenance and
cleaning, which can be carried out simply, was at
first a 21-hour procedure, but with experience it
could be completed within an hour. A difficult
manoeuvre was adjustment of the poppet valve which
is located in the rear of the machine with difficult
access. In routine use little expertise is necessary.

Costs

The basic cost of the instrument is in the order
of $49000. Running costs of electricity, etc,
are minimal. The cost of reagents is estimated as £1
per 100 tests. The report forms cost £2 per 100, but
this could be reduced by printing one's own cards.

Maintenance

The machine was installed within an hour and
could be used almost immediately. At first, however,
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it gave discrepant results which were clearly in-
correct. This fault was traced to the calibrator
reference preparation which has since been dis-
carded. After the cause of poor performance was
identified and the instrument recalibrated, it func-
tioned satisfactorily. During a trial period of three
months the performance was maintained with one
incident, during the first week, when erratic results
occurred with the reference preparations. This was
caused by a defect in the laser; replacement of the
laser was a simple procedure and the 'down time'
was only 24 hours. Another problem was caused by
the fact that the well of the sample turntable could
not accept tubes sized 17 x 50 mm; sampling from
these tubes required hand manipulation and this
resulted in inadequate pickup of blood by the probe
with resultant error.

In their preliminary briefing, the manufacturer
stated that fixed-cell preparations are not acceptable
to the instrument. This limits the use of certain
reference material and materials used in some inter-
laboratory trials (Lewis, 1972a; Helleman, 1972). In
the event, the instrument handled, with no apparent
difficulty, glutaraldehyde-fixed leucocytes, although,
after introducing material provided by Dr A. F.
Goguel from the survey organized in France (Goguel,
1975), the instrument recorded a result but then
failed to return to the previous calibration point as a
result of clogging of the sample feed line needle. This
necessitated a special cleansing operation by the
service engineer.

Operation trial procedures and results

PRECISION
Fifteen replicate measurements were carried out on
each of a number of specimens of fresh blood in
EDTA anticoagulant and on preserved (human and
donkey) blood in acid-citrate-dextrose (ACD).
Representative results are shown in Table 1; for
comparison, results on the same specimens measured
by Coulter S are also shown.

DRIFT AND CONSISTENCY
Serial measurements were made on the same speci-
men at intervals throughout a day. Representative
results are shown' in Table 2. Similar results were
obtained on five occasions with other specimens.

CARRY OVER
This was measured by determining the influence of
(a) a high concentration specimen on (b) a subsequent
low concentration specimen. Three tests were carried
out consecutively on specimen a (al, a2, a3), and then
on specimen b (bi, b2, b3). The carry over was

b- b3
expressed as k = aia3 -b3'
The following were obtained, mean of five tests:

Hb k = 0 003 (ie, 0 3 %) between 16-7 and 6 5 g/dl
RBC k = 0 005 (ie, 0 5 Y.) between 5 9 and 2-3 x

1012/1
WBC k = 0-026 (ie, 2-6%) between 18-7 and 1-8 x

109/1.

Table 1 Representative results obtained by Hemac in replicate tests (n = 15) with human blood in EDTA and
ACD and donkey blood in ACD

Test Hemac Coulter SI

Human EDTA Human ACD Donkey ACD EDTA ACD

Mean SD CV% Mean SD CV% Mean SD CV%, CV% CVY%

Hb (g/dl) 16-38 0-205 1-25 11-86 0-230 1-94 10-94 0-114 104 0-36 0 50
RBC (x 1013/1) 5-72 0 060 1-05 3-77 0 056 1-49 5-24 0-088 1-68 0-59 0 71
PCV 0 485 0-011 2-27 0-351 0 007 1-99 0 359 0-007 1-95 0-83 1-55
MCV (fl) 84-29 1-690 2 00 93-20 1-790 1-92 68-20 0 840 1-23 0 43 0-68
MCH (pg) 28 56 0 603 2-11 31-50 0-472 1-50 20-84 0 594 2 85 0-61 0-80
MCHC (g/dl) 33-77 0 960 2-84 33-78 1-040 3 07 30 44 0-830 2-73 0 56 0-87
WBC (x 10'/1) 9-02 0-139 1-54 3-64 0 055 1-51 7-88 0-045 0 57 1-42 3-76

'For comparison CV is shown of the same samples of human blood measured by Coulter S.

Table 2 Representative results ofstudy on drift: one specimen ofEDTA blood was measured every hour during a day

Test Ist Reading Range Mean SD CV

Hb (g/dI) 12-1 11-9 -12-6 12-18 0-22 1-81
RBC (x 101"/I) 385 3-71 - 3-87 3-81 006 1-57
PCV 0347 0335- 0-367 0349 0-011 3-15
MCV (fl) 90.0 90 -95 91-56 2-19 2-39
MCH (pg) 31-4 30 7 -33-4 31-96 0-91 2-85
MCHC (g/dl) 34-8 32-4 -370 34-86 1-23 353
WBC(x 10'/1) 4-1 3-8 - 45 4-19 0-18 430
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Fig 2. Linearity ofHemac for measurement ofHb, RBC, PCV, and WBC. Each plot is a mean offive readings.
The dilutions indicate volumes of blood in the total volume.

Table 3 Correlation data ofHemac and Coulter S

Investigation Mean results SD SD 'S' Paired Significance of Regression parameters'
Hemac T' difference

Hemac 'S' a b r

Hb (g/dl) 11-7124 11-7379 2-5286 2 5286 1-1973 0-15 > P > 0 10 -0-1415 1-0099 0-9908
RBC (x 10"2/1) 4-0683 4-0507 1-0190 09649 1-3363 0-10 > p > 0.05 -0-1860 1-0502 0-9944
PCV (x 10'-) 34-0671 34 7652 8-0741 7-0983 4 8721 p < 0-0005 -4-1516 1-0993 0 9665
MCV (fl) 85-6770 87-7548 12-7317 14-1487 5 9212 p < 0 0005 10-6081 0 8554 0-9506'
MCH (pg) 29-2298 29-5640 5-0962 5 0066 3-0102 0 0025 > p > 0 0005 0-3958 0-9753 0-9582
MCHC (g/dl) 33-8938 32-9888 1-7928 1-5358 5 4288 p < 0 0005 25-8875 0-2427 0-2079
WBC (x 109/1) 8-7245 8-7214 5-6374 5-3673 0 7010 0 25 > p > 0-20 -0-3308 1-0394 0-9895

'Taken on square roots of values
'H = a + b.S; r = correlation coefficient

LINEARITY OF RESPONSE
This was tested on serial dilutions of appropriate
specimens, the dilutions being carried out manually
with precalibrated pipettes. Accuracy of dilution was
checked by repeating the measurements with
standard methods. Results for Hb, RBC, PCV, and
WBC were recorded (Fig. 2).

The red cell indices were calculated at each
dilution. They gave the following results:
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Fig 4 Comparison of WBC measured by Hemac and
by Coulter S.

CORRELATION
Comparison was made with results obtained by
Coulter S on batches of specimens in the routine
laboratory. The Coulter S was taken as the reference
in this comparison as it is an established system, with
large numbers of users in Britain, and it is the
system used by the Department of Haematology
where the trial was being conducted. The results
(Figs. 3 and 4 and Table 3) reveal significant dif-
ferences in the PCV/MCV measurements and
calculated MCHC. All other measurements correla-
ted well, and their accuracy was confirmed (a) by
carrying out cell counts on a small proportion of the
specimens by means of a Coulter Fn counter which
was calibrated by blood cell reference preparation
(Lewis, 1972b) and by an electronic pulse simulator;
and (b) by measuring their haemoglobin on a
spectrophotometer calibrated by means of the
international haemoglobin reference preparation in
accordance with the recommendations of the Inter-
national Committee for Standardization in Haema-
tology (1967).
The status of MCHC was studied by plotting

MCHC as reported in each system (Hemac and
Coulter) against data derived from MCH/MCV (Fig.
5). Hemac showed a slightly closer correlation. To
investigate the PCV/MCV discrepancies, PCV was
measured by a routine microhaematocrit method
(Dacie and Lewis, 1975) and the percentage of
trapped plasma was determined by an isotope (1251)
method (England et al., 1972). The measured haema-

38

34

30

26

26 30 34 38
MCHC (by Hemac)

38 b

34

U
- 30

26

26 30 34 38
MCHC (by Coulter S)

Fig 5 Comparison ofMCHC as reported by (a) Hemac
and (b) Coulter S, with derived measurement of
MCH/MCV by same instrument.

tocrit was then corrected to obtain an absolute PCV
= Observed haematocrit x

100 - % trapping
100

Comparison between Hemac and microhaemato-
crit is shown in Fig. 6 and Table 4.

Comparative tests were also carried out by
participating in one of the DHSS/BCSH National
Interlaboratory Proficiency Trials (Ward and Lewis,
1975) in which the test material was donkey blood
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Fig 6 Comparison of microhaematocrit PCV
(correctedfor trappedplasma) 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

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 1012/1, 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 109/1).
There was a significant difference between Hemac

and other methods in the measurement ofPCV/MCV
and the alternatively derived MCV/PCV, 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
latterwas performed on two samplesofblood inACD,

Table 4 Correlation data ofPCV by microhaematocrit
(correctedfor trapped plasma) and values obtained by
Hemac and by Coulter S'

Coulter S v corrected Hemac v corrected
microhaematocrit mi-rohaematocrit

Mean MHct = 31-1152 Mean MHct = 31 1152
Mean Coulter = 32-7677 Mean Hemac = 31-1273
SD MHct = 91991 SD MHct = 91991
SD Coulter = 8-7780 SD Hemac = 9 2956
Paired T = 4-6379 Paired T = 0-0377 (not

(P < 0-001) significant)
a = 3-8127 a = 0-3100
b = 0-9305 b = 0 9904
r = 09752 r = 0-9801

1PCV expressed for convenience as %.

one being normal human (MCV c 90 fl) and the
other donkey (MCV 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
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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 (gldl) RBC (x 101/1) PC V

mw SDW IRI mw SDW IRI rw SD- IRI

Preparation X
Hemac 9 60 4-52 0-321

Coulter S (192)1 9-27 0-15 2-20 4-519 0-075 0 01 0-276 0 010 4 50
Coulter with computed HCT (46) 9-23 0 26 1-42 4 523 0-137 0-02 0-271 0 015 3-33
Semiautomated (111) 9-26 0-26 1-31 4-284 0-366 0 64 0-275 0 007 6 57
Hemalog (8) 9 33 0 49 0 55 4 385 0 209 0-65 0 287 0 019 1 79
Manual (194) 9 37 0 35 0-66 4-471 0-230 021 0-278 0-008 5 38
Preparation Y

Hemac 10-80 3-55 0-335
Coulter S (192) 1055 013 1-92 3-569 0073 026 0310 0007 3-57
Coulter with computed HCT (46) 10-63 0-27 0-63 3-582 0-116 0-28 0-315 0 016 1-25
Semiautomated (111) 10-71 0-28 0-32 3 485 0 199 0 33 0-338 0 010 0-30
Hemalog (8) 1050 0-27 1 11 3-440 0-121 091 0331 0004 1-00
Manual (194) 10 72 0 33 0-24 3 561 0-238 0 05 0 341 0 008 0 75
Ratio Y/X
Hemac 1-13 0 79 1-040

Coulter S 1-139 0-016 0-56 0-788 0 012 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 0017 1-18 0797 0012 0-58 1-160 0-104 1 15
Manual 1 149 0-025 0-76 0 804 0036 0 39 1-232 0 040 4-80

'The 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 2-30% 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
MCV 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
MCV as 86 ± 10 fl, 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 ± 8 fl, 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 MCV 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 21 fl and
microcytic blood by 5 4 fl, while an error as high as
30 % 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/MCV (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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Haemocytometry by laser-beam optics: evaluation of the Hemac 630L

Table 5 (continued)

MCV(fl) MCH (pg) MCHC (gldl) WBC (x 10'/t)

mW SDw IRI mw SDw IRI my SDw IRI mw SDw IRI

71-00 21-20 29-90 7-10
60 65 1-97 5-25 20-49 0 51 1-39 33-65 1-01 3-71 6-62 0-31 1-55
60-10 2 40 4-54 20-75 0-92 0-49 34-09 1-47 2-85 6-54 0-54 1-04
63-21 4-13 1-89 21-71 2-05 0-25 33-64 1-20 3-12 6-21 0-67 1-33
65-17 4-02 1-45 21-40 1-61 0-12 32-45 1-78 1-43 7-45 0-48 0-73
62-12 3-30 2-69 21-82 2-01 0-31 33-35 1-41 2-45 6-76 0-71 0-48

94-00 30-30 32-20 4 40
86-14 1-90 4-14 29-63 0-68 0 99 34-15 0-78 2-50 4-18 0-37 0-59
88-18 3-98 1-46 30-08 0-91 0-24 33-44 1-42 0-87 3-60 0-51 1-57
95-71 6-07 0-28 30-77 1-95 0-24 31-57 1-42 0 44 3-61 0-83 0-95
95*33 2-31 0-58 30-37 0-80 0 09 31-67 0-47 1-13 4-50 0-46 0-22
95 34 5-31 0-25 31-36 2-11 0-50 3122 1-14 0-86 3-67 0-65 1-12

1-32 1-43 1-08 0-62
1-422 0-044 2-32 1-447 0-035 0-49 1-013 0-025 2-68 0-628 0 043 0 19
1-468 0-049 3-02 1-450 0-054 0-37 0-989 0-046 1-98 0-558 0-048 1-29
1-517 0-111 1-77 1-421 0-216 0-07 0-941 0-043 3-23 0-578 0-122 0-34
1-457 0-119 1-15 1440 0-036 0-28 0-993 0-076 1-14 0-587 0-067 0-49
1-539 0-083 2-64 1-438 0-128 0-06 0-936 0-039 3-69 0-561 0-086 0-69

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

/R/ is the variance index. It is calculated from SDw Thus, 1 unit of variance is equivalent to 1 SDW.

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

Table 6 Data from material provided by Etalonormel

Hb (gldl) RBC (x 101"/) PCV WBC (x 10'/!)

Hemac 17-5 4-69 0-452 101
Coulter S 16-5 5-18 0-484 11-2
'True' results'

(a) 16-50 ± 0-23 5-14 ± 0-09 0-482 ± 0-012 10-90 + 0-47
(b) 16-71 ± 0-77 5-21 ± 0-23 0-522 i 0-013 10-84 ± 0-89
(c) 16-62 0-68 5-20 0-21 0-508 ± 0-025 10-83 :1 0-84

"Courtesy of Dr A. F. Goguel
'Mean 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
precisiorn 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.

63

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.30.1.54 on 1 January 1977. D
ow

nloaded from
 

http://jcp.bmj.com/


S. M. Lewis and S. A. Bentley

We wish to acknowledge, with thanks, the technical
assistance of Mr E. G. de Camilla.

References

Bain, B. J. and England, J. M. (1975). Normal haematological
values: sex difference in neutrophil count. Brit. med. J.,
1, 306-309.

Chanarin, I. (1975). Critical appraisal of the PCV. In
Quality Control in Haematology, edited by S.M. Lewis and
J. F. Coster, pp. 103-110. Academic Press, London.

Crosland Taylor, P. J. (1975). Problems of the red-cell
volume. In Quality Control in Haematology, edited by
S. M. Lewis and J. F. Coster, pp. 97-101. Academic Press,
London.

Dacie, J. V. and Lewis, S. M. (1963). Practical Haematology,
3rd edition. Churchill Livingstone, Edinburgh.

Dacie, J. V. and Lewis, S. M. (1975). Practical Haematology,
5th edition. Churchill Livingstone, Edinburgh.

England, J. M. and Down, M. C. (1974). Red-cell volume
distribution curves and the measurement of anisocytosis.
Lancet, 1, 701-703.

England, J. M. and Down, M. C. (1976). Measurement of the
mean cell volume using electronic particle counters. Brit.
J. Haemat., 32, 403-409.

England, J. M., Walford, D. M., and Waters, D. A. W.
(1972). Re-assessment of the reliability of the haematocrit.

Brit. J. Haentat., 23, 247-256.
Goguel, A. F. (1975). Inter-laboratory trials: Surveys in

France. In Quality Control in Haematology, edited by
S. M. Lewis and J. F. Coster, pp. 69-78. Academic Press,
London.

Helleman, P. W. (1972). Results of a trial on erythrocyte
counting. In Modern Concepts in Haematology, edited by
G. Izak and S. M. Lewis, pp. 235-239. Academic Press,
London.

International Committee for Standardization in Haematology
(1967). Recommendations for haemoglobinometry in
human blood. Brit. J. Haemat., 13 Supplement, 71-75.

Lewis, S. M. (1972a). Developing a blood-cell standard. In
Modern Concepts in Haematology, edited by G. Izak and
S. M. Lewis, pp. 217-229. Academic Press, London.

Lewis, S. M. (1972b). Cell counting--enumeration of blood
cells and bacteria. In Biomedical Technology in Hospital
Diagnosis (Westminster Series, vol. 9), edited by A. T.
Elder and D. W. Neill, pp. 211-230. Pergamon Press,
Oxford.

Lewis, S. M. and Ward, P. G. (1975). An evaluation of the
Hemalog. Lab. Pract., 24, 13-19.

Sharp, A. A. and Ballard, B. C. D. (1970). An evaluation of
the Coulter S counter. J. clin. Path., 23, 327-335.

Ward, P. G. and Lewis, S. M. (1975). Inter-laboratory trials:
A national proficiency assessment scheme in Britain. In
Quality Control in Haematology, edited by S. M. Lewis
and J. F. Coster, pp. 37-51. Academic Press, London.

64

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.30.1.54 on 1 January 1977. D
ow

nloaded from
 

http://jcp.bmj.com/

