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Summary: The automated haematology analyser, SYSMEX E-5000, measures and computes quantitative
haematological parameters, and determines the size distribution of blood cells and platelets. After partial
lysis, the analyser classifies the leukocytes into 3 populations:

small cells (lymphocytes),
intermediate sized cells (basophils, eosinophils, monocytes) and
large cells (neutrophils, including band cells).

One thousand blood samples from inpatients and outpatients were analysed automatically in the SYSMEX
as well as being submitted to microscopic blood smear differentiation, and the results were compared. The
trimodal size distribution of the automated analysis revealed 1.8% false normal results. Ten cases of
eosinophilia of between 6.6 and 12.5% remained undetected by the automated method, which also failed to
detect 7 cases of left shift with normal leukocyte count, as well as a single sample containing 2% of myelocytes.
Both diagnostic sensitivity and diagnostic specificity were high, i.e. 97.1% and 81.8%, respectively. The
predictive values were also high for both pathological and normal results. Since certain changes in blood cell
morphology are not detected by the SYSMEX, certain clinical indications still call for a microscopic blood
smear examination. With due regard to these limitations, the apparatus yields reliable results and economizes
considerably the routine laboratory work load. In the present study, 31% of the microscopic blood cell
differential counts were saved by using the SYSMEX E-5000.

Introduction small cells (lymphocytes),
intermediate size cells (basophils, eosinophils, mono-
cytes), and

large cells (neutrophils, including band cells) (6, 7).

The need to economize on manual procedures in the
haematology laboratory is undisputed. Analysers
have been developed for the automation of time-

‘consuming microscopic blood cell differentiation (1,

2). These analysers classify leukocytes according to
their cytochemical] behaviour (3, 4, 5), or according
to conventional morphological criteria, using an op-
tical-electronic system (5). A third group of auto-
mated analysers performs a partial differentiation of
leukocytes in cell populations. The SYSMEX E-5000
Analyser (Toa Medical Electronics Co., Ltd.) quan-
tifies cell numbers; calculates the indices, and, after
partial cell lysis, classifies the leukocytes into 3 pop-
ulations according to size:

J. Clin. Chem. Clin. Biochem. / Vol. 27, 1989 / No. 6

These three cell populations and the size distribution
of the erythrocytes and thrombocytes, respectively,
are recorded graphically. Studies on the diagnostic
value of the size distribution of erythrocytes in thal-
assaemia screening were reported recently (8). A re-
cent communication compared the reliability of re-
sults from the SYSMEX E-4000 with those from the
Technicon H6000 (9). In the present work, the tri-
modal leukocyte size distribution determined by the
SYSMEX E-5000 is compared with the results of
microscopic blood cell differentiation.
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Materials and Methods
SYSMEX E-5000

This analyscr determines |8 haematological parameters, includ-
ing the trimodal size distribution of leukocytes and the size
distribution of erythrocytes and thrombocytes respectively. The
quantitative values are expressed numerically, and the distri-
bution diagrams are generated graphically. Details of the op-
eration and performance of the apparatus are available from
the manufacturer (supplier: Digitana AG, CH-8810 Horgen,
ZH).

Blood samples

Venous blood was taken from a total of 1000 inpatients and
outpatients, using vacutainers with potassium-EDTA as anti-
coagulant. Each sample was analysed manually by microscopic
differentiation of the blood smear, as well as in the haemato-
logical analyser SYSMEX E-5000. Since the analytical reliabil-
ity of the apparatus is proven (6, 9, 10, 11), the numerical
parameters were not examined.

Evaluation criteria

Each microscopic analysis was performed on 200 cells. Results
were classified as “normal” if the numerical haematological
parameters from the automated analysis and from the micro-
scopic investigation both laid in the normal range. They were
classified as “pathological” if the quantitative parameters de-
termined in the SYSMEX E-5000 and/or the microscopic results
laid outside the normal limits. Accordingly, the results from the
analyser were classified as “normal” (total SYSMEX results in
_ the normal range) or “pathological” (quantitative haematology
and/or size distribution diagrams outside the normal range).
Assignment of the classification “normal” or “pathological”
was based on accepted laboratory values for microscopic blood
cell differentiation, and on the reference ranges provided by the
apparatus manufacturer for cell numbers and cell populations
(tab. 1). Each sample analyzed was placed in one of four groups:
“true normal” (TN), “true pathological” (TP), “false normal”
(FN), and “false pathological” (FP) (tab. 2). The following
indices were calculated (11):

diagnostic sensitivity = TP/(TP + FN);
diagnostic specificity = TN/(TN + FN);

predictive value of the pathological SYSMEX result = TP/
(TP + FP);

predictive value of the normal SYSMEX result
(TN + FN).

= TN/

Tab. 1. Normal ranges for microscopic blood cell differentia-
tion and for the SYSMEX E-5000 leukocyte popula-
tions. Based on these ranges, the results are classified
as “normal” or “pathological”.

Microscopic differentiation SYSMEX E-5000 populations

(%) (%)

Band nuclei 0—10 A A
Segmented nuclei 40—75 Large cells 50-75
Basophils 0- 1

Eosinophils 0— 6  Medium sized cells 2—15
Monocytes 2—10

Lymphocytes 20—40  Small cells

20—40

Results

Microscopic differentiation of the blood smears from
all patients revealed 379 (37.9%) “normal” and 621
(62.1%) “pathological” results. Of the microscopic
“normals”, the SYSMEX E-5000 recognized 310
(82%) als “normal”, and classified the remaining 69
(18%) as “pathological”. Based dn the total of 1000
samples, the SYSMEX E-5000 produced 6.9% “false
pathological” results. Out of the 621 pathological
microscopic results, the SYSMEX E-5000 classified
18 (2.9%) as normal, i.e. 1.8% of the total samples.
The reliability with which a single SYSMEX result
can be considered as “true normal” or “true patho-
logical” is shown in table 2. Results classified as “false
normal” include ten cases of ¢osinophilia between 6.5
and 12.5%, seven cases of left shift with non-elevated
total leukocyte count, and a sample containing 2%
myelocytes. The diagnostic sensitivity, diagnostic
specificity, and the predictive values of the SYSMEX
results are shown in table 3.

Tab. 2. Evaluation of the analysis of 1000 blood samples by
the SYSMEX. Microscopic “normal” means that blood
cell counts in the SYSMEX and the microscopic results
are both in the normal range. Microscopic “patholog-
ical” applies to samples for which cell counts by the
analyser and/or the microscopic results are outside the
normal values. A “normal” SYSMEX result means that
all the values, including the distribution diagrams, are
in the normal range. A SYSMEX result is designated
“pathological” if the cell count and/or the distribution
pattern is outside normal limits.

Evaluation of the

Classification of results SYSMEX results

Microscopic SYSMEX Groups N %
E-5000
normal normal true 310 31.0
normal
pathological pathological true 603 60.3
: pathological ’
. ‘ false
pathological normal normal 18 1.8
. false .
normal pathological pathological 69 69

Tab. 3. Diagnostic values of the SYSMEX E-5000 results, ex-
pressed as the % probability compared with the results
of the microscopic differenitiation of the blood smear.

Diagnostic sensitivity 97.1
Diagnostic specificity 81.8
Predictive value of the: a
normal result 89.7
94.5

pathological resuilt
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Discussion

The results of this study show that the SYSMEX
produces only a small proportion of “false normal”
results, representing 1.8% of the total. Most of these
false classifications are represented by cases of mild
eosinophilia with no accompanying increase in the
population of medium-sized leukocytes, and by left
shifts without increased leukocyte count, i.e. abnor-
mal findings that are unrecognizable by the instru-
ment. It is necessary for the operator to be aware of
the limitations of the equipment: it does not differ-
entiate between neutrophils with banded and seg-
mented nuclei; it cannot distinguish between erythro-
blasts and leukocytes; it is generally insensitive to
abnormal cells that are present in only small numbers;
and it does not recognize intracellular parasites. The
clinician must appreciate the limitations of the ap-
paratus, in order to decide whether a microscopic
blood smear analysis is necessary. Conditions that
primarily call for microscopic blood smear examina-
tion are summarized in table 4. Abnormal results from
the SYSMEX should also be followed by microscopic
blood smear examination.

Tab. 4. Indications for the microscopic blood smear examina-
tion

At the request of the clinician

Undefined anaemia
Leukaemia

Metastasing malignancy
Acute infection
Leukopenia
Eosinophilia

Instigated by the laboratory
Pathological SYSMEX E-5000 result

The calculated diagnostic sensitivity and predictive
value are satisfactory. The somewhat low diagnostic
specificity of 81.8% and the predictive value of a
pathological result of 89.7%. are essentially due to the
6.9% of “false pathological” SYSMEX results. This
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merely means that the samples in question must be
differentiated by microscopic examination, which is
no disadvantage to the clinician. The diagnostic sen-
sitivity of 97.1% is decidedly high, i.e. there is 97.1%
probability that a pathological condition detected by
microscopic examination will also be recorded as
pathological by the SYSMEX. At 94.5%, the predic-
tive value of the normal SYSMEX result is also high.
This represents the probability that a blood sample
recorded as normal by the SYSMEX will also be
evaluated as normal in microscopic examination.

It can be concluded from the present study that while
certain clinical conditions may a priori call for a
microscopic blood smear examination, this time-con-
suming and labour intensive manual procedure can
otherwise be omitted from routine haematological
analysis. This permits a more economic organization
of the haematological laboratory. In the present study,
microscopic blood smear differentiation was unnec-
essary for 310 out of 1000 samples, i.e. 31% of the
workload, representing a saving of 80—100 man
hours by using the SYSMEX. This saving is especially
important for the stand-by and emergency services,
which are less well staffed.

Many haematological laboratories reduce their work-
load, whenever possible, by determining only the hae-
moglobin concentration and the leukocyte count.
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proportion of neutrophils and lymphocytes in the
leukocyte population, the erythrocyte count, haema-
tocrit, erythrocyte indices, degree of erythrocyte an-
isocytosis, as well as the platelet count. All these pa-
rameters are determined at no extra cost in time or
personel. Whenever modern analysers are introduced
into the haematological laboratory, a special effort
must be made to instruct the clinician as to the in-
formational content of the results produced by these
automated machines. This aim is best achieved by
promoting a dialogue between the laboratory director
and the clinician.
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