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SUMMARY

Ves-Matic Cube 200 is fully automated analyzer that performs
erythrocyte sedimentation rate (ESR) measurement using the standard
ethylenediaminetetraacetic acid blood sample tube, thus markedly
reducing the analytical time and avoiding the need for an extra blood
sample. The aim of this study was to assess the automatic Ves-Matic
Cube 200 system for the measurement of ESR in comparison with the
original International Council for Standardization in Hematology
reference method (Westergren). The evaluation comprised accuracy
which was established using a 95% confidence interval (CI) for the
mean difference between Ves-Matic Cube 200 and Westergren method
(mean of difference: 0.47 ± 6.84 mm/h; 95% CI: )0.376 to 1.325 mm/
h), within-run imprecision for samples with ESR values of 9, 42 and
95 mm/h (coefficients of variation: 9.19%, 13.88% and 5.66%,
respectively) and method comparison (q = 0.95; Passing-Bablok regression equation: Y = )0.0435 + 1.0435 X; bias: )0.5; limits of agreement: )13.9 to 12.9). Stability was estimated after 24 h storage either
at 4 C and room temperature (mean of differences: )1.91 mm/h; 95%
CI: )4.852 to 1.037 mm/h and mean of differences: )12.48 mm/h;
95% CI: )16.580 to )8.390 mm/h, respectively). The obtained results
suggest that the Ves-Matic Cube 200 automated analyzer is reliable
system for the measurement of ESR in clinical laboratories.

INTRODUCTION
The erythrocyte sedimentation rate (ESR), now more
often referred as ‘length of sedimentation reaction of
blood’ (LSRB) (Piva et al., 2001), is the most widely
used laboratory test of the acute phase inflammatory
response (Wolfe & Pincus, 2001). Although the ESR
lacks specificity, the test remains helpful in the specific diagnosis of a few conditions, including temporal

arteritis, polymyalgia rheumatica and rheumatoid
arthritis. It is useful in monitoring these conditions
and may predict relapse in patients with Hodgkin’s
disease (Haybittle et al., 1985). Recently, it was
reported to be of clinical significance in conditions
such as stroke and coronary artery disease. In acute
coronary syndrome, ESR testing has been described as
being of prognostic value and independent predictor
of mortality (Wu et al., 2002).
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The International Council for Standardization in
Hematology (ICSH) and The Clinical and Laboratory
Standards Institute (formerly The National Committee
for Clinical Laboratory Standards – NCCLS) recommendations for measurement of ESR recognize reference, standardized and selected methods (ICSH, 1993).
The ICSH standardized method has to be directly comparable and traceable with the ICSH reference method.
Furthermore, it can be use as an alternative one for
verification of the quality control or verification of
working (routine) methods. The standardized method
is based on the traditional Westergren method, which
however uses ethylenediaminetetraacetic acid (EDTA)anticoagulated samples without dilution. Subsequent
ICSH guidelines allow the use of the alternative ESR
techniques, if the comparability with the Westergren
ESR is achieved. For working (routine) methods, ICSH
recommends specifications for selected methods (ICSH,
1993). Several new techniques for measuring ESR
have been developed and introduced in clinical laboratories to address the following needs: (i) to guarantee
the operators safety using automated and closed systems; (ii) to automate the measurement itself and to
optimize the workflow and utilization of human
resources; (iii) to create a unique workstation for measuring ESR and performing other hematological tests
in a single specimen (Plebani & Piva, 2002).
As suggested by ICSH and NCCLS, this should be
achieved using the recommended specimen, undiluted
blood with K3EDTA, which is more reliable than the
traditional sodium citrate (ICSH, 1993; NCCLS, 2000).
This type of anticoagulated sample has several advantages. In particular, it preserves the red blood cell (RBC)
morphology and does not interfere with mechanisms
that lead to erythrocyte sedimentation. Furthermore, it
increases specimen stability and reduces the risk of
pre-analytic mistakes caused by small blood clots or
partially coagulated specimens. Therefore, it does not
incur problems related to sample dilution with sodium
citrate, because the ratio between blood and anticoagulant is of the crucial importance (Plebani, 2003).
The present study aimed to evaluate ESR measurement by this new Ves-Matic Cube 200 analyzer of
K3-EDTA blood samples and to compare the results
with the original Westergren method. Analytical evaluation was performed by determination of accuracy
that represents comparability because of methodological reasons, precision and stability.
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MATERIALS AND METHODS
This prospective study included blood samples from
257 patients (111 males and 146 females, aged 18–88
and 19–82, respectively) that were selected randomly
from the entire population of both hospitalized and
ambulatory patients. The Ethic Board approved the
evaluation study at Zadar General Hospital. Paired
blood samples were obtained by venipuncture into
K3-EDTA (each containing 0.072 ml 7.5% K3-EDTA
per 3.0 ml blood) and sodium citrate vacuum tubes
(each containing 0.4 ml 0.129 M sodium citrate per
1.6 ml blood) (Vacutainer, Becton Dickinson, UK).
The samples were processed under standardized conditions (collected in the morning after all night fasting) and tested within 4 h of venipuncture. Blood
samples were distributed as follows:
• Six samples with normal and pathological ESR values for evaluation of the within-run imprecision: 10
replicate measurement of three samples with ESR
values of 9, 42 and 95 mm/h for Ves-Matic Cube
200; 10 replicate measurement of three samples
with ESR values of 9, 59 and 90 mm/h for Westergren method.
• Two hundred and fifty-one samples for comparison
between Westergren method and Ves-Matic Cube
200.
• One hundred and thirty-three samples (from those
251 used for comparison study) for testing stability
between fresh and 24 h stored blood [at 4 C
(n = 65) or at room temperature (n = 68)].

Description of the Ves-Matic Cube 200 analyzer
Ves-Matic Cube 200 (Diesse Diagnostica Senese SpA,
Siena, Italy) is a closed automatic system for determining ESR in K3-EDTA or K2-EDTA tubes that is able to
analyze up to 180 blood samples per hour. Venous
samples were collected in standard 3 ml, vacuum, purple-top, K3-EDTA tubes and inserted into hematology
analyzer rack. The ESR test was performed without
aerosol produced by eventual perforations of the caps.
The sample loader provides continuous and random
loading from racks used by automated hematology
analyzers. Samples were transferred from racks to the
test tube holder chain, mixed and transported to the
reader point 1. The speed of the chain movement was
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controlled to allow the samples to settle for a period of
20 min before the final reading at reader point 2. All
the phases of the ESR were measured by an innovative
optical system using opto-electronic elements (white
light, high power LED and analogical photo-sensor).
The measurement was monitored from phase of the
rouleaux formation, through the phase of sedimentation, till the phase of red cells packing. Results were
temperature corrected to a temperature of 18 C
according to Manley’s nomogram. The ESR was
affected by room temperature. Manley (1957) developed a nomogram to correct for variation in room
temperature (15–35 C) by following equation:
corrected ESR in mm in first hour ¼ ðA2
(observed reading)2 ÞþðA1  ðobservedreadingÞÞ þ A0
Results were processed using mathematic algorithm
for extrapolation of the results to Westergren values.
The first result is obtained after 20 min and the
following ones every 18 s.
Manual measurement
The ESR measurement was performed according to
ICSH’s specifications but using citrate tubes (Vacutainer, Becton Dickinson, UK) and disposable plastic pipettes (Vacuette, Greiner Bio-One GmbH, Austria) in
order to reduce biological hazards. Venous samples
were collected in standard 2 ml, vacuum, black-top,
sodium citrate-containing tubes. The test tubes were
then manually gently mixed back and forth 10 times,
and plastic pipette was inserted into the test tubes until
column of blood rose to the start stopper. The graduated, filled pipettes were placed vertically into stand
and after 1 h, the sedimentation of the RBC’s was
recorded through visual determination. All samples
were kept at room temperature and run within the
ICSH-recommended 4-h period. A very close correlation between the ESR measurement performed with
this modified method and with the classic method using
glass pipettes (ICSH’s method) as observed previously
in this laboratory 15 years ago (Car M, Perovic E and
Bakovic L, unpublished data).

Table 1. The results of evaluation of within-run
imprecision

Method
Low (9 mm/h)
Ves-Matic Cube 200
Westergren
Medium (42 mm/h)
Ves-Matic Cube 200
Westergren
High (95 mm/h)
Ves-Matic Cube 200
Westergren

n

ESR
(mm/h)

Range
(mm/h) CV (%)

10 8.7 ± 0.8
10 8.6 ± 0.8

7–10
7–10

9.19
9.30

10 42.5 ± 5.9
10 58.8 ± 8.4

36–50
47–74

13.88
14.29

10 95.4 ± 5.4 87–104
10 89.8 ± 5.3 81–100

5.66
5.90

The degree of imprecision in the measurement of erythrocyte sedimentation rate (ESR) was assessed by analysing blood samples with normal and high ESR values by
both the Ves-Matic Cube 200 and Westergren method.
ESR values are expressed as the mean ± SD of 10 determinations, whereas imprecision is expressed as the
within-run coefficient of variation (CV).

pare the means. Accuracy was evaluated using a 95%
confidence interval (CI) for the mean difference
between methods. There is no evidence of systematic
bias when 95% CI includes zero. Imprecision test was
performed evaluating means, SD and coefficients of
variation (CV). Non-parametric test of Spearmen was
used to evaluate correlation (q, correlation factor).
Linear regression analysis was performed according to
Passing-Bablok. The bias and limits of agreement were
performed using Bland–Altman analysis. All statistical
calculations were performed using MICROSOFT EXCEL
2003 and MED-CALC program (ver. 9.0.1.0.; Franck
Schoonjans, Belgium). Values of P < 0.05 were considered statistically significant.

RESULTS
Evaluation of within-run imprecision
The results of evaluation of within-run imprecision
are presented in Table 1 and CVs did not differ significantly between the methods.

Statistical analysis

Evaluation of stability

Data are reported as the mean ± standard deviation
(SD) and a paired Student’s t-test was used to com-

The evaluation of stability showed that there was no
statistical difference of ESR when specimens were
 2009 The Authors
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Table 2. The results of evaluation of stability

Samples

n

Mean
(mm/h)

Fresh
24 h stored at RT
Fresh
24 h stored at 4 C

68
68
65
65

15.1
2.6
9.6
7.7

Range
(mm/h)

CV (%)

1–92
1–36
1–60
1–57

1.21
1.73
1.04
1.20

Mean of
differences
(mm/h)

95% CI
(mm/h)

P-value

)12.4853

)16.5804 to )8.3902

<0.0001

)1.9077

)4.8525 to 1.0371

0.2003

Measurement of erythrocyte sedimentation rate (ESR) were performed in Ves-Matic Cube 200 both within 4 h after
blood samples were drawn (fresh) and after storage for 24 h either at 4 C or room temperature (RT). ESR values are
expressed as the mean ± SD of 65–68 blood samples.

stored at 4 C (P = 0.2003). There was statistically significant difference of ESR when specimens were
stored at room temperature (P < 0.0001).The results
are shown in Table 2.
Method comparison study
The ESR measurement performed using Ves-Matic
Cube 200 and Westergren methods from 251 patients
were compared. Mean ESR value measured with VesMatic Cube 200 method was 18.90 mm/h; (95% CI
for the mean was 16.28–21.52 mm/h) and there was
no significant difference from those measured with
the Westergren method (mean was 19.38 mm/h; 95%
CI for the mean was 16.89–21.86 mm/h). Mean of
differences was 0.47 mm/h; 95% CI for the mean was
)0.37 to 1.32 mm/h; P = 0.2734. The obtained Spearmen’s rank correlation coefficient was 0.946
(P < 0.001) (Figure 1).
Results of linear regression analysis according to
Passing-Bablok showed very good correlation between
these methods with obtained linear regression equation Y = )0.0435 + 1.0435 (Figure 1).
The agreement between results obtained by different methods is demonstrated in different plots according to Bland–Altman. There was no evidence of
systemic bias (bias = )0.5) and limits of agreement
were )13.0 to 12.9 mm/h (Figure 2).

DISCUSSION
The erythrocyte sedimentation reaction is a nonspecific
phenomenon that might denote of the presence or
severity of the particular pathological processes. One of

the most important applications of ESR is in screening
for the presence of more or less occult disease and
therefore it is considered a valuable routine procedure
(NCCLS, 2000). The ESR maintains an important role
in the diagnosis and management of the patients with
rheumatoid arthritis, giant cell arteritis, and polymyalgia rheumatica and can also be quite useful in diagnosis of osteomyelitis, some infections and various
cancers. On the other hand, ESR was shown to be a
good predictor of coronary heart disease mortality and
appeared to be a marker of aggressive forms of the this
disease (Erikssen et al., 2000). In addition to the information given by fibrinogen regarding the risk of coronary heart disease death, ESR provides other
substantial information (Wu et al., 2002).
The ESR is not the measure of an analyte, but the
measure of a physical phenomenon depending on a
large number of variables (number and size of erythrocytes, plasma density, protein concentration and
antibodies). Westergren method and its modified versions measure neither the kinetics nor the rate of
erythrocyte sedimentation, but only the final phenomenon described by Fahraeus (1921).
The term ‘LSRB’ is proposed as a general substitute
for ESR, even in connection with Westergren’s technique and the ICSH reference method. The internationally recommended systematic description of the
distance that erythrocytes settle within a special tube
in a fixed time is LSRB (International Union of Pure
and Applied Chemistry, International Federation of
Clinical Chemistry, 2000). It is still considered, an
unanswered question; whether the erythrocyte sedimentation has to be measured as rate (the reaction
in period of time) or length (the period of time is
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Figure 1. Comparison of two methods for erythrocyte sedimentation
rate (ESR) measurement: VesMatic Cube 200 vs. Westergren
method. Scattergram showing the
correlation (q = 0.946; P < 0.001).
Obtained linear regression equation according to Passing-Bablok:
Y = )0.0435 + 1.0435.

Figure 2. Plot of the the difference between ESR values
obtained with Westergren
method and those given by the
Ves-Matic Cube 200 method
(y-axis) vs. mean of the ESR values (Westergren + Ves-Matic
Cube 200) (x-axis). Dotted lines
denote limits of agreement
()13.9 to 12.9 mm/h), bias is
)0.5.

irrelevant). Because different phases of erythrocyte
sedimentation depend on time it might be concluded
that term LSRB should be reserved for analysis performed with the systems which do not follow Westergren-like technique (Hardeman, 2007).
As the ICSH reference method is performed with
EDTA sample in narrow and long tubes, the samples
with hematocrit values >0.35 may give poor reproducibility. Therefore, an alternative Westergren

method with diluted citrate sample brings all hematocrit values 0.35, causing modifications of blood
behavior during the phase of sedimentation. The relation between sedimentation in EDTA and citrate is
the following: for the interval 15–105 mm/h, sedimentation
in
citrate = [(sedimentation
in
EDTA · 0.86) ) 12]. As evinced by this relation, the
value of EDTA sedimentation is higher than the
citrate one. According to the ICSH and NCCLS
 2009 The Authors
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recommendations, the correspondent citrate range for
given EDTA value is wide enough (ICSH, 1977).
The collection of specimens with K3-EDTA
enhances blood cell stability, thus favoring rouleaux
formation, preserving morphologic features, and precluding nonphysiologic effects on the cells, and consequently being of a great importance for the ESR
reaction (Plebani & Piva, 2002).
As the phenomenon of erythrocyte sedimentation
is transient and confined to fresh blood, presently the
only feasible way to provide a control material is to
specify a method for the production of such material
in the laboratory where it will be used. Because of the
nature of the human erythrocyte sedimentation reaction, reference or control materials of the usual type
are not available for the ESR test (NCCLS, 2000). Plebani et al. reported that stabilized specimens of human
or nonhuman origin cannot be considered acceptable
in place of fresh human blood, nor suitable for use in
methods which measure the kinetics of RBC sedimentation (Plebani & Piva, 2002).
The analyses undertaken with the purpose to
determine the within-run imprecision for the automatic Ves-Matic Cube 200 system were performed
according to ICSH recommendations for measurement
of ESR. The imprecision obtained over a range of ESR
values was satisfactory, but it increased at medium
and low rates of sedimentation (from CV of 5.66% for
high value, 13.88% and 9.19% for medium and low
value, respectively). CV values obtained by studied
method did not differ significantly from those
obtained by Westergren method. It was previously
observed that the reduced precision at low rates of
sedimentation does not affect the clinical reliability of
measurements (Plebani et al., 1998).
The major limitation of ESR measurement is the
necessity to run the test within 2 h of venipuncture
when blood is stored at room temperature, or within
6 h when stored at 4 C (ICSH, 1977). In our study,
when the effects of blood storage were studied, the
highest differences were obtained when the measurements were performed after 24-h storage of the samples at room temperature (mean of differences was
)12.4853 and 95% CI was )16.5804 to )8.3902;
P < 0.0001). It was probably caused by marked erythrocyte swelling (Thomas & Karpic, 1993), or decrease
in the sialic acid content of the erythrocyte membrane
during storage (Lugton, 1989).
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The results obtained by Ves-Matic Cube 200 analyzer provided an accurate value of ESR in most of
the samples when compared with Westergren method
(95% CI )0.3765 to 1.3247 mm/h; P = 0.2734). Comparability testing represents no systemic bias when
the 95% CI includes zero.
As well, the results obtained by studied method
indicate good correlation (q=0.946) with Westergren
method measurement. Furthermore, linear regression
analysis according to Passing-Bablok indicated high
concordance between the results obtained by studied
analyzer and those obtained by Westergren method.
Bland–Altman analysis demonstrated no evidence of
systematic bias and obtained limits of agreement are
satisfactory, although there was a slightly dispersion
of the differences above value of 50 mm/h for ESR
measurements. The same dispersion of higher ESR
results was also found by authors who evaluated
EDTA blood samples found when EDTA blood based
instruments which measured ESR by other techniques
(de Jonge et al., 2000; Ozdem et al., 2006). One of the
plausible reasons could be that measurements take
place at different time intervals and at different phases
of sedimentation reaction. If the descent of the packed
RBCs is plotted against time, it forms a typical sigmoid
curve with three distinct phases. The initial portion of
the curve, the lag phase, reflects red cells rouleaux
formation. The size of the aggregates formed in this
phase is critical for the outcome of sedimentation.
During the second, decantation phase, the aggregated
RBCs fall more rapidly, whereas during the final
phase, cell aggregates pile up on the bottom of the
tube (Koepke, 2002) The sedimentation time for each
phase may vary from patient to patient and the choice
of the interval becomes arbitrary. The Westergren
method measures the final contributions resulting
from all three phases, which represent the fall of erythrocytes during 60 min. Altogether, new instruments
which utilize innovative techniques shorten the testing time. The majority of them estimate the final fall
of sedimentation phenomenon, selecting an appropriate time interval to measure red cell sedimentation
(Piva et al., 2006).
In conclusion, the Ves-Matic Cube 200 analyzer
offers a fast determination of ESR with acceptable
accuracy and imprecision and good correlation with
reference Westergren method. The use of samples
with EDTA as anticoagulant instead of sodium citrate
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reduces the risk of pre-analytic errors. This procedure
allows the use of the same standard EDTA tube for
multiple hematological analyses, thus avoiding biological hazard and reducing blood sample volume taken
from the patient. In a nutshell, all these findings indicate that Ves-Matic Cube 200 is reliable and suitable
system for high workload clinical laboratory.

REFERENCES
Erikssen G, Liestol K, Bjornholt JV, Stormorken H, Thaulow E & Erikssen J.
(2000) Erythrocyte sedimentation rate:
a possible marker of atherosclerosis and
a strong predictor of coronary heart disease mortality. European Heart Journal
21, 1614–1620.
Fahraeus R. (1921) The suspension stability of the blood. Acta Medica Scandinavica 55, 1–7.
Hardeman MR (2007) ESR or LSRB, that
is the question! Clinical Chemistry and
Laboratory Medicine 45, 124.
Haybittle JL, Hayhoe FGJ, Easterling MJ,
Jeliffe AM, Beunet MH, Vaughan Hudson G, Vaughan Hudson B & MacLennan KA. (1985) Review of British
National Lymphoma Investigation studies of Hodgkin’s disease and development of prognostic index. Lancet 1,
967–972.
International Committee for Standardization in Hematology (1977) Recommendation for measurement of erythrocyte
sedimentation rate of human blood.
American Journal of Clinical Pathology
68, 505–507.
International Committee for Standardization in Hematology (1993) ICSH recommendation
for
measurement
of
erythrocyte sedimentation rate. Journal
of Clinical Pathology 46, 198–203.
International Union of Pure and Applied
Chemistry, International Federation of
Clinical Chemistry (2000) Properties
and units in the clinical laboratory sciences: part X. Properties and units in

ACKNOWLEDGEMENT
The authors would like to thank to Ivana Valcic and
Ante Gambiraza from Hematology Division of Department of Laboratory Diagnostics, Zadar General Hospital, for processing the samples for this study.

general clinical chemistry. Pure Applied
Chemistry 72, 747–972.
de Jonge N, Sewkaransing I, Slinger J &
Rijsdijk JJM. (2000) Erythrocyte sedimentation rate by the Test-1 Analyzer.
Clinical Chemistry 46, 881.
Koepke JA. (2002) Measuring the erythrocyte sedimentation rate. In: Advanced
Laboratory Methods in Hematology (eds
MR. Rowan, OW. van Assendelft & FE.
Preston), Chapter 10. Arnold, London,
UK.
Lugton RA. (1989) The influence of sialic
acid on the ESR. Medical Laboratory
Sciences 46, 33–38.
Manley RW. (1957) The effect of room
temperature on erythrocyte sedimentation rate and its correction. Journal of
Clinical Pathology 10, 354–356.
National Committee for Clinical Laboratory Standards (2000) Reference and
selected Procedure for Erythrocyte Sedimentation Rate (ESR) Test; Approved
Standard, 4th edn. H2-A4. NCCLS, Villanova, PA.
Ozdem S, Akbas HS, Donmez L & Gultekin M (2006) Comparison of TEST-1
with SRS 100 and ICSH reference
method for the measurement of the
length of sedimentation reaction in
blood. Clinical Chemistry and Laboratory Medicine 44, 407–412.
Piva E, Sanzari MC, Servidio G & Plebani
M. (2001) Length of sedimentation reaction in undiluted blood (erythrocyte sedimentation rate): variation with sex and
age and reference limits. Clinical Chemistry and Laboratory Medicine 39, 451–
454.

Piva E, Pajola R, Temporin V & Plebani M
(2006) A new turbidimetric standard to
improve the quality assurance of the
erythrocyte sedimentation rate measurement. Clinical Biochemistry 40,
491–495.
Plebani M. (2003) Erythrocyte sedimentation rate: innovative techniques for an
obsolete test? Clinical Chemistry and
Laboratory Medicine 41, 115–116.
Plebani M & Piva E (2002) Erythrocyte
sedimentation rate – use of fresh blood
for quality control. American Journal of
Clinical Pathology 117, 621–626.
Plebani M, De Toni S, Sanzari MC, Bernardi D & Stockreiter E (1998) The
TEST 1 automated system – a new
method for measuring the erythrocyte
sedimentation rate. American Journal
of Clinical Pathology 110, 334–340.
Thomas N & Karpic A. (1993) An evaluation of the Diesse Diagnostica Ves-matic
20, an automated system for the determination of the erythrocyte sedimentation rate. New Zealand Journal of
Medical Laboratory Science 47, 59–61.
Wolfe F & Pincus T. (2001) The level of
inflammation in rheumatoid arthritis is
determined early and remains stable
over the long term course of the illness.
Journal of Rheumatology 28, 1817–
1824.
Wu LA, Tan SL, Wright RS, Kopecky SL,
Burrit MF, Santrach PJ & Frye RL.
(2002) Prognostic value of the erythrocyte sedimentation rate in patients with
unstable angina. Archives of Pathology
and Laboratory Medicine 126, 772.

 2009 The Authors
Journal compilation  2009 Blackwell Publishing Ltd, Int. Jnl. Lab. Hem. 2010, 32, 88–94

