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Abstract

Background: Erythrocyte sedimentation rate (ESR) indirectly meas-
ures blood fibrinogen, and it is altered by all those pathological condi-
tions that modify the aggregation of red blood cells. The international 
guidelines by the International Council for Standardization in Hema-
tology (ICSH) define the Westergren method as the gold standard for 
ESR, although it is completely operator-dependent, time-consuming, 
and requires a patient’s blood consumption. Therefore, the validation 
of new ESR analyzers is needed. The aim of this study is the valida-
tion of a new automated ESR analyzer, MINI-CUBE (DIESSE, Diag-
nostica Senese, Italy).

Methods: The samples (n = 270) were collected at the University 
Hospital of the University of Rome Tor Vergata. A comparison be-
tween the automated instrument and the gold standard was performed. 
Statistical analyses were processed by MedCalc software.

Results: The comparison analysis performed on the overall sam-
ples reported a good agreement, showing a Spearman rank correla-
tion coefficient of 0.94 (P < 0.001), compared to the Westergren test. 
The Bland-Altman analysis showed a mean bias of 1.5 (maximum 
(max.):19.6; minimum (min.): -16.6). Inter-run (level 1 coefficient 
of variation (CV): 4.9%; level 2 CV: 0.8%), intra-run (level 1 CV: 
21.1%; level 2 CV: 3.2%), and inter-instrument (level 1 CV: 27.1%; 
level 2 CV: 5.6%) precision were also assessed. The hematocrit value 
did not interfere with the analysis: Spearman rank correlation coef-
ficient of 0.929 (P < 0.001); mean bias of 1.3 (max.:18.3; min.: -15.6).

Conclusions: Overall results from MINI-CUBE asserted a good cor-

relation rate with the gold standard, and it could be considered an 
accurate, and objective alternative for the Westergren test.
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Introduction

Erythrocyte sedimentation rate (ESR) is a simple hematology 
test that measures the “length of sedimentation reaction of 
blood (LSRB)” [1], i.e., the rate at which red blood cells sepa-
rate from anticoagulated whole blood in a standardized tube 
over a specified time. This test is widely used in clinical labo-
ratories, and it is highly requested for diagnosis to evaluate the 
inflammation rate in the acute response [2]. This phenomenon 
is a physiological process wherein an increase in the blood of 
serum proteins, particularly globulins (as immunoglobulins) 
or fibrinogen, is often observed: the red blood cells lose their 
repulsive forces and tend to stack together in long chains, 
known as “rouleaux formation” [3]. Consequently, the rate of 
red cell sedimentation is promoted, and the ESR increases [4]. 
So, ESR depends on any pathological condition that alters red 
blood cell aggregation and is a laboratory test used as a general 
marker for changes in normal physiological conditions, par-
ticularly as a marker of inflammation [5, 6].

Therefore, the ESR, an easily reproducible and low-cost 
test, can help in the diagnosis of pathological conditions as-
sociated with acute and chronic inflammation, including infec-
tions, cancers, and autoimmune diseases [7, 8]. Despite being 
recently considered redundant and nonspecific, the ESR is still 
a helpful biomarker for monitoring immunological status and 
inflammatory disorders [8]. Furthermore, ESR has been shown 
as a prognostic marker in stroke for cardiovascular disease and 
as a predictor of mortality [9].

The international guidelines defined by the International 
Council for Standardization in Hematology (ICSH) define the 
Westergren method as the reference method for measuring 
ESR. ESR is determined by the distance (in millimeters) of the 
precipitation due to the gravity of red blood cells in anticoagu-
lated sodium citrate blood up to the bottom of a standardized 
capillary tube over 60 min [10]. The tube used for the test is 
called the Westergren tube [11]. However, since this method is 
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completely manual and involves the patient’s blood consump-
tion, in the last decades, many evaluations of new ESR analyz-
ers using alternative methods have been available to reduce 
operator-dependent validity/subjectivity and executive time. 
Some of these are based on the automatism of the Westergren 
method, while the latter technologies measure the ESR directly 
from a standard ethylenediaminetetraacetic acid (EDTA) anti-
coagulated blood tube [12]. This allows using undiluted EDTA 
samples, without sample consumption for more handleability, 
practicability, closed sample manipulation, and shorter turna-
round time (TAT) [9, 13]. One of these automated instruments 
of various load capacities and analyses for the determination of 
ESR is proposed by DIESSE (Diagnostica Senese, Monterig-
gioni, Italy).

The aim of this study is the method validation of a novel 
ESR analyzer, the MINI-CUBE (DIESSE Diagnostica Senese, 
Italy), throughout a comparison study with the gold standard, 
the Westergren test, following the ICSH recommendations 
[14]. Precision, stability, and interference studies were con-
ducted to assess the performance of the new instrument.

Materials and Methods

Patients

Two hundred seventy blood EDTA samples (129 females and 
141 males) were collected from routine leftover tubes from 
patients of the Tor Vergata University Hospital, including 31 
samples from cancer patients recovered in the Hematology 
Department with lymphoproliferative or myeloproliferative 
diseases, to expand the positive inflammatory scenario. The 
samples were analyzed up to 3 h after collection and stored at 
4 - 8 °C, altered (hemolytic, lipemic, jaundiced, insufficient, 
and not correctly stored) samples were excluded by the study 
to not affect the results. The study was approved by the Ethics 
Committee (R.S.202/19) of the hospital and conducted accord-
ing to the revised Declaration of Helsinki (2013).

Study design

The study was focused firstly on the determination of the ESR 
in samples from various departments and with different hema-
tocrit values and then on the evaluation of interferents, preci-
sion, and stability study. Furthermore, the reference intervals 
were verified by collecting as few as 20 samples from quali-
fied reference individuals, as following the CLSI EP 28-A3: 
2010 guidelines [15].

Samples having low ESR (< 20 mm/h), intermediate ESR 
(21 - 60 mm/h), and high ESR (> 61 mm/h) were analyzed 
to assess the correlation of MINI-CUBE with the gold stand-
ard, and to establish the accuracy of the test. Also, leftover 
samples of patients affected by multiple myeloma, monoclo-
nal and polyclonal gammopathies, lymphomas, bone tumors, 
and anemia, were analyzed to evaluate the performance of the 
MINI-CUBE in chronic inflammation conditions, compared to 
the Westergren test.

For the stability study, 12 samples, of which four with low 
ESR (< 20 mm/h), four with intermediate ESR (21 - 60 mm/h), 
and four with high ESR (> 61 mm/h) levels, were processed 
at the time of the blood collection (T0), after 1 h (T1), after 2 
h (T2), after 3 h (T3), after 5 h (T4) and after 24 h. The speci-
mens were stored at 4 °C between analyses.

The ESR was also evaluated in samples with interferences, 
such as hemolysis, icterus, and lipemia. The interferences were 
defined by analyzing 35 patient EDTA samples that have se-
rum index analyzed by Alinity (Abbott, Chicago, USA), from 
the same venipuncture.

Lastly, the intra-run, inter-run, and inter-instrument preci-
sion were determined.

Westergren test

Venous EDTA-anticoagulated blood sample (1 mL) was mixed 
and diluted with 0.250 mL sodium citrate. Blood was drawn 
into the standardized Westergren tube to the 200 mm mark, 
which was placed in a strictly vertical position rack for 1 h 
at room temperature. To conclude, the visual determination of 
the result was defined by the mark corresponding to the upper 
limit of the erythrocyte sedimentation.

The Westergren method was performed manually accord-
ing to the ICSH’s recommendations [11], within the 4 h of 
blood sampling.

MINI-CUBE test

The test was performed on blood samples collected in the 
EDTA blood tubes, with any pre-treatment (dilution with so-
dium citrate). The analyzer can measure ESR directly from the 
capped EDTA tube on four simultaneous and random-access 
samples, for an executive period of 20 min of optical reading 
in all three phases of erythrocyte sedimentation: aggregation, 
sedimentation, and packing.

The samples, before the analysis, were gently mixed turn-
ing them upside down, and put inside the instrument, which al-
lows the continuous loading of samples for up to four analyses 
simultaneously. After 20 min, the optical unit, consisting of 
four pairs of optoelectronic elements in a solid state (photo-
diode + phototransistor), automatically read the distance from 
the top of the plasma level to the upper limit of the erythrocyte 
sediment, giving the results in mm/h.

Statistics

Firstly, tests for normality were performed by implementing 
Kolmogorov-Smirnov tests with a confidence interval (CI) of 
95% to assess if the collected data were parametric or non-
parametric. Secondly, once the distribution of the dataset was 
normal, Spearman’s rank correlation coefficient was adopted 
to measure the association between two ranked variables. Data 
were considered using standard deviation (SD), Spearman 
rank correlation coefficient (r2), and equations of linear regres-
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sion. Passing-Bablok regression analysis was used to compare 
MINI-CUBE to the Westergren test, while the Bland-Altman 
test was performed to determine the agreement between the 
two methods and to investigate any possible relationship of the 
discrepancies between the measurements and the true value 
(i.e., proportional bias). Meanwhile, a multiple linear regres-
sion was applied in the hematocrit study to evaluate the inter-
ference. ESR was considered the dependent variable and the 
hematocrit values as the explanatory variable.

Repeatability and reproducibility were estimated using 
five patient samples, collected from the laboratory’s routine 
and not included in the correlation analysis, with ESR values 
belonging to each range defined in the study design and re-
analyzed for six times.

The intra-run precision was calculated by means of quin-
tuplicate measurements on each level of the quality control 
ESR control Cube (DIESSE, Diagnostica Senese). The inter-
run precision was calculated by means of quintuplicate meas-
urements on each level of the quality control per day over 5 
days, following the Clinical and Laboratory Standards Insti-
tute (CLSI) EP15-A3 protocol [16]. The inter-instrument pre-
cision was assessed by applying the intra-run protocol for each 
of the three instruments. The precision results obtained were 
compared to those claimed by the manufacturer.

All data were examined using Med Calc Ver.18.2.18 
(MedCalc Software Ltd, Ostend, Belgium).

The statistical significance level established for all tests 
performed was P < 0.05.

Results

In our study, 270 samples were compared with the gold stand-
ard, Westergren test, to evaluate the ESR; nine out of 270 were 
excluded (n = 261) through outliers’ detection applying the 
Grubb’s test. Moreover, 20 samples from qualified reference 

individuals were tested and the reference intervals were con-
firmed for all the patients (P = not significant (NS)).

Figure 1a exhibits a linear regression that shows a good 
correlation between the two methods with a Spearman coeffi-
cient (R2) of 0.94 (95% CI: 0.928 - 0.955; P < 0.001). Figure 
1b reports the Bland-Altman analysis showing the mean bias 
of 1.5 (upper limit of 19.6; lower limit of -16.6). According to 
the ICSH guidelines, the samples were divided into three ana-
lytical ranges obtained by the Westergren analysis: low ESR 
values (under 20 mm/h), medium ESR values (21 - 60 mm/h), 
and high ESR values (over 60 mm/h). The Spearman coefficient 
(R2) for each category was: 0.83 (N: 141; 95% CI: 0.77 - 0.87; 
P < 0.001), 0.74 (N: 61; 95% CI: 0.60 - 0.84; P < 0.001), 0.62 
(N: 44; 95% CI: 0.39 - 0.78; P < 0.001). Table 1 shows the co-
efficient of variation (CV%), evaluated through the repetitive 
measurements of quality control ESR control Cube, with the 
CV declared by the manufacturer. No significant difference was 
observed between the CVs of the two methods (P > 0.05 (NS)).

Also, it was estimated the precision for MINI-CUBE on 
12 leftover patients’ blood samples with different values of 
ESR, divided into four samples with low value (ESR < 10 
mm/h), five samples with medium value (ESR: 11 - 60 mm/h) 
and three samples with high value (ESR > 60 mm/h). The re-
peatability and the reproducibility coefficients were lower than 
10%, as reported in Table 2.

The hematocrit study was assessed in 109 samples, select-
ed from the overall for the normal hematocrit value (36-44%), 
evaluated by the automated analyzer BC 6800 PLUS (Mindray 
Bio-Medical Electronics Co., Ltd, Shenzen, China). A good 
correlation between the two methods was estimated (Fig. 2): 
R2: 0.929 (95% CI: 0.898 - 0.951; P < 0.001). Furthermore, 
the results of the multiple linear regression resulted in an op-
timized model consisting of an adjusted R2 (R2 adj) value of 
0.0014, and a coefficient of multiple correlation (R) of 0.061, 
indicating a very weak correlation between the data and the he-
matocrit interference. A very weak collective non-significant 

Figure 1. Linear regression and bias plots for the methods comparison (n = 261). (a) Passing-Bablok regression analysis be-
tween MINI-CUBE vs. Westergren test, defined by the equation y = 1.00 + 1.00x, intercept A 1.00 (95% CI: 0.00 - 2.00), slope 
B 1.00 (95% CI: 0.98 - 1.04). It was evaluated R2 of 0.94 (95% CI: 0.928 - 0.955; P < 0.001). (b) Bland-Altman test defined by 
the Westergren test and MINI-CUBE results (y-axis) and the mean of the two methods. The dotted lines denote the limits of the 
agreement (max.:19.6; min.: -16.6), and the continued line denotes the bias of 1.5. CI: confidence interval; max.: maximum; min.: 
minimum; SD: standard deviation.
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effect between the MINI-CUBE, the Westergren method, and 
the hematocrit value that was assessed (F (1, 420) = 0.83, P = 
0.363, R2 = 0, R2 adj = 0).

The stability assessment was evaluated: samples with low 
ESR levels were stable for up to 5 h (T4), while the samples 
with intermediate and high ESR levels were stable up to 3 h 
(T3) after the blood collection. The same trend was confirmed 
for the analysis after 24 h (Supplementary Material 1, www.
thejh.org).

Finally, 11 samples with hemolysis (hemolytic index > 33 

mg/dL Hb), 13 with icterus (jaundice index > 2 mg/dL), and 10 
with lipemia (lipemic index > 68 mg/dL), defined by the serum 
index of the clinical chemistry analysis, were collected. For each 
index, Passing-Bablok regression analysis and Bland-Altman 
test were performed. Hemolysis interference assessment includ-
ed analysis of routine hemolyzed samples without additional 
hemolysis induction. Results of the assessment of hemolysis, 
icterus, and lipemia interference are presented in Table 3.

Discussion

ESR represents an important index of inflammation and, due 
to its simplicity and low cost, it is a widely used test in clinical 
laboratories [17]. Furthermore, it is a useful exam to support 
the diagnosis and monitor the course and therapeutic response 
of specific pathologies, including infection, tumor, and auto-
immune diseases. In light of these reasons, new and rapid tests 
are extremely helpful, and the results obtained from this study 
confirmed the MINI-CUBE as a possible candidate.

Overall, the results were comparable with the gold standard, 
the Westergren test. The linear regression and Passing-Bablok 
analysis showed optimal agreement between the two methods 
(R2 = 0.94), as well as the Bland-Altman analysis. The observed 
bias means resulting from this statistical approach can be con-
sidered acceptable from a clinical point of view. These data sug-
gest that the new alternative ESR analyzer could be more rapid 
than the classic one, because in just 20 min it can give accurate 
results, and provide an objective ESR analysis, and due to the 
automatic reader, avoiding subjective interpretation and leading 
to harmonization according to the ICSH [12].

However, consistent with previous findings [13, 18], sam-

Table 2.  Precision Analysis With Leftover Samples, Through 
the Measure of Mean, Repeatability, and Reproducibility

RC (%) RDC (%) Mean
Sample 1 2.26 2.86 3.00
Sample 2 2.10 2.70 5.50
Sample 3 3.84 4.85 5.50
Sample 4 2.07 2.61 10.67
Sample 5 1.03 1.31 11.83
Sample 6 1.90 2.41 15.17
Sample 7 1.31 1.65 17.33
Sample 8 5.00 6.32 45.50
Sample 9 5.86 7.41 48.17
Sample 10 5.20 6.53 64.83
Sample 11 1.31 1.65 109.70
Sample 12 0.00 0.00 140.00

RC: repeatability coefficient; RDC: reproducibility coefficient.

Table 1.  Intra-Run, Inter-Run, and Inter-Instrument Precision Analysis With Quality Control ESR Control Cube

Level 1 control Level 2 control
Evaluated Declared Evaluated Declared

Intra-run (mm/h)
  Mean 5.83 13.00 73.33 94.00
  SD 0.29 0.96 0.58 10.49
  %CV 4.9% 7.4% 0.8% 11.2%
  Variance 0.08 0.33
Inter-run (mm/h)
  Mean 4.8 14.00 73.33 89.00
  SD 1.01 0.83 2.32 9.46
  %CV 21.1% 5.9% 3.2% 11.0%
  Variance 1.02 5.65
Inter-instruments (mm/h)
  Mean 4.8 13 72.53 89.00
  SD 1.30 1.08 4.04 12.54
  %CV 27.1% 8.03% 5.6% 14.1%
  Variance 1.71 16.39

Level 1 control: normal. Level 2 control: pathologic. ESR: erythrocyte sedimentation rate; SD: standard deviation; CV: coefficient of variation.
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ples with low ESR levels correlated better than high ESR levels 
samples, as can be seen in Figure 1, probably due to the non-
dilution with sodium citrate of the samples, as in the Westergren 
test. The high levels of ESR results obtained by MINI-CUBE, 
through the mathematical calculation of the optical distance of 
the red blood cell aggregation and the top of the plasma, in-
dicated a slight difference with the high levels of ESR results 
obtained from the gold standard [11, 19, 20]; anyhow, despite 
the larger bias, the lower correlation for high ESR values do 
not influence the clinical evaluation. It was observed that the 
ESR high levels were predominantly from samples from cancer 
patients, due to the inflammatory status generated by the tumor 
microenvironment. Many studies found that high ESR levels 
reveal the presence of growth-related inflammation and reflect 
the severity of systemic inflammation in cancer patients [6, 21].

In the hematocrit study, a larger dispersion of results was 
assessed between the two methods and the hematocrit values, 
revealing no interference [22, 23], despite other studies and 
the guidelines [14], where low and normal hematocrit values 
interfere significantly with the result of ESR. Likewise, an in-
terfering investigation was conducted to assess other eventual 
clinical interferences such as lipemia, hemolysis, and jaundice, 
revealing no significant results [18].

Furthermore, through the repeatability (RC) and the re-
producibility coefficients (RDC), the precision analysis was 
assessed. In the intra- and inter-run precision analysis, no dif-

ference between the %CVs was declared by the manufacturers 
and the %CVs calculated for ESR quality control (QC) level 
2, meanwhile, was noted to have a difference for the %CVs 
for ESR QC level 1. However, although the ESR QC level 1 
%CVs were high, they were caused by millesimal differences 
from low ESR values, as can be seen by the mean and the SD; 
therefore, the inaccuracy was minimal, and the systemic bias 
was very low. These results and considerations were in agree-
ment with precedent studies, where the control low-level CVs 
were also high [24, 25].

The MINI-CUBE ESR analyzer was designed for more 
flexibility in clinical facilities and small laboratories. It can 
simultaneously evaluate up to four samples, even when started 
at different times. Anyhow, one limit of this instrument is the 
condition to perform the test within 3 h from blood collection, 
even if stored at refrigerated temperature, and the low work-
load that it can support.

In conclusion, our study demonstrates the optimal perfor-
mance of the MINI-CUBE, showing valid results for precision 
and accuracy. Anyhow, our research should be detailed also 
in another population and should be implemented with inter-
ference studies on anemia, fibrinogen, and paraproteinemia. 
The new tool is easy to use, and measurements require only 
20 min, then it could be performed by professional laboratory 
personnel or by non-specialized personnel either in a labora-
tory or at a remote site, such as a private doctor’s office or in 

Table 3.  Results of Hemolysis Icterus, and Lipemia Interference on ESR Results

Passing and Bablok regression Bland-Altman
Correlation coefficient Significance level 95% CI Mean bias 95% CI

Icterus, n = 13 0.753 P = 0.0029 0.346 - 0.922 0.3 -24.4 - 25
Lipemia, n = 9 0.921 P = 0.0002 0.693 - 0.981 6.1 -20.7 - 32.9
Hemolysis, n = 13 0.750 P = 0.0126 0.226 - 0.937 0.8 -6.3 - 7.9

ESR: erythrocyte sedimentation rate; CI: confidence interval.

Figure 2. Linear regression and bias plots for the methods comparison for all the samples with normal hematocrit (Hct) (36% 
- 44%) (n = 109). (a) Passing-Bablok regression analysis between MINI-CUBE vs. Westergren test, defined by the equation 
y = 3.778 + 0.889x, intercept 3.778 (95% CI: 0.00 - 5.143), slope 0.889 (95% CI: 0.777 - 5.954). It was evaluated R2 of 0.929 (95% 
CI: 0.898 - 0.951; P < 0.001). (b) Bland-Altman test defined by the Westergren test and MINI-CUBE results (y-axis) and the mean 
of the two methods. The dotted lines denote the limits of the agreement (max.:18.3; min.: -15.6), and the continued line denotes 
the bias of 1.3. CI: confidence interval; max.: maximum; min.: minimum; SD: standard deviation.
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the emergency unit. Also, based on the optical method, the test 
does not consume the sample, without any waste production or 
exposure to “possibly risk-infected” human blood.

Supplementary Material

Suppl 1. (a) Evaluation of stability study from blood collec-
tion time up to 5 h after. ESR values are expressed as mean 
and SD. (b) Values and evaluation of stability study from blood 
collection time up to 24 h after. (T0: fresh samples; T1: after 1 
h; T2: after 2 h; T3: after 3 h; T4: after 5 h).
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