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Abstract 

Purpose To compare a new automated system 

for the measurement of erythrocyte 

sedimentation rate (ESR) with the established 

manual Seditainer method. 

Methods Two hundred and twelve patients 

undergoing investigation for giant cell arteritis 

or other systemic vasculitides had ESR 

measurements by both the established manual 

Seditainer and the new laboratory-based 

automated system. The results were compared 

by correlation coefficient and mean difference. 

The limits of agreement with confidence 

intervals were also calculated. 

Results Across the range of results from 1 to 

120 mmlh, the correlation coefficient was 0.844. 
The automated method had a mean negative 

bias of -9.8 mmlh (95% confidence interval: 

-12.2 to -7.4 mmlh). The wide scatter of 

results produced limits of agreement (± 2 
standard deviations) between the two methods 

of -45 to 26 mmlh. There were seven results 

that were underestimated by the automated 

system which were clinically significant. 

Conclusions There is a wide degree of scatter 

between the two sets of results. The automated 

system has a negative bias when compared 

with the manual method. There is a propensity 

for the automated system to sporadically 

underestimate the true result, sometimes to a 

degree that is clinically significant. The 

authors therefore cannot recommend 

replacement of the manual Seditainer system 

at the present time. 
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Associated with any inflammation there is an 
augmented hepatic synthesis of certain proteins 
and a resulting increase in their plasma 
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concentrations. There are dramatic rises in the 
plasma levels of C-reactive protein and serum 
amyloid A, with lesser rises in serum 
haptoglobin, complement proteins, 
caeruloplasmin and fibrinogen. This is termed 
the acute phase response. These changes are 
thought to be mediated by the release of 
interleukin-6 from monocytes and their 
macrophage derivatives, which in turn leads to 
the production of prostaglandin E2 and 
interleukin-1.1 

The erythrocyte sedimentation rate (ESR) is 
frequently used by ophthalmologists to assist in 
the diagnosis and management of giant cell 
arteritis?,3 The ESR is a measure of the rate of 
fall of red cells in a tube and it reflects an 
increase in the plasma concentration of large 
proteins such as fibrinogen. The proteins cause 
rouleaux formation which, because of their 
greater density, gravitate downwards much 
faster than individual cells. The measurement 
can be performed using instruments in a near
patient environment, allowing more rapid 
diagnosis (Ves-matic system, Diesse, 500200 
Sambuca/Florence, Italy). The American 
College of Rheumatologists include an ESR 
(Westergren) of greater than 50 mm/h as part of 
their diagnostic criteria for giant cell arteritis, 
along with localised headache, temporal artery 
tenderness, age greater than 50 years and a 
positive temporal artery biopsy.4 The accurate 
measurement of the ESR is therefore important 
for correct patient management. 

The selected method of the International 
Committee for Standards in Haematology for 
measuring ESR is that of Westergren, dating 
back to 1921.5 However, recent awareness of the 
biohazard risk associated with needles and 
phlebotomy has led to the development of 
vacuum aspiration and dilution systems to 
reduce operator exposure to blood and to 
simplify the assay procedure. An example of 
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this is the manual Seditainer system, which shows 
excellent correlation with the Westergren method and is 
currently established in the eye casualty department for 
near-patient testing.6,7 

Recently, a number of new automated ESR methods 
have become available which offer results within 25 min 
of venepuncture, combined with the added benefit of 
reduced operator workload.s,9 These are available in both 
laboratory and near-patient formats. 

Before the automated system could replace the 
current Seditainer method, it was decided to compare the 
ESR results obtained using the new laboratory-based 
automated system with the established eye-casualty
based manual Seditainer system. 

Methods 

The Seditainer system comprises a glass vacuum tube 
measuring 120 mm X 10.25 mm. The tube contains 
1.25 cm3 of 0.105 M buffered sodium citrate and has a 
vacuum sufficient to draw 5.0 cm3 of blood. After the 
tube is filled to the required level, as marked on the tube, 
it is inverted 8-10 times to ensure thorough mixing. The 
tube is then immediately placed in a precalibrated 
Seditainer rack and left for exactly 1 h. The ESR is then 
read directly from the precalibrated scale and this is 
equivalent to the Westergren ESR. 

The automated system comprises a 100 mm evacuated 
glass collection tube containing 0.45 cm3 of 0.105 M 
buffered sodium citrate. The tube is filled by vacuum 
with 1.8 cm3 of blood and sent immediately to the 
haematology laboratory. On arrival, the tube is placed in 
the instrument rack of the measuring device. The blood 
tube is mixed automatically for 5 min and placed at an 
angle of 200 from the vertical. The tube is observed by 
means of a movable camera inside the instrument 
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connected to a microprocessor. The computer records the 
changes in the height of the red cell column by 
measuring light transmission differences between 
sedimented cells and the overlying plasma. After 20 min 
the system reads the fall of the red cell column and 
converts it to the equivalent Westergren ESR 
measurement at 1 h. 

Venous blood was collected from 212 patients (156 
women, 56 men; age range 18-96 years) attending the eye 
department or the rheumatology department with a 
suspected or proven diagnosis of giant cell arteritis or 
other type of systemic vasculitis. The ESR was measured 
immediately in the eye casualty department by either a 
doctor or an experienced nurse using the manual 
Seditainer system. Simultaneously blood was sent to the 
laboratory for measurement of ESR by the automated 
system. 

The data were analysed using the techniques 
suggested by Bland and Altman.lO The two sets of ESR 
values were plotted as a scattergram and the correlation 
coefficient calculated. In addition, the mean of the ESR 
results from the two different methods was plotted 
against the difference between each set of results. This 
allowed a representation of any underlying disagreement 
between the methods or bias. The numerical differences 
between each set of data were expressed as the limits of 
agreement between the methods and the confidence 
intervals were calculated for the upper and lower limits 
of agreement. 

Results 

The paired ESR results for each patient were plotted as a 
scattergram (Fig. 1). There was a correlation coefficient of 
0.844. At high ESR values (> 70 mm/h by the Seditainer 
method) scatter increased dramatically between the two 
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Fig. 1. Scattergram of ESR results obtained by the two analytical methods. Results deemed clinically significant are within the box. 
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Fig. 2. The mean ESR result for each patient plotted against the difference between the automated and manual methods. 

sets of data. There were seven significantly elevated 
results as determined by the Seditainer method that were 
reported as being within the normal range by the 
automated system « 30 mm/h), as highlighted in Fig. 1. 

For these seven patients, another blood sample was 
drawn within 24 h and the analysis was repeated. In all 
cases the elevated Seditainer result was found to be 
replicated, whereas the automated result was not. These 
discrepancies occurred at random times throughout the 
study. 

The automated system showed a mean difference of 
-9.8 mm/h when compared with the Seditainer results 
across the range of results from 0 to 120 mm/h (SD = 17.6 
mm/h; 95% confidence interval: -12.2 to -7.4 mm/h). 
The limits of agreement (± 2 standard deviations) 
between the methods range from 45 mm/h below (95% 

confidence interval: -49.1 to -40.9 mm/h) to 26 mmh 
above (95% confidence interval: +21.9 to +30.1 mm/h) a 
given result measured by the Seditainer method. Fig. 2 

shows the difference between each set of results plotted 
against the mean ESR result for each patient, and 
emphasises the lack of agreement between the two 
methods. 

Discussion 

In a recent review on giant cell arteritis, Keltnerll pointed 
out that the incidence of headache varied from 4% to 
100%, temporal artery tenderness from 28% to 91 %, fever 
from 30% to 100% and jaw claudication from 4% to 67%. 
This wide variability of signs and symptoms presents the 
clinician with diagnostic difficulties, especially in the 
elderly population, where giant cell arteritis can mimic 
many different diseases. The measurement of ESR is an 
important investigation in the diagnosis and monitoring 
of treatment. 

Because the ESR is a non-specific test of the acute and 
chronic phase response,12 investigators have searched for 
more specific tests to complement or replace it. These 
have generally involved the laboratory measurement of 
individual acute phase proteins, including C-reactive 
protein, orosomucoid, serum amyloid A, caeruloplasmin, 
fibrinogen12 and anticardiolipin antibodies.13 Of these, 
C-reactive protein has shown most promise as it becomes 
elevated by as much as 600-fold2 within 4-6 h after an 
insult. After the insult is removed, levels fall rapidly, 
usually within hoursY In comparison ESR levels take a 
number of days to become elevated and take a similar 
time to return to normal.13 Because of this difference in 
time profile the tests should be seen as complementary 
and not mutually exclusive.2 

Hayreh2 found that in cases of biopsy-proven giant 
cell arteritis the ESR had a sensitivity and specificity of 
92% (8% of patients had a normal ESR). In contrast, 
C-reactive protein measurement in men had a sensitivity 
and specificity of 100% and 83% respectively, while in 
women the values were 100% and 79% respectively. 
When the ESR and C-reactive protein results were 
combined, a specificity of 97% was found. Hayreh also 
found that an ESR value between 47 and 107 had an odds 
ratio of 1.4 for a positive temporal artery biopsy. In 
comparison, a C-reactive protein above 24.5 mg/l had an 
odds ratio of 3.2. Overall he found C-reactive protein to 
be superior to the ESR in the diagnosis of giant cell 
arteritis. 

Despite this, ESR currently remains a commonly 
performed and important blood test in the investigation 
of giant cell arteritis, mainly because of its simplicity. The 
method used for its assessment needs to be accurate, 
reliable and rapid. The Seditainer system currently used 
in our eye casualty department meets some of the criteria 
but takes 1 h to perform and is not automated. The new 
automated method uses an automatic tube reader and an 
algorithm to produce results that are claimed to be 



equivalent to the ICSH. Westergren reference method 
within 25 min.8 We decided to investigate the new 
automated system with a view to replacing our current 
manual method. 

While there appears to be a linear relationship 
between the two methods, there was a large degree of 
scatter which increased with the level of ESR. It is of 
concern that there were seven results which were 
markedly elevated when measured by the manual 
method but were classified as being within the normal 
range by the automated method. The difference was 
considered to be clinically significant. This means that 
there is a risk of misdiagnosis which may have sight
threatening consequences. The reason for the discrepant 
results is unknown, but repeat venesection and analysis 
revealed the automated result to be inconsistent. 

It is known that the ESR is affected by factors such as 
packed cell volume and plasma albumin, globulin and 
fibrinogen concentrations.12 In the case of our patients, it 
is unlikely that the concentrations of these components 
would change in the space of a few hours before another 
blood sample could be taken. More importantly, the 
Seditainer results were reproduced in the repeated blood 
sample. One must assume, therefore, that the error 
occurred at either the venesection, mixing or transit stage 
or at the time of analysis. 

Previous studies have shown that a loss of vacuum in 
the tube leading to an underfilling of the sample bottle by 
80% causes a small reduction of the measured ESR, while 
loss of anticoagulant by leakage or poor quality control 
causes an overestimation of the ESR.6 Importantly, it has 
also been shown that ESR results are stable in blood 
stored for up to 20 h after venepuncture.6,8 Significantly, 
there were no falsely low results produced by the 
Seditainer method, making sample collection error an 
unlikely cause for the discrepant results. 

Because there is no visual confirmation of results 
produced by the automated system, an error with the 
photocell reading of the plasma/red cell interface would 
be unlikely to be detected and an erroneous result could 
be reported. 

The overall negative bias of the automated system and 
the wide scatter of results means that results above 
approximately 65 mm/h can only be classified as 
semiquantitative. Using the Seditainer system, a result at 
the diagnostically important level of 50 mm/h would 
have an approximately 95% chance of falling within the 
range 5 to 76 mm/h. The authors feel that this level of 

agreement is clinically unacceptable. Taken together with 
the risk of the new method significantly underestimating 
the true result, replacement of the manual Seditainer 
system with the new automated system in the eye 
casualty department cannot be recommended at the 
present time. 

The authors would like to thank Miss P. Desai for her assistance 

with the data analysis and Mrs P. Simons for her assistance with 

the collection and analysis of the blood samples. 
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