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Abstract 

 

Early reading of the ESR (Erythrocyte Sedimentation Rate) are described to predict the one – hour results. Calculating the 60 – minutes ESR 

by linear regression and extrapolation from 15, 30, and 45 minutes results using microprocessor for 500 samples was taken randomly to 

ensure a wide range of results. The correlation increased as the time is nearer to 60 minutes. The mean r – value was 0.937 ± 0.006. 

Regarding the ESR level of 30-90 mm group, results showed the highest agreement between the observed and calculated values and the least 

was for ≤ 30 mm samples, mean r – value 0.590 ± 0.075. The augury of two hours ESR from the one hour reading, the highest ESR has the 

lowest correlation, in contrary to the lowest reading group. Results obtained using micro ESR at time intervals of 5 minutes showed that the 

best r – value was at 30 minutes with p – value ≤ 0.05, showed a good relationship between Westergren and micro ESR and the former 

method can be substituted by micro ESR to limit and required blood for this test. 

In conclusion: saving time in finding out the expected one hour ESR from 30 minutes or more reading is practically accepted. We 

recommend to spot a cut point at 30 minutes sedimentation to indicate high ESR as well as the two hours ESR reading for high ESR diseases, 

and the Westergren method can be substitution by Micro method to reduce time and blood required.   
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INTRODUCTION 

 

The erythrocyte sedimentation rate (ESR) determination 

is a simple and inexpensive laboratory test that is frequently 

ordered in clinical medicine (Saadeh 1998; Dacie and Lewis 

1994; Brigden 1998). The test measures the distance that 

erythrocytes have fallen after one hour in a vertical column of 

anti-coagulated blood under the influence of gravity. 

The phenomenon of erythrocyte sedimentation and the 

basic factors influencing it have been exhaustively 

investigated by many scholars (Bull 1981; Hardwick and 

Squire 1982; and Brigden 1998), the amount of fibrinogen in 

the blood directly correlates with the ESR. Other factors 

which affect erythrocyte sedimentation include the    

difference in specific gravity between red cells and plasma, 

ratio of red cells to plasma, that is, the packed cell volume, 

the plasma viscosity, the verticality or otherwise of the 

sedimentation tube, the bore of the tube and   the   dilution,   

if   any,   of   the   blood.   The    most satisfactory method of 

performing the test was introduced by Westergren in 1921 

(Saadeh 1998; Dacie and Lewis 1994). Although, there is an 

enormous body of literature concerning the ESR, an elevated 

value remains a nonspecific finding (Sox and Liang 1986). 

The ESR is a simple and inexpensive test of chronic 

inflammatory activity, whose usefulness is becoming limited 

as a result of low sensitivity and specificity and emergence of 

new methods of evaluating disease (Perry 2006). 

Nevertheless, it still remains a key diagnostic criterion and 

monitoring test for a few conditions. Outside this, and despite 

the enormosity of body of literature concerning ESR, an 
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elevated ESR remains a nonspecific finding, if not 

meaningless, as an isolated laboratory finding. In developing 

countries like ours, emphasis is still placed on ESR for 

obvious reasons. It is unfortunate that most of the new 

methods of disease evaluation that could replace the ESR are 

still far from our reach, at least for now. Be that as it may, 

while physicians continue to utilize the ESR as an ancillary/ 

supportive tool in diagnosis, they must not lose sight of its 

associated setbacks and limitations. Suffice to say that it is 

time to ensure the availability of new methods of disease 

evaluation in our environment (Chamorro et al. 2006).   

Using the ESR to make diagnosis: Key considerations 

(Robins et al. 2003). 

1. The ESR is an inexpensive, simple test of chronic 

inflammatory activity.  

2. Indications for the ESR have decreased as the 

sophistication of laboratory testing has increased.  

3. The ESR rises with age, but this increase may simply 

reflect higher disease prevalence in the elderly.  

4. The use of the ESR as a screening test in a 

symptomatic persons is limited by its low sensitivity and 

specificity.  

5. An elevated ESR is a key diagnostic criterion for 

polymyalgia rheumatic and temporal arteritis, but normal 

values do not preclude these conditions.  

6. When there is a moderate suspicion of disease, the 

ESR may have some value as a "sickness index."   

7. An extremely elevated ESR (>100 mm/h) will usually 

have an apparent cause most commonly infection, malignancy 

or temporal arteritis.  

8. A mild to moderately elevated ESR without obvious 

etiology should prompt repeat testing after several months 

rather than an expensive search for occult disease. 

 

MATERIALS AND METHODS 

 

Blood samples anti-coagulated with Na2-EDTA 

(1.5mg/ml), collected randomly from 500 persons referred to 

the hematological laboratories of the Al- Yarmok Hospital 

from January 2011 to July 2012.Sedimentation experiments 

were performed in 200 mm Westergren tubes at 25 ± 2
o
within 

two hours after blood extraction, whole blood was diluted 4:1 

with 3.8% solution of sodium citrate. After thorough mixing 

of the diluted blood the Westergren tube was filled, placed in 

a rack to maintain vertical position and the reading was 

achieved every 15 minutes for two hours for all the 500 

samples (David 1951). 

The micro method of determination erythrocyte 

sedimentation, blood sample into a vertical capillary tube 

having an anticoagulant the closed one of end about the 

capillary tube and placed the capillary tube with vertically in 

a hole in a perfectly flat holder and the reading was achieved 

every 5 minutes for 30 minutes for all the 500 sampler 

(Suresh et al. 2008) 

Statistical analysis was done using Minitab 15 statistical 

analysis software. One way ANOVA test was used to 

compare different groups among each other and compare 

different methods. All values were expressed as Mean ± 

Standard Deviation of the mean (M±SD). P value ≤ 0.05 was 

regarded as statistically significant. 

 

RESULTS 

 

The samples are classified into three groups according to 

the determination, 250 tests showed values ≤ 30 mm, 150 

tests were 30 -90 mm ESR, and 100 samples the ESR was 

greater than 90 mm. 

Figures 1,2, and 3 illustrate the three phases of the ESR: 

aggregation, sedimentation, and packing and obviously show 

that the ≤ 30 mm ESR   tests (Figure 1) have much earlier 

packing phase than the ≥ 90 mm ESR samples (Figure 3) in 

which the sedimentation phase continues during the second 

hours. 
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Figure 1 Temporal development of ESR fromsamples selected from ≤ 30 

mm ESR cases to illustrate some different patterns and the three phases. 
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Figure 2 Temporal development of ESR fromsamples selected from 30-90 

mm ESR cases to illustrate some different patterns and the three phases. 
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Figure 3 Temporal development of ESR fromsamples selected from ≥ 90 

mm ESR cases to illustrate some different patterns and the three phases. 

 

Table 1 manifests the 15 minutes interval ESR readings 

for the three groups, statistical analysis showed that the 

regression coefficient (r - value) increases as the time reaches 

the 60 minutes with a mean r – value of 0.590 ± 0.075. 

 

Table 1 The correlation coefficient (r) and the 

significance (P) for the three groups of the ESR (≤ 30, 30-90, 

and ≥ 90 mm) when measured in 15, 30, and 45 minutes with 

60 minutes ESR.  

 

Among the three groups of the ESR samples, the 30-90 

mm group have the highest correlation coefficient with the 60 

minutes ESR if recorded at 15 (r = 0.654, P≤ 0.0001) and 45 

minutes results (r = 0.944, P ≤ 0.0001), while in 30 minutes 

measurements, in spite of having diminution from the ≥ 90 

mm ESR group the 30 – 90 mm ESR group still has the 

highest significance. 

Regarding 120 mm ESR, the ≤ 30 mm ESR samples were 

more correlated with one – hour readings than the others, this 

is shown in table 2 and figure 4. 

 

Table 2 The correlation coefficient (r) and the significance 

(P) for the three groups of the ESR (≤ 30, 30-90, and ≥ 90 

mm) when measured in 120 minutes with 60 minutes ESR. 

  

ESR mm r - value P - value 

≤30 0.829 5.1-31 

30-90 0.767 4.65-19 

≥90 0.751 4.21-06 
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Figure 4 Relation between 120 and 60 minutes ESR when the ESR is ≤ 30, 
30-90, and ≥ 90 mm. 

 
A micro method for the ESR using capillary blood, table 

(3) manifests the 5 minutes interval ESR readings for the 

three groups, statistical analysis showed that the regression 

coefficient (r - value) increases as the time reaches the 30 

minutes with a mean r – value of 1.000 ± 0.953. 

 

Minutes ESR 

mm 

r - 

value 

P - 

value 

Mean r- 

value ± SD 

15 ≤30 0.507 4.34-13 0.590±0.075 

30-90 0.654 4.03-16 

≥90 0.608 0.000107 

30 ≤30 0.786 6.94-37 0.840±0.047 

30-90 0.861 9.84-39 

≥90 0.872 9.37-12 

45 ≤30 0.931 1.45-59 0.937±0.006 

30-90 0.944 2.90-79 

≥90 0.935 1.92-16 
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Table 3 The correlation coefficient (r) for the three groups of 

the ESR (≤ 30, 30-90, and ≥ 90 mm) when measured in 5 

minutes with 30 minutes ESR. 

 

Minutes ESR 

mm 

r- value Mean r- value ± 

SD 

5 ≤30 0.785 1.000±0.953 

30-90 0.805 

≥90 0.900 

10 ≤30 0.850 3.500±1.508 

30-90 0.951 

≥90 0.988 

15 ≤30 0.876 2.167±0.718 

30-90 0.987 

≥90 1.120 

20 ≤30 0.990 2.167±0.835 

30-90 1.001 

≥90 1.411 

25 ≤30 0.990 1.750±1.138 

30-90 1.001 

≥90 1.411 

30 ≤30 0.990 2.667±1.073 

30-90 1.001 

≥90 1.411 

 
Among the three groups of the ESR samples, the 30-90 

mm group have the highest correlation coefficient with the 30 

minutes ESR if recorded at 5 (r = 0.785, P≤ 0.0001) and 15 

minutes results (r = 0.876, P ≤ 0.0001), while in 30 minutes 

measurements, in spite of having diminution from the ≥ 90 

mm ESR group the 30 – 90 mm ESR group still has the 

highest significance. 

Regarding micro - method ESR, the ≤ 30, 30-90, and ≥ 

90 mm ESR samples were more correlated with thirty 

minutes readings than the others, this is shown in figure 5. 
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Figure 5 Temporal development of ESR fromsamples from ≤ 30, 30-90, and 

≥ 90 micro - method ESR cases to illustrate some different patterns and the 

three phases. 
 

Comparison between Westergren ESR and micro ESR 

was good as shown in figure 6. 
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Figure 6 Relation between Micro ESR and Westergren ESR. 
 

DISCUSSION 

 

ESR is a simple, non – specific test which may detect 

acute or chronic inflammation or occult disease and also 

monitor the persistence of disease activity. 

ESR is not a linear or simple measurement of 

sedimentation rate but rather is the result of a series of 

complex reactions. It was not possible to recommend a 

definitive reference method (Landau 2003). 

The erythrocyte sedimentation may be separated into 

three distinct phases; aggregation, sedimentation, and 

packing, in most cases the aggregation phase ends within 10 

to 15 minutes and sedimentation then continues to the end of 

the first hour when the packing phase starts and the result 

assumed to be obtained (Mangge et al. 2005). 

When trying to estimate the 60 minutes ESR from 15,30 

and 45 minutes readings, the 15 minutes results have the least 

correlation (mean r – value 0.590 ± 0.075), the same is 

observed by others, and explained as at this early phase of the 

test red blood cells aggregate and no linear sedimentation is 

observed. 
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The correlation coefficient of 30 minutes reading (mean r 

– value 0.84±0.047 is close to that of 45 minutes 

measurements (mean r – value 0.937 ± 0.006), so the reading 

in 30 minutes may replace that of 45 minutes efficiently and 

save more time. 

Among the three groups of ESR reading at 60 minutes, ( 

≤ 30 mm, 30-90mm and ≥ 90 mm), 30-90 mm samples have 

the highest correlation coefficient when recorded at 15 and 45 

minutes and unmentioned reduction from that of ≥ 90 mm 

samples which have more p – value ( less significant ) than 30 

– 90 mm tests. This finding could be due to the results read as 

the packing is still in progress for the samples of ≤ 30 mm 

ESR or the sedimentation has not yet started for the ESR ≥ 90 

mm cases and no sedimentation occurs during rouleaux 

formation. Nevertheless, the high number of 30-90 mm cases 

might be accused for that. 

One hour waiting looks not long enough to wait for the 

ESR result, a scientist had found that 120 minutes readings 

have higher sensitivity than 60 minutes value in patients with 

colorectal carcinoma, while others found that no additional 

information can be derived from ESR value after two hours 

and one hour value proved sufficient. 

In predicting the two – hours ESR from that of one – 

hour, mean r – value increases as the ESR decreases and 

becomes more reliable. 

As mentioned before, that the sedimentation phase lasts 

and packing starts earlier than those of high ESR in which the 

sedimentation phase needs longer time to last. 

This is well illustrated in figures 1, 2, and 3 in which the 

temporal developments of the three ESR groups are 

demonstrated. In ≤ 30 mm samples, packing starts at about 75 

minutes, and in 30-90 mm group it was at 90 minutes, while 

in ≥ 90 mm tests the sedimentation phase is still in progress. 

Micro method ESR is a useful non – specific test, this 

method using smaller volume and shorter time (Moe, 2007). 

 The statistical analysis showed that the regression good 

coefficient (r –value) increases as the time reaches the 30 

minutes for all groups, table 3. 

This is well illustrated in figures 5 in which the temporal 

developments of the three ESR groups are demonstrated. In ≤ 

30 mm samples, packing starts at about 5 minutes, and in 30-

90 mm group it was at 20 minutes, while in ≥ 90 mm tests the 

sedimentation phase is 30 minutes. 

The method could be a potentially useful substitute for 

the Westergren method, particularly in pediatric laboratories 

using mainly capillary samples, or when only small volumes 

of blood are available for examination in a fully automated 

department (Suresh et al. 2008). 

Comparison micro ESR and Westergren ESR was good 

results show in figure 6. 
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