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in from, tvvo to nine, days after operation. It was found that the spirilfa 
tended to disappear before the fusiform,bacilli. 

Bacteriological Summary.-(I) lOO healthy mouths and throat~ were 
swabbed. 21 per cent showed the presence of fusiform bacilli and spirilla 
either separately' or in combInation .. 

(2) The organisms were neyer numerous and ''-"ere generally found only 
after prolonged search. 

(3) Fusiform bacilli and spirilla were rather more numerous in the throats 
of patients suffering from aCllte sore throat (clinically not Vincent's infec
tion) than in the mouths and throats of heaIthy people, the figures being 
32 per cent in infected throats as against 21 per cent in those not infected. 

(4) After the removal of tonsils in cases of Vincent's infeCtion fusiform 
bacilli and spirilla either disappeared entirely from the tonsillar fossce in 
from two to nine days or were present in very small numbers and there was 
never any suggestion of an infection of the tonsillar fossce by these 
organisms except in one instance where neokharsivan had not been given 
befOl:e operation. 

OBSERVATIONS ON THE TECHNIQUE OF THE BLOOD 
SEDIMENTATION RATE. 

By PRIVATE H. DUSCHINSKY. 

Royal Anny Medical Corps. 

THE essentials of the technique of estimation of the blood sedimentation 
rate, as employed in. nearly all the methods descrihed, are (1) the mixing 
together of I volume of citrate solution and 4 volumes of blood and (2) the 
placing of a portion of this mixture in a vertical tube, where the rate of 
sedimentation of the red cells is measured. 

As a rule, a quantity of the citrate solution is drawn lip into a hypodennic 
syringe, a vein is pierced, and blood equal to four'times the amount of citrate 
is su.cked up. \ . . 

It was noticed that it was frequently impossible to prevent a varying 
quantity of ait from entering the syringe with the blood. This was due to 
some minute fault in the fitting.of the ne.edle or plunger and, more often than 
not, the resulting mixture was ,disturbed to an unknown degree from the 
essential of I volume of citrate and 4 volul,l1es of blood, i.e. 20 percent 
citrate and 80, per cent blood. 

It appeared important therefore to determine whether much'disturbance 
of the- mixture introduced an error of clinical significance in the inter
pretation of the result. For this purpose the following investigation was 
initiated, leading in the end toa proposed technique, a modification of that 
of Harvey aQd Hamilton (1936), which is thought to be accurate, simple and 
inexpensive in apparatus. 
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VOLUMETRIC ERROR. 

A'volumetric error will be caused by the entrance of air into the syringe. 
Before' the withdrawal of the blood, the syring-e contains an exact am<;ltlnt 
of citrate solution; arid the subsequent sucking-. in of air tog-ether with the 
blood usually results-unless one tries Jo make a g1.1ess-work correCtion for 

, the air by drawing in more blood-in the final mixture containing more than 
20 per cent citrate. 

Six Westerg-ren tubes were set up 'for each of a number of patients, the 
mixture containing- varying- amollnts of citrate sol~ltion from 20 per cent 
(standard technique) to 45 per cent. The results are shown in, Table I, and 
it will beseen that accuracy of dilution is of considerable importance. The 
greater the proportion of citrate in the mixture, the slower the sedimenta
tion. An error of only 5 per cent in the case of ,patient 1 reduced the sedimen
tation in one hour from 14 to 8 mm., and in patient 3 from 69 to 50 mm., i.e. 
by 43 and 27 ,per cent respectively. It is easy to conceive therefore that 'such 
inaccuracies in the citrate-blood may either lead to difficulties in the diag-nosis 
or to false optimism where a series of. rates is being estimated for progress. 

TABLE I 

Readings in Millimetres per hour with 
Patient 20% 25% 30% 35% 40% 45%. 

(Clinical Diagnosis) Citrate 
1. L. . (TB of spine), .14 8 '8 4 2·5 2·5 
2. E. , (Pulmonary TB) 97 96 83 37 
3. L. (Bronchitis) 69 50 43 32 
4. S. (Bronchitis) 5 3·5 3·5 3 3 2·5 
5. J. (Bronchitis) 3 3 2·5 2 1·5 
6. R. (Pott's disease) 2·5 2 2 }·5 1 

CLEANLINESS OF GLASS-WARE. 

All descriptions of the different methods of estimating the blood sedi
Inentation rate' insist on absolute cleanliness of glass:ware. It was thought 
worth w'hile contrasting the effect in this test of what one might call normal 
cleanllness and chemical cleanliness. 

TABLE II 

Time of Reading Tube: 2 3 4 ,5 6 
15 minutes 0·5 1 0·5 0·5 0·5 0·5 
30 

" 
0·75 3 'c2 1·5 1·5 1·5 

1 hour 4 13~' 14 8. 7 8 
2 hours 17 30 , 31 . 23 22 24 
4 62 50 59 43 42 44 

TABLE IU 

(Same Patient as above.) 

Time of reading Tube: 1 2 3 4 5 
15 minutes, 1 1 1 
30. 2·5 2;5 2·5 2·5 2·5 
1 hour 10 10 10 10 10 
2 hours 22 22 23 23 23 
4 59 56 55 56 56 
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(The tubes of Table Il were cleaned as follows: Washed in hot water 
and dried in the hot-air-oven. The tubes of Table III were cleaned as 
follows: Autoclaved in 6 per cent chromic acid at 20 pounds pressure for 
twenty minutes, washed in six changes of tap-water and two changes of 
distilled water, dried in the hot-air-oven.) 

The same patient's blood was set up in the six" clean" tubes of Table Il 
and in the six chemically clean tubes of Table Ill. The absolute necessity 
for chemical cleanliness is best seen by comparing the varying figures for 
one and two hours, the normal times of reading, in Table II with those in 
Table Ill. 

ALTER~TATIVE :METHODS. 

Vaccine lymph capillary tubes. 
Harvey and Hamilton (1936) have critically investigated the use of 

capillary vaccine tubes of approximately 1 mm. internal bore. They use a 
column of 70 mm. length and conclude that reliable results can be obtained 
with these tubes. 

For the purpose of estimation of the blood sedimentation rate they take 
up a quantum of citrate with a teated pipette and expel one drop ,into a watch
glass, rejecting the remaining citrate as completely as possible. From a 
finger prick they take up a sufficiency of blood in the same pipette as has 
been used for the citrate, drop slowly four drops of blood from the vertically 
held pipette into the same watch-glass, and mix blood and citrate. The 
capillary tubes are filled from the watch-glass by capillary attraction up to 
a mark 70 mm. from one end of the tube. The blood column is tilted higher 
up into the tube, both ends are sealed off with plasticine. The tuhesare then 
placed in a vertical position. 

The dilution of the mixture in this method differs from the usual one, 
4 of blood and 1 of citrate, the volume of a drop of citrate solution being 
smaller than that of a drop of blood. 

When using the capillary tubes in this laboratory however, the results 
obtained from the same sample of citrated blood showed distinct discrepancies 
(Table IV showing six examples). 

TABLE IV 

Readings ,in Millimett'es 
Westergren 

Patient Tube Capillary Tubes 
(Clinical Diagnosis) After 1 hour After 1 hour After 24 hours 

2 3 4 2 3 4, 

1. C. (investigation) 4 2 5·5 6 7·5 26 27 28 29 
2. C. (Bronchitis) 5 5 4 5 6 32 37 33 30 
3. W. (Lymphadenitis) 5 5 5 6 9 39 32 37 37 
4. H. (Rheumatism) 15 12 15 16 18 36 37 45 41 
5. C. (Pleural Effusion) .. 17 IS 13 11 12 41 38 38 43 
6. R. (Pleural Effusion) .. 14' 10 9 16 12 40 40 44 43 

The capillary tubes were cleaned with the same care as the Westergren 
tubes. It was noticed that the initial blood column of 70 mm. had either 
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increased or decl'eased in length when the blood was allowed to rise in the 
tubes before sealing them. - This was apparently due to differences in the 
il~ternal bore of the capillary tubes at different levels of the tubes. In order 
to prove this irregular bulging, a column of mercury was introduced into 
the tube~. The length of this column was measured when occupying 
different portions of the tube. - It will be seen from Table V, showing five 
examples, that vaccine capillary tubes show many differences of bore along 
their length. 

TABLE V 

Length of Mercury Column in Millimetres at a Distance of 
Tube At end A 5 10 15 20 .25 30 .35 40 45 

Millimetres from end A . 
1 61 62 63 . 64 65 66·5 68 68 
2 56 57·S 58 59 59 59·5 60 60 60·5 61 
3 63·5 65 66 66 66·5 67 67 67 66·5 66 
4 59 - 60 61 62 62·5 62 63 63·5 
5 60 61·5 62 62·5 63 63 62·5 62 

The observ,ation was made ,that the twenty-four-hou~ readings of the 
same sample of citrated blood could be corrected as shown in ,Table VI. 
This correction figure, however, only applies to the twenty-four-hour read
ing. No such figU1~e could be found as regards the one-hour reading. 

TABLE VI 

(BLOOD FROM ,PATIENT B., RHEUMATISM) 

Tube 1 2 3 '·4 5 6 7 
Reading at 1 ,hour 3 3 2 3 2 8 6 
Reading at 24 hours 32 35 32 34 31 36 35 
Length of blood ,column 68 71 68 70 67 72 70 
Correction figure 2 -1 -2 0 3 -2 0 
Corrected reading at 24 hours 34 34 34 34 34 34 35 

Manometer Tubing.-To avoid the deviations of the internal bore, mano
meter tubing was used instead of vaccine capillary tubes. The tubes. em
ployed had a length of 100 mm., and a' uniform internal bore of 1 mm. 
To pick up blood one end has to be pointed which was done by grinding on 
ca:rborundum. 

Blood, can be taken with such a manometer tube from a finger prick. 
For this purpose the tube is marked at 20 mm. and 100 mm., from the pointed 
end. Citrate solution is introduced into the tube up to the first mark and 
blood from finger prick is taken up till the citrate column reaches the second 
mark. This assures a correct ratio of blood and citrate. The contents of 
the tube are ,mixed in a watch-glass. From there the mixture is drawn up 
to the 70 mm. mark of another tube to which a teat has been adjusted. The 
end of the tube is covered with finger and the tube is held horizontally 
while the teat is remQved. A rubber band is placed round the tube instead 
of sealing with plasticine. 

The results ~ere satisfactory throughout (Table VII). 
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TABLE VII 
Readings/ in Millimetres 

Patient TVestergren 
(Clinical Diagnosis) Tube Manometer Tubes 

After 1 hour After 1 hour After 24houTs 
2 3 4 , 1 2 3 4 

1. K. (Bronchitis) 2 3 3 4 3·5 32·5 32·5 33 33 
2 .. L. (Lumbago) 5 6 14 6 6. 33 33 33 33 
3. S. (Rheumatism) 6 6 6 6 6 34 33 34 33 
4'. H. (Arthritis) 18 16 16 16 16 38 38 38 38 
5. C. (Bronchitis) 17 14 15 13 15 37 37 37 37 

I Manometer tubing of 100 mm. length has the advantage over the Wester
gren tubes inthat the former can be boiled in chromic acid solution in a small 
receptacle whereas the. Westergren tubes need an inconveniently large con
tainer for either boiling or autoclaving. Another advantage of the mano~ 
meter tubing is that it can be centrifuged and the correction value for total 
blood volume can be estimated. 

SUMMARY. 

It has been shown that a volumetric error in the ratio of blood and citrate 
will affect the result of blood sedimentation. It is therefore absolutely 
essential that the syringe which is used for withdrawing bl09d from the vein 
should be such that no air is sucked in when the blood is drawn up. 

Glass-ware used for this test must be chemically clean, otherwise irregu-, 
larities in the result occur and the readings cannot be relied upon . 

. When, using vaccine capillary tubes small discrepancies in the result 
occur. This is largely due to the 'fact that in individual tubes the internal 
bore throughout the entire length is not uniform. 

Manometer tubing provides uniformity of the inten)al bore, is accurate, 
easily cleaned and cheap. 

lam indebted to Lieutenant-Colonel C. J. Harwood Little, O.B.l1-:, 
Assistant Director of Pathology; for permission to submit this article for 
publication, and to Maj<;>r H. C. Brown, for suggestions and help. 
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