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THE ERYTHROCYTE SEDIMENTATION RATE IN ACUTE RHEUMATISM

AS AN AID TO PROGNOSIS AND TREATMENT.

I. INTRODUCTION.

In the following enquiry an attempt is mede to
find a method of clearly differentiating, in cases of
rheumatism of various types, (A) those in which al-
though clinically free from symptoms, an active pro-
cess is still present from (B) those in which the con-
dition is cured or at least quiescent.

The method of investigation used is'the erythro-
cyte sedimentation rate. A review of the various
!methods commonly used is included, together with some
Eexperimental deteils and a universal expression of
the sedimentation rate.

The whole subject is viewed entirely from the
clinical standpoint; and the test is advanced as a
deflinite ald to prognosis, and as a guide to the

length of time treatment should be continued.
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IY. TEE RHEUMATIC MANTFESTATIONS AND SOME OF

THE PROBLEMS PRESENTED.

The manifestations of rheumatism are of daily
in£erest to the medical profession, and each year more
articles appear on the subject than on any other dis-
ease. It is with some degree of hesitation that an
addition is made to the numerous forms of enquiry: but
the fact that so much has been written and so many
?contradictéry statements are to be found makeslone bold
enough to add some personal findings. I

Rheumatism, with its resultant heart lesions, is
at the root of s considerable amount of disability
gamong the school children, the adolescent and the
young adult population of this country. Some interest-
ing figures are given in the Ministry of Health Report
in 1927 (1) where it is shown that in Fngland énd
Wales 25,000 fatal cases of rheumatic heart disease
occur ennually and that about 40% of the total deaths
from heart disease are rheumatic in origin.

The crippling of the young life by the incidence
pf rheumatic heart disease has a very far reaching
economic as well as a personal aspect. The patient
becomes a chronic invalid at an early age almost
before he 1s able to work and from the economic stand-
point is a drag on his family and the community in

general. Unsuited for almost any work, he draws his

weekly/



weekly insurance allowance from the National Health
funds, suffering as he does from chronic disability.

That is one aspect but from the perscnal stand-
point he has the suffering of a crippled and useless
1ife and no prospect but an early death. This surely
is the more important aspect and the one which it is
the duty of the Medical Profession to alleviate and
eradicate as far as possible.

The etiology of rheumatism remsins obscure and
until this is more fully understood the_cure and pre-
vention must remain somswhat uncertain.

From all the investigations which have been made
certain etioclogical factors appear to play a part in
the causation of the disease but the real importance
of any one factor is difficult to estimate.

Environmental factors appear to have some signifi-
cance and 1t 1s generally found that where there is
‘bad housing and especially damp, the incidence of
rheumatism is greatést. From this aspect great re-
;forms are taking place with new housing schemes and
‘general improvement of the slum conditions which
should lead to the lowering of the incidence of the
Idisease. There are, however, to be found numbers of
cases of rheumatism in good houses where the conditions
are not in any sense adverse, and there would appear to
be an environmental factor in the causation of such.

In the poorer child it is probably rather a condition
of/



of chronic disability from the bad surroundings causing
a predisposition to any type of infection rather than
'to rheumatism itself,

There would also appear in a certain number of
cases a hereditary factor. When the condition occurs
in more than one child in a family there may also be
found an evidence of rheumatism in one or other of the
parents. Some writers state that they have found the
hereditary factor more prevalent in the better clesses,
and that a predisposition on the part of either parent
‘was able to be transmitted to the child. In opposition
to this view however is the theory that the disease is
spread by contagion from the parent to his child and
from brother to sister. Consequently here again the
importance of these factors is not as clear as it might
be as regards the causation of the disease.

The etiological factor from the bacteriological
side 1is one of great interest and in the vast research
that has been done there 1s an amazing amount of contra-
dictory evidence.

As far back as 1885 Wilson (2) isolated from the
pericardisl fluid and from the lungs, in cases of
rheumetic fever a micro-organism which he declared to
be the cause of the disease.

In 1891 Pierre Achalme (3) in Paris described a
large anaerobic bacillus which he recovered from the

blood, pericardial and cerebro-spinal fluids and the

valves/



valves from a case of acute rheumatic infection.

In 1894 Von Leyden (4) disputed the specificity
of this organism, as he had isolated a form of diplo-
coccus, which was believed to be related to the strepto-
coccus, from the blood and vegetations on the valves
in cases of rheumatic infection. Westphal, Wassermann,
and Malkoff (5) in confirming this work produced art-
icular lesions in rabbits by inoculating them with the
organism. Triboulet and Cyon (6) produced endocarditis
in guinea-pigs by -similar inoculation.

Later, in 1900 Poynton and Paine (7) described
the presence of a minute gram-positive coccus in cul-
ture from the blood and effusions in the joints and
also from the vegetations on the valves in 8 successive
cases during life. They termed the organism the
"diplococcus rheumaticus" and suggested that it was
the same as described by Wassermann and his co-workers
and by Triboulet.
| Since these original and early bacteriological
discoveries very many workers have been unsuccessful
in confirming the statements made.

At the present time there is no organism known
that can be claimed as the causative organism of
rheumatism and at the same time fulfil Koch's postu-
lates. There appears to be only one comparatively
universal finding and that is the fact that the organism
i1s of the streptococcal group or related to it in some

way/



way. Most workers have isolated some type of strepto-

coccus but thers 1s great variation in the types both

in their morphological and immunological character-

istics.
In order to try to corrslate thls diversity of

opinion as to the exact nature of the causal organism
the theory that rheumatism is an allergic phenomenon
has many adherents. In 1912 Shick (8) advanced this
allergic cause in reference to arthritis and endo-
carditis in scarlet fever, and in 1915 Faber (9)
brought forward this as a theory for the explanation
of the conditlions found in rheumatism. In a survey

on the subject Jenkins (10) reminds us that the clin-

'ical picture of anaphylaxis and rheumatism are very

similar indeed. He postulates that the allergic
theory is the only one that accounts for all the phen-

omena presented and their reactions to the known treat-

‘ment. The 1iability to allergy can be inherited or

racquired and so also, he states, can rheumatism,

Anaphylaxis is a non specific reaction and therefore

rheumatism may be the reaction to a non specific

‘organism. Another fact 1s that the shock depressant

drugs known to be useful in anaphylaxis are of use
and are used in the treatment of acute rheumatism,
Nevertheless the problem that presents itself

while the bacteriologists are still searching for a
definite/



definite causal organism and while the Public Health
Authorities gradually better the slum conditions, is
‘that of treating the patient who has developed the con-
dition, and of ensuring that as far as 1s within one's
ability that his treatment is adequats.

The investigation in this enquiry is an attempt
to differentiate, in those cases whers symptoms of
rheumatism have been present, whether the patient
@on the one hand can be safely considersed to be cured,
or at least the disease regarded as in a state of
quiescence, or whether on the other hand the process
is still active.

The beds of our general hospitals are occupised
by meny cases of acute rheumatism and rheumatic fever,
and their sequelae. In the treatment of such cases it
is often extremely difficult to decide when a patient
should be given full liberties to get up and to leave
the hospital.,

i The grave decisions ars:- "When should the patient
be allowed to get up?" and "When should he be allowed

to return to his work?" Considering the very dele-
terious and far reaching results of insufficient
treatment and care in the subacute or clinically cured
cases, when the possibility of the development or ex.
aggeration of carditis are very great, these questions
are of vital importance.

There are also cases which are going about at

their/



their work and are suffering from slight joint pains,
" growing pains® and other manifestations of acute
'rheumatism. In such cases an attempt is made to find
out to what extent the actlve process 1s present.

L. Findlay in his book on rheumatism (11) says:
" Tt is therefore wise to assume in every case even
" when therse is no overt evidence that carditis does
1 exlist and keep the patient at rest until it becomes
" gquiescent. To decide however when carditis is quies-
0 cent is a matter of greatest difficulty.

It is therefore with the idea of trying to find
some test in order to aid one in the estimation of
the activity of the rheumatic process that the sedi-
jmentation rate has been studled. During the last few
years an increasing interest has been taken in the
sedimentation rate in various conditions with, however
somewhat indefinite results.
a Various writers have suggested the test as a use-

:ful guide in acute rheumatism., Payne (12) and Bach and
‘Hill (13) (14) have made use of the Sedimentation Rate
'in the estimation of the progress of acute rheumatism
in children, and show some cases illustrating its use.
Kahlmeter (15) also refers to its use in rheumatism

and as an aid in differentiting the types of arthritis.
Collis and Sheldon (16) have made use of the test as

a guide in the treatment of cases with streptococcal

vaccine. Petermann and Seegar (17) rather depreciate

the/



the use of the S.R. 1n rheumatlism but their use of the
test was confined mainly to cases of chorea which it
will be seen react rather differently from the other

forms of rheumatism,
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IIT. THE ERYTHROCYTE SEDIMENTATION TEST.

The various physical properties of blood that
has been withdrawn was of interest to the older phys-
1cians who lived in days when blood lstting was a
common remedy for all maladies. It was not however
until 1912 that the measurement of sedimentation of
the erythrocytes was made use of as a clinical test.
1t was Frahaeus (18) who introduced the test, having
accidentally found that there was an increase in rate
in pregnancy and suggested it as a diagnostic one for
that condition. Since that date many workers have
made use of the test in the investigation of all types
iof pathological conditions.

The literature on the subject 1s vast and very
wide 1n its field of application.

There have been many technical alterations and
adaptations of the original methods resulting in many
%varying expressions of normal and abnormal rates of
sSedimentation.

The rationale of the test and the causation of
the varying rates in different individuals and in
different pathological conditions has not any very
clear explanstion. Many theories have been propounded
and many factors stressed as important in the pPro-
duction of an increased sedimentation rate. All these
have been well summarised by Kilduffe (19) and he

gives the factors as follows:- The rate varies with

1.7
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1. The electrolytes of cells and serum which in
turn are influenced by

2., Variations in the amount and ratio of serum
proteins.

3. Viscosity of the blood.

4, Variatlons in the composition of the adsorp-
tion envelope of the erythrocytes.

5. Presence and amount of certain lipoids in

'serum notably cholesterol and lecithin,

|
6. Variation in number of the erythrocytes.
7. Variation in size of the erythrocytes.

8., Technical variations.

{ It will be sesn from this summary that there is
la considerable possibility of variation from different
factors.

Most workers agree that as the loss of electric
charge of cell will allow of increased agglutination
and messing together of the cells forming larger unlts,
so will there bs an increased rate of sedimentation.

The loss of electric charge is apparently in-
creased by the variation of amount and ratio of the
serum proteins. An increase of serum globulin and
fibrinogen causes an increase in sedimentation rate;
and the plasma albumin has the opposite effect.

Variations in the viscosity of blood are small
in thelr effect and variation in composition of the

‘adsorption/
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adsorption envelope of the erythrocyte rather impossible

'to estimate.

Broadly it appears that the combination of varia-

tions of these factors by a pathological process causes

the increase in rate of sedimentation. However the

last three factors based on Kilduff's summary fall

somewhat outside the variation from the pathological

cause, and therefore should be standardised and cor-

rected for.

The thres factors can be suitably grouped under

one heading i.e. that of variation in technique, of

which there 1s a very diverse and hopelessly inco-

ordinatsed numbser of methods.

Walton (20) in a very able article states that

there are four main component parts to the test from

a purely experimental standpoint.

These four are:-

1.
2.
3o
4.

The tubse .
Number of red blood cells.,
Temperature at which blood sediments.

Anticoagulant used.

The last two of these factors are of less im-

portance and most easily standardised and consequently

will be considered first:-

5./
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%, Temperature at which the blood sediments.

It has been shown that there 1s a definite varia-
tion in the rate of blood sedimentation with the varia-
tion in external temperature. Gordon & Cohn (21) have
shown the effect on rate by varying the temperature
from that of an ice box to an incubator, and they sug-
goest as a fixed temperature 22-24°C. as being the most
convenlent, and that all sedimentations should be
carried out at that level. The majority of writers
agree that up to 2500. there is only a small increasse
of rate and after that each degree of rise makes a
marked difference. Walton (20) gives as his limits
19-22°C. All sedimentation stated later in this
enquiry were at room temperature varying betweeen
20-25°C. and this was considered sufficiently accurate
for practical purposes.

| .
4, Anticoagulant., The anticoagulant that is univers-
|

ally used is Sod: Citrate; the concentration varying
ésomewhat in different observers' technique. Frahseus
(18) originally used 2% solution. Westergren (22)
used a 3.8%4 solution and Haskin, Trotman, Osgood and
Mathieu (23) used solid citrate dried on the sides of
the tube. It seems unnecessary to go to the trouble of
drying off the citrate especially as certain workers
have been unable to be certain that this method is as

effective as an anticoagulant.

In/
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In the Westergren (22) and other methods one-fifth
part of citrate is used. If one-tenth of the amount
]will suffice there is a definite advantage in that the
;total red ¢ell count is not reduced so greatly and a
truer reading given and there is a more easily defined
differentiation of the upper limit of red cells. It
was in order not to dilute the blood that Haskins (23)
and his co-workers introduced the solid citrate but
as stated this is not in practice the most effective
‘method .

Again following Walton's (20) method a 3.8% solu-
tion of Sod. Citrate was used throughout all the
experiments and one-tenth of the final volume of blood
;being used in all cases. This amount was found to be
;sufficient to prevent clotting.

The amount of citrate was always accurately
measured and so also was the blood. On one or two
Eoccasiona clotting did occur but this was due to in-
sufficient mixing of citrate and blood in the barrel
of syringe. If the plunger is withdrawn after the
needls is out of the vein and the barrel rocked back
and forward several times no clotting was found to
take place.

In the micro methods described, where blood is
collected from a prick of the pulp'of the finger into
a smell test tube as described by Cutler (24), the
;anticoagulant is not measured in any way but merely

‘poured /
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poured into the tube and then emptied out.

The anticoagulant should therefore be standard-
ised in two ways, one a standard solution of citrate
should be used and freshly prepared as evaporation
%soon will concentrate it. Secondly the amount of
:anticoagulant to the amount of blood should also be
standard.

1. The Tubse.
In the type of tube and of its size and width

there have been many variations,

Frahaeus (25) original tube was 17 cm. long and
had an internal bore of 9 mm. and contained about 10 cc.

Westergren (26) tube is 200 mm. long with an in-
ternal bore of 2.5 mm. and contains 2 cc.,.

Cutler (27) original tube is one containing 5 cc.
‘and marked off in mm., the column being 50 mm. in
iheight. He deprecates the use of fine capillary
itubes as he suggests that there 1s capillary attrac-
‘tion and the cells tend to stick to the sides. He
also reads off the length of plasma every 5 minutes
for one hour and plots the result as a graph describ-
ing the various results by shape of curve.

Linzenmeisr (28) tube is of rather a different

type being 6.5 mm. in internal bors, and a capacity
of 1 cc. There ars two marks on the tube 18 mm. apart

and time is recorded how long it takes for the level
?of/

|
|
|
|
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of the sedimenting blood to pass those two marks.

There are also some fine caplllary types of tubes
known as the Linzenmeier-Raurert (29) tubes. They arse
fine capillary pipettes and incorporate a mixing chanmber
for mixing the blood and citrate.
| Payne (12) makes use of short length of glass
tubing with internal bore of 1.6 - 1.9 mm. and a
column of blood iO cm, in height having a volume about
0.3 ccC, |

Zechwer and Goodell (30) use a graduated centri-
fuged tube containing 10 cc. of blood.

Walton tubes (20) are stated to be 6 mm., of an
internal bore and %2.5 mm. in height and contain 1 cc.
of blodd. Theoretically such a tube only contains
0.918 cc. consequently the tubes must have been act-
ually a very small degree more than 6 mm. in internal
diameter.
| Cutler (31) describes a tube modified from the
:original 5 ec. as described by Cutler in 1926 (25).
These tubes are 50 mm. in height and contain 1 cc. of

blood. The tubes are measured off in mm.

It will therefors be seen that there 1s very
great technical variation and this has led to a very
great diversity in the expression of thes results ob-
-tainad.

Fischel/
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Fischel (32) suggests expression of the sediment-
ation rate as a percentage, and I have carried out some
experiments in various tubes with an idea of using such
an expression.

If it were feasible an expression of the amount
of supernatant plasma, as a percentage of total volume
of blood, seemed to be a rational one and one that
would be universal to all tubes.

The following experiments were performed along the
line of verifying this method of expression.

1., First a series of tubes of varying bore were
filled to same level and the sedimentation was found
to be the same in all the tubes.

2. Tubes of varying bore were filled to varying

heights and the percentage sedimentation calculated.

From the photograph of experiment 1 and table of
results of 2 it will be seen that as far as the tubes
of a bore above about 3-4 mm. the results are very

uniform.

Another experiment was performed using a Zeckwer
and Goodell (30) tube with a bore about 20 mm. and
haemoglobinometer tube with bore of 6 mm.; the one
containing 10 cc. and the other 2 cc., and it was
found that there was a very uniform reading even every
5 mm. during the hour.

The/
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A PHOTOGRAPH OF THE SEDIMENTATION IN TUBES OF INCREAS-
ING INTERNAL BORE FILLED WITH THE SAME BLOOD AND TO
THE SAME HEIGHT IN EACH.

‘This photograph shows tubes of widely differing bore
which were filled to the same height with the same
patient's blood and allowed to sediment for an hour.
The internal bore of the tubes reading from left to
right is as follows.- (1) 15 mm. (2) 9 mm.

(3) 6 mm. (4) 5 mm. (5) 2 mm. It will be seen
that they are all at the same level at the end of one
hour except the smallest which shows the effect of
caplllary attraction and the consequent unreliability
of the small bore tubes.
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A PHOTOGRAPH OF THE SEDIMENTATION OF THE SAME BLOOD

AT SAME TIME IN TWO DIFFERENT TYPES OF TUBES.

i
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The left hand tube is a 10 cc. graduated centifugse
tube as recommended by Zeckwer and Goodell and the
other is an ordinary Haemoglobinometer tube containing
2 ccs. The haemogloblnometer tube which was filled
first will be seen to read asbout 524 and the other
tube about 53%. The correlation between two such
tubes during the hour is found to be very near and that

they read almost exactly the same every five minutes.
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The results were not found to hold good 1n the
narrow bore tubes. A tube of 2.5 mm. as used in the
Westergren method did not sediment so quickly as com-
pared with the wider tube. :

Also there was not found to be the'same correla-
tion if half the amount of blood was used in the narrow
tubes. The sedimentation rate of-l cc. in a narrow

tube was found to be relatively faster than in 2 cc.

Schackle (33) has doubted the expression as a
percentage and gives figures for correction when small
amounts of blood are used, but the tube he uses is of
the Westergren type, and in such capillary attraction
becomes an added factor.,

Walton rather avoids the use of fine bore tubes
and states that capillary attraction becomes a factor
in tubes under 2 mm.

Cutler (27) also deprecates the use of fine bore
tubes from the same reason.

And it would appear that provided tubes of an
internel bore of sbout 3-4 mm. and over, & universal
expression of the sedimentation rate as amount of
plasma, as percentage of total blood was feasible and

correct.

One/



One confidently states therefore that as far
as the bore of tube is concerned it should be at least
3-4 mm. As regards length of the column of blood
and total amount there is no need for any definite
amount provided there 1s sufficient tc make the read-
ing convenient and practical.

IT a tube was devised theoretically with the ides
of containing as 1ittls blood as was convenient with
an accurate reading, then it might be something as
follows. It was calculated that if a tube of an
intermal bore of 5.C4 ==, were Tilled toc the 50 ==,
mark then the vclume cortained would be 1 cc. This
has many very suitsble points about it.

1. The amount of blood is small,

2. The reading can be immediately expressed as a
percentage by docubling the result cbtained.

3. The bore of tube is well outside the mininmum
found convenient.

The tubes should be made with flat bottoms in
order tc make the measurement of the columm as accurate
as possible. The tubes in practice need orly be near
tc 5 mm. ir dismeteor provided they are rot any wider
for that would erxtail the use of more than 1 cc. cf blood.
The expression as percertsges does ot require them o
be &5 sccurste s if such an sxpression were ot used.

Taking these facts intoc considerstion it will be
seen that the tube that 1s almost identical to the one

theoretically/
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theoretically designed, 1s Cutler's (31) modified 1 cc.
tube and ones very similar were used without the grad-
uation into mm. A steel rule was used as a measure
instead. A mark at 50 mm. was made on the glass for

convenience of filling them.

2. The blood count.

The blood count as a factor in altering the

blood sedimentation rate is pointed out by Walton (20)
ias a factor which has been neglected. The need for
correction and importance of the red count as a factor
was pointed out by Gram (34) in 1929, and also Rourke
and Ernstein (35) in 1920, but such a practice is not
iin general use. Walton lays a very special stress
on this point and shows that if a series of tubes are
set up with a verying blood count that the S.R. varies
fproportionately. He shows that in a series of tubes
where R.B.C. is 1, 2, 3, .4, 5 million the S.R. varies
as & straight line graph in fast sedimenting bloods
}but in slow normals the curve is one convex downwards.
?The illustration on the following page demonstrates
:the type of graphs found.

He gives as normel figures for sedimentation at
various counts as follows:-

Millions 5. 4. 3. o5 : 5
SsRe In mm. M = 8 14.5 21 27 .5

F. 3.5 9.5 15.5 21.5 27 5



26.

Expressed in percentage.

Millions R.B.C.s 5. 4, Se 2. 1.
Males 6% 247 44.5% 64.5% 84.6%
Females 11% 29% 47% 667 84 .6%

And over a large number of experiments in which he
set up a series of tubes with such dilutions, he shows
that at all rates of sedimentation, that is in cases
where it is fast and in cases where it is normal, the
S.R. at the end of one hour at 1 million was always
‘the same and the figure was 27.5 mm. Therefore ex-
pressing 27.5 mm. as a percentage of 32.5 mm.: 84.6%.
Some experiments were performed in confirmation
of this work and the results are shown here. The
photograph shows very graphically in a case of moder-
ately fast S.R. the very definite effect the red blood
count has on S.R.
| Over a number of experiments'when the blood was
diluted to 1 million the S.R. was found to be 85% and
this corresponds moderately well with Walton's figures
of 84.6%. _
‘Walton shows that if there is a fixed figure for
all S.R. at 1 million and one experimentally finds
the S.R. at any other blood count the S.R. of any
dilution can be estimated by drawing a straight line
graph through these two points provided the rate is
comparatively fast.,

For/
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For example if the S.R. at 3,000,000 red cells
is 507 and at 1,000,000 known to be 85% then a line
drawn through these two points extended onwards will
cross the 4 and 5 million lines at corresponding S.R.
for that dilution or concentration of red cells.

The photograph shows & graph drawn for quick and
easy calculation of S.R. at any figure. It will be
seen to consist of a piece of graph paper marked in
percentage of S.R. and in millions of red blood count.
A plece of thread is fixed at 85% and 1 million red
blood count with a drawing pin. The thread can be
held taut to cross a fixed point found by experi-
mentation and any point along the line is immediately
!demonstrated.

Walton expresses his results corrected to 5,000,000
R.B.,C.8 as an arbitrary figure which is reckoned as
the average normal blood count. This is satisfactory
enough but it must be remembered that the patient's
‘bloecd has been diluted with citrate up to one-tenth
of its volume and we beg to suggest that a better
figure would be 4,500,000 when the dilution 1s taken
into consideration. This gives &a result of 5,000,000

ReBeCog8 in the original blood.
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GRAPH TO DEMONSTRATE THE EFFECT OF THE BLOOD COUNT

ON THE SEDIMENTATION RATE.

This is a small replica of the graph used to
calculate the rate of sedimentation at different con-
centration of red blood cells. It shows the average
graph for both males and females and also the convex

type of curve found in slow sedimenting bloods as

ipointad out by Walton (20).
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The vertical 1lines show the blood count in millions

and the vertical the S.R. in percentage.
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PHOTOGRAPH OF A SERIES OF TUBES OF DIFFERENT RED

BLOOD CELL CONTENTS.

Beneath is a photograph of a series of tubes
which were filled with the same patient's blood but
plasma was either withdrawn or added to make a series
of dilutions of red blecod cells varying between 1 and
5 million. They show the result of sedimentation
after one hour and clearly demonstrate that the blood
count has a very definite effect on the reading at
the end of the hour. It shows in a photographic way
the same points as the graph on the preceding page.

1. Tube containing blocd at 1 million r.b.c.s
S<R. 1s 85%.
2. Tube containing bloed at 2 million r.b.c.s.
SeR. 18 75%.
3. Tube containing blood at 3 million r.b.c.s.
S.R. is 62%.
4, Tube containing blood at 4,500,000 r.b.c.s.
S.R. is 45%-
Tube containing blood at 5 million r.b.c.s.
S.R. is 39%.

m
®
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There are also two other minor points in the
experimental detail which are of some importance. The
first 1s the need for the tubes to be kept absolutely
vertical and this was pointed out by Ponder (38) as
a very definite source of error if not cbserved. The
tubes in the following experiments were either held
in racks or the lens inserted into plasticene which was
found to be & very satisfactory method of holding the
smgll tubes.

The question of the inadvisability, especially
in children, of vein puncture is one brought forward
in advocating the micro-methods used by Payne (12).

In practice 1t was found very difficult to get suf-
ificient blood by a stab puncture of the finger and |
unless the chilld is very young no difficulty was ex-
perienced in performing vein puncture provided care

is taken. Some workers state that a tourniquet |
should not be used as it causes venous stasis and some
intravenous sedimentation. However if, as was always
done in these experiments, the tourniquet is tightened
immediately before the puncture is performed, it is on
for only a matter of a few seconds and seems rather too
small a fallacy to be of any regard.

No 111 effects or injury was found in any case

following vein puncture.

Experiments were also performed in ascertaining
if there was any difference in allowing the blood to

sediment/
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PHOTOGRAPH OF THE GRAPH USED FOR THE QUICK DETERMINA-

TION OF THE SEDIMENTATION RATE AT ANY GIVEN CONCENTRA-

TION OF RED BLOOD CELLS.

2.
Se
4.

'1. Vertical lines show the red blood count in millions.

Horlizontal lines show the S.R. in percentags.
Hand holding the cord taut.

The point at which the cord is fixed being at 85%
and 1 million r.b.c.s.

Shows the experimental point found in this case to
be at 45% and 3,200,000 red cells.

The point at which the cord crosses the 4,500,000
line giving a reading of 227%.
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|sediment immediately or if it could be carried and
!sedimented later.
! No difference was found and if the blood had to
be carried it was carefully corked with a rubber cork
in the tube and after being shaken up was set up in
the stand to sediment for an hour.

But this was always carried out within 3-4 hours
of withdrawing the blood and the results appeared to

be uniform within that length of time.

Actual Technique used given in Detail.

1. A syringe of 2 cc. or 1% cc. capacity was used
and dried by means of washing out with alcohol and
ether. The needle to be used for vein puncture
was attached to the syringe while the ether was
being drawn in and expelled from it.
These needles were stored in spirit and constantly |

sharpened .

2. A large bore needle was now affixed to replace
the one to be used for vein puncture and a solu-
tion of 3.87 sodium citrate drawn up to the re-
quired amount, and the first needle replaced. The
reason of changing the needles was in order that
the sterile one was not used to draw up the non-
sterilized solution of citrate.
As a general rule it was found preferable to fill

the/
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the syringe at the bedside as 1t caused less likeli-
hood of blood clotting.

The amount of citrate was in all cases very accur-
ately measured, either 0.2 cc. or 0.15 cc. depend-
ing on how much blood was required - 2 cc. or

1% cc.

The skin of anticubital region was cleaned with

ether especially over any visible veins.

A tourniquet of thin rubber tubing was leid in
position behind the patient's arm and tightened

just as the needle was introduced.

The needle was introduced at the side of a suitable
vein and carefully insinuated into it. The cor-
rect amount of blood was now withdrawn and tourni-

quet released and needle withdrawn.

The barrel of the syringe was rotated in order

.to get proper mixing of the citrate solution and

blood.

The needle was removed, as forcing blood through
1t might cause some haemolysis, and the tube filled

up to the 50 mm. mark.,

A Haemocytometer pipette was now introduced into
the blood and the amount drawn up to the mark and

diluted in the usual manner.
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24,

The supernatant plasmas was measured one hour
after by means of a steel rule and during this

time the erythrocyte count'was estimated.

The sedimentation rate in mm. was then doubled
and consequently the final expression was in
percentage of sedimentation in one hour at a

certain number of red blood cells per cmm.

The final correction was made to express the S.R.
at 4,500,000 red cells per ccm. by means of the

chart illustrated.



'PHOTOGRAPH SHOWING THE METHOD OF MEASURING THE SEDIMEN-

ITATION RATE WITH A STEEL RULER MARKED IN CENTIMETRES,

In the photograph it will be seen that the reading 1is
24 mm, of supernatent plasma in a column 50 mm. high.
Therefore the sedimentation at the eﬁd of one hour in
this case is 487 and next 1t has to be corrected for
the blood count, |

The photo is 1ife size.
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IV. APPLICATION OF SEDIMENTATION RATE TO STUDY

OF ACUTE RHEUMATISM.

Since Frahasus (18) accidentally discovered that
there was an increase in Sedimentation rate in pregnant
‘women, this phenomenon has been used in. the study of
all types of disease.

All workers agree that there is no evidence to
fshow that the S.R. can be considered as diagnostic
of any specific disease.

McDonagh (37) states that the rate of sedimentation
of blood runs "?ari passu with active dehydration of
protein particle of blood" and as the chemico-physical
change may be brought about in various methods the
test is not a diagnostic one of any particular con-
:dition.
| It must be classified along with rise in temper-
Iature or an increased leucocyte count, nelther of
Ewhich are of definite diagnostic value but are of
‘great help in diagnosis and treatment of the patient.
It is in the study of a disease in its intensity, its
reaction to treatment and its prognosis that the
sedimentation rate is of value and of very great value
in certain conditions.
| Cutler (32) reviewing 5,000 cases where sediment -
ation rate was estimated makes the following class-

ification of conditions according to their S.R.
|
i A./
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A, Abnormal Sedimentation rate.

1. Chronic infections, - Tuberculosis and Syphilis.
2. Acute infections, - pheumonis, septicaemia, acute
| endocarditis and the exanthemata.

3. Malignancy.

4, Localized suppuration.

5. Acute intoxication, - lead and arsenic poisoning.

6. Certain endocrine disturbances, - thyrotoxicosis,

B. Doubtful increased Sedimentation rate.

1. Simple catarrhal inflammation, appendicitis
and colitis.

2. Chronic ulcerations - gastric and duodenal ulcers.

Cs. No change in Sedimentation rate.

l. Functional disorders.

2. Certaln nervous disorders including dementia
praecox.

3., Focal infection - an apical root abscess.

54. Metabollc diseases, - uncomplicated diabsetes,
and essential hypertension.

5. Allergic diseases, - asthma and Hay fever.

6. Most skin diseases.

;7. Simple cysts and growths.

8. Chronic valvular heart disease.

Consequently classifled widely the only conditions
%giving an increase are infection and malignancy.

The/
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The sedimentation rate is a test widely used on .
the Continent, in America, and in Canada, but has not
:the same wide field of application in the study of
‘disease in this country. There are, however, one or
two particular conditions in which it is used con-
Istantly. |

One definite use to which it has been put is in
ithe differentiation between pyosalpinx and an ectopic
ipregnancy for there is a marked increase in the sup-
;purative condition whereas the pregnancy is not to a
Istage where the S.R. is increased. Gynaecologlsts
reoognise this as a very useful and important guide
in cases where such a diagnosis is difficult.

There is another line in which it has been of
some use 1n the control of cases of tuberculosis
:treated by artificial pnéumothoréx. When such cases
iare progressing favourably the S.R. falls and this is
very useful in cases which are afebrile and showing
little or no signs or symptoms.,

The application to the study of rheumatism 1is
rather similar in nature to its method of application
to tuberculosis.
| As already pointed out it is to estimate any
latent active process that is not manifesting itself

by very much in the way of physical signs and sSymptoms,

Before/
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Before being able to state what is a pathological
rate one must first defline the limits of normality.
It will be quite understood after all the different
methods that use the figures given as normal are not

in any way uniform.

Normal Sedimentation as given by various workers at

the end of 1 hour.

Cutler. (31) 5 cc. tubes 50 mm, column.
Males: 2-8 mm, Av. 3-4 mm,

Females: 2-10 mm, Av. 5«6 mm. Menses up to
12 mm,

As percentage Males 42167 Av. 6-8%.

Females 4-20% Av. 10-12%.

This 1s over a series of 5,000 cases and appears
to be the most relisble series although not corrected
for red cell count.

Average limit 6-12%

Outside limit 20-247%.

Walton (20) 32.5 mm. column. 6 mm. internal bore
and expressed at 5,000,000 red blood
cells per cubic mm.
Males 0<5.5 mm, Av. 2.0 mm,

Females 0=5.5 mm. Av, 3.5 mm,

| As percentage Males 02174 Av. 6%.

| Females 04174 Av. 11%.
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Here the average limit is 62117
and outside limit 17%
But expression of rate at 4,500,000
Males 0-254 Av. 15%.
Females 0-25% Av. 20%.
and outside limit 25%.

Zeckwer and Goodell (30).

| In the group labelled healthy give figures from
%8—20% and an average of 14.4%.

The outside 1limit is given as 45% ! This can be
explained by the fact that no correction was made for

the blood count and the dilution with citrate was

one-fifth of the volume not one-tenth as in Cutler
and Walton's figures.

The following are figures of capillary types of
tubes and were therefore not corrslated to the previous

|
ionas .

Westergren (26) Males 1-7 mm,

Females l1-l11 mm.

Gram (38) Males 2.5 = 6.0 mm. Av. 3.9 mm.

Femeles 2.5 - 7.25 mm. Av. 4.7 mm,

Krelndler & Popper Males 3-6 mm. Av. 4.5 mm,

Females 4-<8 mm, Avy. 6 mm,

It/
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It will be seen on referring to the table that
where possible the results have been reduced to a
percentage expression and so correlated to one another
as far as possible. As regards the experiments per-
Iformed in this enquiry the important figures are those
of Cutler and Walton as it was following their experi-
mental findings as already stated that the present work

was performed.
|
!
'the same by the two workers and the average result of

It will be seen that the results are very much

normal is up to 12% and outside limit being about 207%.
Thefefore any sedimentation rate of over 20 - 24%

. at 4,500,000 r.b.c's can be considered as above the out-

side normal limits. In most of the cases on which

S«R. was performed and who were in a healthy condition

the rate was found to be less than 10%.

In casés of acute rheumatic fever it is difficult
to be dogmatic as to the adequate duration of treatment
and to decide how long a patient should remain in bed.
It 1s impossible to state a period that is adequate
for all cases especially as relapses commonly occur
without warning,

In the application of the S.R. to the study and
control of rheumatism it is thus of main interest in
the recovery or convalescent stage. All the acute

febrile conditions appear to cause an increase in the

SR/
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S.R. and from that alone it may be reckoned in the
'acute stage that the S.R. will be raised to about 50%.
IIt. will be wise in most cases, if possible, to estimate
the rate when the condition is fairly acute, as this
‘will give a figure for comparative purposes during
recovery. Nevertheless the important stage is when
the patient is clinically better, and the question of
icontinuanca of treatment arises.
| The other type of case where the estimation is of
value 1s in doubtful ambulant ones whers if the sedi-
mentation rate is 1ncfeased it would appear to be a
definite suggestion that adequate treatment in bed
‘13 essential.

OCne point must always be kept in mind and that is

the possibility of some concurrent condition which is

causing an increase of the sedimentation réte.
i

In regard to prosnosis it would appear that it
'1s of value in showing the immediate changes that are
to take place. Its value as regards the ultimate
condition 1ies in its demonstrating if the patient has:

made a rapid immediate recovery or not.

- R bl W S Tl o
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V. ILLUSTRATIVE CASES.

In the following series of cases an attempt is
made to show how and in what type of case the sediment-
ation rate is of value in the regulation of treatment.

First is a series of cases, all of polyarticular
rheumatism, in which the sedimentation was watched over
a period of several weeks and the effect of the treat-
ment on the rate studied. The five cases shown,
together with a chart of the temperature and the
sedimentation rate, are selected as representative

of a typical reaction found in all the cases that

responded well to treatment. All the sedimentation

rates are given as the percentage of plasma at the

end of one hour, and corrected to a red blood content

of 4,500,000 per cmm. The actual figures showing

the blood count and the sedimentation rate will be
found in the table on page 64 .

The first four are typical cases of the reaction

to treatment with salicylates and the last a case

that was treated with anti-streptococcal serum.

CASE No. 1./
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CASE NO, 1.

J.R. aet 20. Admitted 20/1/34.
Complaint.

Repeated and constant "colds" for several months.
Pains in the joints for 7 days.

On examination,

She was found to have a polyarthritis with some
degree of febrile reaction and at the same time an
erythema nodosum on the anterior aspect of the legs.
Tonsils enucleated, throat rather congested.

She was treated with salicylates and made a good re-
covery. No evidence of endocarditis was found. There
was some previous history of growing pains.

The Sedimentation Rate will be seen to be in-
croased but rapidly drops as the patient recovered.
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CASE NO. 2.

J.G. aet. 36. Admitted 24/1/34.
Complaint.
Pains in the knees and feet for 3 weeks.

On examination.

He was found to be suffering from an arthritis of
both knees and of the left shoulder. Slight febrile
reaction. There was a soft systolic murmur in the
mitral arsa on admission but this disappeared before
he was discharged. Treated with salicylates and made
a good recovery. Previocus rheumatic fever at aet. 1l4.
No history of sore throats.

The Sedimentation Rate was increased and fell
rapidly as the patient progressed favourably.
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' CASE _NO. 8.
|

H.McD. aet. 21. Admitted 13/12/33.

Complaint.
Pains in the knees and arms for 5 days.

. On examination.

I Found to have a polyarthritis with some fever.

Soft blowing systolic murmur present in the mitral area.
Previous history of occasional sore throats and of
growing pains. Treated with salicylates and made a
‘good recovery as far as the pains were concerned.

! The Sedimentation Rate was definitely increased
‘and foll as the patient progressed and remained slow.
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CASE KO. 4. P.C. aet. 54, Admitted 15/1/34.
Complaint.
Pains in the jJoints for 12 weeks.,

History. This patient is rather of a different type
and his 1llness apparently started with an injury to
his eye with a resultant "hypopyon" 4 months before
his admission. He had recoversd from this but had not
been in quite the best of health when he developed
pains in all his joints.

On admission he had some congestion of his fauces
and enlargement of his right tonsil. There does not
appear to be any previous history of rheumatism.

No evidence of carditis. Treated with salicylates
which certainly reliseved his joint pains. He was
afebrile during his spell in hospital. He made a good
Trecovery.

| It will be seen that the Sedimentation Rate was
markedly increased on admission and fell as in the
lother cases, as the patient recovered.
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CASE NO, 5. F.,H. aet. 36.

Admitted 20/1/34.

Complaint., Pains in the joints for 10 days.

History. He had apparently been a healthy man with
no history of rheumatic manifestations but said to have
had scarlet fever twice. He had a bad tonsillitis
about a month before admission. His pains wers mainly
in the knees, hips and ankles. No evidence of carditis.
Haemolytic streptococci cultured from a throat swab.
Treated with two injectioris of streptococcal anti-

] toxin. Made a very good rscovery.
The Sedimentation rate will be seen to fall in
about 2 weeks, as in the previous cases.
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These five cases are described to show the appar-
ent usual effect of acute rheumatism on the sedimenta-
tion rate. They all demonstrate ons or two intersest-
ing points. The first case 1s a typical one of acute
rheumatism in a young woman who had some previous
history of growing pains but no more serious manifesta-
tions. She appears to0 have escaped any cardiac com-
plications. The salicylates relieved her joint pains,
and she became afebrile after one or two days and made
a very good and speedy recovery. The sedimentation
rate, if it is to be of any value, should in such a
case have shown a rapid fall, and have been normal on
discharge. It will be seen that such was the result.

The second case is a very similar one but it
occurs in a man somewhat older, but with a definite
previous history of rheumatic fever. He is of interest
because he had a definite systolic mitral murmur on
admission which cleared up as he recovered, and here
again there 1s a marked fall of the sedimentation rate
éas the patient makes a marked clinical recovery.

The third case 1s instructive as he also had a
definite mitral systolic murmur which, however, did
not clear up as in the last case: but it will be seen
that in spite of this the sedimentation rate fell and
remained low for several weeks.

From these results it would appear that in a
case of acute rheumatism there is a process that

causes/
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causes some upset of the chemico-physical balance of
the blood and that this is rectified as the patient
recovers. It will be seen that in the fourth case it
is not necessary to have a febrile reaction in order
that the sedimentation rate be increased. This case
is rather of a different nature, it must be admitted,
and probably was a septic arthritis, although clinic-
ally it was very similar to the other cases shown in
this series. No focus of sepsis could be found and
he had a typical history of sore throat just previous
to the onset of the arthritis. In the control of such
a case as this one, where there are no signs but only
symptoms to control the treatment, as far as one can
see the sedimentation rate would be of great value.
The fifth case 1is included to show the effect of
streptococcal anti-toxin in the treatment of cases of
acute rheumatism. Here again the patient's age is
rather above that typical of acute rheumatic fever,
but he shows the interesting fact that he had a haemo-
lytic streptococcus in his throat and made a very
good recovery after two injections of 30 cc. of the
serum, It will be seen that the sedimentation rate
shows & very similar reaction in this case to that

in the previous four treated with salicylates.
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CASE NO. 6. P 56 Admitted 15/1/34.

Complaint. Pains in the joints for 2 weeks.
History. Patient gives a history of previous
rheumatism and that for some time lately he had had

a chronic cough.

On examination he was found to have a polyarthritis
effecting his wrists, knees and shoulders. No evidence
of carditis was found. He was given salicylates and
the dosage was entirely controlled by the symptom-
atology of the patient and it will be seen that the
dosage is very irregular. He was allowed up after
about a month in hospital when his joint pains had for
the time being, abated. Immediately the pains returned
and he was again confined to bed.

The sedimentation rate will be seen to be rapid
and fell to some degree after admission, but it will
be seen that it did not fall altogether, but remained
at a comparatively fast rate for several weeks before

:finally dropping to nearly normal limits.

(CHART NEXT PAGE)
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CASE NO. 7. . J.B. aet. 36. Admitted 19/1/34.

Complaint. Pains in the joints for 4 weeks.
History. This patient had a sore throat about 2
months before admission after which the glands in his
neck became swollen for some time. Three weeks after
the swelling of the glands had subsided, he developed
pains in his ankles, knees and wrists. There appears

to be no previous history of rheumatism,

He was found to have a definite arthritis affect-
ing the wrists, ankles and knees, but none of the small
joints. He had a soft mitral systolic murmur. Treat-
.ed with two injections of streptococcal antitoxin.
About a week later he developed a bad staphylococcal
boil on his buttock which delayed his progress. This,
however, cleared up fairly rapidly and he made a good
ultimate recovery.

The sedimentation rate in this case shows some
delay in falling to normal, but the fact of his de-
veloping the boil, or rather carbuncle, would in-
fluence the rate.

The slight rise in the temperaturse 1in the middle
of the chart was due to the condition of his buttock,

which was then at its worst.

(CHART NEXT PAGE.)



54.

e Steum.
& S€’uM,

o2
o+
oot
T \/;S g &AA
| s o %
fkie { LLV
t
| (|

r.;. et § 1 1 [} 1 At ' 1
Wi w23 2 25 26 27 29 4 3 M

- R Sl S T T L I Tl N N S | L Rl T ol
:.3q5'67!950umfstﬁ.l'si{t?fllthlz:.13

40



55.

These tﬁo cases are given in full in order to
show more clearly the use of the sedimentation rate
in the control of the treatment of acute rheumatism.
Case No.8 is of extreme interest. As pointed out in
the case note, the treatment, as far as the dosage was
concerned and as regards the date when the patient was
first allowed up, was entirely controlled by the sympt-
omatology and the resultant effect was that the patient

relapsed on more than one occasion. The salicylates

were stopped as soon as the patient was free from

pain, and he immediately developed them again, and at

this point the sedimentation rate had only fallen very

slightly. Then a little later the drug was again

stopped and the patient allowed to get up, when once

more he relapsed and had to be confined to bed and

the salicylates again administered. At this second
point the sedimentation rate had risen very slightly,
and was still moderately fast. This appears to be

a very good example of a case in which the problems

of when to stop the dosage and when to allow a patient
to get out of bed are very difficult to decide and need
for one's gulde some sign rather than the symptoms

of the patient. The S.R. in this case remains fast
and it is suggested that had the case besen controlled
by that, the dosage would have been continued a little
longer until the rate was getting nearer normal; but
more important still the patient would not have been

allowed/



56.

allowed out of bed until the sedimentation rate was
within normal limits which would have definitely
stopped the second relapse.

The next case is included in order to demonstrate
that, if there 1is evidence of a delay in the fall-in
the sedimentation rate, the cause may possibly be other
than the rheumatic process, or in other words the
possibility of complications affecting the rate must
be borne in mind. In the majority of cases, the
sedimentation rate has dropped practically to normal
in two weeks but in this case it is slow to begin its

descent. The reason was that he was developing a

carbuncle on his buttock. The interesting feature

is, however, that there 1is really no very great effect
on the sedimentation rate once the boil had burst and
was healing. The rate fell rapidly and the patient
was very well on discharge, and it will be seen that

the rate was quite normal by that time.
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The cases that are now given in detail are a
series in which the patient either has or has had
acute rheumatism. The sedimentation rate is thus
studied in the various stages of the condition and in
cases reacting in different ways to treatment. The
table at the end gives the details of the Sedimentation

rate and blood counts.

CASE 8. N.M. aet. 13.

This boy had had acute rheumatism in the form of
an acute rheumatic fever and had developed mitral in-
competence. He had a history of a previous attack
3 years tefore. He was treated with salicylates for
6 weeks and the S.R. of 54% was on the day before his
discharge. It will be seen to be still very fast.

He was seen a week later and then had some de-
finite return of joint pains.

Had the S.R. been taken into account in this casse
he might have been kept in bed and the recurrence

prevented.

CASE 9. J.F. ast. 29,

This man had an acute rheumatism for 647 weeks and
the S.R. wlll be seen to fall during the 7 weeks from
59% - 49%. This showed a beginning of a satisfactory
fall but unfortunately he became very restless and was

discharged at his own wish.
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CASE 10. J.Te aet. 20.
A young woman, who had acute rheumatic fever, and

the S.R. of 43% was about a month after the commence-

ment of the condition. She was by then afebrile and

had had 2 weeks treatment with sallicylates. There

was a definite systolic bruit.

Judging by the raised S.R. both these cases re-

quired considerable further treatment.

CASE 11. F. McC. aet. 14.

A young girl who had a previous history of sore
throat and growing pains, and was admitted to hospital
6 weeks before, with a typical rheumatic fever. Her
S.R. will be seen to be 20% and so had just returned

to the limits of normality.

CASE. 1%2. B.G. ast. 31.

This patient shows a very satisfactory S.R. at

2 and 3 weeks after injection of streptococcal anti-

toxin for an acute rheumatic fever. The readings will
be seen to be 10% and 2% respectively and are well
within normal limits. She had, however, developed a

definite mitral systolic murmur.

CASE 13. E.J.

This is a particularly interesting case because
on the two occasions she was seen she was up and about
at her work. The history was one of a bad tonsillitis
a/
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a8 year previously and since then mild joint pains flit-
ting in character off and on since. The first S.R.

of 417 was after 6 weeks on salicylates and the second
of 40% was a few weeks later. There was a definite
systolic murmur present, and a doubtful presystolic .
The increased S.R. in such a case as this demands more
radical treatment and the patient should certainly have
been in bed. No evidence of any other possible cause-

for the increased rate was found.

CASE 14. M.L. aet. 13.
This girl had a mild rheumatic fever. She had
joint pains flitting in character and a mitral stenosis.

Her rate is seen to be increased - 30%.

CASE 15. Je¢De aot. 32.
This was a septic polyarthritis following a paro-

tid abscess. The rate as one would expect was increased

- a4q.

CASE 16. R.D. aet. 30.

This was the patient's fourth attack of rheumatic
fever and he had a definite mitral stenosis and in-
competence. The rate will be seen to be raised - 32%
and it is recorded after patient had been ill for about

3 months but had only been in hospital one week.

CASE 17./
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CASE 17. A.P. aet. 11.

Another typlcal case of rheumatic fever with a
history of sore throat, flitting joint pains and
temperature. The S.R. of 50% was recorded while he

was in the acute stage.

CASE 18. W.D. aet. 23.
A case of acute rheumatism for 2 weeks and having
a history of a previous attack 5 years ago. A mild

systolic murmur present. S.R. was still rapid - 40%.

CASE 19. C.Fe asete. 11.

This girl had an acute rheumatism a year previously
and developed mitral incompetence. She was treated
with streptococcal anti-toxin. Since discharge has
been well except for some slight breathlessness.

S.R. 1s slow, showing there was now no active process.

CASE 20. A.A. aet. 33.

This woman was subject to subacute rheumatism and
had developed a mitral stenosis. Treated with anti-
toxin as in last case, two years ago, and has been

well since. S.R. normal - less than 2%.

CASE 21. M. McC. aet. 11.

| This child had had chorea and a history of rheu-
matism and had reported back after treatment with
streptococcal anti-toxin. She was well and her S.R.

1s seen to be slow. It was less than 2%.
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CASE  22. FF. -aot, 87,
This woman had an acute rheumatism some months
before the S.R. was estimated and she had been success-

fully treated with serum. Her S.R. is slow.

CASE 23. D. McD. aet. 20,

A case of acute rheumatic fever which had develop-
ed a mitral incompetence. He was also treated with
antitoxin and the S.R. two months after is seen to be

well within normal limits.

CASE 24. J.L. aet. 38.
A case very similar to the last but about 4 months

after treatment. S:R. 24,

CASE 25. D.B. aset. 38.

This man had had joint pains for 2 - 3 months
flitting in character. No previous rheumatic history.
S«R. of 17% was after 5 weeks in hospital and

treatment with an autogenous vaccine prepared from

growth of haemolytic streptococci from his throat.

CASE 28. J.S. aet. 84.

This case 1s included as the patisent gave such
a8 typical history of acute rheumatism following a sore
throat 5 weeks before. After he had the sore throat
for a week pains began in his elbows, knees and ankles

flitting/
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flitting in character. It is unusual in a man of this
age and his only previous rheumatic history was growing
Pains when young.,

S+R. 1s seen to be increased to 32%.

CASE 27. MJJ.

A case of persistent mild chorea with definite
choreic movements on concentrated effort.

No cardiac involvement.

S.R. 13 1.5%.

CASE 28, B.G.
Marked chorea which had persisted for a very long
period in spite of various 4ifferent methods of treat-

ment . S«.R. about 2%.

CASE 29. C.M, aet. 14.
A case of chorea of a few weeks standing, definite
movement of both hands and while still active S.R. was

about 2%.

CASE 30. Ce.R. aet. 14.

A marked case of chorea with constant movement of
Iboth hands and continuous grimaces of the face.

S.R., while acute, slow - about 2%4. No cardiac

involvement.

CASE 31./
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CASE 31. E.F. aet. 10.
A case of marked chorsea with gross movements of
both hands. S.R. of 87 while patient was acute.

He had a definite mitral systolic murmur.

CASE 32. S.M. aet. 8.
Another case of chorea with gross movements.
S.R. while acute - 16%.
Although higher than in other cases is still well

within normal 1limits.

CASE 33. A.H.
A girl who had had acute rheumatism and chorea
some time after her admission. ©She had developed a

mitral incompetence. S.Re 5%,

CASE 34, R.T. aet. 12.

This girl had chorea and while in hospital
developed a tonsillitis and S.R. of 31% was recorded
while she had a slight febrile reaction due to the
condition of her throat.



%3 o3 000°00%°¢ ¢ 046 $9°3°6
%aT L3 000°008°% 0%* 86 ¥acgug *809BTAOTTBS
| %61 3¢ 000°008¢g 86 Y8 1°938 ‘e[raqeJe
%8% gg 000°008°‘g o7 " 86 P21 8T orgdeg § ®TITIYGIBATOJ g el it ol TR
%9 8 000°00¥% ‘% 086 | %9°3°'%
%L 0T 000°00T ‘¥ ob* L6 72°1° 93
% T 33 000001 ‘% 086 P2 T 6T
%L gt 000°000°% 086 ¥e*1° 31 *5098TAOTTBS
48T 0¢ 000°008°¢% o¥° 86 e 1 g
%e¥ 6% 000¢000°¢% olb | 22°3T°63 sanmanm * 9ske TBAGTH
%08 te 000¢000¢% okb | 22°31°33 *WETFeUNGUL ©3N0Y I3 | *Aon°"H| *¢
%3 oT 000°006°¢g 086 a8 vl *869eTAOTTIBS
%3 LT 63 000°006°¢g 0kb $se 38
Py oF 000°00T ‘¥ o¥* L6 23T * WS T3eUMSYL
Vg 8¥ 000°00T ‘¥ 066 pac 183 JeTnotjaeltod eqnoy i N il 2 S
%9 %3 000°009°g o6 | %2 3%l *5038TAOT 8BS
%S° 03 LS 000°009°¢ okib $8°3°8 *ST4TPIBO JO 6OUOPTAS
%0 %9 00000% ‘& 586 | ®ghEl ON  *WsT3BUMeyd
%6% 09 000°00%°e | *u ,86 o1 ge JeTnoTqaBiTod 63Noy (o A0 IR - T R
000°00S ‘% %
*H°S < B *pegy *dume] c018( *edAy *o3y| ouwwy | *Of

*SHESYD 40 STIVIHA TINd DHNIMOHS HTEV.L

‘9




23

000°00% ¢ 046 o 382
%83 6% 000°00%°¢¢g 086 $G°8° 9T
%S% 09 000°002°¢¢g 08° 86 $8°3°¢ *UMJIes
%99 09 000¢006°¢ o¥° 86 P8 1" 63
%38 09 000°006‘e | ,8°00T ¥2°1°38 * 819 TIUGIBATOL °d L)
wmm mw ooo“oom”m oli6 7823
: 000004°¢ 086 $g* 333
Obﬂ [ € Y e rie
o AR :
3 S991BTLADOTT®BS
Y% 8% 000°00% ‘% ¥* L6 $¢°T° 92
%ag 1o} 000°00% ‘% 66 $2°T°6T | "sTatauzasditod eqnoy | 9g gL 5 .9
%HT %3 000°000°% o6 $8°8° Q1
%02 8% 000°000¢% o6 $8:8°Q *umJaes
%6% 0g 000¢00% ‘% 066 S T° 63
s gg 000°00¥% ‘% o¥° 00T $2°1° 32 * ST3TIUIIBATOT *Hed °g
000°00S¢% %
*¥°s ‘yu's o g Y *dmey, * 0980 *edAL * o3y * eweN *ON
(PenutiuUoO) *SHSYD 40 STIVIAC TTNd HNIMOHS HIEVI

1)



%28 69 0000043 086 $2°3° 93 *JeAeJ OTjBUMEeUY 08 ‘a-y o1
Do %% 000008 ‘% ok $a°T° 93 * ST3TIYIIE 0T1des &g sq=p aT
S * 8T80U0LS TBIATIN
%02 08 000°003°¢¢g 000T $2°T1°0¢g | suTed JBTNOTII® JUITTS a1 W $1
%0% c¥ 000*00T ‘¥ o 86 $2°T°33
WY o 000€00T ‘% o7" 86 $S°T°1T | suted JBINOTII8 JUITIS 0g i atT
9 %3 000°008°¢¢8 086 ST T8 ~ (peano)
%0T 23 000€006°¢g 086 PR 1°* 93 JeAeF OTjBumeuy T2 *prd 3T
%03 %33 000°00% ‘¥ 086 ve 13 *Jd6A0F OTHBUMSUY ¥I. | *OOR & | I
%S¥ %3 000°00¢‘% o?°86 | P8 3T°TZ *JdeAey OTIBIMEUY 03 o 0T
%6v g 000°006°¢8 086 72T 81
%69 #9 000°008°g oV 86 $2°1°8 * €T3 TIUIIBATOL 63 il 6
e ag 000°00% ‘% ok cg 31 61 *WeTIBUMEYL 03NOY et *W° N 8
000°008‘% % _
bt Gl *y*s ‘peg'y * dwey, * 9980 *odfiT * o3y oue )N *ON

*99



* WS T LBUNOYI

%LT 6T 000°00% ‘¥ 86 $2°2°3 oT3TaUgaBLT0od €3noy 8% *g°a g2

%2 3T 000°00T ‘% o¥° 86 $2°3°6 *J646J OT3BUMEUI PeJny L Gl %3

%3 L 000°008°‘% oF° 86 ¥8°3°6 *JeASF OTjeuneyd peJdny 03 *Uom *a 23

%3T 01T 000°009°‘¥ ow.wm $8°3° 6 *J6AeF OTYBUNEUL pPeanp LS cdd 33

%3 ET 000°008°¢8 oV 86 $2°%° 6 *BOJIOYD TT *OON °W 18

%3 T 000001 ‘g o7 86 ¥2°3°6 8TE0UO%S T} TN 28 V'V 03

%3 g 000°000°% o?" 86 ¥8°3° 6 *peJno wsTiBENEUL ejnoy | TIT *d° 0 61

Y0¥ oF 000€000¢% 086 $8°3° 93 JoA8J OT3BUMEYS ©4Noy o3 “acm 8T
%g° 08 29 000¢00%°‘g 086 ¥2° 3" 92 weTyEImeyT eqnoy | TT *ary LT 4h
000005 “% % >

it - Bl *yes b0 bl =« *dwmey, * 91%8( *odAT * 03y owey ‘ON

" L9



%18 12 000°00S‘¥% 66 | 22°3T°TS | STITTITTBUOYG PUB BEJOUDH A *g°y :

451

%9 a1 000003 ‘¥ el R T¥ ‘WsTIBUMEU ©INOY 6 *H'V ag

%91 %3 00000T ‘% 86| ¥ 3ot * 860D 8 ‘WS 2g

%8 6T 000€000¢% 086 | ¥8°8°%T *geJoyD 0T cd°d g

/i LT 000¢009°3 o86| ¥2°T°¢88 *'86I0UD 4 ‘¥ 0 0¢

%3 o) 000°00% S o086 #S'T1°93 *BOJIOUD $1 *R*D 63

% VAR 45 0000062 oB6| #8°T°1¢ *'®eJI0YD 1T *p° g 83

%8° 1T et 000°000¢% 086 Qe T°¥ * BOJI0UD 0T PR L3

%38 o¥ 000€000°‘% 086 %883 *WETFeUNOUL 03NOY ¥9 = bl 93
000¢008‘¥ %

S *¥°g bl o=\ sdueyl  *eqe( * odA], o3y rewsN | ‘ON

* 89



69.

VI. INTERPRETATION OF THE TESTS WITH CONCLUSIONS.

The cases shown in detail illustrate the typical
increase in rate during the acute stage of the 1llness
and the rapid fall as the patient progresses favourably.

The rate wlll be seen to be normal in 3-4 weeks
and such.appears to be the usual phenomenon in a
straight forward case.

In the series of cases all show a rise of S.R.
in the acute stage. The only exception to this is
in those of chorea. It is interesting to note that
in these latter the S.R. when corrected for the blood
count is well within normal limits, except where there
is some complication.

It is suggested that the reason for discrepancy
in the findings of various workers is due to the fact
that the readings have not been corrected for the blood
count, in a condition where comparatively severe anaemisa
is commonly met withe.

It would appear that there must be some active
process present when the S.R. 1s increased. The
presence or absence of carditis does not seem to be
a factor determining the rate. One makes this state-
ment on account of the fact that some of the cases of
chorea in spite of an apparent carditis still had a
slow sedimentation rate.

However/
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However this does not entirely depreciate the
value of the test for if an increase of rate is found
i1t is surely indicative of the patient not being truly
cured, and indicates that treatment should be con-
tinued.

As far as could be judged those cases in which
the S.R. hed fallen to normal were at least in a

quiescent stage and appeared to be cured.

CONCLUSIOKS.

1. There is an increase of S.R. 1n acute rheumatic
fever and this increased rate slowly diminishes

as the patient progresses favourably.
2, This increased rate doces not occur in choresa.

3. The increased rate does not appear to have any

connection with the presence of carditis.

4, The presence of an increased rate in a patient
convalescent after rheumatic fever is a definite

indication for further treatment.

5, A normal S.R. was found only in those (apart from
the cases of chorea) which haed been apparently

cured .
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VII. SUMMARY.

1. The crippling of young 1ife by the after effects

of rheumatism is stressed.

2. The problem of suitable treatment on account of

the obscure etiology are pointed out.

3. The difficulty of judging the condition of a

patient in the convalescent state is referred to.

4, The sedimentation rate is studied with regard to
its rationale, experimental methods and factors

causing alteration in rate.

5. The importance of the red blocd count as a factor

is stressed and a method of correction used.

8. The sedimentation rates are expressed as a per-

centage and corrected to a standard blood count.

7. The cases of rheumatism in which the S.R. was

studied are given in detail.

8. The use of the S.R. in the regulation of such

cases is demonstrated.

I wish to express my indebtedness to Dr Chalmers
Watson, Dr Edwin Matthew, Dr John Eason and Dr J.D.
Comrie who kindly gave me permission to examine cases

in their wards in the Royal Infirmary, Edinburgh.
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