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INTRODUCTION.,

More than fifty years have elapaed since Robert
Koch's discovery of the tubercle bacillus, which gave
such an impetus to research in tuberculosis.

In spite of the manifold investigations carried
out since then, there still remain many problems to be:

:aolved in this disease.
In the case of pulmonary tuberculosis, the two
igreat needs to-day are, first, a satisfactory method

for the early diagnosis of the condition, and, second, |
a specific form of treatment.

Apart from these fundamental problems, there are
several minor problems to.be solved. Among these,
one of everyday importance is the estimation of the
progress of a patient suffering from pulmonary tuber-
:culosis, and the evaluation ot the results of any
special therapy which may be employed.
| We have, of course, at our disposal several
iclinical guides to the progress of a case, viz, the
‘temperature, the pulse rate, the weight, and the
physical signs, aided by radiological appearances,

But frequently the temperature and pulse rate are
within normal 1imits, and changes in the physicsl signs

are difficult to evaluate. Also, the exudative type

of/
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' of lesion is frequently to a great extent "silent" on

auscultation, It is in these cases that the diffi-
sculty arises.

Fortunately, & laboratory test has been discovered,
which hes been shown to be of definite value in esti-
«mating the progress of the condition, 1t is known
that, if blood be citrated to prevent clotting, and be
gset up in a vertically placed tube, the red cells sink,
leaving the clear plasma as a supernatant fluid,

This "Sedimentation Rate" has been shown to be constant
in normal individuals, but in persons suffering from,
among other conditions, pulmonary tuberculosis, it is
inereased in proportion to the severity of the disease.

This test has now bheen used in the study of pul-
imonary tuberculogsis for a period of fifteen years,
and numerous papers have been published on the subject.

While its wvalue has been definitely established,
geveral important problems in commection with it
remain to be solved.

In these studies two main problems have been |

' investigated, the first =« 2a serological one -

' deals with the influence of red cell concentration on

'the sedimentation rate. It has been shown that the

smaller the red cell concentration, the more rapid is
the sedimentation rate. The majority of methods of
estimating the sedimentation rzte do not teke this
factor into account, In the method used by the
author/
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author, 2 correction is applied to the reading in order
to allow for any change in the red cell concentrstion
from normal. The object of this study is to determine
whether such a corrected reading gives a more accurate
estimation of the patient's progress.

The second study is a pharmacological one, and
deals with the action or gold therepy on the erythro-
reyte sedimentation rate, I‘nis 1s a2 prooiem o1 some
interest, in view or the present widespread use ot the
‘methoa, and the conflicting opinions which have been
expressed regarding its value in the treatment of
pulmonary tuberculosis,

We begin with a historical survey of the erythro-
teyte sedimentation rate, followed by a consideration
of the technique and theory of the subject. There=-
rafter, the practicasl spplication of the subject to the
study of pulmonary tuberculosis is entered into in

detail,
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HISTORICAL,

The phenomenon of erythrocyte sedimentation is by
no means a recent discovery, although the accurate
measurement and scientific study of the sedimentation
rate is a development of the last twenty years.

The phenomenon was noted in the days when the
treatment of many diseases was voemiting, purging and
bleeding.

. 1f the blood of a healthy person is allowed to
|clot. after a little time the red blood clot contractsh
and expresses a light yellow coloured liquid - the
blood serum, lt had beennoticed forlndreds of years,
however, that, in certain diseases, this blood clot was
'not eoloured regulerly red, but that the upper part
consisted of 2 whitish mass « the "fibrin-clot”,
This was found to be of diftering size, and was fre-
squently, indeed, greater than the red part of the
clot,
: The old doctors called the fibrin clot by verious
'namea - "erusta sanguinis", "crusta inflammatoria®,
I“phlogiatica“, "pleuritica", "inflammation skin",
'”inflammation blood" and similar descriptions. it
seeme to heve been valued 28 one of the first signs of
illness in the beginnings of medical science, and it
wes just the observation of this property of the blood
in different illnesses, which led to the search for

ell/
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21l causes of disease in changes in the body fluids.
Thus arose "humoral pathology".

Hippocrates (460-38C ? B.C.) alreedy mentions
tibrin-clotting. He gave it a Greek name indiceting
"burning", "fleme" , metsphoricelly "inflammation",
or "inflammetery phlegm". The incresse of the "phlegm®
in the blood was considered the expression and cause
of verious disesses, For the excessive appesrance of
I"phlegm“ in the blood played an importent part in
various disesses, especielly angines, nephritis, pneu-
:monis and epilepsy. By blecd-letting they sought to
remove this injuriocus substence from the body.

In the medicine of the Romans Geslenus (131-201 A.D.),
more then anyone else, toock up the teaching of the
Greeks, and handed it on to the medicine of the Middle
Ages , with his own speculative additiens.

Paracelsus (1493-1541) was the first to recognise
thet "phlegm" wes not the cesuse of diseases, but was @
symptom of the same, He maintained that if "humors"®
.existed, they arese from the diseasse, 2nd not the
idiseaee from them.
| In the beginning of the new era, the cause of
ilinesses was sought for in the bleod, and "humorsl
pathology" celebrested great speculetive triumphs.
Sydenham showed the fibrin-clotting s sn expression of
the inflammation of the blood, which was the cause of

different disesses., Quesney (1694-1774) was the first

to/
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to maintain that fibrin-clotting was not the cause but
the expression of many diseases.

In the eighteenth century and the firgt half of
the nineteenth century, the diagnostic 2nd pathogenetic
gsigniticance of fibrin-clotting was the object of great
attention, and numerous trestises were written 2bout it.

1t was then observed thet in pregnancy the fibrine
clotting in the let-blood was strongly formed, =nd
Piorry (1794-1879) went so for =2s to consider as ill
every pregnent women whose blood showed fibrin-clotting
formation.,

The physicizns of the seventeenth, eighteenth and
eerly nineteenth centuries knew full well the diagnostic
jsignificance of fibrin-cletting, first of 211 in inflam-
imatory disesses - of serous membranes (pleurisy,
'peritonitia; pericarditis); of orgens (pneumonisa,
hepatitis, nephritis); of mucous membrenes (bronchitis,
enteritis). It wes also noted in inflammetions of
.joints, end in scute inflammatory conditions of the
skin, e.g. furunculoeis and erysipelss.

. It was known, further, to be a sign of acute
infectiocus disesses, such as smallpox, measles, etc.
It was then alreedy known thet fibrine-cletting in
:infectious diseases differs from thet occcurring in
conditions of locel inflammetion. In the former
fibrin-clotting is formed relatively less strongly,

and relatively more serum is expressed. Also

it/
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it wes noted that, in ansemiss, fibrin-clotting is
' strongly formed and copious serum is expressed.
it wes indeed observed that, in the course of
different disesses, fibrin-clotting changed in inten-
:gity, end was 2 measure of the extent of the disease
(especially of pulmonery tuberculosis).
Finally, it was known that in very grave illnesses
' tibrine-clotting could again disappear (Boerhave, 1763).
In addition to meking these remarkable observa-
:tions, the old physicians also sought to study, with
the limited meens at their disposal, the more scientific
aspects of this phenomenon.
Hewson (1739-1774) recognised that the "inflemmstory
crust" was not 2 new formation of the blecoed, but =a
'clotting product of the "lymph", after it had separated
I:t‘rom the blood corpuscles. The seperation of the lymph
from the blood corpuscles cean occur in two circumstances -
by delaying of the clotting, or by increesed velocity
of the sinking of the bloed corpuscles.

Hermenn Nassse made extensive studies on the causes
|0of increased fibrin-clotting. Hewson had alresdy
determined that differences in the specific gravity of
the erythrocytes, or of the plesme, are not the cause
of altered fibrin-clotting. Nasse increased this
knowledge by showing that, in artificisl lessening of
the specific gravity of the plasme, by thinning with
‘igotonie selt solutions, fibrin-clotting was not

‘hastened/



hestened but slowed.

After addition of specifically heavy substances,
such a&s gum ersbie, fibrin-clotting was hastened.

By lessening the erythrocyte eoncentration, by
the addition of serum in vitro, the fibrin-clotting
was also hestened.

The most importent fact established, however, was
'that the fibrin=-clotting is dependent on the degree of
egglomeration of the erythrocytes.
| while alresdy by earlier investigators (especislly
Hewson), 8 role in sedimentstion hestening was ascribed
to fibrin, Nasse it wes who recognised that sedimentation
is far from being in 8ll ceses due to the fibrin in-
icrease.

It was already known in the first half of the
nineteenth century that
(1) the fibrineclotting is dependent on the height of
the blood column, 2nd on the time tsken for the bleod
‘to clot;

1(2) fibrin-clotting is dependént upon the erythrocyte
content of the bleood, and on the sise of the erythrocyte
!agglomerates. It is hastened by the raising of the
viscosity of the plesma (addition of gum arsbic), and
slowed by lessening of the same (thinning with sodium
chloride solution), It is hastened with increased

fibrin content, but in many ceses slsc without fibrin

‘increase;
|

(3)/
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(3) fibrin-clotting is hastened in pregnancy, in infec-
:tive illnesses, especially pulmonary tuberculcsis,
inflammatory disesses - pneumonia, hepatitis,
nephritis, pleuritis, pericarditis, peritonitis, poly-
rarthritis, furunculosis, and erysipelas = among
others. |

Sedimentetion increases in the advancing spreed
ot the inflsmmation, and mey in very severe ceses
become normzl egein.

These peresgraphs summerise the knowledge gained
concerning the phenomenon, by the first half of the
nineteenth century, eand it is seen that it is of no
mean extent,

In the second half of the nineteenth century,

however, the phenomenon of fibrin-clotting had practi-
.:cally vanished into the "limbo of forgotten things"®
owing to

(1) the decline of blood-letting as a therzpeutic
measure;

(2) inexactitude of the sedimentation due to variations

'in the rate of fibrin-cletting, depending on the rate

iof taking off blood, quantity of blood, tempersture, etc.
i For these reessons, this importent subject was
'neglected until almost the close of last century, when
an impetus to further reseesrch was given by the inves-
:tigations of Biernacki (1), (2), whe may be looked

upon as the father of the study of the sedimentetion
‘rate/
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rate, as we know it, Indeed on the Continent the
sedimentation rate is frequently spoken of as
“Biernscki's Reaction". He recommended the estima-
:tion of sedimentation in non-clotting oxelsted bloed.
He 2lso introduced the method of reading off the
degree of sedimentstion after half an hour, one hour,
end twenty-four hours,

In spite of this important advence, the subject
still remained in obscurity, until its diagnostic
gsignificance was brought forward by twe suthors simule
:teneously, and independently of one another., In
1917 Hirszfeld (3) described it as a symptom of
melarie, while in 1918 esppeared the first works of
FAhraeus (4), (5), (8). Fihraeus first investigated
the subject of sedimentstion ss a means of early diag-
:nosis of pregnancy. Unfortunastely, early hopes in
this respect did not materiaslise, it being found that
no help was obtainable from the sedimentestion rate
until the diagnosis was fairly obvious clinicelly.

In spite of Fpie failure, the method was seized upon
by workers in all branches of Medicine, and a2 large

| series of researches resulting in the publication of
a flood of papers then started, snd have continued
ever since, The sedimentation rate has now been
studied in slmost every pathological condition, but
amongst the earliest investigations, those directed

to the study of Tuberculosis were numerous and impor-

itant/
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itant., The pioneer in this depsrtment was Westergren
(7), who carried out extensive researches into the
method, theory, and application to internal medicine,
especially tuberculosis,

From the above account, it is seen that this

subject has a long, interesting and somewhat chequered

 history. In spite of the numerous and wonderfully

accurate observations made more than a century ago, it
is only within the past few years that the grest value

of this important subject has been recognised,
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TECHNIQUE,.

INTRODUCTION,

I1f an anti-coagulant be added to a specimen of
blood, and the blood be sllowed to stand in a tube,
the corpuscles sediment to the bottom of the tube,
while the plasma remains as a clear supernatant fluid.
' The amount which the corpuscles sediment depends partly
on the time allowed, being greater the longer the time,

partly on the red cell content of the blood, and pasrtly

on certain physiological and pathological conditions;
in a given time it is relatively constant for normal
human heings. The rate of settling or sedimentation
is known as the Sedimentation Rate (S.R.).
The technique of measurement of the sedimentation

rate is very simple, but the factors governing the S.R.
are very complex, with the result that there are
Inumerous fallacies to be avoided. Consequent upon
ithis, several different methods of estimation have
' been evolved, differing one from another according to

Ithe fallacy to the correction of which particular

attention has been paid.,

| METHODS,
The various methods of estimating the erythrocyte
sedimentation rate may be broadly classified into two

groups:

(1) The distance methods = those in which the time is

arbitrarily/
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arbitrarily fixed, and the distance through which the
erythrocytes fall in this time is recorded;

(2) the time methods - in which the distance sedimen-

:ted is fixed, and the time taken is recorded.

Distance llethods.

The original method of F#hraeus belonged to this
group, and was carried out as follows:-

The apparatus consists of a glass tube 17 ecm. in
flength, with san internel dismeter of 9 mm., and graduatgd
st intervals of 0,1 cm. 2 c.cm, of sodium citrate
|aolution (2 per cent) are placed in the tube, and blood
from a vein is introduced up to the 10 c.c, mark, The
tube is inverted to mix the blood with the citrate, and
allowed to stand, The height of the clear plasma layer
‘above the column of red cells is read at definite inter-
:vels of time.

This method was modified by Westergren (8), (9)
in his studies on the sedimentation rate in tuberculosis,
‘His method is the one most commonly used on the Continent,
iand is performed thus;-
| A tube of smell bore is used, and a solution of
iS.B per cent sodium citrste is the anti-cosgulant,

;024 c.Co 0f this solution is drawn up into a Record
syringe, the needle of which is then introduced into &
vein, and the barrel drawn up to the 2 c¢.c, mark,

The mixture is then emptied into 2 specimen tube, and
should be manipulated without delay. The blood is

drawn/
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drawn up into a standard Westergren tube, which is 2.5
'mm., in diameter, and closely resembles a 1 c.c. pipette.
' Instead of being graduated in c.cs., however, the tubes
are calibrated in mms. of length, the figures reading
trom above downwards, and the calibration being carried
to the extreme point. The zero maerk is exactly 200
mm. from the point; the blood is drawn up to this merk.
iThe tube is now set upright in a stand, in which a2
iapring clip, pressing on the top, holds the point
' firmly against 2 piece of rubber at the lower end.
'The tube is now left to stand, and the red corpuscles
Ibegin to settle down, leaving a clear supernatant
'plaama. The upper level of the red cell column is
usually sharp and distinct. The level of the red cell
column should be read after one, a2nd agein after two
hours, The result is reported as the distance sedi=-
imented in mms, by the top of the red cell column.

The distances sedimented by a normal person are
found to be fairly constant. In men these are usually
53f5 mme. at the end of one hour, and from 7-15 mm. afterl
!two hours., In women the normal values are from 4-7 mm.
Iafter the first hour, and from 12-17 mm. 8t the end of |
the second hour,

Figures of 30-35 mm. at the end of two hours are
definitely pathological,

It is sometimes not possible to obtain the full
2 c.c. of blood, and in these cases a micro-method is
permissivle/
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' permissible, but is not as satisfactory. When no vein
'is available, blood may be taken from a puncture wound
by the following technique. A test-tube is marked at
a level of 1.25 c.c. Into this tube is placed 0.25
c.c. of citrate solution. The hand or foot is placed
in 2 warm bath and then dried. A suitable site is
punctured, and the blood is allowed to fall straight
'into the citrate, being mixed by gentle shaking.

This is continued until the blood reaches the 1.25 c.c,
mark. By this method it is usually possible to obtain
a full 200 mm. column of blood. Proportionate dilu-
:tions may be used for even less quantities of blood,
end in these cases a Westergren tube cannot be filled,
hut a reasonable correction can be applied for a
;column not less than 50 mm. long.

A third method in this group is one introduced in
America by Zeckwer and Goodell (10). A larger tube is
used in this method, and the results are expressed
idifferently, being taken as the corpuscle or plasma
‘volume, 2 c.c. of 3.8 per cent solution of sodium
!citrate are drawn into a Record syringe, together with
'8 ¢.¢, of blood obtained from a vein. The citrated
blood is placed in a 15 c.c, centrifuge tube graduated |
in tenths of a c.c. The tube is 21lowed to stand,
and the volume of corpuscles read off at the end of an
hour and two hours, Certain investigstions express

the result by the volume of the aupefnatant plasmsa,

A11/
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All difficulties are avoided if the volume of both
plasme and corpuscles is stated when making the report.
Zeckwer and Goodell give a figure of 7 c.c. &s an
average normal value (volume of red cells at the end of
one hour), using 10 c.c. of citrated blood.

The main advantage of this method is, that the
unit bheing a standard one of volume, does not necessi-
:tate the use of a tube of special calibre, thus
lessening the cost.

Although the findings in the methods of Westergren
and of Zeckwer snd Goodell are expressed in such differ-
1ing terms, it is nevertheless possible to express them
in similar feshion, and Beaumont and Maycock (11) have
'shown that when this is done, the two methods give
results which are comparable. In the case of Wester=-
igren's method, the reading in mms, is divided by two
to bring it to a percentage, while the reading in c.c.
‘obtained by Zeckwer and Goodell's method (volume of red
Icorpuscles) is subtracted from 10, and the result
multiplied by 10, This gives the result in mm. per
‘cent. of supernateant fluid, which is comparsble with

;the percentage reading on the Westergren tube,

Time Methods.

This type of method was introduced by Linzenmeier
1(12).
Speciel tubes are used necessitating only 1 c.c.

ot/
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'of bloed, The time is noted st which the level cf red
cells reaches definite marks, noted as mm. height of
the plasme column. The results are recorded in
minutes. 2 hours is generslly accepted 28 the lower
level of normel resdings,

The main disadvantage of this method is that
repeated examinaticns of the tube are required to
‘determine the time at which the red cells reach given
points. This makes it a more time-~consuming method

than the "digstsnce methods".

|
!
‘have been described but none are of special importence.

Seversl modificaticons of Linzenmeier's method

Criticel Study of Experimental Conditicns.

Having described the more commonly used methods
for the estimation of the erythrocyte sedimentation
rate, we may now proceed to a study of the deteils of
|technique.
| As pointed out zbove, the estimation of the sgedi-
:mentatien rate is 2 simple process, but the reaction
is so delicate that, unless certsin fallacies are
icorrected, results which are grosely inaccurate will be
iobtained.
| We might conveniently start this discussion by
summerising, in tebuler form, the maein factors which
:influence the sedimentstion rate, dividing those factors
inte two large groups - those which hasten and those

Which delay, sedimentation.

| Hestening/
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Hastening FPactors. Slowing Fectors,
(1) Tempersture over room (1) Temperature essentizlly
temperature. under room tempersture.
(2) Oblique position of the | (2) Tempersture over 50°C
sedimentation tubes. which produces clctting.
(3) "Wetting” of the tube (3) Blood thinning with anti-
above the sedimentstien coagulant salts end their
column. solugions (sodium citrate,
etc. \o

(4) Sinking of erythrocytes
after a determined
sedimentetion period. |

(5) Too narrow lumen of the
sedimentation tube (under
1 mm.)e

(6) Rather long keeping of
the blocd (over 2-4 hours)
especially with raised
temperature,

We shall now discuss each stage of the technigue
in detail,
(1) Tsking off Blood.

! Several points have to be attended to during this
Iprocess.

(a) A1l instruments - syringe and needle - must be
' scrupulously clean from & chemical point of view, as
;any traces of alcohol left in the syringe after clean-

:ing, will influence the S.R. It is not necessary
;that the syringe should be sterile.

l(b) In carrying out the venipuncture it will ususlly
lbe necessary to use a tourniquet, but this should be

applied for as short a time as possitle, otherwise a
Idegree of in vivo sedimentetion may occur.

'(e) The blood should be tsken off quickly, in order to

Iprevent clotting, before adequate mixing with the enti-

;coagulant/
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coegulant tekes place. At the seme time aspirstion
by the syringe should be avoided, a2s air bubbles are
thereby produced. If possible, the blood should be
allowed to press out the barrel of the syringe, though,
in prectice, with patients who have small veins, this
mey be impossible.

A finel air bubble must be taken in for purposes
of mixing the bleood with the anti-cosgulant.

(d) Anti-coagulants,

The idea of using unclottable blecd in the study
of blood sedimentstion was introduced by Biermacki (loc.
cit.)s+ There are three main ways of preventing the
blood from clotting.

(i) By rendering the walls of the tube smooth by
meens of o0il, paraffin, etc. These processes
have not proved successful, as the blood usually
clots after & time,

(ii) By the addition of clot-preventing substances.
This may be done in one of two ways =
(2) In solid form - hiruwdin, heparin, oxaslate,
citrate. By this means 21l thinning of the
plesma is avoided, but, through changing of the
osmotic pressure of the solution of substances
in the blood, the form of the erythrocytes, and
their agglutinability, are altered, which inter=-
:feres with the sedimentetion rate to no small
degree.

Hitrudin/
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Hirwdin and hepsrin are, besides, expensive, and
the addition ot small quentities to the bleed
technicelly not simple,

(b) In isotonic solution.

In this way a2 thinning of the plasma takes
place, which essentieslly alters the sedimentation,
but the form of the erythrocytes is almost un-
:influenced.

While it has not yet been definitely decided
whether the addition of anti-coagulesnt in solid form,
or in isotonic solution, is the more suitable method,
the following srguments are in favour of the latter
method =-

The solid substance necessery for a single blood
sedimentation estimation cannot be measured off
simply. The result is that at times a larger,
at other times a smaller, quantity is added, thus
rendering the experimental conditions inconstant.
With isotonic solutions, however, it is easy to
measure an always equal quantity of the solution.
Small differences in concentration do not appear
to intluence the sedimentstion (Westergren (13)).

Linzenmeier (14) recommends a 5 per cent sodium
citrate solution, but Westergren has rightly empha-
:sised the importance of using a solution which will
interfere as little 2s possible with the osmotic
pressure effect on the erythrocytes - 1i.,e, an

isotoniec solution.

By/
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By the addition of an isotonic solution, two

effects are produced on sedimentation =

(1) 2 slowing of sedimentation by thinning of the
| plasma;

(2) a hastening of sedimentation by dilution of the
:erythrncytes.

The former outweighs the latter. If dilution
takes place with citrated plasma, the hastening of the
sedimentation outweighs the slowing.

Varying concentrations of citrate cause great
differences in S.R. Hence the volume of citrate
| solution must he measured accurately.

Wost methods use the proportions of blood to
risotonic golution as 4:1. One tenth of citrate solu-
!:t&on is sufficient to prevent clotting, but most
imethods prefer the larger quantity, to be on the safe
' side. In the method used by the author, which is
described later, only one tenth of citrate solution

is used, and it was found that clotting took place

‘rarely, and then only when inadequate mixing of blood

and citrate had occurred.

Keeping of Blood and of Citrate Solution.

|
. Fresh sterile citrate solutions must be used, as

older solutions tend to grow & fungus, which alters
the citrate,

' With regard to the keeping of blood, it is
;naturally best that sedimentztion should be allowed to

proceed/
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proceed forthwith, after the blood has been drawn,

If this is inconvenient, however, it may safely be

left, mixed with citrate, for a period up to twelve
hours (Leffkowitz (14)), preferably at room temperature.
Wo evaporation must be allowed to occur during this

time.

(2) Temperature,

Temperature exerts a marked influence on the S.R.
Gordon and Cohen (15) were the first to publish results
'of experiments on this point.

A much greater speed of f2ll is obtained when a

' sedimentation tube is set up in an incubator at 3%,
than when it is placed at ordinary room temperature
1(19-23°C). 19-23%C is the optimum temperature -
Iabove or bhelow this, marked deviations are found, which
may lead to erroneous interpretation of results

:(Walton,(lsﬂ).

(3) Sedimentation Tubes,

The sedimentation rate has been found to vary
‘according to the height and width of the sedimentation
itubaa used,

'(a) Width of tube.

| An extengsive literature has grown up on the
influence of the width of the tube on erythrocyte sedi=-
\:mentation. Some authors find that sedimentation is

'slower in narrow tubes - Westergren, Wiemer (17),

‘while/
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while Ducceschi {18) and Feuerstein (19) find the
opposite to be the case,
| Welton (16) found that when the tube was of very
fine dismeter, the upper layer of red cells is ill=-
defined, due to their irregular fall, and a tube of
less than 2 mm. internal bore should therefore not be
used, Welton a2lso emphasises that the sides of the
‘tube must be parallel and the lower extremity flat.
(b) Height of the blood column,
: Three stazes of sedimentation have veen described
by Rothe (20) viz.
(i) Sedimentation of the single erythrocyte, which is
relatively slow; : |
(ii) Sedimentation of the erythrocyte agglomerations,
which show an increesing rate reaching a constant
rate.
(1ii) Sedimentation is slowly stopped by "braking" of
erythrocyte aggregates, (stage of settlement).
The setting-in of this stage is dependent on the
height of the blood column, 2nd the corpuscle
volume =« settlement hegins the shorter the
column and the greater the erythrocyte volume.

Unfortunately, no formula is available for

i correcting this factor.

(4) Method of Filling the Sedimentation Tube.

Linzenmeier (loc, cit.) has shown that "wetting"

;of the tube above the column during filling, produces

an/
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an increazsed S.R., especially during the first five
mm, sedimentstion, This is due to agglomeration of
erythrocytes in the wetted ares, Hence care must be

taken during filling to prevent wetting of the tube.

' (5) Position of Sedimentation Tube.,

The position of the tube during sedimentztion
exerts an influence on the rste, although in the
opposite manner to what might be expected, One would |
expect sedimentation to be more rapid in vertical,
than in sloping tubes, but the contrary is found to bhe
the case. Boycott (21) was the first to observe that |
the S.R. is increased, within limits, with increasing

slanting, especislly in narrow tubes. This fact was |

' also demonstrated experimentally by Lundgren (22), and|

shown theoretically by Kric Ponder (23).
This is important from a theoretical , zs well as

from a practical point of view, 2s, if sedimentation

were merely a falling down of the erythrocytes in the

plasma, the rate would be greatest in the verticsl

position, ‘

(8) Times of reading off Sedimentation.

In the distance methods, the time of reading off ‘
sedimentation is important, It is essential that it
be done to the minute, except in the case of a 24 -hour |
reading, where a difference of an hour or two in either
direction is of no importance.

Several/
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Several authors, notably Westergren, suggest that
gsedimentation be read off at one hour, two hours and
twenty-four hours. It hes been shown (Zeckwer and
Goodell (10)) thet a 24-hours reading is of little
value, except to indicate cell volume, this reading
being directly proportional to the volume per cent of
cells in the blood. With regard to the one hour
reading, it is found thst in normal persons at the end !
of this time, practically no sedimentation occurs,
‘whereas in pathological czses showing an increased
|gedimentation rate, a considerabhle degree of sedimen-
| station always occurs during the first hour, and less
occurs during the second hour. It is thus generally
;agreed that a2 one hour reading is the most valuable
jone. in differentiating the pathologicz2l from the
normal, and it has the advantasge of being less time-cen-

'suming.

(7) Influence of Red-Cell Count.

That the concentration of erythrocytes in the

‘blood influences the S.R. has long been known.

éFahraeus himself (loc. cit.) mentioned that the S.R.
iia faster in anaemic blood, Westergren (loc. cit.)
ialso noted this point, but he dismissed it as having
ino practi&al bearing. Since then, various suthors
‘have studied the influence of anaemia én the S.R,,
lwith varying results,

| B¥nniger/
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B¥nniger and Herrmann (24), and Hubbard and Geiger
(25) have found that the S.R. is hastened in snaemic
blood, while Cooper (26), and Rubin (27) state that the
red cell factor plays no important part.
Gram (28), however, described a method for correc-

1ting the S.R., by fixing a certain haemoglobin percen-
:tage (100%) as normal., On reference to a chart,
which he had constructed, he was able to correct the
IS.R. on the basis of the haemoglobin content of the
blood. Rourke and Hrnstene (29) give a method which
‘aims at correcting the S.R. on the basis of cell
' volume,
| The most recent investigastiorn on the influence of
the red cell count on the S.R. is by Rees Walton (16),
_(50). He carried out a comprehensive clinicasl and
experimentel study on snimels, and on patients suffer-
:ing from vericus diseases. He was soon struck by the
faet that, using variocus diluticns of red cells in
their own plasmz2, the erythrocyte content was & most
importent factor, and that, in order to compasre the
S«R. ot different seamples of blood, it was necessary

to keep the concentration of red cells constant. To
;this end an arbitrery figure of 5,000,000 red cells per
|c.mm, wWas chosen, In his experiments, a series of
tubes containing dilutions of frem 5,000,000 down to
1,000,000 red cells per c.mm. was used, A simple
rnethod of celculating dilutions devised by Blacklock
;(31) wes employed,

prs/
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As applied to the dilution of bloecd, the folleowing

example may be gquoted - Initisl red cell count
. 5,400,C00 per c.mm.; the million figure is noted, and
'a similsr quantity of blood in cubic centimetres (i.e,.
5 c.c.) is placed in a suitable tube; to this bloed is
added g quantity of plasme (obtained from a previously
centrifugaligsed sample of the same blood), which is
represented in fractions of & cubic centimetre, just

gs the red cell count figure below the millien cipher

is represented in fractions of & millien. Thus to
5 c.c, of blood is added 0.4 c.c. of plasma, and this
tube now conteins 5.4 c.c. of blood 2t a concentrztion

of 5,000,000 red cells per c.mm. This is now redis-

itributed inte five sedimentation tubes, each conteine
1ing 1 c¢.c. of bPlood in descending concentration.
Cn the ssme principle, 2nsemic blood can be concentre=
:ted, and by suiteble removal of plasma at least 1 c.c.
cf bleecd at a concentrstion of 5,000,000 red cells perl
c.mm, can be obtained,

Using this methed Walton was able to show the
great differences in the S.R. produced by varying the
' erythrocyte concentretion, He quotes the following
;case:»

‘ Case 1. Normal. Red cell count 4,680,000 per c.mm.

Tube lo. Contents. S.R.in 1 hour.
,000, red cells per c.mm. 1l mm.
4 4 ,000,c00 " " " " 6 mm.
3 3,000,000 " " " 10.5 mnm.
2 2,000,000 " " Y " 20.0 mm.
1 1,000,000 " " " " 27.5 mm.

1t/
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It was found that in the higher dilutiocns relatively
little difference existed between normal end patholo-
:gicel cases, whilst in the 1,000,000 tube & S.R. of
27.5 mm. was nearly 2lways recorded in the slowest, as
in the fastest, sedimentstion specimens. On the other
hand, the most uniform sedimentztion, and the greatest
difference between normality end abnormality, was always
observed in the 5,000,000 tube.

As a routine basis for comparison, the sedimenta-
ttion height in a tube containing 1 c.c. of blood at »
concentretion of 5,000,000 cells per c.rm. was recorded.

Walton's techpique ig as follows:=

The sedimrentation tubes are 6 cm, long, 6 mm,
internsl diezmeter, with flat bottoms. A mark is cut
on the glass a2t 2 height of 32.5 mm. from the base,

'this height indicating the level reached by 1 c¢.c. of
bleod., The tubes mey be gradusted in half millimetres,
or a flat metel millimetre scale may be employed. A
_special rack is used to maintain the tubes in a
vertiesl position, containing a2 series of holeg in itse
upper platform and corresponding slets in the base, so
that the tubes should fit snugly when inserted. All
'apperatus - glass tubes, pipettes and syringes =
must be kept scrupulously clean and dry,

Sterile, freshly prepared 3.8 per cent sodium citrate
is used as the anti-coagulant.

4,5 c.co of Dlood is withdrawn from 2n ante-cubitsal

vein/
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vein in the usuel way, taking care not to produce
unnecessary venous stasis. The blood withdrawn is
quickly-placed in a8 tube contéining 0.5 c.c. of the
citrate solution, with which it is thoroughly mixed.

A red cell count is then made to determiﬁe roughly

the division of the specimen for diluticn or concen-
itration. Usually 2 c.c. are pleced in a small tube,
while the remaining 3 c.c. are centrifuged, toc obtain
:the necessary plasms for dilutiocn purposes. The object
is to obtain at least 2 c.c. of bloed which will have
.a content of an even millioen figure in red cells,

From this suspensiocn can be readily trensferred to the
sedimentation tube, efter suitable dilution or concen-
:tratien, 1 c.c. of blood which shall contein 5,000,C00
red cells per c.rm. When this is obtained the tube

ig inverted several times and roteted about its long
exis to produce an even suspensioen; bubbles on the
surfece or the bloecd are removed by touching with a
heated glass rod, end sedimentstion is allowed to
proceed, the height of sedimentation being read off

e fter an hour,

_ The normel figure for a normal person whose blood
‘has been concentrzted or diluted to 5,000,000 red cells
per c.mm. is given by Walton as

Men 0.0 « 5.,5.um. Average 2 nm,
Women 0.0 - 5.5 mm. Average 3.5 mm.

The blood of women thus sediments rather more

quickly,/
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quickly normally than that of men.

More range of variation is found to occur between
a normal end a pathologic2l c2se in tubes containing
5,000,000 per c,mm. It seems that when the blood is
so dilute that only 1,000,000 red cells per c.mm. are
present, no difference can be found to exist in the
S.R. of normal snd abnormal specimens, At the end of
'one hour the erythrocytes in normesl blood at such
'dilution fall through a distance of 27.5 mm. In
equivalent concentration, erythrocytes from a patholo-
:gical cese traverse a2 similar distance,

After extensive observations, Waelton came to the
conclusion that it was possible to estimate the S.R. of
any given concentration of blood, if the S.R. of a
known concentration were obtained.

When S.R. values were plotted upon a graph, with
the blood count values as abscissae and the S.,R., as
ordinates, a curve was obtained which almost described
a straight line. In very slowly sedimenting blood
.the curve bends with the convexity downwards, and the
;more rapid the S.R. the more nearly straight is the
;line. From these curves, if we know the S.R., in a
tube containing, say, 5,000,000 red corpuscles per
c.m., the S.R. at any given concentration of blood may
'be found by plotting a graph, and drawing & straight
:1ina between the known figure and the 27.5 mm. mark.
By producing a line from the red cell count line to cut

this/
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this straight line, the S.R, for the red blood count
desired can be read off, Conversely, if we have a
tube of blood at a concentrastion of, say, 4,500,000
. cells per c.mm., & Straight 1ine is drawn upon the
graph, joining the S.R. figure for this count and the
27.5 mm. mark. By producing this line, we can obtain
the theoreticzl S.R..of a specimen of blood containing
5,000,000 red cells per c.mm.
Upon this graphic method, Walton based a simple
' procedure for estimating the S.R. by merely taking
1l c.cs of blood, The procedure is as follows;=
A small, dry 1 c.c. "Record" syringe is taken, and
Ol c.e. of 3,8 per cent sodium citrate sucked up into
|1te A tourniquet is placed on the arm, and blood
' sucked up by the syringe exactly to the 1 c.c., mark,
:thua giving 1 ce.c. of citrasted blood, The contents
‘ot the syringe are evacuated into the sedimentation
tubes previously described, making sure that blood and
citrate are thoroughly mixed, A haemocyto=-meter
'pipette is introduced into the suspension, and blood
| enough withdrawn for a red cell enumerstion, after
:which sedimentation is allowed to proceed in the usual
Way . When the red blood cells have been counted, the
'S.Re at the end of one hour is plotted on the graph
opposite the corpuscle number of that blood, From
this it cen readily be estimated what the S.R, would
be if the red cell count were 5,000,000 per c.mm..
This/
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This graphical method is the one which was used in
making the author's observations on the sedimentation
rate. Walton's original method was followed closely
except for unimportant details. A flat metal scale
greduated in millimetres, for reading off the sedimen-
itation heights, was used, and was found to be quite
gatisfactory. The stand which was used for holding
the sedimentation tubes conasisted of a block of wood
with twelve holes drilled vertically in it, in series,
the holes being of such & size as to hold the tubes

firmly in the verticsl position.

Apparatus for Estimation of
Sedimentation Rate,

Although so small a guantity of citrate is used as
anti-coagulant in this method, trouble was rarely ex-
iperienced with the blood clotting, On such few

occasions as clotting did occur, it was due to inadequate

=h

mixing of blood and citrate having been performed.
1t was found that considerable care had to be

exercised/
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exercised in introducing the haemocytometer pipette
into the sedimentation tube, 28 the difference in
diameter between the two is small enough to render very

easy "wetting" of the tube sbove the bloed cell column,

'which, as has been pointed out sbove, tends to hasten

sedimentation,

In reading off the sediment=tion heizht, we took
the distance between the top of the red cell column
and the lower level of the meniscus-of the supernatantl
plasme.

Walton points out that when the erythrocyte count
is below 3,000,000 per c.mm., the graphical method is
not so accurate 28 his originsl method, especially in

quickly-sedimenting specinmens. Therefore, in these

casgses, he suggests that the blood should be concentrated,

80 that & tube of 1 c.c. may contain 5,000,000 red cells
per c.mm,

In the application of this method to patients

'sﬁffering from pulmonary tuberculosis, and who are of

the gsanatorium type of cese, we have rarely found such |

‘2 degree of anaemia as evidenced by a red cell count

of below 3,000,000 per ¢ .mm., and hence in this type
of work such an objection is rarely of importance.

Thus, in 2 series of 24 cases examined on

admission, it was found that

10 cases {41.6%) showed a red cell count of 5 million
per c.mm. Or Over..

1 case (4.1% showed a red cell count between 43-5
million per c.mm.

9/



34.

9 cases {37.5%) showed 2 red cell count between 4-43%
million per c¢.mm,

3 cages (12.5%) " w n w  count between 3i-4
| million per c.mnm.
1 cese (4.1%) " " m "  count between 2-2%

million per ¢ .mm,

The case showing a count of below 3 million was
not really of the gsanstorium type, and had lster to be
transferred to hospital,

¥rom the above figures it is seen that 83.2 per
cent of senstorium ceses have, on admission, a red cell
count of over 4 miliion per c.mm.

This is 2n interesting observation in view of the
pellor (often extreme) which these csses exhibit. It
bears out the point, which has been frequently stressed
by Sir Robert Philip, that the psllor of patients
suffering from pulmonsry tuberculosis ig not necesssrily
due to engemia, but is frequently the expression of
'vasomotor disturbance.

In this section, we have congidered the technique
of sedimentstion, describing the importent methods of
carrying out the test, and considering in-some detsil
the verious experimentel errors. Specisl emphesis heas
been l2id on the work of Rees Welton, in connection with
Fhe influence of the erythrocyte concentration on the
ES.R., as his method hes been empleyed in the suthor's
obgervations, As steted in the Introducticn, one of
the main objects of this thesis is to study this re-
:lationship, end to determine, if possible, the practicsl

value of such a correction for erythrocyte concentreticn,

as/
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es Rees Wazlton suggests. Discussicn of its value
will be postponed until leter, when it will be deslt
with from the theoreticsl sspect in the secticn on
Theory, and from the practiczl point of view in the
Practicel Application ot the Reaction to the Prognosis

ef Pulmonary Tuberculosis,

THEORY .

The theory of erythrocyte sedimentation is one of
the most complicated problems of biologicel chemistry.
A considerable emount of knowledge has accumuleted but
‘meny geps still remain.

It was pointed out in the Historical section, that
some very sound obgervetions on the theoretlicasl side
hed been made by the first helf of the nineteenth
century. Blood consiets of plesme and corpuscles.
The latter are of greater specific gravity, snd hence
tend to sink. It was known at thie time, as 2 result
of the investigstions of Hewson, thaet differences in
the specific gravity of the erythrocytes, or of the
placme , ere not the csuse of sltered sediment=tion
rate. Then Nasse showed that with srtificisl lessen-
:ing of the specific gravity, by thinning the plasmea
with isctonic s2lt solutions, sedimentation of the
erythrocytes was not hestened but slowed. After
addition of specifically heavy substances such as gum
erabic, sedimentaticn was found to be hastened.

Lessening/



36,

Lessening of the erythrocyte concentretion, by the
addition of serum, was slsc found to produce increased
sedimentation.

The most important fect esteblished by theee esrly
workers was, that sedimentetion is dependent upon the
degree of sgglomerstion of the erythrocytes. Single
erythrocytes sediment but slowly, but when they become
clustered together, the momentum is grestly increased,
end hence a hastened sedimentation rate results.

As a result of the accurate and elaborste methods
of modern physicel chemistry, we are now in a position
te psrtieslly explain the phenomenon of sedimentation.
As fer as recent reseerches téke us, two factors appear
to be of primery importance:=
(1) The electricel conditicn of the erythrocytes.

Héber (32) hes shown that erythrocytes move to the
enode, snd hence carry a negative eléctricasl charge.
They are thus kept in suspensiocn, owing to their

electricelly similar cherge. Therefors, it is
essential thét this charge be neutraslised if sedi-

:mentetion is to teke place to sny degree.

(2) The intluence of protein on sedimentation.
Bloch snd Oelsner (33) showed that if corpuscles be
placed in & protein-free medium, e.g. physiologicel
saline, agglutination of the corpuscles is prevented,
and sedimentation is considerably slowed.

HBber and Mond (34) showed that, in vitro, the

sedimentstion hastening effect of the various plasma
proteina/'
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proteins parallels their ability tc electricelly dis-
:cherge the erythrocytes.

The order of the power of discharging erythrocytes

is
Fibrinogen > Globulin > Albumin,

Experience has slsc shown that, in genersl, =
certein parsllelism exists between the fibrinogen and
globulin content of the plasma and the sedimentetion
rate.

Further , Fihreeus (loc., cit.) demonstrated that,
in blood showing hestened sedimentetion, the negstive
charge on the erythrocytes wes smaller.

From the sbove findings, the explenetiocn of the
phencmenon zppears to be as follews:ws

The erythrocytes sre meintained in suspension in
virtue or their being electricelly negetively charged.

The plasma proteins, in verying degree 2s stated
above, have the power of becoming adsorbed to the
surface of the erythrocytes, and, in virtue of the
electricel charges which their molecules possess,
neutralise the negative charge of the erythrocytes,
thue allowing agglomeratiocn of the latter to occur,

The Influence of the Erythrocyte Concentreticn
“on Sedimentation Rate.

That the cencentrzticn of the red cellg exerts an
influence on the sedimenteotion rate, has been known
elmost as long as the subject hss been scientifically

studied/
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studied, F8hreeus and Westergren, in their esarly
studies, both noted that an asnsemic conditien of the
bleod produced an increesed sedimentetiocn rate, but
they considered the fact hed little precticel impore-
ttoance. Later workers studied the subject, s#nd meny
concluded that the subject hed a practiczl significence,
and accordingly endeavoured to correct the readings for
the S.R. in respect of the degree of anszemis present.

A brief review of these methods is given in the secticn
on Technique. The most recent of these metheds is
that of Walton (16), (3C), which waes described in the
foregoing section snd is the methed which was used by
the author, As described in the szid secticn, Welton
cerried ocut numerous experiments on the effect on the
S.R._of varying the red cell concentration, using
citrated plesma for this purpose, He was able to show,
by these means, that a relatively slight lessening of
the erythrocyte concentration resulted in an estonighe-
:ingly grest increase in S.R.

This cerresponds well with experience in certain
severe snesemias, where one 2lmest slways finds a grestly
Iincreaaed S.R., and conversely in polycythasemia & slowing
is observed,

Walton (loc. cit.) quotes a cese in which the
S.R. 2t concentretion of 5,00C,000 red cells per c.mm.
wae 1 mm, 2t the end of one hour, end 6 mm., when the

concentration was 4 ,000,C00, Can we thus asseume that

a/
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a concrete casse with 4,000,000 red cells per c.mm.

would have only oﬁe sixth of the S.R. if thie mild

degree of ansemies were sbsent? Can we, in other

words, correct the S.R, of snsemic bloecd to normsl
blood stetus?

Walton and other sdvocetes of these corrections
hold thet thie is se, but other suthorities, including
Westergren, reject the argument as faulty for the
follewing reasons =
(1) In many cases of severe ancemie the S.R. ig normel,

in spite of very low erythrocyte end hsemoglobin
values = =2 state of affairs which cannot be repro-
;:duced by thinning of 2 bleoocd with its own plesme to
the seme degree of ansemia.

(2) If one concentrates, by pipetting oft the citrated
plasma of ditferent anaemic bloods, so thst the
haemoglobin content is now 100%, one finds, especially
with severe ansenias, slowing of the S.R. ags a rule =
indeed in many ceses the S.R. after one hour is zero,
(Reichel 2nd ven de Stadt (35)).

(3) With artificisl slterastion of the bleood concentrs-
:tion, in vivo, the S,R., mestly does not alter
parallel te the change in the erythrocyte eand haemo-
:g2lobin content.

Se far, we have been considering the subject from

‘the point of view of erythrocyte concentration only.,

But it hes been shown that, in meny ceses, the change

in/
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in the erythrocyte concentrestion is compenssted |
:through cheange in the properties of the plasme. I
There sre also verious other factors to be inves-

itigeted, in addition to changes in concentrastion of |
the erythrocytes. Thus, it is well-recognised that,
in ansemis, not only is there a2 diminution in the
concentretion of the red cells, but there are slso
changes in size and shape., Thus the cells may be
'larger or smaller then normal (megalocytosis and
;microcytosis). or they may very in size (anisocytosis)
!or they may very in shape (poikilocytosie).. |
i These changes CANNOT be imitated by artificially‘
‘thinning the blood. Nevertheless, they probably
iexercise en influence on the power of the erythrocytes
to form agglomeratiens, which, ss we have seen, is cne

¢f the principel fectors in the production of sedi=-

cmentation.

i .
'in an ensgemia =« 2lterations in specific gravity and]
|
|

Further, chenges in the plasma may be produced i

i1n viscosity - which will affect the S.R.
; Westergren hes shown thst, #8 in severe snaemiess,
;sedimentation is relatively much slower than with |
!blood which is artificially thinned, in vitroe, by its

Eown plesme, there must be present in snsemies, sedi- i
I:mentation checking factors, the analysis of which in

the single cese is difficult.

On these theoreticel considerations, therefore,

Iwe/ |



41,

‘we are inclined to sgree with those observers who |
ihave hed the grestest experience of the clinicsl

velue of the S.R. (Westergren, Katz and Leffkowitz), i
'that corrections of the S.R. for any degree of

'ensemie present, whether according to erythrocyte |
count , haemoglobin content, or hesemstocrit reading,
igive an erroneous value. In the words of Leffkowitz,,
the S.R., for practicel purposes, gives the best
results through its complexity. Any cbrrections
!which may be made, can only esttesck one fesctor, end '
es such sre valueless, il not actuelly misleading. |
i That these theoreticsl considerations with |
regard to corrections for the red cell count are |
borne out in prectice, we shall endeavour to show |

in the section dealing with the practicel application'

of the S,R. to the prognosis of pulmonary tuberculosisr
l |

THE APPLICATION OF THE SEDIMENTATION RATE i
TO PULMONARY TUBKERCULOGIS.

The Erythrocyte Sedimentation Rate has three main
|
applicaticns to the study of pulmonary tuberculosis -
firstly in diegnoseis, cecondly in prognosis, end

:thirdly in trestment.

Scope ot Present Investigetion.

. Much work has been done on the application of thei
;erythrocyte gsedimentation rete to the study of pul-
:monary tuberculeosis, but seversl problems still
require/
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require investigstion,

Two chief problems have been pursued in these
;studies.
| The first‘concerns the intluence of red cell
:coneentration on the erythrocyte sedimenteticn rate.
It has long been known thet in certain forms of
'ensemis the S.R. is hestened, end recently corrections
heve been applied to the S.R, on the besieg of ensemis
Ipresent. We have pointed out, in the section on
|Theory, thet such correcticns are, on theoreticel
.grounde, probebly erroneous, It now remeins to |
determine the precise practicel value of such s |
!correction. Does it give & more sccurate indicetion
ot the condition end progress ot a case then the
uncorrected rate?
| This problem will be considered in the section
on Prognosis.

The second problem concerns the influence of

'Gold Therapy on the S.R. The literature on this '
‘subject is scanty, end the results obtained sre
verieble.

We heve, therefore, reviewed the litersture,

land set forth the results of observstions on a
|series of ceses of pulmonary tuberculosis undergeing

‘this form of treatment.
!

| I, Diesgnosis,

‘ An incressed S.R. is not diagnostie of tuber-

sculosis/



43.

|
| rculosis., This must be borne in mind at the outset.

' It is merely en indication that there ie geing on in

the patient a2 process involving tissue destruction.

'This stimulates fibrinogen formation, and the increzsed
Ifibrinogen content of the blood neutralises the nege=~ |
| :tive electricel cherge of the erythrocytes. This
enahbles the erythrocytes to form into agglomerates,
Thus sedimentation is hastened.

Hence an increassed S,R. is only diagnostic of
'tuberculoeis it other possible causes of the increasei

can be execluded,

Nevertheless, 211 untrested asctive exudative

| cases of pulmonary tuberculeosis show an increassed !
'S.R. (Westergren:(38)).

Hence a normel S.R. is of greet importance in
excluding pulmonery tuberculceeis in & suspect case.

Walton (16) and others claim that the S.R. has

'considerable diagnostic value when employed in con-

‘s Junction with a small provecative dose of tuberculin.

Most observers, however, are agreed thet the
'sphere of usefulness in the diagnosis of pulmonary

Etuberculoais of an increased S.R. ies an extremely
|
'limited one.

|
|
| II1. Prognosis,

The value of the Sedimentation Rate in essessing
prognosis has now been generslly accepted by most
suthorities/
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authorities, Leon Bernard (36) recently stated that
of 211 the resctions that have been advenced, the
Sedimentation Test is probebly the one which offers
the best guarantee and security in pregnosis,
Westergren (37) points out that low figures, and
perticularly normel velues of the S.R., peint to =&
geocd prognosis, while high figures indicate a greaterI

intensity of the pathologicsl processes. The seane

suthor, in another place (38), stetes that the height

of the S.R. cean be correlated to the activity end
extent of the lesion,

Thus, in general, the acute exudative types of

' tuberculeosis give rise to & higher S.R, then the more

chronic fibrotic types,

He has correlated the S.R. to the Turban clessi-
1fication thus::
Stege I.

The most benign cases show normesl values,
Probably sctive ceses up to about 30 mm. per hour |
(Westergren's Method). |

|

Stage 11,

Inactive ceses show normal or very lew figures.

 Active ce2segs - 15-50 mm.

Stage ITI,

The most benign cases show figures below 10 mm.

trequently, sometimes even 2 normel reaction.

' Active cases show figures from 30-1C0-120 mm. per

' hour/
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|
hour.

Westergren stetes in the seme paper that no
single test of an active, or probably active cese,
has given a normal velue, and no cese which must be
considered quite benign, and certasinly shows no sign
of activity, has given a high, or even medium high,
figure.

Can 2 normel S.R. be teken &s an index that
active tuberculosis is not present?

Banyai and Anderson (39) state thet among 2000
' patients sdmitted to Muirdele Senstorium with s ten-‘

1tative disgnosis of pulmonary tuberculosis, 128
(7.35%) were found who hed active tuberculesis,
| diagnosed by physicel examingtion end corroborested by
radiclegical snd laborastory observations, and whose
S.R. on repested exemination wes normal. Westergren,
Ihowever, es quoted above, states that, in his exper-
' :ience, no active case ever gives a normal figure for
the S.R.

In our experience, we have never found an active
case of pulmonary tuberculesis with a normel S.R.
‘when first diagnosed. We have noted time and time
'egain, however, thet cases undergeing trestment,
while still showing signs of activity ss evidenced

by physicsl signs, show normel values for the S.R.

' S.R. and Ultimste Prognosis:=-

In sn investigation on this question Traill (40),
| efter/
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efter pointing out how the usual criteria of prognosis

' = physicsl signs, tempersature, pulse, sputum tests

end fitness for exercise - are frequently mislesd-

:ing, goes on to state that a patient entering 2
genstorium with 8 high S.R., gnd leaving with a
modereately raised S.R., means a bad prognosis. This
statement , he maintains, epplies to both "open" and

"closed" csases. While the gravity increeses with

open ceses, and perticularly with those who remsin

80 in spite of treatment, it appeers that it is

better to remain "positive", and secure a fell in

S.R. to 2 low level, then to be & "cloged" cese with

2 discharge figure which persists in the medium-high
levels.,
The above observations demonstrate the value of
the S.R. 2s a prognostic test. At the seme tine,
in case of misunderstanding, it must be emphssised
| that the S,R., like all other clinicel lasboratory
Imethoda, mugt be correlated with the other findings =
Ephyeical end rsdiclegical - ©before an interpretstion
|is attempted. This hes been pointed out by Melville

Dunlop (41). ;
Also one estimation is of little vslue in |

estimating prognosis. By repesting the test at

intervels of days, weeks or months, & conception of

| the progress ot the disesge is obtsined, which is, as

o/
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& rule, more valusble then that given by the body
tempersture (Westergren (9)).

In estimetions obtained in this way, increessing
ifigures point to a2 bed prognosis, while decreassing
|figures are usuelly of fawoursble significance,

| In addition to its use as an index of prognosia,'
'the S.R. iz also of value in indiceting spread of the
digesge, 2nd the occurrence of complications,

Duffy (42) has shown that an increased S.R. is
'often an earlier indicetion of extensicn of the
' disezse then X-rey exemination,

Reichel (43) points out that by means of the |
!clinical and radioclogicel picture one cen estimate
'neerly the S.R. Considersble veristions from the
Eexpected velue makes one alive to the pessibility of
complications.

. As a rule, the onset of complications produces
la rise in S.R. Such & rise occurs in pleurisy, dry
‘or exudetive, and haemoptysis (the rise depending :
!upon the amount of blood, end on the consequent |
:specific or non-gpecific broncho-pneumonia),

Sinus exudates arising during Artificial Pneuno=-
tthorax trestment ususlly produce no noteworthy
!change, but fresh large effusions produce & marked
:rise. which often goes down to low, or quite normsal,
ivaluea although the effusion persists.

Large cavities a2re usueslly accompanied by & high

|SR./
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S.R., which Westergren (44) explains as being due to
mixed infectien, the latter causing 2 worsening of

the tuberculous process, hence the high S.R.

Intestinel tuberculosis is rather peculisr in
lthat early cases show a high S.R., while late cases |
with merked disrrhoes and cachexis give a low S.R.
E(Rother (45)). I
We can find in the literature no explanstion of !
this terminal fell in S.R. in these cases, Ve put
forwerd the suggesticn that the fell is due to de=- |
thydration, consequent on the diarrhces. The dehyd-

:ration leads to a concentrztion of the bloocd giving

rise to 2 conditien of polycythaemiza. Such a2 cone

| :1dition, as pointed out above, brings about a lowering

Iof the S.R. ‘

Low values of S.R. are found in marasmus, snd in

persistently high pyrexial ceses, salso in certsin
ceses just before death, when a rapid sinking is
‘often noted.

Low and even subnormal values, after a previouslg

| |
'high reading, were found by Westergren (loc. cit.) |

in miliary tuberculoeis.
We heve, in the foregoing pages, endeavoured to

summarise the present state of knowledge with regard

'to the velue of the S.R. in relaticn to the prognosis

of pulmonary tukerculcsis.

TR/
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THE PRACTICAL VALUE OF APPLYING A CORRECTION
O THE 8. R, FOR CELL CONCENTRATICH,

In the foregoing peragraphs we have been dezling

with problems on which there is now more or less

generesl sgreement among the lesding suthorities. |
It is now proposed to take up & subject which is still)
greatly debated,

In the section on technique, it was mentioned

thet, from time to time, methods have teen evolved
in which a correctiocn is applied to the S.R. for any |
|
degree of snsemia present. Later we showed that,
|

from theoreticzl considerstions, such corrections are|
probably unsound. It is one of the mainr objects of!
this thesis to show the precise value of correcting
the S.R. for anj degree of enasemis which may be
present, and to determine whether such 2 corrected
figure gives a more sccurate estimate of prognosis,
With this aim in vieﬁ, we have obegerved some 36

cages of pulmonary tuberculogis in the Royal Victorial

Hospitel , Edinnurgh, for & peried of three to five

months. Estimations were carried out 2t monthly
intervals, using Rees Walton's method. This method‘
involves the performsnce of 2 red cell count, and !
correcting the S.R. obteined by a specially construc-
:ted graph, 28 describved in the section on Technique.!
From these observstions, we have come to the
conclusion that such a correction is vaslueless, and, |

et times, may be misleading. ‘

An/ |
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An snelysis of our ceses enatles us to divide

them up into three groups for the purpose of discuss=

:ring this subject.

| Group I comprises a series of cases in which the|
icorrected S.R. differed to such a2 slight extent from |
the uncorrected rake as to render such 2 correction |
| of no practical moment. !
i Group II - those cases in which it was found |
lthat, when the point was pletted on the graph for the

|
‘S.R.. end the erythrocyte concentretion, and the line‘
:from the 27.5 mm. mark to this point was produced to !
meet the five million merk, it did so at a point
below the sedimentation zero. This suggests that,
without snesemie being present, no sedimentation would

have occurred in the time sllowed (1 hour).

| Group I1I, A group of cases in which the pro- |
| :gress of the case, as shown by the corrected rates,

| was impossitle of correlation with the other findings
= c¢linical snd radiolegicel = in contradistincticnl
'to the uncorrected rate, which followed the antici- |
:pated course. | !

We shall now proceed to set forth our observatioﬂs
- clagsified according to the sbove groups - and

discuss the significence of each group in turn.

Note:- Only those cases with a2 red cell count below
' 5,000,000 per c.mm. can, of course, be discussed in |

:this secticn.

Grou
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Group I.
Date Red Cell Count SeRa
Uncorrected Corrected

Case 1. [Mery C.

29 .4 .35 J) 3,970,000 24 .5 mm 23 mm.
27 ¢5 .38 4 4,550,000 21 .5 21
26546 :36, 3,850,000 21 19
29.7.36. 3,920,000 21 19
Cese 2. |Isobel S.

15.4.38, 4,330,000 19.5 18
13 .5.36. 4,100,000 12.5 17
18 .6 .38, 4,220,000 14 5 1 |
1B M a385% 4,940,000 5 4.5
Case 3. Blizabeth A,

29 .4.35, 4,440,000 16.5 15
2% 5436 4,740,000 12 i)
25 .6.38. 4,410,000 9 6
Cese 4, Annie L.

29 .4 .38, 4,070,000 21 19
27 .5 .36, 4,980,000 18.5 18.5
25 .6.38. 4,510,000 12.5 10,5
Case 5. [Margaret C,

29.4 .38, 4,310,000 15 13 D
27 .5.38. 4,830,000 5 4
25.6.35, 5,010,000 10 10
Case 6. Molly A,

138438, 4,210,000 18.5 16
18.5.36 . 4,830,000 18.5 18
15.6.36. 3,810,000 18 .5 15
157 .36, 4,090,000 19 16.5
Discussion.

A consideration of the above figures shows that, |

in/
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in this group, the corrected rate differs so little
from the uncorrected, sas to be of no practical impore |
:tance. After 211, in following the progress of a !

case by mesans of S.R. estimations, it is the genersl

!trend of the successive readings, whether rising or |
ifalling or stationary, on which we base prognosis.
A difference of one or two millimetres in a single
reading is of no importance from this point of view,

This aspect is of no little importance, as the
S.R. has come to be reckoned as an everyday clinical
laboratory procedure in estimating prognosis. One
of the main criteria of a method which is employed
in everyday work is, thet it should be as simple in
carrying out, and as little time-consuming, as
Ipossible.

The S.,Re. is simply and speedily carried out, bhut
if 2 correction is to be a2pplied on the basis of red
cell concentrstion, the time required for doing a red

cell count adds considerably to the time necessary for

the estimation. Thus it is possible to withdraw

| Plood and set up 2 sedimentation tube in less than 3
’minutes from start to finish, but when a red cell
count has to be done in sddition, the time taken is
appreciably greater, Furthermore, the technigue of
red cell counting requires considerabdle skill, if
trustworthy results are to be obhtained. We found,

working single-handed, that the time of taking blood

off/
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off one patient, till the time of taking off blood

from the next patient, averaged ten minutes,

This

included the time necessary for drawing off blood,

setting up a sedimentation tube, weshing oﬁt the

gyringe, doing a blood count, sand, finally, washing

out the red corpuscle pipette,

It can, therefore,

be readily seen that, in a busy laboratory, such

additional expenditure of time is of grest importance,

as it would be also to any doctor in practice who

might contemplate carrying out such estimations,

In view of the above findings, we consider that

such a correction is, in a considerable number of

cagses, gquite valueless,.

Group II..
Date Red Cell Count oB e
Tncorrected Corrected

Case 1. ﬁargaret B.

15.4.,38, 3,550,000 9 mm, ;No sedimental-

13:5:364 3,350,000 3.5 mme :tion weould

17.6:36. 3,200,000 3 Joccur.

15 .7 -56. 4.470,000 4 1 mm.

1 2:8%064 3,150,000 2 No sedimenta=-
:tion would
ocour.

Case 2. ﬁary B

15.4 .36, 4,120,000 6.5 mm, 0.5 mme.

13:5:38. 4,450,000 10 T8

17.6.35. 3,610,000 9 3No sedimenta-

1B .T.38 3,650,000 " :tisa would

o Joceur.,

Nase/




Date Red Cell Count |_ S.R.
Tncorrected| Corrected
i Case 3., [John B.
| [30.4.38. 4,060,000 14.5 ma. 10.5 mm.
| 28 05 035 . 4 '010 ’000 5.5 NO SEdimenta"
. ttion would
oecur .,
29.6.38. 4,750,000 4 3 mm.
| 131 47 .38 3,970,000 3 No sedimenta-
| :tion would '
[ occur. l
l Cese 4., George A.
30.4 .56. 4'44n .000 9.5 m. '? mm.
28.5.358. 4,660,000 2 )No sedimenta=-
| [29.6.38. 4,250,000 1.5 ):tion would
Joccur.
Case 5, Janet W,
i 8. 8.38. 5,010,000 78 mm. 7.5 mm,
| Be 7.36. 4,380,000 3 No sedimenta=
sf£ion would
0CCUT W
74 Be36. 4,620,000 3iad 1l rm.

igipcussion.

i when 2 correction is applied in this group,
Eapparently no sedimentation would have taken place,
in the given time, had no anaemia been present. In
other words, in these cases the S.R. is due entirely

to the anaemia present.

Such & stete of affairs is obviously absurd =as

some degree of sedimentation must occur. We there-

s fore put forward this finding as an argument against

such a correction being made,

Groun/
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Group III,

Case 1, Mabel I,
This patient was admitted with an exudative

llesion at the right apex. she had 1/4 oz, of sputum»

dsily, which was T.B. positive.
!On 17+4.38 her red cell count was 4,180,000 per c.mm.l
Iher S.R. being 10,5 (uncorrected), 6.5 (corrected). |
She then developed signs of intectiocn of the left
epex, and her daily quantity of sputum rose to 1/2 oz.
Cn 18.5.3€ her red cell count was 5,190,000 per c.mm.,
her S.R. being 7.5 mm.

On 15.6.36 Red cell count 3,940,000 per c.mm.,
S.R. 8 (uncorrected), 1 (corrected).

On 17.7.36 Red cell count 4,120,000 per c.mm.,
* SR, 6.5 (uncorrected). C.5 (corrected).

| We thus see that while, in accordence with the

'extension of the disease, the uncorrected rate remaing
|

high, the corrected rate felles to minimal levels, I

which are quite inconsistent with the clinicel picture,

Case 2, Margeret W.

Thig patient had 2n exudetive lesion et the 1eft‘

|apex. Although under sanstorium treatment for ‘

|
almost 2 yeer, her tempersture was very unstable, and‘

frequently reached 99.4°F. in the evening.

Date Red Cell Count S.R. |
Uncorrected | Corrected
23.4.36. | 5,050,000 Y s ¥ i
20.5.36. | 4.250,000 9.5 8 |

|

|

|

|

|

265.6.36. | 3,910,000 10.5 4 |
|

During/
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During the month April 23rd to May 20th, she had
an execerbation, snd was strictly in bed. buring

|
this period, we see thet the uncorrected S.R. remsined

'high, while the corrected S.R. shews improvement, |

' Thus, while the tempersture end general condition of

ithe patient show activity of the lung process, (and

this is also borne out by the uncorrected S.R.), the

gorrectéd S R.igivesuan errcneous impressicn of the

course of the disease,

| Case 3, Catherine S,

|
! This patient was admitted with a fibro-cssecus |
|lesion of both upper lobes, Her evening temperature'

waes 99.4°F. on the average. ‘

. Date Red Cell Count |__ S.R. |
‘ Uncorrected| Corrected ;
75,38, 3,960,000 16.E mm. 13 mm.
8.6 .36, 2,860,000 18.5 9
6.7.36. 3,770,000 8.5 0.8

While the patient's general condition improved,

land there was less moisture present in the lungse,
‘nevertheless there wes considerasble activity remaining
'in both lungs , which was not consistent with a S.R.

of 0.5 mm. The uncorrected S.,R. ¢f 8.5 mm. was a

more gpproximete index of activity.

. Case 4, David G. '
! This petient was sdmitted with a fibro-ceseous
|

lesion of both upper lobes. He subsequently developed

8/
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e right lower lobe lesion of pneumonic type, from
which he was recovering when we first performed a

S.R. on him (24.4.36). .

'Red cell count 3,920,000 per c.mm.
S.Re 9.5 (uncorrected), 3 (corrected). |

During the ensuing 2 months, the right basal conditia$
relepsed, end his temperature wes persistently elevas-

:ted to cirea 100°F, His sputum incressed from 1 oz;

' te 2«3 ¢z. daily, end was double positive.

| _
' On 25,5.36. his red cell count was 3,490,000 per c.mm,,
|

iOn 24,6.36 the red cell count was 3,520,000 per c.mm.,

'end the S.R. 14 (uncorrected) and 6 (corrected).
i

while his S.R. wes 11.5 (uncorrected), and 2 (corrected).

From thies we see that, while his worsening
clinical condition was reflected by & rising
'uncorrected S.R., the corrected S.R, was within

normel limite,

Conclusions,

From the ebove observations, we suggest that the
'application of a correction for the red cell count to
the S.R. ig velueless and erroneous., ‘

From a study of the ceases in Group I, we see tha?
ifrequently the difference between the uncorrected andi
corrected rates is so small as to be of no precticel |
!importance. especially 2s the correction requires the
' performence of a red cell count, which adde consider-
|:ab1y to the time and lsbour required for the estima-
itioen,
| The/
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The cases in Groups II and III show that the
corrected rate is often erronecuse.
|

An anelysis of the Group III cases demonstrates
that the corrected rate cannot be correlated with the
'elinicel findings, whereas the uncorrected rate can
‘be so correlsted.
| Some may argue that, in spite of this, the
;corrected rate reveals the true stete of affairs,
iWe emphasised, however, et the beginning of this
gection, that the S.,R. is only one factor in assessing
‘progress. It is therefore reasonable to take the

!clinical findings into account, before accepting the

S.R. without question, When we do this we find that
ithe uncorrected rate corresponds more accurately with |
ithe clinicel picture,

We therefore conclude thet practicel experience
;with the corrected velues bears out the theoreticel
considerations which we discussed in the section on |
éTheory. These were that there sre other factors to
ibe taken into account, when desling with the blood of
enaemic patients, than the red cell concentration.

We agree with Leffkowitz (14), who rejects all correc-

ttions ot the S.R., end maintains thet for practicel |

purposes sedimentation gives the best results through |
%ts complexity. Further , the grest part of its
practicel significance lies in the simplicity of the
technique and reading of results.

For/
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For these reesons we have, in the subsequent
' section on the application of the S.R. in the Treat-

. :ment of Pulmonary Tuberculosis, recorded all estima-

| ttions in terms of uncorrected rates of sedimentstion.,

III. Treetment.

| One of the greet problems in the conduct of a |
case of pulmonary tuberculosis is the assessment of
Ithe velue of any theraspeutic method which may be
:employed. | |

While the usuel clinicel and radiologicel signs |
:ere of value on occasion, frequently there are 1ackin$
any obhjective signs on which to bese an opinien as to
;the velue of a perticular method of treatment.

Thus temperature and pulse rate may be normal.
iIncrease of weight is of certazin value, but is not
necessarily 2 sign of improvement. The amount of
gsputum snd its content of tubercle bacilli sre elso en
indication, but s2gein are not to be relied on in many |
Icases. Physicel signs and resdioclogicel findings areI
often of little help, especially in cases undergoing |
itreatment by Artificial Pneumotheorax,

In the evaluation of methods of treatment,
‘estimetion of the S.R. 2t intervels is often of great
;value. Thus ceses undergoing ordinary routine |

genatorium treatment cen be followed, and their

response noted.

s/
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A rising S.,R. in such ceses often demonstrates
the necessity for introducing further methods of
treatment. |

In those czses undergoing trestment by Artificisl
Pneumothorex, estimations of the S.R, are of grest
value, e will be discussed later, i

The influence of gold therapy on the S.R. is of
considerasble interest for two reasons. Firstly
because very little has been written on the subject.
Secondly, in view of the present greatly debsted
poesition of gold therapy, investigetions into its
effect on the S.R. may be of some value in deciding
one way or the other.

The S.R. is glso said to be influenced by |

Tuberculin therapy. We heve had no personal exper=-

| tience of this matter, but will refer to the subject

again later.

The S.R. in Artificisl Pneumothorsx Therapy.

Artificisl Pneumocthorex is now a welle-recognised

and successful method of treatment, in selected cases|

‘ot pulmonary tuberculesis. Nevertheless, the diffi-

tculties in the conduct of a case undergoing this

' Torm of therapy are grest. The usuzl criteria are

Iof little help in estimating the activity of a tuber-

tculous lesion in a2 lung treated by artificial pneumo-

:thorax., When the diseased lung is put at rest,

5constitutional/
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iconstitutional symptoms ususlly disappear, snd the !
physical signs and radioclogicsl appearances retlect,
Enot the pathological process, but the induced collapse.
As Cutler, in a paper on the Sedimentstion Test in thé

 Vanagement of en Artificisl Pneumothorax cese (46),

|
asks how is one to advise such & patient, when and how

' far to limit exercise, snd when to permit a return to

active life? In the ordinary way, there is the
'greatest uncertainty on these points, and the case

‘hes to be conducted, ss it were, by a system of triel

and error. It is thus obvicus thet we are in great

‘need or some objective sign, whereby we can assess
:the eactivity of the tubefculous process in a patient
iundergoing thie treastment. We suggest from our i
1observations, which are recorded bhelow, that we have
Ein the sedimentetion test such an objective method.
‘We have had the opportunity of estimaeting the S.R.,
over & period of several months, on eleven cases |
Eundergoing ertificisl pneumothorax therepy, the
results of which we shall now proceed to record in '

tebular feshion.

(T = everage meximum temperature; !
‘ P & aversge maximum pulse rate), |

Case/



Case 1.

Nora C.

62.

Date.

SeRe

Too

Weight.

Clinical Datsa.

27.4.36

27 5 .36

25 .6 .36

R9.7.36

17.5 mm.

7.5 mm,

6.5 mm,

3.5 mm.

98 .4°F,

98.2°F.

98 .2°F,

88

84

84

82

7std131b.

8st.21b,

7Tst.12%1b.

7st.1341b.

Exudative in-
1filtration at
left spex.
Sputum 3oz,
daily. T.Bc
present. A.PL,
induced 6.5.36r
|1
Silence on zus-
icultation.
Satisfactory
collepse radio-
:grephically.
Sputum $oz.
daily.

T.B. present.,

As sbove.
Sputum 1=-% oz,
No T.E.present

As above.
Sputum 3 oz,
T.E. scantye.
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Case 1, Norsas C.

Fig.e. X=-ray photograph of chest before induction of

AP. showing infiltration at left apex.
Fig.b. Immediately after induction of A.P.

Note small pocket of &air in pleural cevity.
Fig.c. Three days after inducticn.

Good collapse. Note pestholegical signs

now ohscured.



Case 2.

Jane G,

64.

Date.

S.R.

Weight.

Clinicel Data.

29 .4 .36

27 45 436

29 .7 .36

17.5 mm.

13 mm,

8 mm.,

7 mm.

98.4°%r,

08°r,

98°F.

98°F,

84

84

88

82

6st.101b.

6st.931b.

€st.T1lb.

6st .81lb.

Cavitation in
right apex.
Sputum 1 oz.
daily. T.B.
present, A.P.
induced 7.5.36.
|
Silence on ause
rcultation.
Satisfactory
collapse radic-
:graphicelly. |
Sputum 1-1% oz,
daily .
T.B. present.

As above,
Sputum ¥ oz.
daily.

T.B. present.

As above,
Sputum §-¢4 oz.
deily.

T.B. present.
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Jane G,

X-ray photograph of chest before

inducticn of

A.,P. showing cevitetion in right upper lobe.

Ten weeks after inductien of AP,

Good collepse. Pathologicel signs obscured.



Case 3.

Annie L..

66 .

Date,

S«Re

T.

Weight .

Clinical Data.

29 .4 .36

27 .5.36

25 46 .38

29.7 .36

21 mnm.

18.5 mm.

12.5 mm.

4,5 mm,

99°w,

88 .4°F.

98.4°r,

98°rF,

88 |8st.11 1b.

84 8st .91b.

84 |8st.841b.

82 8st.91Db.

Cavity with
fluid level in
left midzone.
Sputum § oz,
deily.

T.B. present ©
AP, Iinduced
2:5.38,

Silence on sus
:cultetion.
Satigfactory
collepse readio
1grephitally.
Sputum 1/8 oz.
daily-

Ne T.B.

As
No

a,'bo_ve e
sputum,

As
No

above.
sputum.
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Case 3. Annie L.

Fig.a. X=-reay photogreph of chest before inducticn of
A.,P. showing cevity with fluid level near left
hiler region.

Fig.b. Four deys after induction of A.P.
Setisfactory collspse,



Case 4,

Lennan F.

68.

Date. Berle

Weight.

Clinicel Data.

7.5.56 16 mme.

15 Ie .36 lo mm.

17 .7.38 | 2.5

In «

98°%r,

98 .4°F,

98.4°F,

88

90

90

8st.1331b.

98t .81,

9st.10¢1b.,

Exudative infil=
ttration of left

upper lobe., No
caevitetion.
Sputum 1/8 oz.

onitwo occcasions)

T.B. present.
LA JP. induced
8.5.36.

Silence on sus=-
icultstion.
Satisfactory
collapse radio=-
:&raphicelly.
No sputum.

As above,
No sputum.
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Case 4. Lennan F.

Fig.a. X=rey photogreph of chest before inductioen of
A.P. showing merked infiltrestion in left upper
lobe.,

Fig.b. Immediately after induction of A.P.
Setisfectory collepse.
Pathologicel signs already lergely obscured.



Case 5.

Mery Y.

70,

Date.

T,

We ight o

Clinicel Data.

13.4.36

13.5.36

1’? .6 .36

15.7.36

12.8.,36

17 mm.

16 mm,

8 mm,.

4 mm,

08°%r,

98.4°%7.

98°F.
08°%r,

97.8°%F.

84

82

82

82

65t .51Db.

82]63t.81b.|

65t.10§1b

65t .841b.

ést.71b.

Extensive exu-
idative process
affecting all
lobes of right
lung, No !
cavitation.
To sputum.
A.P. induced
6+4.36.

Silence on aus
scultation.
Satisfactory
collapse radio=
1graphicelly.
Yo sputum.

As
No

ehove.
sputum,

As
No

above.
sputum. |

Ag
Ne

above.
sputum.
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Case 5.

Fig.ae,

Fig.bl

Fig.c.

Yary Y.

X=ray photograph of chest before inducticn of
AP. showing marked rightesided infiltration.

Immedistely after inducticn of A.P,
Note smsll pocket ot eir in the pleurel cavity.

Four days efter inductien.
Satisfectory collepse.
Pathologicel signs alresdy obscured.
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‘ Ca
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ge 6.

724

Elizabeth A,.

Date.

SR,

T.

Weight

Clinical Dats.

29 .4 036

274536

‘25.6.55

BPl.7.36

18,5 mm.

12 mm,

9 mm.

5.5 mm,.

98.6°F.

98.6°F.

100°F.

08.6°F.

88

84

88

84

st .51be.

Bﬂtuﬁlbo‘
|

.

8st.#1b.

|
i

|
8st.

| 2764364

Exudative infile

ttraticn of
right upper lob
Sputunm E 2.
daily.

T.B. present.

As shove.
Sputum % oz,
daily.

T.B. present.

Cavitation now
present in right
upper lobe,

Sputum #=1% oz,

daily.
T «Be present .
AP, induced

Silence on sus=-
tcultation.
Satisfectory
collapse radio=-
tgraphically.
Sputum 4 oz.
daily.

T.B. present,
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be
Cese 6. Elizabeth A.
Fig.2a. X=-ray photograph of chest before inducticn of
A.P. showing commencing cevitatien on the
right side.

Figeb. Three weeks after induction of A.P,
Good collspse.
Pathologicel signs now lsrgely obscured,
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Case 7. James L.

Date. S«R. Ts P, | Weight. Clinical Data,

11.5.36 | 4.5 mm.|98,4°F.| 84 105t .431b.| Bxudative intil-
itration of
right upper lobe.
Sputum 3 0z..
daily. T.B.
present. A.P.
induced 13.5.386.

15.6.36 | 8§ mm. |97.8°F.| 82 |11st. Silence on sust
rcultation. Una
:setisfactory |
collapse radio
1graphically.

Sputum -} oz.
da.ily- No T «Ba

17.7.35 | 4 mms | 97.6°F.| 82|118t.941b.| Silence on auss
icultation.
Satisfactory
collapse radios
sgraphically.
Sputum }-3 0z.
d=2ily. No T.B.

12.8.35 | 3 mm. [97.4°F.[84 [11st.1231bLAs above.
Sputum ¥-1 o°z.
deily. No T.B.
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Case 7, James L.

Fig.a, X=ray photograph of chest before inductiocn
of A.P. showing infiltration et right
upper lobe,

Fig.b. Immedistely after inductiocn of A.P.
Note small pocket of air in pleurel cevity.



Case 8.

Alec M..

6.

Date.

T.

P

Weights

Clinical Datz.

4,.5.38

8.47.38

185 M o

16 mm,

97.8°F,

37 .8°F,

98°7,

88

88

100

95t.10%1b.

98t lsél.b.

gst .1 1b.

|
Large cavity i
left lower lobe.
Sputum 1 oz..
da.ily. T «De
present, A.P.
induced 3.5.38.

Silence on aus=
:cultation but
X=-ray sghows no
collapse of

cevity. Sputun
1l oz » daily.
T.B. present.

As above,
Sputum 1% o0z.
daily. “
T.B. present,
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Cese 8, Alec MN.

Fig.a. X=ray prhotogreph of chest before inducticn
of A.P. showing marked infiltrstion with
cavitetion towards left base.

Fig.b. Four days efter inducticn of A.P.
Geod collepse of lung generally, but
thick-wslled cavity unsffected.
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Case 9, John H..

|| Date. | S.R. T. | P.| Weight. [Clinical Date.

4.6.35 |15.5 mm. 101°F, | 96 [10st.241b. |Exudative in-
:filtration at
right apex with
pneumonis pro=-
:cess at right
bese. Sputun

1l o0z, daily.
T.B. present.
A.,P. induced
5.6 .55.

6.7.35 [19.5 mm, 100°F. | 94 |10st.51b. |Silence on aus-
icultation. Poor
degree of collapse
radiographidally.
Sputum %=1 2z,
deily.

T.B., present,

6.8.35 (18 mm. [99°F. | 88|10st.8%1b. |As above,
Sputum % oz,
daily. No T.B.
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be Ce

Case 9. John H.

Fig.a, X=-ray photograph of chest before inducticn of
AP, Note pneumonic condition of right bese.

Fig.b. Six deys after induction of A.P.
Note pocket of air in pleursl cavity.

Fig.c. Three weeks softer induction.
Satisfectory collepse prevented by pneumonie
et right bsse.



Case 10,

80,

Archie P.

Date °

S.R.

T.

Weight .

Clinical Data.

530 .4 .36

28.5.36

29 .6 .35

31.7.35

13 mme.

7.5 mine

1.5 mme

0.5 mm.

98°7F,

98°%%w,

0
97.6 F,

97.4°7.

88

88

84

80

98t .4{1lb.

98t.7410,

9st.821b.

Qst .gi'lbo

Cavitation in
right upper lob
towards apex.
Smell area of
active infiltra
:tion in left
mid-zone.
Sputum % oz.
daily. T.B.
pregent. A.P.

induced 14.5.3§.

Silence on aus+
:cultation.

Satisfactory
collapse radio-
:graphically.

No clinical or
radiographical
evidence of ex«
rtengion of con
stralateral foc
Sputun § oz.

daily.

T.B. present,

As above,

Sputum =% 02,
very occasional
T.B5. sbsents.

As ahove.
No sputum.

o

US »
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Case 10, Archie P,

Fig.2. X-ray photograph of chest before induction of
A.P. showing cavitetion in right upper lobe and
infiltretion in left mid-zone.

Fige.b. Eight weeks after induction of A.P.
Good cecllapse. Note pesthologicel signs on
right side now obscured.
No increese of activity on left side.



Case 11,

Ernest X.

824

Date.

P,

Weight.

Cliniecal Data.

13.5.35

L5 .5.36

n7.7.38

R22.5 mm.

21 .5 mm.

101°F.

99 .8%7.

100°7.

96

26

1190

gst.llilb.

6 St .g'é‘lb L]

Pneumoni¢ pro=-
icess right

middle lobe z2lsg
moderate degree
of infiltrztion
at left apex and
base. Sputun 4
0z, deily. T.B
present. A.P.
induced 15.5.35

Silence on aus-
:cultation.
Moderstely good
collapse rsdio-
i grephicelly.
No clinical or
radiographical
evidence of ex=-
ttension of dis
rease in contra
tlateral lung.
Sputun 3=5 oz.
dailye.

T.B. present.

Silence on aus=-
ccultation, |
Meoderately good
collapse radio=-
:graphically.

Clinical evidenice

of extension at
contralateral

base also intenge

dprnoea. A sPs
discontinued
19.7 .36,
Sputum 2 oz.
T oB . Present ®
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Case 11. Ernest K.

Fig.a.

Fig.b.

Tig.c.

X-ray photograph of chest before induction
of A.,P. showing bilateral disease - worse
on right side.

Immedistely after inducticn of A.P. on right
gside. Note small pocket of air in pleural
cavity.

Three weeks a2fter induction.

Goeod collepse. Note pneumonic process in
collepsed lung. No evidence as yet of
increessed activity on left gide.




|
[
‘Qipcuaaion. ‘
From & consideration of the above cases, it is |
Iéeen that,, provided 2 satisfectory degree of collapse
‘hes been obtained, the effect of artificial pneumo- |
i:thorax therapy is, in genersl, to produce a fall in i
‘the S.R. This finding is in sgreemént with the |
:rgsults of investigstions by other esuthors on this
'subject (Cutler (46), Traill and Stone (47)). ;
Traill and Stone (lec.cit.) and Fischel (48) havJ
noted an initial rise in the S.R., following thé |

'induction of an srtificial pneumothorex, The former |

authors suggest that this rise is due to worry or
ishock, or perhaps to suto~inoculatien from the com-

::pression of the disessed lung. Fischel suggests
;that "the augmented destruction of tissue, due to |
;inflammatory demarcetion in the compressed arees,
'leads to & temporesry increese in sinking veleccity".

This rise is seen in two of our cases (Cases 7

When we exemine the clinicazl and fadiological
idate. in the above ceses, we see how little we have to
go on to determine the progress of a case, The |
Itempersture and pulse rate, if they were elevsted
Iberore the induction, usuelly fell to normsl levels

|soon efter, We have slready seen sbove thst & normsl

:tempereture and pulse rate give no indication of the |
eactivity of the lesion. Then the physicsl and radioJ

;:logical/
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tlogicel signs are obscured by the collepse. A
Istudy of the S.R., however, shoﬁs & progressive .
idecrease in velocity, indicating a lessening degree
' of activity of the tuberculous lesion in the collapsed

lung, Thus, it is readily seen that we have in the !

S.R. an invaluzble objective sign of psthelogicel |

activity in these ceses,

We are thus able to control exercise, and the
generel life of the patient undergoing this treatment%
iin a scientific manner quite impossible except with

'the eid of this simple c¢linicel laboratory procedure. |

|
I In thoee cases in which & sstisfactory degree of
collapse is not obtained, the S.R., fails to f2ll to |

' eny merked degree., This is seen in Ceses 8 &nd 9.
! In cese 8, & large cavity remeined almost
iunaffected by the artificisl pneumothorax, with the
| Femult that the S.R. réwained practicslly unoanged.: |
| In cese 9, 2 pneumonic conditicen wes present,
rendering collepse very difficult. !
One type ot case undergeoing artificial pneumo- I
f;thorax treatment gives the physician in charge end- |
!:1638 worry, and that is the type in which both lungs |
Iere affected, and the worse side has been collepsed.
'The strsin thereby threwn on the uncollezpsed lung |
:very often results in increesed activity in thst lung;
with disestrous results, In these cases, frequent

|legtimetion of the S.R. is of immense vslue, A

' falling/
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felling S.R. indicates satisfectory inactivity in both
Ilunga, whereas a persistently high or rising S.R. |
' indicates a spread of the disesse in the contrelaterai
'lung, and demends cessation of the srtificisl pneumo=-
E:thorax. |
. While clinicel =snd radiologicel investigaticns |
!may be of help in such cesesg, an estimetion of the
IS.R., at intervels, provides definite contributory |
'evidence as to the state of the contralstersl lung.

These points sre illustrzted in Cases 10 and 11.|

Cage 10 was admitted with é bilateral lesion -
‘cavitetion in the right upper lobe, end intiltration 5
iin the left midzone. The right side was in urgent |
Ineed ot an srtificisl pneumothorax, but the affection
iof the left lung held us bsck. 1t was decided, how-;
iever, to collapse the right side, a careful watch
ibeing kept, clinically end radioclogicelly, on the
contrelateral lung. No evidence of spresd could be
found. ©Periodicel estimations of the S.R. showed |
|a steedy fz2ll tc normel levels, This wes consistent:
iwith the satisfectory collapse obtained on the one
side, and the lack of clinicel or radiological evidence
‘of spread of disease on the other side.
| Thus in this cese, the S.R. yielded velusble
icorroborative evidence of the satisfactory state of
%oth lungse.

Case 11 shows the opposite stzte of affeirs, and
|

provides/
|
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provides & contrast to case 10, He was sdmitted with
marked bileteral disease, worse on the right side. He
was obviously very ill, 2nd the questicn wes, were we
to pursue conservative treastment, or were we to make a
desperste, possibly life-ssving, sttempt at an artifi-
tcial pneumothorax on the more invelved side. We
decided on the latter course, s2nd were able to produce
quite a setisfactory degree of collapse. Periocdiceal
estimetions of the S.R., however, showed 2 persistently
high rate, with & tendency to rise,

Clinicsl examination revealed a spread of the
diseese at the left basse, snd the patient started
having severe attacks of dyspnoes. The artificiesl
pneumothorex wes therefore discontinued.

1t is said (Treill end Stone (47), Reichel (43))
that with the onset of a2 pleursl effusion, during
artificial pneumothorex therepy, the S.R. rapidly
incresases, In our series we have been fortunate
enough not to heve had an effusion, and hence are not

in 2 position to meke & stotement on this question.

The Influence of Tuberculin Injections on the S.R.

This is a2 subject of considersble theoretical end
practicel interest, end it wes naturally investigested
early on in the scientific study of the sedimentetion
rate, We heve no personel experience in the matter,
end must theretore be content with a summery of the
literseture on the subject.

Westergren/
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Westergren (49), himself, studied the question,
and found that, following & series of injecticns of
tuberculin, & definite effect was produced on the S.R.
He followed up the injections with an estimation of the
S.R. every day, or every second day. He found that,
without exception, en obviously increesed S.R. appears.
This rise may be noticed esrlier, and alwsys lasts for
& longer time, than the resction ot the orgenism, which
ig manifested in the genersl state, end by careful
messurements of the tempersture,

This observetion ig confirmed by Zinn and Katz
(50), who recommend thet tuberculin therapy should be
controlled by S.,R. estimations, They state that the
typicel course of the S.R, curve, in this trestment,
is sn increese within twenty-four hours to four dsys.
If this incresse amounts to only 2 few millimetres
the cﬁre is continued, perheps more quickly if at first
the S.R. is not influenced.

A greater incresse indicates more cautious dosing,
'or interruption of the treatment, A small rise indi-
:cates that one is working with theraspeuticelly effec-
1tive doses.. The most desiresble type of therespeutic
curve thus shows a2 wavy form, in general, with fairly
rapid decreases.

When instead of this, the curve shows slow, or
all too greast sudden rises, the cese is to be considered

as less suited for this therspy.

The/
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The Influence of Gold Therapy on the S.Re

The influence of Gold therszpy on the S.R. is &
subject to which very little sattenticn hes been given.
This is rsther remerksble in view of the grest interest
which has been taken in gold therapy, since it wes
introduced by Mollgard in 1924, With the hested dis-
rcussions which heve tsken place regerding its value,
end mode of actien, cne would have thought that a
study of its influence on the S.R. might have been
congidered ot some velue in shedding light on these
problems. Nevertheless, a feirly comprehensive search
of the literature has revealed only six pepers which i
mention the subject, and there is no general agreementI
s to the intluence exerted. Thus Herborg (51), in a
series on "Ssnocerysin Problems", stetes that injectioné
of Senocrysin, in fifteen ceses of various types of
tuberculeeis, csused no increese in S.R., in comparison
with the rise in rete usually experienced follcwing
Reiz therepy, or injections with sulfusin, In four
cases of typicel erytheme-exenthema, there was no
relation between the degree of severity of the skin

reaction snd the incresse in the S.R. All other

authors who have investigated this question, however,

hold thest gold therspy does influence the S.R. in a

definite manner. Thus Heaf (52), in 1926, found that
the S.R. weg merkedly decressed at the end of the
course of trestment, but that in over 75% of ceses the

rete/
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rote slowly incressed after stoppage of sdministrstion
of the drug. This he regsrded ss a2 very disappointing
gign as to the permanency of the benefit obtained from
the drug.

In the same year, Sayé (53) obeerved that the
introduction into the blood streem of gold salts is
followed by a fall in S.R., which lests from 24 to 48
hours.

Houghton (54) in 1932 published observations which
confirm those of Saye. He found thet the temporary
drop in the S.R. in some cases, following the injection,
wes gtriking, elthough it did not by any means 1nvaria€
' :bly occur, even in the seme cese, In one case blood
' teken at 12 noon (immediately before an injectien of
0.5 gm. Senocrysin) sedimented 10 mm.; o epecimen teken
at 12.30 p.m. sedimented 11 mm., and a specimen tzken
24 hours later sedimented 4 mm. In another cese &n
initiel S.,R. of 19 mm. was changed one hour after
injection to 7 mm. In each of these czses the S.R.
returned spproximetely to its original state four days
lster. Houghton regerds this temporery fsll, when it
foccurs, ag & favourazble reaction to Sanocrysin. He
admits that the immediete reszctions to Senocrysin zre
irregulsr, end attempts to explain the occasionel
sudden drops in rate of sedimentstion, es occurring
only when the dose heppened to coincide with 2 suitable
"phese"/
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- "phase" in the state of the patient's blocd,

Traill end Stone (65), and Gutiérrez, Alix, Pez
and de Vega (56) find that while the ultimste influence
of gold therapy is to produce & decrease in the S.R.,
the initiel effect is the appearance of & rise in the
S.R. The latter suthors devote an entire paper to
the subject, end conclude that the first phenomenon in
the course of the S,R., under the influence of gold

selts, is accelerstion, which by itself does not indi=
::cate clinicel worsening, This increased rate is
trensitery, 2nd scon 2 decrease in S.R. sets in.

Nevertheless, & closer inspection of these suthors'

figures shows thet the course of the S.R. is not so
clesrcut ag their conclusions would suggest. Their
Imethod wos to estimste the S.R. at monthly intervels
during the course of trestment., At the end of the
first month, of 46 cases

23 (50%) showed incressed S.R.

20 (43,5%) showed decressed S.R.

3 (6.5%) showed no change in S.R.
|After 1 to 2 months of 36 cases

10 (27.8%; showed increased S.R.

24 (66.7%) showed decrezsed S.R.
2 is.s%) showed no chenge in S.R.

It is readily seen from these figures that neither
the initiel rise, nor the subsequent fazll, in S.R. are
inveristle findings or nearly so. A congidersble
percentege of cases shows the opposite change, These

:authors have ettempted to correlste the changes in the

ISR/
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S«R., which they observed, with the clinicel condition
ot the pstient. They cenclude that the rise in S.R,
is not related to sn improvement, or 2 worsening, of
the pstient's condition, end that the feoll in S.R. is
not relsted to clinieal progress.

From the foregoing summary of the litersature, the
diversity of opinion on this subject is readily epprec-
risted, We have therefore thought it worth while to
record our observetions on & number of cases under our
care. Then we propose to discuss these results, com= |
:paring them with those of other authors, and, if

|possib1e, evaluate the influence of gold therapy on the
' S.R.

Unfortunately, the number of cases which we have
' been sble to observe is small, but this is counter-
belanced to some extent by the fact thst estimstions of
the S.R. were mede thrice weekly on esch patient,
bringing the totel number of estimetions to round sbout
25C, from which figure we think certsin conclusions are
justifiable,

The method adopted was as follows:- the S.R. wes

estimated 24 hours before esch injection of gold, a2nd

|
‘then sgein 24, end 48 hours, efter the injection, 1t

was assumed that sny immediste resction on the S.R. wes
'1likely to occur within these limits, The gold prepara-
:tion used was Mollgerd's Sanocrysin,

The results ochteined sre recorded below.
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Case 1. NMolly A.
Date Before QETESurs 48 hours Dose,
Senocrysin| after after |

27.4.364| 22,5 mm, | 21.5 mm., | 20 mm, 0.05 gm.

4,5.,36.| 19 20.5 17 0.08 gnm.
11.5.3€6. | 18 20 21 0.C8 gm.
18.5.364 | 18.5 19 - 0.1 gm.
25.5.36. | 20 22 20 0.2 gm.
1.6.36.. 19 4 1% 0.3 gm.
B.6.36., |20 20 17 0.4 gn.

' L5.6,36. | 1845 - 18 0.4 gn.
22.6.36, - - - Papular rash.
29 :6.56, | 17,5 19 18 No Sanocrysin

given.
6.7.36. | 19 19 18.5 . s
13.7.36¢ | 17 19 17.5 0.2 gnm.
20,7.36. | 18 17 17.5 0.2 gm.
277364 | 16.5 16 16 0.3 gre
38364 | 13,5 15.5 13,5 0.4 gm.
10.8.36. | 9.5 9.5 12 0.5 gm.
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Case 2. Margeret G.
S.R. N
Date Before 4 hours | 48 hours Dose.
Sanocrysin after efter
4.5.36. | 10 mm, 9.5 mm. 6 mm. 0.04 gm.
11-5-36. 4 I e 8.5 mie ! O.l glnu
18.5.36. | 10 10 6 0.l gm.
R5.5.36. | 105 - - Menstruating.
No Sanocrysin.
106.36. - - - Dem&titis.
No Sanocrysin.,
8.6.36. | 10 4 10 0.1 gnm.
15.6.36., 948 10 8.5 Dermatitis. |
No Sanocrysin,
22.6.36. | 10 10 10.5 0.1 gm.
59 .,6.36. | € 10 4 0.2 gn. |
8.:7.36, 1 8 Bl Papuler resh.
No Sanmocrysin.
134736, 7.8 7.5 8.5 " . i
20.7.36, 8 7 5.8 " " '
27.70360 4 5 3 " (1]
3.8.36. 1.5 4 1 ’ "
10.8.36. 19 1,5 345 " o
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Case 3. Williem M.
B.R,
Date  Betore | 24 hours | 48 hours. Dose
Sanocrysin| efter after
27.4.36. 21,5 mm, | 20 mm, 21 mm. 0.01 gm.
4,5.36. | 19 19,5 19 0.02 gm.
11.,5.36. | 18 18 18 0.C4 gm.
18.5.36. | 17 15,5 15.5 0.06 gm.
20.0.38 ., 17 16.5 17.5 0.08 gm.
1.6.36. | 16 16.5 16 0.1 gnm.
8.6.36., 7 3 17.5 C.2 gm.
15.6.36. | 17 17 16.5 0.3 gm.
22.6.36. | 16 16 15.5 0.4 gnm.
29.6.3€. 16 17.5 155 Pgpular
No Sanocrysin.
1 6.7.36. | 18 16.5 16 " "
13.7.36, | 15 1B 2y 0.3 gme
20,7.36. | 16 16 16 0.4 gme
27.7.36. 17 17 12 0.5 gm.
348,36, | 15 14,5 3.5 0.6 gm.
10.8.38. 13,5 15 14 0.7 gm.
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Cese 4. James D.
e I - P
Date Before 24 hours | 48 hours Dose
Sanocrysin, after after .
11.5.3€6. (12.5 mm, 11 mm. 13 mm. 0.1 gm.
18.,5,36. (14 12 13 0.2 gms.
R5.5.36. ([12.5 12 10 0.3 gm.
1.6.,36. |10 10 10.5 0.4 gm.
8.6.36. | 2 10 6 0.5 gm.
| 15,6.36+ [11.5 13 15 0.5 gm.
(Develecped
| cold et this
peint ).
22.6.,36. (13 14 13.5 0.5 gm.
29.6.36. |14 13.5 15 0.5 gm.
6.7.36. |12.5 14 14 0.5 gm.
13.7.36. [11.5 6 7.5 | 0.5 gm.
20.7.36. |11 10 8.5 | 0.5 gm.
| 27.7.38. | 9.5 13 12,5 0.6 gnm.
3838, |13.5 L 2 No Sanocrysi
10,.8,3€., 7 11,5 11.5 » »

Le




Cese 5. Mabel M.
______§.R.
Date Before ‘ 24 hours 48 hours Dose
Sanocrysin after after
| 405.56¢ 11 mm.,. ’ 10.5 nmm . 5 mme 004 Em-
NY.5.38. 55 ‘ 9 4,5 0.6 gm.
18.5.36. | 7.5 - 2 0.6 gm.
B5.45,:.38. 9 ‘ 4 Y 0.7 gnm.
1.6.36, - - - Seborrheeic
Dermatitise.
' No Sanocrysin

: 8.5.56. - - - L "
h5.6.36. | 8 7.5 9 " "
l02.6.36. | 8 9 10 0.5 gm.
29 .6 .36, &5 7 é 0.6 gma
€.7:.38, 6.5 9 9 (o I &1l o
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Case 6. William C.
o 75
Date Before 24 hours | 48 hour Dose
Sanocrysin, after after

22.6,36, | 10 mm, - 15 mm. 0.05 gm.
29 .,6.36, | 13 15 mm. 13 0.075 gm.

6.7:36s | 11,8 13 13 0.l gm. .
13.7.36, | 13 - 13.6 0.2 gm.
207 364 |15 16 12.5 0.2 gme |
27.7.36. | 10 14 6 0.3 gm. ||

3.8.364 | 11,5 11.5 9 0.4 gm.
10.8.36. |10 11.5 " No Sa.nocrysij.!
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Case 7, John L.
_ Sells
Date Before 24 hours | 48 hours| Dose
Sanocrysin. after after

27;.40360 8.5 mn e 8.5 mi . 7 il e 0/;5 g e
4.5.36. 7 5 - 005 gnlt
11.5.38, 4,5 1 8 0.5 gm.
18.5.36. 6-5 4 - 005 gnt
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Discussion.

& %] Tabuleted above 2re the results of 78 injections
of Sanocrysin., After 43 injections (55%) 2 rise in
S.R. occurred. After 32 injections (41%) a fell in
S.R. occurred. After 3 injections (3.8%) no change
in S.R. occurred,

1t is therefore seen that the beheviour of the
S.R. after Banocrysin injections is not uniform. A
closer study of the figures shows thst, with the excep-
:tion of 8 cezses (10%) which show a marked fell in S.R.
following injectien, and whose significance will be
discussed later, the rise or fzll in the S.R. after
injection is of small megnitude - up to 3 mm. 1t
will be seen thet such & veristicon cen slsoc be observed
when estimetions were made at the same intervesls of
time when, for some reasson, Sanoccrysin was witheld..
Such veriztions ore therefore, we submit, within the
limits of experimental error, 2nd occur apert from
Senocrysin trestment.
(2) A study of the above figures reveals no initiel
merked rise in S.R., compersble to that found by Traill
and Stone, snd Gutiérrez, Alix, Paz and de Vegs, quoted
above.
(3) From time to time in the sbove series, a strik-
1ing temporary fall in S.R. wes seen following an injec?
:tion, 2s noted in paragraph (1) of this discussion.

This observetion 2grees with that of Houghton quoted

‘above/
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above. He attempted to explein it by assuming that
only those doées which coincide with a suiteble "phase"
in the state of the patient's bleed, produce such an
effect, which he considers to be beneficial. We are
uneble to accept Houghton's view for four ressons:

(a) the very low frequency of the occurrence (10% of
injections);

(b) the fact thet on several occesions 2 very low S.R.
wag present before the injection, which hed risen to
the usual level for the patient 24 hours after the
'injection, with no further fall subsequently;
' (¢) we have noted thet an unexpectedly low S.R. has
' occurred 2t times when we heve suspected the cleenliness
of the sedimentetion tube in which the estimation was
performed;

(d) on one occasion such a fall occurred a2lthough no
Senocrysin hed been given (case 4).

On the shove grounds we find it difficult to acecept
the view thet such occesional drametic drops in the |
S.R. 8are a8 sign of 2 fevoursble effect of the drug, and
suggest thet they are more probzbly the result of faulty
technique.

(4) An exsminstion ot these ceses shows 2 tendency
to lowering of the S.R. 28 Sanoccrysin treatment proceeds.

This can, we think, be justifisbly regerded as =2

sign of improvement, but is not, without further 2do,

to be put down to the influence of Sanocrysin therapy.

ISuch/_
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Such a conclusion cen, we hold, only be drawn as the
result of the study of a2 large series of cases under-
:going this treatment, together with an equally large
number of controls, If it can be shown that, under
these conditions, the S.R., decresses more repidly under
Sanocrysin therapy then under ordinery senatorium trest-
:ment, the point is proved. We are, however, not aware
that sny such investigatien has been carried out. In
any csse, this is unimportant for the present purpose,
eg such a fall in S.R. cennot be regerded as an immed-
:iate direct reaction to Sanocrysin therapy, comparsble
to the rise obtained after an injection of tuberculin.

From the sbove observations we therefore conclude
that injections of Sanocrysin produce no direct immediate
specitic etfect on the S.R. This is interesting from
the standpoint of the theory of the pharmacological
acticn of Sanocrysin which we shell now discuss.

Relaticon of the Pharmacologicel Action of
Sanocrysin to the results of S.R. Investigetions.

The phermecologicel action of Senocrysin is still
2 much discussed problem. Mgllgard's originel view
'was that gold exerted a direct bactericidasl effect on
the tubercle bacillus, 2nd that 's general reecticn
resulted from the absorption of its toxic products,
which wes beneficial to the patient. This view has
now been ahendoned., The modern view (Besumont snd

Dodds (57)) is that gold possesses a twofold acticn:
(1)/
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(1) & tuberculin-like action, 2s & result of increased
cepillary permeability around the tuberculous focus,
permitting of the absorption of toxins. This acticn
glves rise to pyrexias, meleise, headache and loss of
weight;

(2) @ metallic action similar to that produced by any
heavy metel. This action is evidenced by such signs
and symptoms eg nausees, vomiting, diarrhoes, stomastitis;
albuminuria, various skin eruptions, jesundice, etc.

It has been suggested by Lyle Cummins (58) that
the success of trestment by gold "Seems to depend on
the degree to which the patient is eble to neutralise,l

Ior toierete, the toxiec ;ubstances set free in the
circulstion, 2s the result of the focal hyperaemis.”

Now we have seen above that Westergren has shown
hat injections of tuberculin are followed by a rise
in the S.R., znd this result has been confirmed by
other workers, Also we noted that a2 rise in the S.R.

was gometimes the initisl change following the induc- |
ition of an artificial pneumothorax, which is probably
.due to the absorption of toxins (i.e. tuberculin) from
' the collepsing lung. In view of these findings, one
iwould naturally expect, on the above theory, that the
'result of injections of Sanocrysin would be to reise
the S,R. temporarily.

In none of our ceses did such a rise occur.

There sre two possible explanations of this: either

the/
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the above theory is erroneous, or the amount of tuber-
iculin absorbed from the focus, after each injection,

is so small as to be without influence on the S.R.

We do not think it is possible at this stage to say
which explanstion is the correct one, but, in any case,
should the latter prove correct, it is very doubtful

it the absorption of such small quantities of tuber=-
:culin, insufficient to influence the S.R., 22n produce
any sppreciable effect on the tuberculous patient.

This is an interesting point in view of the changing
eattitude towards gold therapy. 1t has been practically
abandoned in Canada end the U.S.A., and many authorities
in this country are now doubtful as to its therapeutic
value, The gre=zt difficulty in assessing the value of
any form of treatment in pulmonary tuberculosis is the |
inability to arrive at a2 comprehensive understanding

of the actusl status of 2 caese, and thus to have a
Istandard for the compsrison of one case with another;
for it is commonly recognised that clinical improvement
is apt to he more spparent than resl. This is espec-
1i2lly true of gold therapy, and, in the past, criteria
have been used which 2re of no real value in assessing
the efficacy of the treatment. In this connection, we
believe that the S.R. provides & method of definite
value for judging the results of this therapy. As was
pointed out sbove, there is a tendency to lowering of
the S.R. during sanocrysin therapy. If an investigator,

having/
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having access to a large number of cases undergoing
Sanocrysin treatment, and an equally large number of
control cases, could determine whether this tendency
to f2ll in the S.R. occurs more rapidly under the
influence of ssnocerysin therapy or not, we are con-
:vinced that the position ot gold therspy in pulmonary

tuberculosis would be thereby greatly clarified.

SUMMARY AND DISCUSSION.

A review is given of the History, Technique and
| Theory of the Erythrocyte Sedimentation Rete, special
attention being perid to the influence thereon of the
red cell concentration.

It is pointed out that it has long been known that
in certain forms of anaemia the S.,R. is increased.
Various methods have been advanced which employ correc=

:tions for the degree of =snaemiz present, the most
'recent of these being that of Rees Walton, who corrects
the S.,R. on the basis of red cell concentration, This
is the method which we have used.

It hes been one of the chief objects of these
'studies to determine whether such a corrected S.,R. gives
:a more accurate indicetion of prognosis, It is con=-

:cluded , hoth from theoreticel consider=tions and from
practical experience, that such a correction applied to
the S.R. is both velueless 2nd erroneous. From the
theoretical aspect it is pointed out that, while in
ispecimens/
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' specimens of blood diluted with plesma in vitro,
decrease in red cell concentration is accompanied by
increased S.R., in practice in many cases of severe
snaemia the S,R. is normal. In addition to the red
cell concentration, which is the only factor in anaemia
taken e;count of in this correction, there are other
factors such as chenges in the size and shape of the
erythrocytes, which influence the agglomerstion of
these cells, and thus probably merkedly affect the
S.R. There are, therefore, present in ansemias
sedimentation checking factors, the analysis of which
'in the single case is difficult.

The above theoretical considerations are borne out
by the results of practical experience.

From this point of view it has been possible to
divide cases into three groups.

Group I comprises those cases in which the
corrected S.R. differs to such 2 small degree from the
uncorrected rate as to be of no practical importance.
The correction can, therefore, be criticised on the
ground that it is time-consuming, and that the differ-
:ence obtained is not great enough to justify the extra
‘labour involved. Furthermore, the technique of red
cell counting requires considerasble skill, if trust-
:worthy results are to be obtained. In Group II it
was found that certain cases would apperently have
shown no sedimentation, in the given time, had no
enasemis been present. Such a state of affairs is

:obviously/
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obviously a2bsurd as some degree of sedimentation must
occur. While in Group III cases, the uncorrected S.R.
followed closely the clinical progress, the’

corrected S.R. could not be so correlated. It is
therefore concluded that the corrected S.R. is both
valueless and erroneous, 2nd that for prasctical pur-
iposes the sedimentation rate gives the best results
through its complexity. Further, the great part of
its practicel significance lies in the simplicity of
the technique =2nd of the reading of results.

The application of the S.R. to the assessment of
methods of treatment in pulmonsry tuberculosgis is
considered in some detail in relation to three forms
of therspy = sartiticial pneumothorax, injections of
tuberculin, and treatment with gold salts.

It is pointed out that, in Artificial Pneumothorax
therapy, frequent estimations of the S.R. are of great
value in determining the state of activity in the
collapsed lung. The temperature and pulse rate are
otten normal in these cases, and the physical and radio=-
:logical signs are those of the induced collapse. In
'such circumstances the S.R. affords a definite indice-
ttion of activity, a2 slight initial rise followed by o
gradusl decrerse of S.,R. to normel limits showing satis-
+factory progress, In those bilateral A.P. cases, the
S.Re is of value in detecting sny tendency to incressed
activity in the contralateral lung, indicating the

necessity/
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necessity to discontinue the collapse.

We have had no personal experience of tuberculin
therapy in relation to the S.R., but authorities are
agreed that injections of tuberculin asre immediately
followed by a2 rigse in the S.R. It has been suggested
that this rise can be utilised in controlling the treate-
:ment.

It is pointed out that the litersture on the
influence of gold therapy on the S.R. is scanty, 2nd
what there is shows no agreemént.

Our own observations suggest that injections of
gold salts produce no immediate direct specific effect,

| comparable to that produced by tuberculin. With the
exception of a few instances, sny change produced was
within the limits of experimental error. In a few
instances a merked lowering of S.R. occurred after an
injection - a phenomenon 2lso observed by Houghton,
who looks on it as a feavourable response to treatment.
For reasons steted in the text, we are inclined to
attribute this fall to errors of technique.

That the S.R. decreases during the course of gold
trestment is probeble from these results, but it still
requires further observation before it can be stated
that this fall occurs more quickly under the influence
ot gold theraspy, than it would under ordinary sanatorium
treatment.

The relation of these findings to the pharmacolo=-

sgical/
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:gical action of Sanocerysin is discussed, and it is
concluded that the modern theory of the sction of
Senocrysin cannot be correlated thereto.

It is suggested that the S.,R. affords a definite
criterion whereby the value of Sanocrysin therapy may
be assessed, in contradistinction to the criteria

which have been used in the past.

CONCLUSIONS.,

(1) In a series of 24 cases of pulmonary tuber-
:culosis, examined on admigsion to the sanatorium,
83.2% were found to have a red cell count of over
4 million per c.mm.

This finding supports the view that the pallor
of these patients is due, in the majority of cases,
to a vesomotor disturbance, and not to severe
anasemia.

(2) Correction of the S.,R. on the besis of red cell
concentration is theoretically unsound, snd from
prectical experience valueless and erroneous,

(3) The volume of 3.8% sodium citrate used as enti-
coagulant was one-tenth that of the blood. Rarely
was difficulty encountered with clotting. Most
methods use the proportions of blood to isotonic
solution as 4 : 1,

(4) No untreated active exudative case of pulmonary

tuberculosgis/



110.

tuberculosis was found to have a normal S.R. On

the other hend, cases undergoing sanatorium treat-
:ment showing a normel S.R.,and yet with physical

signs of activity, were frequently encountered,

(5) During the course of Artificial Pneumothorex
treatment, the S.R. shows an initisl rise, followed
by a gradual fall to normel levels in favourable
cases.

This fall is frequently the only indicz2tion of
satisfactory progress which we have at our disposal,
In bilateral cases undergo;ng this treatment, the
S.R. affords a valusble clue to the state of
activity of the contraslateral lung.

(8) Gold therapy was found to exert no immediate
direct specific effect on the S.R.

A gradual fall in S.R. occurred during the
course of the treatment, but could not be attributed
to the influence of gold without further investiga=-
:tion., Occasional sudden falls in S.R. were noted
during gold treatment. We ascribe these to errors
in technique.

The modern theory of the pharmacological action
of gold is difficult to uphold in the light of the
above observations.

It is suggested that estimations of the S.R.
afford a reliable criterion in the study of the

therapeutic value of gold in pulmonary tuberculosis.

In/



111,

In conclusion, 1 wish to express my thanks to
Dr, D, Melville Dunlop, and Dr. H.C. Elder, for kindly
permitting me to use cases under their care for the

' purpose of these studies.
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