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PREPFACE,

From PFebruary 1942 until October 1943, an
investigation was conducted into the various aspects of
" burns, at the Burns Unit of the Glasgow Royal Infirmary,
under the auspices of the Medical Research Council.

During this period a paert-time grant was made to the
Author who was responsible for the haematological
investigations and for the general medical supervision
of the psatients.

A report on the results of this study of burns
has been published by the Medical Research Council (Study
of Burns and Scalds ¢ M.R.C. Spec. Rep. Series No. 249.
H.M. Stationery Office, Lond., 1944), and a preliminary
account of the haemstological investigations is contained
therein.

The present work comprises chiefly a more
detailed report on the changes occurring in the blood of
burned pstients, with special reference to haemoconcentration
and burns shock, and to the anaemia of burns. These studies
involved the use of technical procedures which themselves
requlred investigation. The procedures concerned were the
estimation of the haemoglobin concentration in the blood,
and the quantitative estimation of the osmotic fragility
of the red cells. Accordingly, the work to be described
has been divided into Parts I and II. Part I is devoted



to a study of the technical procedures which were of
particular importance in the assessment of changes which
ocour in the burned patient. Part II is devoted to |
certain aspects of the haematology of burns. A detslled
table of contents precedes each Part.

Throughout this work the Author owed a great
deal to his environment and associetions, and it 1s with
great pleasure that he records his gratitude to Professor
J.W.8. Blacklock end the Staff of the Depsrtment of
Pathology at the Royal Infirmary, Glaesgow, where the
laboratory work was carried out. Their enthusiasm and
co-operation lightened the Author's -routine duties and
made possible the continuation of this work at s time
when all had already accepted extra duties on behalf of
those absent on Militery Service.

Acknowledgement of thanks is due also to
Professor J.A.G. Burton and to Mr. A.M. Clark in whose
wards the patients were studied, to Dr. Leonard Colebrook
for his encouragement and co-operation, to Dr. A.B.
Anderson for information on the biochemical investigatlon
of certain petients described in Part II, and to .the
Resident Surgeons, Sisters and Nurses whose help at all

times was invalugble.

Alexander Brown. 1945,



STUDIES IN HAEMATOLOGY
PART I,

THE ESTIMATION OF HAEMOGLOBIN
AND
THE OSMOTIC FRAGILITY OF THE RED CELLS.
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CHAPTER I,

THE ESTIMATION OF HAEMOGLOBIN,

I. METHODS OF ESTIMATION OF HAEMOGLOBIN,

Haemoglobin was first estimated colorimetrically
by Gowers in 1878, He diluted blood with water and
compared it with a glycerine-gelatine standerd coloured
with picrocarmine to match normal blood diluted 1 in 100.
The result was given as a percentage of this arbitrary
normal.,

Gowers's picrocarmine standerd was unstable, and
the colour was Qonsidered unsuited to visual comparison.
Accordingly, Hoppe;Seyler (1892) who had been working with
carboxyhaemoglobin, introduced the pigment for the
estimation in a special double pipette. He found, however,
that the usefulness of the method was limited by the poor
keeping qualities of the carboxyhsemoglobin.

Haldane (1901), recognising that the instabllity
of this pigment was in great part at least, due to
unsuitable methods of preservation, substituted carboxy-
haemoglobin for Gowers's picrocarmine in a sealed tube
containing carbon monoxide. By this method Haldane

provided a relatively stable stendard, and at the same

time the simple instrument for clinical haemoglobinometry
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to which his name has since been attached. The value of
this instrument was further enhanced by its standardization
so that a reading of 100 per cent. was equivalent to a
blood with an oxygen capacity of 18.5 volumes per cent.,

a value which was regarded as the average normal for
healthy adult males (Haldane & Smith, 1900: Haldane, 1901).

In 1895 Sahli introduced acid haematin as the
haemoglobin derivative for comparison, and as the standard,
In an instrument of the Gowers type. It was a simple
pigment to prepare and a satisfactory one for fisual
comparison.

Haessler and Newcomer (1916) employed eleven
standards 1n dllutions from 10 to 110 per cent. with the
Sahli instrument, but this added 1little or nothing to the
accuracy of the result. Accurate colour comparison was
greatly facilitated by use of the Duboscqg colorimeter.
Palmer (1918) employed this instrument with carboxy-
haemoglobin as the pigment, but Cohen and Smith (1919)
could not corroborate his views on the stability of his
standard solution. They preferred acid haematin.

Acid haemstin in concentrated form keeps
relatively well, but the pigment is unsulted for
colorimetric estimation of haemoglobin. The shade and
intensity of the colour are not dependent entirely on

the emount of haemoglobin present (Berczeller, 1918:
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Wu, 1922). Full development of the colour may take an
hour or more, and the time required may differ with
different samples of blood (Meyer & Butterfield, 1914:
Brown, 1942: Ponder, 1942: Ashford, 1943). Wu (1922)
suggested that the variations in shade and intensity of
the colour were due to factors 1nfluencing the state of
dispersion of the acid haematin, which is in colloidal
suspension rather than in true solution. He found that
the difficulties could be overcome by alkalinizstion of
the solutions prior to comperison. By Wu's modification
of the method of Cohen and Smith, therefore, the advantages
of acld haematin as a stable standard, and of alkaline
haematin as a solution suitable for comparison, were
combined. The alkeline haematin method has the additional
advantage that it allows accurate estimation of total
haemoglobin even in the presence of methaemoglobin
(Wu, 1922: Clegg & King, 1942: King, Gilchrist & Delory,
1944).

Cyanmethaemoglobin, initially described by
Kobert in 1891, was first employed in haemoglobinometry
by Stadie (1920) in the study of methaemoglobinaemla.
The use of this pigment has been further investigated
and found to be particularly suited for research purposes
(Drebkin & Austin, 1935: Austin & Drabkin, 1935: Evelyn
& Malloy, 1938: Reeve, 1944: King, Gilchrist & Delory, 1944).
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The use of photoelectric methods in colorimetry
has obviated the need for permanent standards so difficult
to obtain with haemoglobin derivatives, and accordingly
many of the plgments previously discarded on this account
have been reinvestigated. Reeve (1944) found that use of
oxyhaemoglobin in weak alkali (0.1 per cent. ammonisa)
provided a convenient and satisfactory method which gave
results in close approximation with oxygen capacity. The
use of carboxyhaemoglobin has been shown to be satisfactory
in the absence of gbnormal pigments derived from
haemoglobin (King, Gilchrist & Delory, 1944), but acid
haematin was found to be unsuited for accurate work
(Clegg & King, 1942). Pyridine haemochromogen (Rimington,
1942) was rejected on account of the objectionable nature
of the reagents (Clegg & King, 1942), and on account of
differences in the rate of colour development bétween
blood and the haemin standard (King, Gilchrist & Delory,
1944). Cyanmethaemoglobin was first adopted for photo-
electric use by Evelyn and Malloy (1938), and further
experience showed that it was a particulerly suitable
pigment for the accurate estimation of total haemoglobin
(Reeve, 1944: King, Gilchrist & Delory, 1944). The
alkaline haematin methods (Wu, 1922: Clegg & King, 1942)
were regarded as slightly less accurate, but preferable
to carboxyhaemoglobin when abnormal pigments may be present

(King, Gilchrist & Delory, 1944).
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II. STANDARDS OF REFERENCE IN HAEMOGLOBINOMETRY.

The depth of colour of Gowers's picrocarmine
standard was based on the clinicsl impression of normal
haemoglobin. The results were expressed as a percentage
of this arbitrary normsal.

Haldane appreciasted the wide range of haemoglobin
concentrations occurring in normsl individusals, and the
variations occurring in the same individual at different
times. He recommended (Haldane & Smith, 1900) that
"haemoglobinometer standards be referred to ox blood of
known oxygen capacity" since there is complete parallelism
between the colouring power of the blood and oxygen capacity
(Haldene & Smith, 1900: Haldane, 1901).' On the basls of
results obtained from twelve healthy men, his haemoglobin
standard corresponded to a blood with an oxygen capaclty
of 18.5 volumes per cent.

Sahli (1907) regarded the use of low standards
as undesirable, on the grounds that mild degrees of anaemla
were frequently overlooked when values for haemoglobln
from such cases were found to be little less than 100 per
cent. Accordingly he replaced hils original by a more
concentrated standard equivalent to blood with an oxygen
capacity of 23.2 volumes per cent.

The use of the Haldane and Sahli instruments
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has continued to the present time, but in many instances
the modern product has deviated from the originel
specifications. Many instruments of the Sahlil type have
been supplied with glass standards. Many have adopted

lower values as "normal,"

end with increasing diversity
of standards, and of types of comparison tubes, clinicel
haemoglobinometry has fallen into disrepute which is
scarcely merlted by the original methods. Numerous
criticisms of the available apparatus led to an investig-
ation on the callbration of the haemoglobinometers in use
in the clinical laboratories and teaching departments at

the Glasgow Royal Infirmary during 1942-1943.
CALIBRATION OF TWENTY HAEMOGLOBINOMETERS OF THE SAHLI TYPE,

In this investigation the object was to obtain
the equivalent in grams per cent. of the 100 per cent.

reading in each instrument.

Method of Callbration.

The haemoglobin percentage of a blood of known
oxygen capacity was estimated in each instrument by the
method recommendéd by the Standing Committee on Laboratory
Methods (1944). Full dévelopment of the colour was ensured
by allowing the undiluted haemaetin mixture to stand for
forty minutes at 20°C. The pipettes used were accurate
to within 0.5 per cent. (Certified by the National
Physical Laboratory). Colour matching was performed in
artificisl light. The haemoglobin content of the blood
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was calculated from 1ts oxygen capacity by use of Hufner's
factor, and oxygen capacity itself was obtained photo-
electrically in the manner described later (p. 26).
From the values obtalned by the haemoglobinometer and by
the photoelectric colorimeter the haemoglobin equivalent
of 100 per cent. was calculated for each Sahli instrument.
Results.

Each instrumenﬁ was tested three times in the
manner described, and the average gram-equivalent of 100

per cent. for each 1s shown in Table I.

TABLE I,
Calibration of Sahll Haemoglobinometers.
Instrument| Gm. equiv. Instrument | Gm. equiv.
No. of 100%. No. of 100%.
1 10, 4 11 12,5
2 10, 4 12 15.2
3 10. 7 13 14.9
4 10. 5 14 12,7
5 14.6 15 13.0
6 14.8 16 13.8
7. 14.1 17 15.6
8 13.5 18 17.0
9 12.4 19 15.6
10 12.1 20 16.4

The reasons for the very low values obtained
for the first four instruments are, that originally they
were designed for a gram-equivalent of 12.4, and that in
replacement of broken comparison tubes care was not taken
to obtaln tubes standard for the lnstrument. Subst#ndard

comparison tubes and faded standards were not the only
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faults. Three colour standards supplled for use with
.Sahli instruments were found to be an unsatisfactory
metch for any commonly employed pigment in any dilution,
in deylight or in artificlal light. New instruments were
found to have an error in the stated gram-equlvalent
amounting to more than 10 per cent.

DISCUSSION,

These widely divergent results in the use of
the Sghll instrument are of great significance in practice.
A normal blood containing 15 grams of hesemoglobin per
100 ml. msay give a reading from 88 to 144 per cent.
depending on the instrument used; and an anaemic blood
with a haemoglobin concentration of 11 grams per cent.

'may read 106 per cent. In the indiscriminate use of thils
series of instruments, the normal range of colour index
must be regarded as from 0.88 to 1l.44 at least.

Greater control has been exercised in the
production of the Haldane apparatus, but comparison tubes
of different calibre and faulty standards have from time
to time complicated the use of this simpie instrument.

Even with apparently close supervision, errors have been
introduced (Macfarlane, O'Brien, Douglas et al., 1944:
King, Gillchrist & Mathieson, 1944).

Whatever the method of haemoglobinometry adopted,

it is desirable that the result of the estimation be

expressed in grams of haemoglobin per 100 ml. of blood.



But it 1is impossible to do this directly. Ever since the
work of Haldane and Smith (1900), standards for haemoglobin-
ometry have been based on determination of oxygen capacity.
There are, however, no reliable data concerning the
maximum volume of oxygen or carbon monoxide with which one
gram of pure human hesemoglobin will combine. Hufner in
1894 estimated the carbon monoxide combining power of ox
haemoglobin to be 1.34 ml. per gram., and it 1s customary
to employ this factor to calculate the gram-equivalent of
human blood of stated oxygen capacity. The exact oxygen
combining power of pure human haemoglobin 1is still to be
determined; technical difficulties have made 1t almost
impossible to prepare the pure pigment.

Values for total haemoglobin in blood have been
calculated from the iron content of washed red cells
(Ponder, 1942: King, Gilchrist & Mathieson, 1944:
Macfarlane, O'Brien, Douglas et al., 1944) on the assump-
tion thet the iron content of pure haemoglobin is a fixed
and accurately known quantity. Agaln, however, preclse
knowledge is lackingj; the exact iron content of pure human
haemogloblin is still to be determined.

At the present time, therefore, there 1s no
strictly accurate standard to which estimation of
haemoglobin may be referred, but in practice, there 1s no
reasonable objection to the use of Hifner's factor or to

the calculation of haemoglobin from the iron in washed
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red cells, provided the standard of reference and the

factor used are always stated.

III. THE PHOTOELECTRIC ESTIMATION OF HAEMOGLOBIN.

INTRODUCTION,

The estimation of the concentration of haemoglobin
in the circulating b;ood is of the greatest importance, and
it is an esfimation in which there is a universal need for
grester accuracy.

Simple haemoglobinometers of the Haldane-Gowers
and Sghll types even 1f carefully constructed, are subject
to considerable error due to personal difficultles in
colour matching. In addition, there 1s seldom any attempt
‘to record results obtained from such instruments in
absolute values, so that no standard of reference 1is
avallable to permlt comparison of values obtained from
two different instruments which record haemoglobin levels
as percentages of an arbitrary normai. A further source
of confusion is provided by the ever increasing diversity
of colour standards for use with instruments of the Sghll
type. It may be fairly said that clinlcal haemogloblnometry
has deteriorated rather than progressed since its inception
by Gowers ané Haldsne, and the lowest 1evels of accuracy
are reached when not even an epproximate 1idea of the

haemoglobin concentration is obtained (p. 7).
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Improved méthods of colour comparison have led
to a considerable increase in the accuracy of the results
(Palmer, 1918: Cohen & Smith, 1919), but the personal
factor is not eliminated in the use of the Duboscq
instrument.

The introduction of photoelectric methods has
provided a simple and rapid means for accurate estimation
of hagemoglobin., Sultable instruments are sensitive and
stable, and capable of giving results which are highly
reproducible under optimum conditions.

Two types of photoelectric colorimeter have been
designed by the Author and they have proved well sulted
for accurate work over long periods of time. The first
instrument, a simple single-cell absorptiometer, has given
results with an error not exceeding 0.5 per cent., while
the second, a more elaborate malns-operated inétrument is
subject to even less variation.

THE CONSTRUCTION OF A SIMPLE PHOTOELECTRIC ABSORPTIOMETER.,

The first instrument designed and constructed by
the Author is a single photocell colorimeter. It has
produced over a period of three years, simply and repidly,
results readily reproducible and showing very close
correlation with repeated estimations of oxygen capacity
(p.26).

The Components.

(a) One photocell of the selenium barrier layer type.
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(b) One mirror galvenometer with lamp and scale.
The Instrument used has a coll resistance of
960 ohms, and gives a full-scale deflection
with 2 micro-amps.

(e) One 5-ohm, l-amp. variable resistance.

(d) Sufficlent sheet and angle brass (16 geuge) and a

short length of screwed brass rod (gauge, 2 B.A. ).

(e) Two identicel parsllel-faced optical glass cells,

A 5 mm, optical depth and 6 cm. high.

(f) Colour filters (Chance-Watson green and blue-green

for haemoglobin).

(g) Two 6-volt accumulators (to be used alternately).
The design of the instrument is shown schematically in
Figure la and the circuit diagram in Figure 1b.

The Method of Use.

When the'galvahometer zero has been gdjusted, the
light is switched on with the glass cell contalning water
in position between lamp and photocell. With the lamp in
a standard position 1n the centre of its short travel, the
intensity of the illuminant 1s adjusted so that the
galvanometer reading is exactly 200 mm. (a full-scale
deflection). This is done as accurately as possible,
first by means of the series resistance in the light circuit,
and then by means of the fine adjustment controlling the
‘position of the lamp. The cup containing the unknown
sdlution is then inserted between the lemp and the photocell,
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replacing that contalning water, and the new galvanometer
reading (X) noted. The concentration of the pigment
represented by X 1is obtained by 1nterpolation in the graph
prepared for the appropriate solution as described below.

Although the instrument is very simple both
mechanically and electrically, only careful use will produce
accurate results. It is essentlal to fix the position of
thellamp within narrow limits aend to use the fine adjustment
only between these narrow limits, otherwise the current
flowing through the lamp will'have to be altered considerably
to provide a full-scale deflection of 200 mm. Such an
alteration would change the emission spéctrum of the lamp
to such an extent that the quality of the 1light reaching
the photocell would be altered sufficiently to impalr the
accuracy of the results. |

Recent work on the use of a constant voltage
transformer has suggested that under favourable conditions,
mains supply may be sufficlently stable for an instrument
of this type (Morris, 1944); When, however, the electrical
supply shows a voltage fluctuation amounting‘at times to
10 per cent., the only sufficlently stable source of current
is the storage battery. If it is kept in good condition,
an accumulator will maintain a relatively stable output
during fourteen days' constant use. The freshly charged
accurmulator should be allowed to discharge slightly and to

attain its stable output before a series of estimations is

attempted.
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THE CONSTRUCTION OF A MAINS-OPERATED PHOTOELECTRIC COLORIMETER.,

- In gdditlon to the inconvenience associated with
the use of accumulators, a single photocell 1lnstrument is
extremely sensitive to the least imperfection in electrical
contacts in the lamp circuit. Even a screw (S.E.S.) lamp-
holder may at tiﬁes be unsatisfactory, and a bayonet fitting
1s useless. '

The instrument to be described was designed by
the Author to overcome these minor objections. It incorpor-
ates many improvements, allowing greater flexibility in use,
and provides o means for obtaining even greater accuracy,

The Components.

(a) Two photocells of the selenium berrier-layer type.

(b) One 8-ohm mirror galvanometer, with lamp and scale.
The instrument used has a coil resistance of
8 ohms, and gives 120 mm, deflection with
1 micro-amp.

(¢) One 12-volt, l-amp. bulb, automobile head-lamp
type, with S. B.C, or S.E.S. holder.

(d) One 12-volt, 50 watt transformer.

(e) sSufficient sheet and angle brass (16 gauge).

~(£) Two identical optical glass cells each 5 mm.

optical depth; two similar but of 10 mm. optiecal '
depths and two 'micro' cells of 5 mm. optical
depth but with outside width reduced - capacity
1.5 ml. All cups 6 cms., high.
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a. lamp. 12 v. 12 w., supplied from A.C. mains through
a transformer.

b. photocells. :

¢c. carrier for opticsally faced cups with removable
partition in position (4). :

d. partition in position, removed to accommodate double
width cup. (10 mm. ).

e, condenser lens focussing lamp filament on ground
glass in its holder (f) on carrier side of lamp.

f. holders for filters and ground glass.

g. screw-controlled sliding panel between lamp and
photocell.

h. mimor gaelvanometer.

J. shunt resistance, variaeble portion with block 1 and 2
at each end.

k. mercury switch across block resistehce j 1.
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(g) Suitable colour filters in pairs: Chance-Watson
green and blue-green, or the blueégreen with
Wratten No. 58.
(n) One'potentiometer rheostat of about 8 ohms
resistance, with one block resistance of about
10 ohms at each end, connected in series. The
rheostat has a scale 4 inches in diameter, with
360 equal divisions. It is made from 1/4 inch
ebonite rod screwed with B. A, die and bent
when hot after winding with 26 gauge constantan
wire.
(1) One mercury switch.
The design of the instrument 1s shown schematicelly in
Figure 2a. and the circuit 1s that described by Brice
(1937), modified to suit the purpose to which it has been
adapted (Fig. éb.).

The Method of Use.

The galvanometer 1s used as a null-polint instrument.
The scale reading is noted with the light switched off and
no current flowing through the galvanometer. The light 1s
then switched on, and with the appropriate filters in
position, water in the optical cup, and the rheostat pointer
at zero on the scale, the sliding shutter is so adjusted
that no current flows through the galvanometer. The éup
containing water is replaced by thét contaihing the solution

of the pigment to be estimated, and the rheostat is ad justed
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until the circuit is again balanced and no current flows
through the galvanometer. The concentration of the pigment
represented by the reading on the rheostat scale 1is
obtained by interpolation in the graph prepared for the

appropriate pigment.
CALIBRATION OF THE COLORIMETERS FOR ESTIMATION OF HAEMOGLOBIN,

Before the instrument can be used to estimate the
haemoglobin concentration in any sample of blood, a series
of hsemoglobin solutions of known concentration must be
inserted and s graph prepared by plotting the values of X
agalnst the values of the wvarious concentrations. The
detells of the methods employing oxyhaemoglobin, carboxy-
haemoglobin, alkaline haematin, and cyanmethaemoglobin will
now be described.

Oxyhaemoglobin.

-About 10 ml. of blood is taken from en arm vein
of a healthy adult male into a test-tube containing 1 mg.
dry heperin as en anticoagulant. Gentle repeated inversion
ensures that the mixture 1is hombgeneous without the
introduction of the minute bubbles of alr which render
accurate use of a pipette impossible. The specimen is
then divided into two portions. The first is used at once
for the estimation, in duplicate, of oxygen capacity
(Peters & Van Slyke, 1932). The second portion 1s used
to prepare, in 0.4 per cent. ammonia, sultable dilutions

of blood equivalent to the range of haemoglobin it is
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desired td estimate. With the filters in use (p.15),

a dilution sultable for routine use in a cup of 5 mm.
optical depth, 1s 1 in 101, Accordingly, the dilutions |
are prepared on the basis that the colour produced by the
addition of O.i ml. of blood to 10 ml. weak esmmonia 1is
equivalent to the oxygen capacity (0) obtained from the
first portion, or to 0/1.34 grams per 100 ml. of blood
(using Hifner's factor). The solutions of oxyhaemoglobin
so prepared are inserted into the colorimeter and the
corresponding values of X obtained in the manner previously
described for each instrument.

Carboxyhaemoglobin.

Calibration of the instruments for use with this
plgment is carried out exactly as described for oxyhaemo-
globin, with the exception that the oxyhaemoglobin is
converted to carboxyhaemoglobin before the solutlions are
inserted into the colorimeter. Thils conversion is effected
by passing coal-gas through the solutions by means of a fine
silver catheter adapted for the purpose. The wvalues of X
corresponding to the various dilutions are then obtained.

Alkaline Haematin.

Dilutions of blood of known oxygen capaclty are,
in this case, madé in decinormal hydrochloric acid. These
dilutions are sllowed to stand at room temperature for
about 10 minutes, ang then to 10 ml. of each 1s added

1.0 ml. ten per cent. sodium hydroxide. The solutions of
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elkalline haematin are then ready for insertion into the
instrument, and the wvalues of X are obtalned as described.

Cyanmethaemoglobin.

Into ebout 10 ml. 0.4 per cent. emmonia in s
25 ml, volumetric flask 0.1 ml. of blood is pipetted. To
this 0.1 ml. 10 per cent. potassium ferricyanide 1s édded.
The mixture l1ls allowed to stand at room temperature for
15-20 minutes and then 0.05 ml. 10 per cent. potassium
cyanide 1is added. The mixture is made up to the 25 ml,
with 0.4 per cent. ammonia and 1s ready for insertion into
the colorimeter in & further 20 minutes. The blood chosen
should have a haemoglobin concentration of about 17 gms.
per cent. Aliquot portions of the 25 ml. solution already
prepared made up 1n various dllutions with 0.4 per dent.
ammonia will then give solutions of corresponding éoncen—
trations for purposes of calibration.

Calibration of the Instruments.

At least four different solutions distributed
more or less evenly over the required range, should be
prepared for each calibrstion, and a graph should be drawn
from the results of at least two separate samples of blood,
the oxygen capacity for each having been obtained in
duplicate.

Colorimeter No. 1 :- With the instrument described, the

values of X obtained by insertion of the various dilutions
of the chosen blood pigment should form a straight line or
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or a very shallow curve when plotted agalnst the logarithm
of the concentrations. That this requirement 1s agcurately
met is seen from Figure 3. which, for convenience, has

been drawn on semilogarithmic paper. Equally satisfactory
graphs are obtained with all the pigments. The colour
filter used must always be stated with each graph.
Colorimeter No. 2 :- With the circult used in this

instrument (Brice, 1937), the rheostat reesdings bear a
direct relationship to the intensity of the colour and
therefore to the strength of the solutions. When the scale
readings for the various concentrations are plotted ageinst
the vglues for these concentrstions, a stralght line results
(Fig. 4.). The values of the varlable and of the two fixed
resistances are so computed that a convenient range of
values of light transmission 1s covered by the variable
portion of the total resistance. ‘Maximum use is thereby
made of the 360 scale divisions which represent a range of
about 12 grams haemoglobin per 100 ml. of blood. |
Occaslonally it is necessary to use solutions
the 1ight absorption of which 1s more than balanced by the
first fixed resistance. Under such circumstances, the
first block resistance is short-circuited by the mercury
switch, and a new total resistance of about 18 ohms 1s now
in use with the rheostat forming its first portion. When

8 graph 1is drawn for any pigment, it is therefore necessary

to note the resistance used in its construction.
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For many purposes the standard optical cups
with a depth of 5 mm. are most convenient, but in some .
estimations increased depth of solution is required and
the 10 ﬁm. cups_must be used. In such circumstances the
partition in the cell carrier is removed, and both 5 mm.
cells are replaced by 10 mm. cells. In the construction
of the graph it 1s therefore necessary to indicate the
optical depth of the cells used.

Even the 10 mm. cells require only 4 ml. of
solutioﬁ, but when less 1s avallable, the 'micro' cells
must be used. These cells have an optical depth of 5 mm.,
and the instrument is so designed that no adjustment is
necessary when the standérd 5 mm. cells are replaced by
the 'micro! pells for any estimation, and no alteration
in accuracy results.

Finglly in the callbration of the instrument
for any estimation, it is essentlial to record on the graph
the filters used in its construction.

The graphs obtained in the caiibration of
Colorimeter No. 2 for the estimation of haemoglobin using

oxyhaemoglobin and cyanmethaemoglobin are shown in Figure 4.

IV. THE PRACTICE OF HAEMOGLOBIN ESTIMATION.
ON VENOUS BLOOD, ' o

In obtaining a semple of venous blood, it is

the custom to use, where possible, only a dry sterile
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needle. The chance of producing haemolysis is thereby
minimised. The blood is collected in a clean dry test-
tube containing sufficlent dfy heparin to prevent coagul-
ation (1 mg. for 10 ml. of blood). Rarely is a syringe
necessary, and when one 1is used it is of the all-glass
type, dry aend paraffined. Venous stasis assists in the
withdrawal of the blood, and under ordinary clrcumstances,
has no effect on the haemoglobin level (p.34).

The Oxyhsemoglobin Method.

In a clean dry test-tube, 0.1 ml. of blood 1s
added to 10 ml. 0.4 per cent. ammonla. The mixture 1s
sheken, and the solution of oxyhaemoglobin is ready for
estimation.

The Carboxyvhaemogloblin Method.

The solution of oxyhaemoglobin prepared as
described sbove, 1s gassed in the manner already noted
(p.17). PFrothing can be prevented by touching the surface
of the liquid with a fine wire molstened with caprylilc
alcohol.

The Alkaline Hasematin Method.

To 10 ml. decinormal hydrochloric acid in a dry
clean test-tube, 1s added 0.1 ml. of blood. When the acld
haematin suspension has been allowed to stand at room
t;mperature for about 10 minutes,vl ml. 10 per cent.
sodium hydroxide is added. After thorough mixing, the

solution of alkaline haematin 1s ready for estimatilon.

21.
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The Cyanmethsemoglobln Method.

The method is exactly that described in the
preparation of the initial 25 ml. solution for purposes
of calibretion (p.18). In this estimation the 10 mm.
cells are used because the dilutions are less than those
employed in the other methods (1:250).

ON CAPILLARY BLOOD,

Capillary samples have seldom been used, except
in children. In such cases, 0.05 ml. blood is added to
the appropriate solvent. In the case of the alkaline
haematin method, 0.5 ml. 10 per cent. sodium hydroxide is

added before the estimation is completed. The cyanmet-

.haemoglobin method has not been used for capillary samples.

THE PIPETTES.

Accurately graduated pipettes have been used
throughout the work. These uéed for blood and graduated
to contain 0.1 and 0.05 ml. are 'Grade A' tested by the
% National Physical Laboratory. In use, they are carefully
: washed clean by the solvént into the solution after their
contents have been discharged.

Only one 10 ml. pipette has been used; it delivers
9.998 ml, at 20°C. One 'Grade A' (N.P.L.) 5 ml. pipette

has been used for estimations on capillary blood.

- — -
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V. THE ACCURACY OF PHOTOELECTRIC METHODS.

THE STABILITY OF THE INSTRUMENTS.

Reproducibility of results of estimations
performed in duplicate, and the comparlison of colorimetric
estimations of haemoglobin with estimations of oxygen
capacity, are to some extent an indicstion of the accuracy
of photoelectric methods. -The former test, however,
reveals only the accuracy of technique during the period
over which each duplicate estimation 1s performed: the
latter involves comparison with a method which has 1ts
own errors.

Neither test gives accurate information regarding
the stability of the value of X in relation to light
absorption, over the whble period of study. Errors in this
respect may be introduced by changes in the lamp spectrum,
in the filters, and in the photocells. The stability of
response to a particular light transmission 1s most
convenlently tested by thé insertion, from time to time,
of a sultable neutral screen. A Chance-Watson grey filter
was used for this purpose. Tested in thils way, Colorimeter
No. 1 has shown a variation in response of about 0.5 per
cent. 3 Colorimeter No. 2, a variation of about 0.2 per cent.
In neither case does the variation affect significantly
the results to be described. '

REPRODUCIBILITY OF RESULTS.

In the majority of instances, hsemoglobin
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estimations have been performed in duplicate. The same
10 ml. pipette has been used throughout, but any of six
0.1 ml. pipettes has been used indiscriminately for
mea§urement of the blood. | ‘

In 100 consecutive duplicate estimations using
Colorimeter No. 1 and carboxyhaemoglobin as the pigment,
the average difference was 00,0625 gm., and the maximum
difference of 0.3 gm. occurred on only one occasion.

A difference of 0.2 gm. occurred on four occasions.

Corresponding values in the use of Colorimeter
No. 2 and oxyhaemoglobin as the pigment were 0,0620 gm.
and 0.2 gm. The latter difference occurred on two
occaslions.

Any slight difference in the results with the
two instruments can be explained on the basls of the slight
differences in stability. They are not signlficant.

THE CHOICE OF A PIGMENT FOR HAEMOGLOBINOMETRY,

The ability 6f ény one pigment to represent
by its light gbsorption the concentration of haemoglobin

present in any sample of blood depends on the degree to
which 1ts light absorption is affected under the condltions

of the estimation, by the presence of other plgments in

the sample. The most common haemoglobin derivative of
significance in this respect is methesemoglobln, and when
it is likely to occur, cyanmethaemoglobin is the pigment

of cholce for the estimation. Alkaline haematin, though




25.

not quite as satisfactory, is to be preferred to
oxyhaemoglobin or carboxyhaeﬁoglobin (Wu, 1922¢ King,
Gilchrist & Delory, 1944).

When abnormsel hasemoglobin derivatives are not
presentAin gignificant amounts, little benefit is to be
gained by the slightly more complicasted method using
cyanmethaemoglobin. For investigations under these
circumstances, both oxyhaemoglobin (Reeve, 1944) and
carboxyhaemoglobin (King, Gilchrist & Delory, 1944) have
been found satisfactory.

Both oxyhaemoglobin and carboxyhasemoglobin are
unstable and it is important to know how long solutions
of these plgments may be kept before their light absorption
undergoes significant change. It was found (Table II)
that cyanmethaemoglobin remains unaltered for at leasf
24 hours at 20°C.3§ that oxyhaemoglobin is stable for this
period if kept at 0°C.3 and that caerboxyhsemoglobin is

unstable even ln the cold.

TABLE II.
Spec. | Oxyhaemoglobin Carboxyhaemoglobin | Cyanmethaemoglobin
No. |Change in 24 hrs.| Change in 24 hrs. Change in 24 hrs.
0°cC. 20°C. 0°cC. | 20°C. 0°C. | 20°C.
1l 0 +0, 05 +0, 05, +0,15: 0 0
+0,10* | +0, 20%
2 0 0 0 0 0 0
o* o*
3 0 0 0 -0, 05 0 0
o* O*
4 0 +0.10 +0,10 - +0, 20 0 0]
+0,15*% | +0, 20%

*effect of re-gassing.
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VI, PHOTQOELECTRIC METHODS AND OXYGEN CAPACITY,

INTRODUCTION,

Haldane was the first to suggest that
haemoglobinometers should be standasrdised in terms of
oxygen capacity, sihce he found complete parallelism
between the latter and the depth of colour due to haemo-
globin (Haldene & Smith, 1900). Although this statement
appears to have been correct, 1t was scarcely justifled
on the published evidence. A small range of oxygen capacity
had been investigated (1l4.68-22.02 volumes per cent. -
Haeldane & Smith, 1900: Haldane, 1901), aﬂd in the previous
paper by these authors (1900), the parsllelism alleged,
was baesed on the examination of blood from several animals
and one man. In the case of the man, the éuthors them-
selves regarded the oxygen capacity estimation as lnaccurate.

In 1908 Morswitz and Rohmer compared the depth
of colour of the blood with its oxygen capacity in various
angemic states, and in 1910 Dougles pursued a similar
investigation durlng the period of regeneration aftér '
haemorrhage. Both confirmed Haldéne's suggestion.

Since an accurate method for the estimation of
haemoglobin was avallable, 1t'was decided to 1nvestigate
how closely colorimetric estimation of haemoglobin compared
with the values for oxygen capaclity obtained by the method
of Van Slyke. o
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TABLE III.

Comparison of Photoelectric Estimation
of Haemoglobin and Oxygen Capacity.

Specimen Oxygen Capaclty.
No. Photoelectric Gasometric.
1 19. 50 19,45
2 8.85 8. 86
k] 12. 05 : 12,01
4 13,05 12, 20
5 9. 20 10, 07
6 13,98 13, 59
7 11.90 12,52
8 15. 45 15. 52
9 18. 49 18. 06
10 16. 48 16. 65
11 ' 17.82 17,82
12 17,35 16.43
13 15, 28 ‘ 15, 88
14 18. 75 18.83
15 19,01 19. 00
16 21.80 21. 50
17 19.75 19,77
18 13,12 13.13

METHOD OF INVESTIGATION,

No attempt was made to 1limit the investigation
to samples of normal blood, but specimens likely to
contain abnormal pigment were excluded.

Venous blood was collected in the manner
previously described (p.20). The specimen was divided
into two portions, one for the determination of oxygen
capacity, and the other for the estimation of haemoglobin.
Oxygen capacity was obtained by the method of Van Slyke
(1932). Haemoglobin was estimated using carboxyhaemoglobin
as the pigment in Colorimeter No. 1.

At first g pipette delivering 1 ml. was used
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for the Van Slyke estimation, and one containing 0.1 mil.
for'the haempglobinometry. Each was used by a different
individual¥* It wés thought that greater accuracy and
conéisténcy might be obtained if one person pipetted the
blood for both estimations, with as 1ittle time interval
as possible, and using the same pipette. Accordingly,
the 1:100 dilution of the blood for colorimetry was
prepared by adding 1 ml. of blood (Van Slyke pipette) to
100 ml. O.4 per cent. smmonia in a volumetric flask. The
solution was mixed thoroughly and transferred to a larger
vessel for gassing.

RESULTS.

The results, expressed in terms of oxygen
capacity from the original graph (p.l1l9), are compared
‘with those obtained by the gasometric method (Table III)
and the degree of correlation is shown in the éccompanying
Figure (Fig. 5).

There is no doubt that the results obtained in
the use of the photoelectric instrument and those obtained
for oxygen capacity are almost perfectly correlated. The
numberg of abno?mal bloods examined are too few to indicate

the full range over which this degree of correlation exists.

* I am very gresatly indebted to Dr. A.B. Anderson, of the
Blochemical Laboratory of the Department of Pathology at

Glasgow Royal Infirmary, for all the determinations of
oxygen capacity.
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CHAPTER II.
" ]

HAEMOGLOBIN LEVELS AND THEIR SIGNIFICANCE.

INTRODUCTION.

In Part II. of the present work, verlations
in hsemoglobin are regarded as giving some indication
of changes in the volume of the circulating plasma due
to burns. Small changes have been foﬁnd to occur in
patients with minor injuries, and in order to assess
these changes 1t has been found necessary to investigate
the-physiological variations in hasemoglobin, and also

some of the factors which may influence the results.

I. THE EFFECTS OF VENQUS STASIS ON BLOOD VALUES.

Criticism of the values obtained from venous
blood, withdraewn under conditions of venoﬁs stasis, has
been made on the grounds that obstruction of vénous return
alters the fluid balance between the capilleries and the
tissue spaces, and causes loss of fluid from the vessels
with concentration of the formed elements in the blood-
stream. -

In 1889, Cohnhéim showed experimentally in
animals, that venous obstruction in a 1limb increases the

proportion of corpuscles in the blood of the affected part.
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Local polycythaemia has resulted from progressive
obstruction to the return of blood from the head and
neck (Reckzeh, 1905). The local effect of vasomotor
influences has been regarded as producing similar changes
(Cohnstein & Zuntz, 1888: Chéron, 1895: Grawitz, 1895),
but the evidence 1s not conbincing as factoré influencing
the splenic reservolr were not considered.

The effects of venous congestion in a 1limb in
the human subject have been investigated by Lewis (1927).
He showed thet if a pressure of 25-30 mm. Hg. be applied
to the velns of the upper arm, the forearm swells rapidly.
The change 1s not great, but it reaches a maximum in 15-20
seconds. If higher pressures are used, the swelling 1s
almost complete 1n 30 seconds and thereafter continues to
mount gradually. This second rise is due té loss of tone
and distension of the vessels and alsd in smal;_part fo
the formation of oedema - a very slow but continuous
process (Lewis & Grant, 1926).

"With the dera;gement of fluid balance associated
with ven&us stasls, there 1s a rise in the protein content
of the plasma in the affected area (Rowe, 1916), in the
cell:plasma ratio (Peters, Eisenman & Bﬁlger, 1925: Plass
& Rourke, 1927) and in the oxygen capacity (Peters,
Eisenmap & Bulger, 1925). The results obtained by these
authors are shown in the accompanying Tables (Tables IV. & v.).
The values in Table V. have been calculated from the

authors!'! data.
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TABLE IV.

The Effect of Venous Stasls on Haemoglobln and
Haematocrit (Peters, Eisenman & Bulger,1925).

Case
No. | Condition of test | Og Capacity |P.C.V.T
1 | Before tourniquet | 18.61 vol. % |42.7 %
After " 22,45 vol. % |51.2 %
2 | Before " 18.42 vol., % |41.5 %
After L 22,72 vol. % |52.1 %

The pressure applied was sufficlent to "obstruct
the venous return without completely obliterating
the arterial pulse. Blood was withdrawn from the
arm veln lmmediately before the tourniquet was
applied and agaln after the tourniquet had been
in place for about five minutes."

TABLE V.

The Effect of Venous Stasis on Haematocrit
(Plass & Rourke, 1927).

Duration of | Effect on | Duration of | Effect on
Stasis. P.C. V.t Stasis. P.C.V. T |
5 minutes +3. 5% 20 minutes + 8,8% |
8 minmtes +2, 0% 20 mimites +16.1%
12 minutes -0, 5% 21 mimtes + 7.5%
15 minutes +5. 4% 22 minutes +13, 3%
15 minutes +8, 2% 26 minutes + 3, 0%
16 minutes +2, 9%

In this case the tourniquet pressure was between
, 80 and 100 mm. Hg, '

If venous stasis is capable of causing haemo-
concentration amounting to almost 20 per cent. in five

minutes, significant errors may be introduced even if

stasis 1s only of short duration. ' Such errors would be

t The abbreviation 'P.C.V.' is used in Tables and Flgures

to indicate the haematoecrit reading or packed cell volume.




of great importance in the aécurate assessment of minor
changes in haemoglobin levels such as may occur in
patients with mild burns. Accordingly, the effect of
venous stasis of 90 seconds' duration on blood values

" has been investigated. This period of time was chosen
because it represents a maximum allowance for routine
withdrawal of blood by the experienced worker using the
method previously described (p.20).

METHOD OF INVESTIGATION.

In the removal of samples of venous blood for
various purposes, the opportunity of studying the effects
of venous stasls was taken. Cases of peripheral vascular
disease were excluded, but apart from this no selection
was made.

A sphygmomenometer armlet was applled to the
upper arm in such a manner as to ;eave venous return
unobstructed. A dry sterile needle (No.II) was inserted
into an antecubital vein and about 5 ml. of blood was
withdrawn by means of a clean, dry, paraffined all-glass

syringe, into a 'Pyrex' test-tube containing 0.5 mg. of

32,

‘dry heparin. The needle was kept in the vein, and bleeding

was prevented by application of the thumb to the open end.

The pressure within the cuff was raised to 60 mm. Hg. , and

maintained at this level for 90 seconds. At the end of

this period blood was allowed to run from the needle until

about 5 ml. had eollected in a second prepared tube. The
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pressure was maintained until the whole sample had been
obtained; the period of time involved was usually about
30 seconds. Determination of haemoglobin, haematocrit,
and in some cases, red cell levels, was then made on each
sample.

Haemoglobin was estimated in the mains-operated
colorimeter using oxyhaembglobin.as the pigment.

Determination of the packed cell volume was made
using Wintrobe's haematocrit tubes (Wintrobe, 1933). They
were spun st 3,000 revolutions per minute for 30 minutes.

Enumeration of red cells was performed 1in the
same counting-chamber throughout. Suitsble dilutions of
blood in Hayem's solution were made using 10 ml. of the
latter and adding 0.05 ml. of blood. The pipettes used
were of guaranteed accuracy (N.P.L. Grade A.). This
method ensures standard accuracy in preparing the dilutions,
end greatly facllitates the preparastion of homogeneous
suspenslons. |
RESULTS.

The results of the investigation in 10 cases
are shown in Table VI. )

No significant alteration occurred in haemoglobin
values, but in 8 of the 10 cases a slight rise in packed
cell volume occurred. This rise cannot be regarded as
within the error of the method which is accurate to 0.5

pber cent. The four observations on the red ceil levels

reveal no significant change.
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TABLE VI,

The Effect of Venous Staslis on
Red Cell Values.

Case Hb. P.C, V., R. B. C.
No. 1 2 1 2 1 2
1 {12.70 | 12.70 43.5 | 44.0 - -
2 114.70 | 14,70 | 50.0 | 52.0 - -
3 112.50 | 12,45 41,0 [43.0 | = -
4 [15.60 | 15.50 | 54.0 | 55.5 - -
5 {10.25 {10.15 35.0 | 35.5 - -
6 |13.75 | 13.65 47,5 [ 48.0 - -
7 {10.10 |10.05 36.5 | 36.5 | 3.52 | 3. 52
8 |15.35 | 15,35 49,5 {51.0 | 5,07 | 5,11
9 |12.00 |11.95 41,5 | 43.0 | 4,71 | 4. 67
10 |14.45 |14.40 46,0 |46.0 | 4.53 | 4. 61
Column 1. = values before agpplication of tourniquet.
Column 2. = values after application of tourniquet.
DISCUSSION,

No references to observations on the effect of A‘
venous stasis of short durgtion have been discovered. In
the cases described by Peters, Eisenman and Bulger (1925),
marked changes were produced by’stqsis lasting five minutes.
The authors givé no indication of the accurécy of their
methods. The minlmum duration of the congestion in the
investigation of Plass and Rourke (1927) was five minutes,
and sequelae, both subjective and objective, were noted in
the majority of cases. Discomfort, pain, and even tetanic
spasm were seen, and cyanosis and occasionally purpura
occurred. In such cases the stasis was greatly in excess
of that usually employed in withdrawing blood from a vein.

- The magnitude of the changes might be explained on this
basls alone. In addition, the methods used were not
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conducive to accurate results, and this may explain also
the disproportionate effects recorded.

It is not surprising that stasis lasting oniy
90 seconds has not been found to cause a significant
variation in haemoglobin concentration. Althqugh such
stasis induces volume changes in the affected part almost
at once (Lewis, 1927), these changes are due chiefly to
distension of the vessels; the escape of fluld is a slow
process. |

Alterations in the packed cell volume are not
comparéble with changes in hsemoglobin. Changes not only
in the numbers of the red cells, but also in their size,
may alter the cell mass. The haemoglobin results indicate
that the number of the cells remains constant. The slight
increase in the packed cell volume may be due to en increase
in the mean corpuscular volumé. Such a change may be due
to local acidosis such as may occur with prolonged venous

congestion (Whitby & Britton, 1937a).
CONCLUSIONS.

There is no evidence that the application of a
tourniquet at a pressure of 60 mm. Hg. for 90 seconds,
prior to the withdrawal of blood, significantly affects
haemoglobin values. Slight changes in the haematocrit mey

occur due to alterations in the corpuscular volume induced

by local acidosis.
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II. NORMAL VARIATIONS IN HAEMOGLOBIN.

INTRODUCTION.

In attempting to assess the significance of
‘changes in hsemoglobin concentration following burns,
it is important‘to know how much variation may occur in
normal individuals during the day, and from one day to
the next. The evidence at present avallgble 1s more
confusing than helpful.

Dreyer, Bazett and Pierce (1920) recorded the
haemoglobin levels of normal adults at intervals during
the day, and found a maximum varistion of 30 per cent.
They regarded changes of 10 per cent. as common.
Rebinovitch (1923) noted a diurnal variation of 26 per cent.
in two cases, 15-20 per cent. in four, and 10-15 per cent.
in six. Shért (1935) reported a possible variation of
17 per cent.

Considerably less diurnsl varistion in
hsemoglobin levels was found by McCarthy and Van Slyke
(1939) and McCarthy (1943). Using the method of Van Slyke
and Hiller (1928) for the estimation of carbon monoxide
combining capacity, they showed in 18 cases that the
average range between the highest and the lowest values
was 1.5 volumes per cent. The greatest observed range

was 2.3 volumes per cent., which was equivalent to 11 per
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cent. of the mean haemoglobin for the day. No uniform
direction of change was éncountered, and dissimilar trends
were seen in the same 1ndividua£ on different days.

It is evident from this published work that
haemoglobin levels vary significantly during the day, but
there is little agreement on the mesgnitude of the
variation which is to be regarded as physiologlcal.

METHODS OF INVESTIGATION.

The subjects chosen for the investigsation
comprised (a), healthy senior medical students and resident
medical officers, who were pursulng theilr ususal routine
during the period of observation, and (b), a series of
adults confined to bed. In the latter group, the patlents
were either awalting operstion for an anastomical defect,
such as a hernls, or suffering from some minor complaint
not associated with any disturbance of fluid balance.
Detalls relevant to these cases are recorded with the
results of the investigation. |

Investigations on the day-to-day variastions in
_ haemoglobin were made on both groups, and samples of
venous blood were withdrawn at 11.00-11.15 a.m. daily
for 4-5 days.

Investigations on diurnal variations in
haemoglobin were mgde only in the patients confined to

bed. Samples of blood were obtained at intervals of

3 hours from 9 a,m. until 6 p.m.
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. The blood semples were obtained by the method
previously described (p.20), without the use of a syringe.
Undué stasis was avoidéd.. The estimations were performed
in dﬁplicate within 2 hours of withdrawal of the blood,
'using oxyhaemoglobin as the pigment in Colorimeter No. 2.
| TABLE VII.

Variations in Hasemoglobin.

Case Dally Haemog;obin Values, Remarks.
No. 1 2 3 4 5
1 |13.00 |13.30 |[13.65 |12.95 - Healthy edult male.

2 14.85 [14.65 |14.25 |14,80 - Healthy adult male.

3 14,35 [13.45 {13.70 [12.65 - Heglthy woman:
menstruating.

4 17.10 |16.50 |15.65 |16.25 - Healthy sadult male.

5 14.80 |14.25 |[14.55 |15.00 |14.60 |[Healthy adult male.

6 13,90 {13.20 [13.50 |14,00 |13.80 |Healthy adult male.

7 13.35 | 12,90 [12.85 [ 12.80 |13,30 |Healthy adult male.

8 15.05 [ 14.30 |14.80 {15.00 - Healthy adult male.

9 13.75 | 14,35 |14.30 [14.70 |14.10 |Healthy adult meale.

10 15.10 [ 15.15 |14.85 |15.30 |14.85 |Healthy adult msale.

11 14.80 {14.95 (14,70 |14.80 [14.40 [Healthy adult male.

12 15.05 | 13.65 | 13,40 |13.00 [14.15 |Healthy =dult male.

13 12,05 {11.10 [12.10 {12.35 |12.70 |Dyspepsia.

14 11.40 {12.10 |{12.15 |12.00 |11.80 (Chronic arthritis.

15 15.15 | 15.45 |{15.25 | 15,20 - Hyperacidity.

16 14,50 [15.35 |15.00 {15.45 [15.,10 |Hyperacidity.

17 14,75 | 14.50 [14.60 |14.95 |14.05 |Lipoma.

18 15.65 | 15.50 (15,50 |14.90 - Hernis.

19 15.70 |16.05 |15,65 |15,40 [15.15 |Dyspepsia.

20 15.65 | 15.35 |15,45 |15.95 [15.35 |01d injury.

21 |15.35 |15.30 |15.60 [15.70 15,70 |Arthritis.

22 15.45 {15.80 |16,95 [15.90 {15.50 |Hyperacidity.

23 14.60 | 14,40 |14.70 |15.15 |14.15 |Dyspepsia.

24 14.65 | 15.25 |15.65 |16.10 |14.95 |Hernia.

RESULTS.

The results of the examination of the blood of
24lindividuals, at the same time daily for 4-5 days, are
.shown in Table VII and graphically In Figure 6. An analysis

of these results is presented in Table VIIIL. The maximum
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variation recorded in any case over the entire period of
thé investigation was 2,05 gms. per 100 ml., equivalent to
14.7 per cent. of the mean haemoglobin for the period.

The average maximum varletion was about half the greatest

recorded, and equal to 6.5 per cent. of the average mesn

haemoglobin.
TABLE VIII.
Variations in Haemoglobin.
Varliations Maximum change in
Case in 4-5 day period. 24 hours.
No. Mean Max. | Max. Max. | Mean Max.
Hb. | var. jof mean var. Hb., [of mean
1 13.23 | 0. 70 5. 30 0.70 | 13.30 5. 26
2 14.64 | 0.60 | 4.10 0.55 | 14.53 3. 78
3 13.54 { 1,70 | 12.55 1.05 | 13.18 7.96
4 16.38 | 1.45 | 8.85 0.85| 16, 08 5. 28
5 14.64 | 0.5 5.12 0.55 | 14.53 3,78
6 13.68 | 0,80 5. 85 0.70 | 13.55 5.16
7 13.04 | 0, 55 4,21 0.50 | 13. 05 3.83
8 14,79 | 0,75 5. 07 0,75 | 14.68 | 5,11
9 14.24 | 0.95 6. 67 0,60 | 14.05| 4.27
10 15.05 | 0,45 2. 99 0.45 | 15,08 2,98
11 14.73 | 0. 55 3. 73 0,40 [ 14.60| 2.74
12 13.85 | 2,05 | 14.80 1.40 | 14.53 9,75
13 12.06 {1.60 | 13,28 1.00| 11.60 . 8,40
14 11.89 [ 0,75 6. 30 0.70 | 11.75| 5.96
15 15,26 | 0. 30 1.97 0.30 ] 156,30 1.96
16 15.08 | 0,95 6. 30 0.85 | 14.93 5. 68
17 14.57 | 0,90 6. 18 0.90 | 14.50 6. 20
18 15.39 | 0,75 | 4.87 0.60] 15.20] 3.95
19 15.59 | 0,90 5,78 0.40 | 15.85] 2,582
20 15.55 {0.60 | 3.86 0.601} 15.65| 3.83
21 15.53 | 0,40 2. 57 0,30 15.45] 1.94
22 15.92 | 1. 50 9. 42 1.15 | 16, 48 6. 27
23 14.60 | 1. 00 6. 85 i.OO ig.gg 3-35
24 15,32 11,45 9,45 ,%5 . 240,
Average - o. 95 : 6. so . 5 - 5. 46

The varistion in any period of 24 hours was less

marked (Table VIII). This may have been due to a
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progressive change, such as loss of blood, in some of
the patients, but theré was no evidence of this except
in No. 3 in whom menstruation began on the first day of
the test.

The 10 individuals in whom diurnasl changes were
investigated formed a separste serles, and the results and
relevant detalls are shown in Table IX and Figure 7. The
maximum variation was 1.00 gms. per 100 ml., equivalent to
6.9 per cent. of the mean:! the average maximum was 4,12
per cent. of the mean (Table X). There was no uniformity
in the variations shown by the different patients, and it
was impossible to predict a period during which the

greatest changes might be expected to occur.

TABLE IX.

Diurnal Variations in Haemoglobin.
Case 3=-Hourly Haemoglobin Vglues
No. 9 gem. |12 m.d. | 3.p.m. | 6 pPem. Remarks.
1 13. 60 13, 40 13, 50 13.45 Peptic ulcer.
2 14.10 14. 20 15.10 14. 50 Peptic ulcer.
3 12.30 | 12.20 11.80 12,40 Anal stricture.
4 12,95 13. 30 12,75 | 13.40 Hernia.
5 13.20 | 13.40 13. 40 13. 90 Cyst of toe.
6 12.70 | 13.80 13,00 | 12,90 Hernis.
7 10.83 | 11.30 10.95 11. 20 Peptic ulcer.
8 12, 30 12. 585 12. 55 12.60 Painful scar.
9 12. 90 12.55 | 12.55 | 12.85 0ld injury.
10 13.50 | 13.40 13,70 | 13,50 Chronic cholecystitis.
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TABLE X.
Diurnal Variations in Haemoglobin.
Variations Maximum change in
Case from 9 g.m. to 6 p.m. 3 hours.
No. Mean Max. | Max. % Max. | Mean Max.%—'4
: Hb. var. (of mean var. Hb. |of mean
1l 13.49 | 0. 20 1.49 0.20 | 13, 50 1.48
2 14.48 | 1.00 6. 90 0.90 | 14.685 6.14
3 12.18 | 0. 60 4,92 0.60 { 12.10 4, 95
4 13.10 | 0. 65 4,95 0,65 | 13,08 4, 97
5 13.48 | 0.70 5. 20 0.50 | 13. 65 3. 66
6 13,03 | 0,80 6.13 0.80 | 13.10 6.11
7 11,07 | O, 47 4,25 0. 47 | 11, 07 4,25
8 12.50 | 0, 30 2. 40 0.25 | 12.43 2, 05
9 12.71 | 0. 35 2,75 0.35 | 12,73 2,75
10 13,53 | 0. 30 2. 22 0.30 113,55 2. 22
Average - 0. 54 4,12 0, 50 - | 3.86

From consideration of the results in both series
of cases 1t 1s evident that the more frequently estimations
| were made in a given period, the greater was the variation
which was revealed. The average maximum change in
heemoglobin levels at an interval of 9 hours (calculated
from Table IX) was 2.07 per cent. of the mean, while the
averasge change recorded in 3-hourly estimations over the
same period was 4.12 per cent. of the mean. When, however,
four estimations were made over a period of 72 hours the
average maximum change revealed was 5.67 per cent. of the
mean (calculated from Table VII), Thus both the number
of estimations and also the length of the period over
which they are made, influence the magnitude of the

varistions recorded - at least within a 4-5 day period.

DISCUSSION.
These results, obtained by the careful use of
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accurate photoelectric methods, are not in asgreement with
many of the results obtained in the past by other methods.
Cnly one report on diurnal varlations agrees with the
findings already presented. In 1939, McCarthy and Van Slyke
described the diurnsl variations in haemoglobin in 18
healthy adults. The carbon monoxide capacity method of
Van Slyke and Hiller (1928) was used, and estimations
performed in duplicate were in very close agreement. The
results 1ndicated an average maximum diurnal variation of
about 6.3 per cent., and a maximum of about 11 per cent.,
of the mean level. The longer the period of the survey
(9 a.m. until 12 midnight) and the more frequent obser-
vations probably explailn the magnitude of the variations
which are slightly greater than those recorded in the
present seriles.

The greater diurnal varliations recorded by
Dreyer, Bazett and Pierce (1920), have not been confirmed.
These authors noted a maximum varigtion of 30 per cent.,
and stated that changes of iO per cent. were more or less
common. The reason for these high values 1s due, in part
at least, to the method used in the estimsetion of
haemoglobin. Samples of capillary blood without anti-
coagulant were allowed to collect in a paraffined watch-
glass from which 0.1 ml. was removed and sdded to 19.9 ml.
of physiological saline. Lysls was produced by addition

of a roughly measured amount of saponin which was allowed
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to act at 30°C. for a few minutes. Comparison was then
carried out in a Duboscq colorimeter.

The method of sempling seems unsatisfactory,
thoﬁgh the authors claim close agreement in duplicate
estimgtions. No statement 1s msde regarding the accuracy
of the improvised pipettes. The method of producing lysis
is unduly compliceted and introduces a small but unknown
variable - the saponin. Finally, visual colorimetry is
less accurate than the method used in the present investig-
atlon, and also less accurste than the method of McCarthy
and Van Slyke (1939).

Rabinovitch (1923) reported varlations as great
as 26 per cent. on the bessis of determingtions of oijgen
capacity. The method used has been regarded as unsatis-
factory end insccurate (McCarthy and Van Slyke, 1939),
and no duplicate estimations sre recorded. The results,
therefore, cannot be regarded as an accurate index of
normgl diurnal variations.

Short (1935) reported a maximum range of 17 per
cent. Here also the methods are open to criticism.
Duplicate counts of red cells and duplicate estimations of
hgemoglobin differed by as much as 195,000 - 540,000 per
c.mm., and 0.35 - 0,80 gms. per 100 ml. respectively. The
method of hsemoglobin estimation 1is not mentioned.

McCarthy and Ven Slyke (1939) have criticised

colorimetric estimations of haemoglobln on the grounds that
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variable factors in the plasma might alter light absorption
and so introduce errors. In the absence of marked lipaemisa,
the variable but weak pigmentation of normal plasma 1n a
dilution of 1:202 (approximately) does not produce s
significant error. Even if 1t were to do so, the apparent
diurnal variation would be incressed in comparison with
the results of these authors, not diminished as in the
present series.

SUMMARY AND CONCLUSIONS.

In patients without evidence of active disease
and confined to bed, the average maximum diurnal variation
in haemoglobin (from values obtained from venous blood at
intervals of 3 hours, between 9 a.m. and 6 p.m.) was
0.54 gms. per 100 ml. This is equivalent to 4.12 per cent.
of the mean hsemoglobin for the period.

In 24 adults of whom 11 were ambulant and 13
confined to bed, the average maximum difference in
heemoglobin estimations performed at intervals of 24 hours
was 0.73 gms., per 100 ml., equivalent to 5.04 per cent. of
the mean. In the same series, dally estimation of
haemoglobin for 4-5 days showed an average maximum variation
of 0.93 gms. per 100 ml., or 6.33 per cent. of the mean
value for the period.

Slightly greater diurnal and dsy-to-day variatlons
may be recorded if observatlons are made more frequently,

and if the period is extended.
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The maximum recorded changes in haemoglobin
in the various perlods 4éf observation were as follows:-
Meximum diurnal variation ........ 1.00 gm = 6,90% of mean.
Maximum variation in 24 hours .... 1.40 gm. = 9.75% of mean.
Moximum variation in 72-96 hours . 2.05 gm. =14.70% of mean.

III, THE SPLENIC RESERVOIR AND
THE EFFECT OF ADRENALINE ON HAEMOGLOBIN CONCENTRATION.,

INTRODUCTION.

Knowledge of the function of the spleen as a
blood reservolr has been derived chiefly from the work
of Barcroft and his assoclates. They observed (1922)
that changes in haemoglobin concentration occurred in
relation to changes in environmental temperature and
atmospheric pressure. In some instances, this variation
6ccurred too rapidly to be explained on the basis of
production or destructlon of red cells, and it was
concluded that they were due to release of cells from
.~ stores within the body. The spleen was suspected of being
the reservoir, and subsequent experiments proved that
~this was so.

The sequestration of blood within the spleen
was demonstrated by exposing rats to an atmosphere
containing 0.06-0.1 per cent. of carbon monoxide (Barcroft
& Barcroft; 1923). The gas was rapidly absorbed into the

circulating blood, but its appearance in the spleen was
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much délayed. A similer delay, amounting at times to

90 minutes, was observed in the disappearance of the gas
from splenic blood when the animgl was restored to a pure
atmosphere.

In acting as a blood reservoir, the spleen
exercises a real function in adjusting the circulating
functional haemoglobin according to the needs of the
animal. In 1925 it was shown (Barcroft, Harris, Orahovats
& Weiss) that after desth, which in most cases was preceded
by general anoxaemla, the spleen wés much smgller than it
had been in the normal living animgl. In death due to
heemorrhage the spleen was reduced to a fifth of 1its former
normel size. Less severe hasemorrhage, (8 per cent. of
blood volume in the cat) induced splenic contraction which
contributed to the circulation an amount of blood approx-
imately equal to that lost. Exposure to carbon monoxide
caused splenic contraction, and if the animsl were deprived
of this source of additional haemoglobin by splenectomy,
its ability to withstand exposure to the gas was signifi-
cantly reduced (Bareroft, Murray, Orahovats, Sands &
Weiss, 1925). ExposureAto undue concentrations of carbon
dioxide caused splenic contraction (Hargis & Mann, 1925).
Exercise (Barcroft, Harris, Orahovats & Welss, 1925:
Barcroft & Stephens; 1927) end excitement (Hargis & Mann,
1925: Izquierdo & Cannon, 1928) cause splenic contraction,

Both exercise and excitement have been shown to cause
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apprecigble haemoconcentration in the peripheral blood
(Ferrari, 1897: Barcroft, Harris, Orahovats & Weiss, 1925:
Izquierdo & Cannon, 1928: Short, 1935: Ksltreider &
Meneely, 1940).

The reservolr function of the spleen has been
investigated in relation to the action of drugs of
different types. Ether causes contraction of the spleen
and haemoconcentration (Hausner, Essex & Mann, 1938:
Searles, 1939: Jascho, 1943).’ Sodium amytal ceuses splenic
enlargement and peripheral haemodilution (Hausner, Essex
& Mann, 1938: Searles, 1939). Pentobarbital causes
enlargement and hsemodilution (Heusner, Essex & Mann, 1938:
Green, Nickerson, Lewis & Brofman, 1943: Hann, Bale &
Bonner, 1943: Jarcho, 1943). Experiments with the sodium
salt (Nembutal) and radioactive iron have shown that up to
30 per cent. of the eirculating red cells may become
segregated in the enlarged spleen which may welgh, when
removed, sbout four times as much as the organ of the same
animal (the dog) removed under ether (Hann, Bale & Bonner,
1943). Pentothal has asn effect similar to that of pento-
barbital (Hausner, Essex & Mann, 1938).

Sympathomimetic drugs have a common effect ih
-producing contraction of the spieen, and haemoconcentration
has also occurred following their administration. Adrenaline
itself has an effect on t@e spleen apparently out of

proportion to its influence on blood pressure or renal
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volume (Hosking & Gunning, 1917). Hargis and Mann (1925)
also found thﬁt the threshold for contraction was lower than
that for changes in arterial blood pressure. The reduction
of the size of the spleen is not confined to the normal
organ. It has been observed to occur following the
administration of adrenaline in a patient with hépatic
cirrhosis and splenomegaly (Ravenna, 1940). Injection of
edrengline into the splenic artery prior to splenectomy
for various conditions, was found to cause contraction of
the spleen, and a great increase in the red cell concen-
tration in the blood of the splenic vein (Watson & Paine,
1943). The latter finding suggests the discharge of red
’cells previously in a more concentrated form in the splenic
pulp then obtains in the peripheral clrculation. This 1is
supported by the observations of Millgrew (1939) who found
the velues for packed cellAVOlume in the splenic reservoir
blood and in the blood from the systemlc veins to be 64
and 41-44 per cent. respectively.

Both ephedrine (Davis, 1937) and benzedrine
(Pinkstoh & Pinkston, 1939) have an action similar to
that of adrenaline. |

These 1nvestigations on splenic function and
its relation to alterstions in haemoglobin levels due to
excitement, exercise, and ansesthetics have shown very
cleaﬁly that in animals at least, very significant

haemoconcentration or haemodilution may be produced by
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alterations in the volume of the spleen. This is of gresat
importance 1n considering experimental work on burns.
Though the animal may be kept at rest, the possible effects
of excitement or of the anaesthetic used, have frequently
been ignored, with the result that, in attributing the
observed changes in haemoglobin solely to the burn,
considerable confusion has occurred.

The possibility of a similar relationship must

be consldered also in the clinlcal study of burns.
Investigations on the changes in the blood and in the
blood pressure to be described later have shown that, even
with minor injuries, the blood pressure may be raised and
at the seme time slight haemoconcentration may occur. It
is thought that these findings may be related, and that
both may be due to excitement.

In the course of investigations on the glyco-
genolytic action of adrenaline as a test of liver function,
advantage was taken of the opportunity to observe the
effect of the drug on haemoglobin levels. Adrenaline plays
a prominent pert in the production of the excitement
syndrome, and it was thought that some 1dea would be galned
as to the magnitude of the resulting changes in man, and
as to the possible relstion between the alterations in
blood and blood pressure already mentioned.

The neture of the primery investigation explains

the relative frequence of liver disease among the patients
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selected. Several relastively normal individusls have
also been included.

METHOD OF INVESTIGATION,

The patients were confined to bed on the day
of the test, which began at sbout 11.15 a.m. and ended
before the mid-day meal. Saﬁples of venous blood were
obtained 5 minutes'before, and 10, 30, and 60 minutes
after, the subcutaneous iInjection of 1 ml. of 0.1 per
cent., adrenéline hydrochloride.

Haemoglobin was estimated photoelectrically
using oxyhaemdglobin as the pigment. All estimations
were made In duplicate and no two such estimations
differed by more than 0.15 gms. per cent. Two patlents
were given 1 ml., of 0.85 per cent. sodium.chloride
instead of adrenaline.

RESULTS.

The changes in hsemoglobin levels in 16 patients
given 1 mg. of adrenaline hydrochlorlde are shown in
Table XI and in Figure 8. With three exceptions, a
significant rise in haemoglobin followed the injection.
It reached & maximum in 10 minutes, when an average rise
of 0.73 gms., equivalent to 5.53 per cent. of the mean
original level, was recorded. A fall occurred in 30
minutes, and return to pre-adrenaline levels was noted
at the end of one hour. There 1is no evidence that the

results were affected by the nature of the illness present.
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TABLE XI.
The Effect of Adrenaline on Haemoglobin Concentrstion.
Case| 1lst |Time after adrenaline |Max. | Max.%
No.| Hb. 10 | 30 | 60 rise |of 1lst Remarks.
(minutes
1(11.30| 11.95 (11.65 |11l.50 0.65| 5.75 |Hepatic cirrhosis.
2] 9.95] 10.50 (10,70 9.95 C.75| 7.54 |Hepatic cirrhosis.
3 112.90] 13.60 |13,40 |12.90 0.70| 5.42 |Healed peptic ulcer.
4 [13.05| 13,55 |13.40 113.05 0.50| 3.83 |Healed peptic ulcer.
5 112.95| 13.65 |[13.00 |13.00 0.70| 5.38 |Healed peptic ulcer.
6 [{12.90| 13.40 |13.10 |12.70 0.50] 3.94 |Sciatica.
7 112.65| 12.95 |12.60 [12,70 0.30| 2,36 |Infective hepatitis.
8 [15.05| 15.35 |14.95 |15.00 0.30] 2,00 |Healed pneumonis.
9 [15.30( 16.45 |15.55 |15.25 1.25| 8.20 [Fibrositis.
10 | 14.90| 15.55 |{15.30 [14.90 0,65} 4.36 |Intestinal tasenliasis.
11 |11.30] 11.25 {10.20 | 9.90 fall -- Fibrositis.
12 {11.70] 11.00 {11.55 [10.80 fall -- Healthy male.
13 112.25] 12.80 }12.20 |11.85 0.55| 4.64 |Infective hepatitis,
14 | 13.85] 15.40 {15,60 |15.30 1.55 (10,01 [Infectlive hepatitis.
15 | 13.65] 14.70 {14.60 [13.75 1.15| 8.48 |Infective hepatitils.
16 {11.20f 11.05 |10.70 |10.70 |fall - ? Lymphadenoma.
17 | 10.70| 10,45 }10,70 [10.85 fall - No adrenaline given.
18 [ 14.80) 14.60 |14.45 }14.15 |fall - No adrensaline given.
0.73| 5.53

Average (excluding 11, 12, 16-18)

Unusual results occurred in Cases 11, 12 and 16,

in whom the highest haemoglobin levels occurred 1in the

first sample of blood withdrawn, though a fall occurred

later.

first

Blood pressure readings were obtained in the

six patients.

Variations amounting in some cases

to 5 mm. Hg. were noted but they had no relation to the

injection of adrenaline, or to the changes in haemoglobin.

DISCUSSION.

Although it has been suggested that the spleen

in man may behave as an elastic, rather than as a

miscular, organ (Ravenna, 1940), there is evidence that,
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in its function as a blood reservoir, it acts like the
enimel spleen, and that in men also, exercise and
excltement may cause a rlse in haemoglobin concentration
in the peripheral blood.

Ferrari (1897) was probably the first to study
the influence of excitement on the blood count 1n the
human subject. In his observations on students at an
examination he recorded an increase in red cells amounting
to about 10 per cent. The original observations of
Barcroft and his associates (1922) were made on heslthy
adults, and the haemoglobin changes in relation to
exercise recorded by Short (1935) were part of a clinical
study.

The effect of adrenaline on the size of the
spleen in manlﬁas observed by Ravenna (1940), and by
Watson and Pailne (1943). Contraction of the spleen
occurred, and red cell levels increased in the blood of
the splenic vein. Again in men, a rise in red cell count
of about 20'per cent. occurred in two individusls 10-20
minutes after the administration of adrensline; but no
significant change occurred in two patients whose spleens
hed previously been removed (Benhemou, Jude & Marchioni,
1929).

The average rise in haemoglobin of 5.53 per
cent. observed in the present study fells far short of

the aversage rise of 20 per cent. recorded in animals
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(Izquierdo & Cannon, 1928) and slso of the rise of 20
per cent. recorded by Benhemou, Jude and Marchioni (1929)
in man. Nevertheless, the rise is sufficiently great

to indicate that adrenaline in man may cause the addition
of a significant number of red cells to the circulsasting
blood. The investigation does not prove conclusively
thet excitement would have a similar effect, but by
analogy from the experimental and clinical work already
reviewed, the possibility cannot be doubted. Indeed, the
unﬁsual response noted iIn Cases 11, 12 and 16, and the
changes in those given only saline, may be explalned on
this basis alone.

The failure to demonstrate any significant
blood pressure response is not surprising in view of the
small dose of asdrenaline used. The threshold for con-
traction of the spleen 1s lower than that for chenges in
arterial pressure (Hoskins & Gunning, 1917: Hargls &

SUMMARY AND CONCLUSIONS.

It 1s evident that the spleen in man and
animals has a significant function as a reservoir from
which red cells, present in concentrated form, may be
discharged into the circulation when the need arlses.
Among the conditions’causing splenic contraction and
peripheral haemoconcentration are excitement and the

administration of adrenaline and related drugs. From

" observations recorded in the past on the effects of
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these drugs, it appears that haemoconcentration may be
produced without significant alterations in arterial
blood pressure. The results of the present lnvestigation
support this view. '

An investigatlon on the effect of 1 mg.
adrenaline hydrochloride in patlents suffering from

hepatic and splenlc disease, and 2l1so in relatively healthy

individusals, has shown that a rise in haemoglobin of as

much as 10 per cent. may result. The average variastion
is greaster than the normal diurnal variastion already recorded.

It seems possible that excitement 1in the

anticipation of venepuncture may contribute to the observed

normal variastions in haemoglobin. It seems highly probable
that the excltement following a burn may cause mild degrees
of haemoconcentration. In some cases this may be assoclated
with a rise in blood pressure.

Reference has been made to the effects of various
anaesthetics on the spleen and on red cell levels 1in the
peripheral blood. These effects are of great importance

in the assessment of blood changes followipg burns in

_animels under deep anaesthesla with one or more of the

anaesthetics already mentioned.

- . - -
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CHAPTER III

THE QUANTITATIVE ESTIMATION OF SALINE FRAGILITY,

' INTRODUCTION.

The lytic effect of hypotonic sglt solutions
hgs been used aes a diggnostic procedure in haematology
for many years, but it 1s only within comparatively
recent times that the test has been subject to careful
investigation. The more popular methods indicéte only
the concentration in which lysis begins, and that in
which 1t is complete. No sccount is taken of variations
in resistance to lysls exhibited by different portions
of the red cell population. The phenomenon of partial
haemolysis in the intermediste concentrations of the
salt 1s ignored.

The slgnlificance of partial haemolysis has
been debated, but the available evidence indicates that
it is due to complete destruction of a proportion of the
red cells, the rest remaining intact. There 1s no
evidence that it 1s due to partial liberation of haemo-
globin from all the cells (Koopman & Falker, 1936).

This concept 1s of great importance. It means that an

accurate quantitative estimation of hgemolysis, throughout
a sultable range of salt solutions, will detect undue
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fragility of a small number of corpuscles in a sample
of blood in which most of the cells exhibit normal
freglllity. Such a test is of great value in fhe invest-
igation of fragility in relation to the blood changeé
which follow severe burns. In such cases a proportion
of the clrculaeting cells méy be rendered unduly fragile,
due to exposure to abnormsl temperatures.

The method of quantitative estimation of
erythrocyte fragility which has formed the basis of all
subsequent work was devised by Simmel (1923). He used a
mixture of salts simlilar to those found in blood serum,
and with an(equal osmotic pressure. From this solution
he prepared various dllutlons, to each of which was added
caplllary blood in the proportion of 1:200. Red cell
pipettes were used, and by relating the red cell counts
obtailned with the various hypotonic solutions to the
normal red cell count made in the usual manner, he was
able to prepare a graph 1llustrsting quantitatively the
complete range of hesemolysis occurring in the different
solutions.

Simmel's method was adopted with little
modification by Leake and Pratt (1925), and by Waugh and

Chase (1928), but in a detalled study of saline fragility,
Whitby and Hynes (1935) used pure sodium chloride instead
of the mixture of salts. They regarded the létter as

unnecessary on the grounds that the test cannot, under
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eny circumstances, be compared with the influences likely
to affect the red cells in the circulation. Subsequent
work has been conflned almost entirely to the use of
sodium chloride, though sodium sulphate has also been
employed (Lepeschkin, 1932).

Various methods have been sdopted 1n estimating
the amount of hsemolysis in the different solutions.
Leake and Pratt (1925), Waugh and Chase (1928), and Whitby
and Hynes (1935) performed red cell counts according to
the method of Simmel (1923). Satisfactory results have
also been obtalned by comparing the amount of haemolysis
'against standards representing 10-90 per cent. haemolysis,
prepared from each semple of blood tested (Vaughen, 1937:
Creed, 1938: Dacle & Vaughan, 1938: Dacle, 1941 & 1943).
Photoelectric methods were used by Hunter (1940).
Lepeschkin (1932) employed a tedious and much less accurate
method involving the dilution technique popular in haemo-
globinometry. The height of the column of packed red
cells obtained by centrifuging the blood-saline mixture,
wes used by Beebe and Hanley (1936) aend by Guest and Wing
(1939), but the results were influenced by alterations in
corpuscular volume. Such a method cannot be considered
satisfactory.

The development of gccurate methods has
stimulated investigation of the factors influencling the

results. Whitby and Hynes (1935) found that arterial
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blood was less fragile than venous, and that the fragility
of caplllary samples occupied an intermediaste position.
They suggested that the differences were related to yhe
degree of oxygenation of the blood, and showed that
sagturation with carbon dloxide csasused a great increase in
fragility. Creed (1938) confirmed these findings and.
observed that aerastion of a sample of blood initially
with a low oxygen content, reduced its fragility to a
constant level. Dacie and Vaughan (1938) in discussing
the measurement and significance of erythrocyte fragility,
recognise two types of factor influencing the results,
intrinsic and extrinsic. In the former group are the
shape of the celliand its chemical compositions in the
latter, the oxygen and carbon dioxide content of the blood,
the temperature end pH of the haemolytic solution, and the
concentration of the red cells, The emount of plasma is
glso an importgnt factor, because 1n proportion to 1ts
effect 1n ralsing the osmotic pressure of the sgline, it
protects the red cells from lysis. For this reason, it
has been suggested thet washed red cells should always be
used unless the plasma is sufficiently diluted to
eliminste the protective factor (Whitby & Britton, 1937b).
On the other hand, unless the pH of the solutions is
accurately controlled, the buffer action of the plasma

is an sctual advantege, and whole blood 1s to be preferred

(Creed, 1938). Under these circumstances, a correction
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may require to be made for the rise in osmotic pressure
produced when an unusual gmount of plasma is added, as
may occur in the use of anaemic blood. The addition to
the saline solutions of "double or treble the quantity
of blood ... in very severe anaemias" suggested by Waugh
and Chase (1928) may so reduce the apparent fragility of
the red cells as to render the results almost useless.

A much more satisfactory procedure 1is to edjust the red
cell:plasma ratio to about 45:55 by removing an appropriate
amount of plasma after sedimentation of the red cells has
been hastened by gentle centrifugation.

In view of the many and varigble factors which
ﬁay influence the results obtalned from the estimation of
seline fraglility, it 1s essentisl in any investigsastion to
indicate not only the method used but also the results to
be expected in normal clrcumstances. In Part II., of the
present work, the estimation of saline fregility provides
much informsastion on the changes in the red cells following
severe burns. In consequence a preliminary conslderation
of the methods used, and of the range of normsl values

obtained, 1s of great importance.
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I, THE ESTIMATION OF SALINE FRAGILITY,

THE METHOD OF ESTIMATION,

Venous blood was used throughout the invest-
igetions recorded here, samples being obtained in the
menner already described (p.20). Prior to sampling,
thorough mixing was ensured by sgitation in an automatic
shaker. This served also to re-oxygenate the blood, which
was removed under conditions of venous stasis.

The varilous dillutions of saline used in this
test were prepared as stock solutions from sodium chloride
of enslyticel purity, and checked by titration. The range
of strengths employed varied from 0,24 per cent. to 0.72
per cent. NaCl, by steps of 0.02 per cent. Flve ml, of
the respective saline solutions were sdded to a series of
centrifuge tubes, and then, to each of these was added, by
mesns of a microburette with a ground and vaselined tip,
an equal volume of blood (0,10 ml.). A similer emount of
blood at the beglnning, and agaln at the end, of the
manipulation was added to 10 ml. distlilled water to provide
standerds equiValent'to 50 per cent. haemolysis. The
contents of the tubes were mixed by inversion, and allowed
to stand not less than 15 minutes at‘20°C., and not more
than 2 hours at 20°C., or 24 hours at 0°C. The tubes
were then centrifuged, and the supernatant solutions

compared with the standards in a Duboscq colorimeter.
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Comperison of the two standards revealed that,
in the short time taken to add the blood to the saline
solutions, no appreciable error occurred due to red cell
sedimentation in the burette.

This method of estimaetion of fragility is the
one to which reference 1s made below in considering
normal vglues for fregility, and the changes which occur
in relstion to burns. The conditions of the test have
been based on investigations on the factors which may
influence the results. These factors are discussed in a
later section.

THE METHOD OF RECORDING THE RESULTS.

The results are recorded graphically by
plotting the degree of haemolysis (as a percentage of
complete lysis) against the concentration of the sodium
chloride used (Figs.9a-9d). From the graphs, the
concentrations of the salt in which lysis begins, and in
which it is complete, can be seen st a glance., = The
concentration of the sslt in which 50 per cent. haemolysis
occurs caﬁ be readily obtalned by interpolation. Thils
value is termed the Median Corpuscular Fragility (M.C.F.).
FACTORS INFLUENCING THE RESULTS. |

Apart from the intrinsic factors (Daéie &
Vaughan, 1938) there are numerous factors which influence
the results of the fragility test. It 1s evident from the
work of Whitby and Hynes (1935); and of Creed (1938), that
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the proportion of blood to saline should be kept constant.
In the present study this proportion was maintained at
1:50. Under these circumstasnces the amount of plasma
added with the blood is sufficient to have some buffer
effect without unduly adding to the osmotic pressure of
the saline unless the blood 1s very anaemic. No attempt
was made to adjust the pH of the solutions used.

The Effect of Delay in Setting up the Blood-Saline Mixtures.

It 1s important to know how long a sample of
blood may remain either at room temperature (20°C.), or at
0°C. , before a significant alteration in fragility occurs.

In the course of many fragility estimetions no
significant slteration hsas been fbund to occur if the
blood 1s left for three hours at 20°C.,, but delay of
longer duration results in a variagble but frequently
significent increase in fregility.

In investigating some of these changes & complete
fragllity curve was unnecessary, and the amount of haem-
olysis in 0.4 per cent. sodium chloride was determined
photoelectrically. In this estimation, 0.100 ml. of whole
blood or of a suspension of washed red cells in 0.85 per
cent. saline, wss added to 5.0 ml. of 0.4 per cent. ssline
in g centrifuge tube. The mixture was allowed to stand
at 20°C. for 15-20 minutes, and then centrifuged. The
haemoglobin content of the supernatant fluid was estimated

photoelectricsally in Colorimeter‘No. 2 and compared with
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the haemoglobin content of the whole blood or red cell
suspension estimgted in the usual manner.

The increase in fragility which may occur ir
blood 1is left at 20°C. for 24 hours is shown in Table XII.
The first 8 estimetions were made by the photoelectric
method Jjust described, and the lsst 6 were derived from
the complete curves obtained by the standard method (p.60).
From these curves it 1s also possible to record the
varigtions in M.C.F. caused by the delay in the estimations.

TABLE XII.

Alterations in the Frggility of Red Cells sllowed to
remaln at 20°C. for 24 hours.

% Lysis in 0. 4% NaCl. M. C.F. - % NaCl.
Spec. | Imme-~ After In- Imme- After In-
No. diate | 24 hours |crease | diate |24 hours | crease

1 56.5 67.8 11.3 - - -

2 76. 4 77.0 0. 6 - - -

3 77.5 78.5 1.0 - - -

4 51.7 67.0 15.3 - - -

5 58. 3 68. 7 10. 4 - - -

6 75.5 74.6 0.9 - - -

7 53.6 69. 3 13. 7 - - -

8 73,2 78.5 5.3 - - -

9 31.0 43.0 12.0 0. 372 0. 386 0. 014
10 31.0 44,0 13.0 | 0.374 0. 390 0. 016
11 85.0 85. 0 0.0 0. 434 0. 460 0. 026
12 84.0 86. 0 2.0 0, 434 0. 452 0. 018
13 52. 0 75.0 23.0 0. 426 0. 430 0. 004
14 74.0 76. 0 2.0 || 0.402 0. 428 0. 026

It is evident that delay of 24 hours at 20°C.

may increase the lysis occurring in 0.4 per cent. saline
by 15 per cent., and the M.C.F.'by 0.026 per cent. It is
of interest that the increase in fragility 1s not equal
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throughout the whole curve, and the samples showing the
greatest increasse in lysis in 0.4 per cent. NaCl do not
necessarily show fhe greatest incregse in M.C.PF.

These glterstions are very significant in view
of the small varistions in normal fregility during the
day, and from one day to the next, and although less change
occurs 1if the blood is kept at 0°C., it is essential to
perform the estimation within a few hours, and it is
preferable to do so immedistely, after withdrawal of the
blood. |

The Effect of Delay in Reading the Results.

Although the blood-saline mixtures should be.
prepared with the minimum delay, it 1s not necessary to
complete the test at once. Haemolysis in hypotonic saline
occurs within a few minutes, and even at 20°C. the
mixtures may be left for 6 hours without risk of further
lysis. If kept at 0°C. for 24 hours no alteration in -
the fragility hss been observed even in samples.of bléod.
removed soon sfter iInjury in patlents severely burned.

The Effect of the Anticoagulant.

Throughout the investigations recorded here,
heparin was used as the antlicosgulant. There 1is no
evidence that it affects red cell fragility, and the
results obtained with Wintrobe's oxalate mixture (Whitby
& Britton, 1937c¢), have been found to be identical.
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II. QUANTITATIVE ERYTHROCYTE.FRAGILITY IN HEALTHY ADULTS,

METHOD OF INVESTIGATION.

- The values obtained in heglth form a satisfactory
bésié_for the assessment of the phanges related to severe
burns, if the saﬁe methods are used throughout the
investigation. Therefore,'in the presént study, as in
that described later in relation té burns, the method used
in the estimgtionkof fraglility was that alréady described
(p.60). |

The normsl adults comprising the present series
of cases, were heaslthy blood donors. The samples 6f blood
were obtained at the evening Session of the Blood
Transfusioﬁ Service, between 5.30 and 7. 30 p.m. The first
5 ml. of blood flowing from the vein at the process ofv‘
bleeding was éollected.in.a heparinized test-tube, and the
fragility estimation was performed without delsy. Haemo-
globin and hgematocrit levels were estimated on each
sample; all were within normal limits.

RESULTS.

The results in 32 healthy individuals are shown
graphically in Figure 9, and the values for the M. C.F.
obtained from these gresphs are recorded in Table XIIT.

The shape of the curve shows slight variation
in the different individuals, but the general configuration
is very similar throughout. Slight difficulty has

frequently been experienced in recording the point at which
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complete lysis occurs, but there has never been any
doubt as to the toe of the curve in samples from normal

- persons. This 1s of importance in that after severe burns,
the fragility curve may show persistent haemolysis st a
level unchanged throughout the concentrations of saline
above a certain strength. The significance of this 1is

discussed later.

TABLE XIII.
Erythrocyte Fragility in 32 Healthy Adults.
Case | M. C. F, |Lysis Lysis Case | M,C.F, | Lysls Lysis
No. | NaC1l%. |Begins |[Complete No. | NaCl%. | Begins [Complete
1l 0. 374 0. 44 0. 28 17 0. 386 0. 44 0. 32
2 0. 416 0. 46 0. 34 18 0. 362 0. 42 0. 28
S 0. 434 0. 48 0. 34 19 0. 368 0.42 0. 28
4 0. 432 0. 48 0. 34 20 0. 362 0. 42 0. 28
5 0. 406 0. 46 0. 30 21 0. 400 0. 46 0. 32
6 0. 424 0. 46 0. 32 22 0. 424 0. 48 0. 32
7 0. 408 0. 46 0. 34 23 0.414 0. 48 0. 34
8 0. 430 0. 48 0, 34 24 0,434 0. 48 0. 54
9 0. 406 0. 46 0. 32 25 0. 400 0. 46 0. 30
10 0. 430 0. 48 0. 32 26 0,414 0. 46 0. 30
11 0. 413 0. 46 0. 32 27 0. 427 0. 48 0. 32
12 0. 404 0. 46 0. 30 28 0.404 0. 48 0. 32
13 0. 448 0. 50 0. 34 29 0. 410 0. 48 0. 34
14 0. 416 0. 46 0. 34 30 0. 386 0. 46 0..30
15 | 0,384 0. 44 0. 30 31 | 0.379 0. 42 0. 26
16 0. 410 0. 48 0. 34 32 0. 398 0. 44 0, 32

Minimum M.C.F. = 0.362%NaCl. Minimum fragility = 0. 42-0,26%NaCl.
Moximum M.C.F. = O.448%NaCl. Meximum fregility = 0.50-0.34%NaCl.

DISCUSSION.
The average fragility values obtalned in the

present series differ slightly from the results recorded

by other workers in this field. Differences in technique
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are probably responsible. In the study of 50 normal adults,
Whitby end Hynes (1935) found lysis commencing in 0. 45-0, 51

"per cent. saline, and from theilr graphs, it appears that
the M.C.F, was 0,405-0,445 per cent. NaCl. The normal
M.C.F. recorded by Creed (1938) was 0.36-0.40 per cent,
NaCl. Slightly lower values hsve g2lso beeh recorded by
Dacle and Vaughan (1938) and Dacle (1941). These differ-
ences are due, 1in great part, to differences in technique.
The lower values were obtained from venbus blood carefully
sersted before use, and iIn addition, the retio of blood to
saline wgs twice that used in the present series. The
wide range of normal values in different individuals
recorded by Leake and Pratt (1925) and by Waugh and Chase
(1928) were probably due to use of cegpillary blood and to
varlations in its oxygenation.

As far as can be agscertained, the results

presented here are in agreement with those obtained by

. other workers. More important is it that the normal range
of saline fragllity has been established for a method which
has been used to investigate the changes following severe

burns described in Pert II.
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ITI, NORMAL VARIATIONS IN ERYTHROCYTE FRAGILITY.

INTRODUCTION,

Much significance 1s attached to variations in
erythrocyte fregility following severe injuries due to
burning. It is therefore lmportant to have some normal
values with which these variations mey be compsasred. To
some extent, the desired informetion is supplied by the
range of velues occurring in healthy persons, but it is
also important to know how much varietion 1s likely to
occur during the day, and from one day to the next. The
foilowing invesﬁigation on the diurnel and dailly variastions
is therefore presented.

THE METHOD OF INVESTIGATION,

The test was performed in the manner described
(p.60). The curves of quantitative fragllity were very
similer to those shown in Figure 9, and only the variastions
in M.C.F. are illustrated graphicsally here (Figs. 10 & 11).
The individusals selected for the investigation
were those in whom normal veriations in haemoglobin were
being studied. Saline fragility and haemoglobin levels
were estimated on the same sample of blood. Diurnal
variations in fragility were estlmated in Cases 1-3
(Teble IX, p.40) and daily variations in Cases 1l-4
(Table VII, p.38).

RESULTB,
The curves of the estimatlons of fragility
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ere not shown, but the values for the M C.F. obtained

from them by ihterpolation, are recorded in Tables XIV

end XV,
TABLE XIV.
Diurnal Varietions in Median Corpuscular Fragility.
Case 3-hourly M.C.F. values. Maxinmum
No. |9 aem. {12 m.d. | 3 pem. | 6 p.m. | variagtion
1 [0.381 | 0,379 | 0,378 | 0,376 0. 005
2 (0,398 | 0,398 | 0,407 | O, 386 0. 021
3 | 0.392 | 0,387 | 0.400 | 0,394 0. 013
TABLE XV,
Dally Variations in Medlan Corpuscular Fragility.
) Case Doily M.C.F., values. Meximm
No. 1 2 3 4 variation
1 |0.,431 | 0.435 | 0,435 | 0,432 0. 004
2 10,432 | 0,427 | 0,428 | 0,424 0. 008
3 [0.418 | 0,419 | O.424 | 0,420 0. 006
4 |0, 377 | 0.380 | 0,374 | 0,376 0. 006

The varistions in M.C.F. sare very small. The
gregter change noted 1in the diurnsl figures is of doubtful
significance in such a2 small series. It may be a chance
occurrence due fo slight varigations in oxygenatioh. A
slightly greater delay in performing the tests may also
have operéfed in Increasing the values.

Reference to these normal varigtions in fragility
will agein be mede when the cheanges 6ccurring in relation

to burns sre discussed.
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CHAPTER I,

SECONDARY SHOCK IN BURNS.

I. INTRODUCTION: THE MORTALITY FROM BURNS.

Injuries due to burning have become a very great
social problem, the magnitude of which 1s well illustrated
by the mortality figures recorded in Britaln and the
United States of America (Table I).*

TABLE I.
The mortallity from Burns in Britaln and Americas.
Scotland | England & United States
1937. Wales, 1937. 1939,
Population. 4,976,610 | 41,031,000 128,000,000
Deaths from burns. 256 1,318 6,240
Death rate per million. 51 32 49

In Glasgow the problem 1s no less serious. The
progressive incresse in the numbers of cases of burns
admitted to hospital in Glasgow over a period of 100 years
has been shown clearly by Dunbar (1934). It is probable,

a8 Dunbar himself suggests, that part of this increase

* Flgures for Britain obtained from the Report of the
Registrer Genersl, 1937.

Figures for United States of America obtained from the
United States Bureau Vital Statistics Special Report, 1939,
7277 (McClure, 1939).




was due to a greaster 1liability or inclination of burned
pstlients to be treated in hospital in the latter part of
the period surveyed, but this can hardly be the only factor
concerned. Thus at the beglnning of the period, in the
decade 1833-1842, the maximum number of cases admitted to
the Glasgow Royal Infirmary in 12 months was about 80. At
that time the Royal Infirmary was the only Glasgow hospital
to which patients with burns were admitted. In the last
decade considered by Dunbar, 1923-1932, a level of about

320 admissions in 12 months was reached, in spite of the
fact that by this time two other large voluntary hospitals,
and also the Royal Hospital for Sick Children, were treating
these injuries. The figures obtained from the records of
the Royal Infirmary for the next decade, 1933-1942, reveal
an average annuai admission rate of 266 cases, and an
average annusal death rate of 13.1 per cent. of the admlssions.
(Table II).

The increasing numbers of burns noted by Dunbar,
together with these more recent figures, indicate the
importance of the problem. Close inspection of the
avallable evidence suggests that there is every prospect
of maintenance of these high figures (Brown, Lewis-Faning
& Whittet, 1945). This being so, it is of the utmost
importance that an understanding should be sought as to the
cause of death in burns. Only with this understanding

can there be any prospect of rational and effective treatment.



72.

TABLE 11,

The Mortelity in Admissions to the Burns Unit, Glasgow
Royel Infirmary: 1933-1942.

Year. Admissions. Deaths. Mortality %.
1933 : 269 37 13.8
1934 261 46 17,7
1935 327 27 8.3
1936 320 43 13.4
1937 227 33 14.5
1938 256 29 11.3
1939 208 24 11.5
1940 263 ' 29 11.0
1941 244 47 18.3
1942 283 37 13.1
Totsal. 2,658 352 13.1

II, THE CAUSE OF DEATH IN BURNS - BURNS SHOCK.

INTRODUCTION.

The great majority of deaths from burns occur
within a short time of injury. In a series of 1,200 cases
admitted to the Burns Unit of the Glasgow Royal Infirmary,
about half the deaths occurred during the first 24 hours,
and almost three-quarters occurred within the first 3 days
(Gibson & Brown, 1944). It is a finding upon which there
is general agreement, that deasth occurs after a variable
period during which the patient presents a train of signs

and symptoms to which the term "burns shock" has been applied.*

* Throughout this volume, the term "burns shock" is used to
indicate this clinicel syndrome, and the term "shock period"
is applied to the period during which this syndrome tends

to appear, i.e. - the first 2-3 days after the burn.



The clinical picture of shock 1s universally so
well known that a full description is unnecesssary here, but
some features of burns shock are of special interest in
relstlion Eo haematological changes. Even with severe burns,
patients may have little pain: they may remain alert and
rational with almost no genersl upset, until within half
an hour of death. With the onset of stupor or coma, a
rising temperature is a common feasture, and in several cases
temperstures of 106-108°F. have been recorded. A constant
feature of burns involving more than 10 per cent. of the
. body surface 1s thirst, which 1s often very severe. The
slgnificance of hyperpyrexia and thirst in relation to
circulatory changes and to alterations in fluid balance 1s
considered in later chapters.

BLOOD CHANGES AND SHOCK.

Introduction.

A vast amount of literature has accumulated on
the subject of burns shock, but it 1s only within
comparetively recent years that an explanation has been
sought on a factual basis. The first post-mortem
examinations reported on fatal cases of burns were carried
out by Cumin of Glasgow in 1823. In a study of flve cases,
he noted extreme congestion of the abdominal and thoracic
viscera, snd small haemorrhagic aress on the pleura,
peritoneum and meninges. There was nothing which could be

regerded as peculiar to this type of injury, and nothing
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to indicate the fundamental csguse of death.

Later in the nineteenth century a more definite
attempt was made to explain the cause of death following
severe burns. Changes in the blood formed the basis of
most of the theories at thils time, and it seems probable
that they owed thelr origin primarily to the observations
of Baraduc (1862). He was the first to report the associstion
of increased blood viscoslty, which he attributed to loss
of serum found in the blisters.

Ponfick (1867-1883) regerded red cell destruction
as of greater etiological significance in burns shock.

This view was supported by von Lesser (1880), but opposed
by Klebs (1877), and by Tappeiner (1881), both of whom
considered the chenges in the circulation to be of much
greater importance. Hoppe-Seyler (1881) criticised both
the work end the conclusions of von Lesser. He falled to
find sufficient changes in the red cells to account for
death, and favoured the belief that the responsible factor
was absorption of toxic products from the burned tissues.

Silberman (1890) amplified the hypothesis of
Baraduc by postulating a sequence of events beginning with
transudation of fluid from the blood-stream and haemo-
concentration, and ending with the death of the patient.

He thought that the concentration of the blood resulted
in capillery stasis and diletaetion, with thrombosls, leading

to embarrassment of ventricular action and "arterial anaemie."
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Capillary thrombosis was given greater prominence
as an etiological factor in burn shéck by Markusfeld and
Stéinhans (1895)., Continuing the observations of Schultze
(1865) on the effect of heat (51-52°C.) on red cells in
vitro, they found that similer changes occurred in the
experimental animal. These morphologicgl changes were
followed, they said, by chemical changes leading to
thrombosis. That the red cell changes do occur 1s fully
corroborated by the present investigation. But the sugges-
tion that thrombosls occurred in the vessels at a stage
sufficiently early in the shock period for it to be regarded
as of etiological significance, was so poorly substantiated
by Markusfeld and Steinhgus that the conclusions of these
authors must be accepted with reserve. Subsequent work on -
the pathology of shock in burns has not lent support to
their statement.

From time to time thereafter, fresh attempts were
made to explain burns shock. Vasomotor parselysis and
cardiac fellure, due to excessive stimulation of peripheral
nerves by injury, pein, fear, anxiety or infection, was the
mechanism favoured by Crile (1903, 1923), but the investi-
gations of Porter and his colleagues showed very clearly
that such a theory was not in accordance with fact. In the
first place, the effect of afferent impulses on the vaso-
motor centre was shown to be as great whether the blood

pressure was normal, or as low as 25 mm. Hg., (Porter, 1907-8).
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In addition, it was found Iimpossible to produce fatigue

of the vasomotor centre.and a fall in blood pressure by
stimilation of efferent nerves (Porter, Marks & Swift,
1907-8)., Finally it was concluded that the centre was
neither fatigued nor inhibited in shock (Porter & Quinby,
1907-8). The findings of Henderson (1908-9, described
below), and of Mann (1914), supported this conclusion.

The lstter found that stimulation of a mixed nerve, or
esphyxia, caused a rise in blood pressure even in the
presence of sn extreme degree of shock, and maintained that,
far from being fatigued or inhiblted, the centre was most
resistant and actually in a very active state, since the
peripheral arterioles were constricted until the late stages.
Erlanger, Gesell and Gasser (1919) supported these views,
and concluded that the initlal changes could best be
explained by a reduction in the volume of the circulating
blood, and that terminal failure of vasomotor tone was the
result, and not the cguse, of the low blood pressure.

The concept that the circulatory failure of shock
results from inadequate venous return to the heart and not
frpﬁ vasomotor exhsustion or inhibition, is due in great
part to the work of Henderson (1908-9). He showed that
during a more or less prolonged period which always preceded
the shock stage, the arterial pressure was maintained at a
normal level in spite of diminishing venous return to the

right suricle and reduced diastolic filling. Administration
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of saline intravenously immediately restored normal
conditions, but without this infusion, diastolic filling

of the ventricles diminished progressively, and the output
of the heart suffered in consequence. Finally, when the
arterial blood flow had fallen to about 30 per cent. of
normsal, arterial pressure fell rapidly. No failure of the
vasomotor centre could thus be postulated. On the contrary,
the fact that the blood pressure was maintained in spite of
a diminished cardiac output demonstrated that the centre
was in a state of extreme sgctivity.

While subsequent evidence has supported this
concept to a degree which may be regarded as conclusive,
Henderson's vlews on the cause of the inadequate venous
return met with much opposition. He believed that 1t was
due to failure of the venopressor mechanism: that this
failure was due to deficiency of carbon dioxide in the
blood and tlssues: and that the deficiency was caused by
hyperventilation. Subsequent work, and also careful
¢clinicel observation héve, however, shown thet shock
frequently occurs in the absence of hyperventlilation, and
it seems more probable that acapnia is the result and not
the cause of the circulatory failure. More recently
Henderson (1930) advanced the theory that failure of the
venopressor mechanism in shock was due to diminlshed tonse.
In skeletsl and visceral muscles, particularly in the

diaphragm. He believed that the intramuscular pressure
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was an important factor in promoting return of blood to

the heart, and that the tone of the muscles of respiration
was particularly important in this respect. His view was
thet, in shock, depression of general muscle tone resulted
in stagnetion of the blood in the peripheral vessels, and
circulatory failure. He did not explain the loss of

muscle tone, nor did he present any evidence in support

of his theory. The low intramusculsr pressure which he
found may well have been a result, and not a cause, of shock.
Hgemoconcentrgtion and Capillary Permeabiliﬁx.

A great edvance 1n the investigation on the
etiology of secondary shock was provided by Keilth's
contribution to the Special Investigation on Surglicel Shock
end Allied Conditions (1919) under the auspices of the
'Medical Research Council. Using the method of Keith,
Rowntree and Geraghty (1915) for the estimstion of blood
volume, he showed that reduction of blood volume and of
plasma volume was an important and striking feature of wound
shock; thet the degree of reduction was related to the
severity of the shock; and that recovery was assoclated
with gn increasse of bloodlvolume. On this basis he regarded
the administration of fluild to meintain the volume as the
essential basis of treatment. Keith's findings were con-
firmed experimentally by Gasser, Meek and Erlanger (1919).

Attention was directed more specifically to the

circulatory changes in burns shock by the work of Underhill,
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Carrington, Kapsinow and Pack (1923). In the intervening
years the observstions of Baraduc (1862) and of Silberman
(1890) had been ignored or forgotten, and Underhill and
his colleagues were the flrst to stress anew the changes
in the red cell:plasma ratio (haemoconcentration) which
occur in cases severely burned. This change appeared to
vary with the severlty of the burn, and haemoglobin values
nearly twice normal wepb recorded in some 1nstances.
Further investigation on the effects of super-
ficial burns (Underhill, Kapsinow & Fisk, 1930a) demon-
strated that when a rabbit received a superficisl burn,
subcutaneous oedema was produced, asnd that its production
was assoclated with marked haemoconcentrstion. The develop-
ment of the oedema was rapid, reaching a maximum after
approximately 24 hours. Reabsorption was slow, being
completed only at the end of 5-6 days. From a study of the
distribution of dyes in experimental burns, the same authors
(1930b) showed that substances which normally do not pass
the capillery wall, appeared in the oedema fluid., Support
was thus lent to thelr view that haemoconcentration after
burning is due to loss of fluid from the blood through
caepillaries, the permeability of which has been increased.
Continuing their investigstions they showed (Underhill,
Fisk & Kapsinow, 1930) that a superficigl burn involving
approximately a sixth of the bodj surface, induced within

6 hours a significent loss of fluid from the blood in the
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form of subcutaneous oedema. The fluid reached its
maximum esccumulation iIn the first 24-36 hours, after which
it was gradusally absorbed. It was then shown (Underhill

& Fisk, 1930) that the oedema fluid was identical with
plasme in composition. This observation was found by
McIver (1933) to apply also to man.

The concept was thus definitely established that
after superficial burns s gregt increase in permeablility
occurs in the caplillaries in the reglion of the injury;
that the increased permeability allows the escape from the
blood stream into the tissues of fluid iIndistinguishable
from plasma in composition; and that the resulting dimin-
ution in blood volume reduces the venous return to the
heart, and produces the sequence of effects filrst postulated
by Henderson.

This view has remained unshaken to the present
time, and it has been of immense practicsl value since 1t
has provided a sagtisfactory basis for rational treatment -
treatment directed to the malntenance of the blood volume,

a subject which will be discussed in a later chapter. There
have, however, been differences of opinion on several points
related to this theory. Although there has been general
agreement that a great increase in capillary permeabillity

| occurs in the region of the burn, it is not generally agreed
that the vascular defect is confined to this site.

Underhill (1930), and Blalock (1934), for example, belleve
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that it is so, but Moon (1938, 1942) is of the opinion
that there 1s a more general and widespread increase in
capillary permeability. This question 1s considered more
fully in a later chapter.

The Rate and Magnitude of Fluid Loss.

A matter of great importance is the rate at which
fluld loss may be expected to occur into the tissues. It
was shown experimentally (Underhill, Kapsinow & Fisk, 1930a:
Underhill, Fisk & Kepsinow, 1930) that significant loss
occurred within 6 hours: that tissue oedema was maximum
24-36 hours after Injury: and that sbsorption was slow,
being complete in 5-6 days. Blalock (1931) and Beard and
Blalock (1931) observed an accumulaetion of fluid in the
burned area smounting to an average of 57 per cent. of the
total plasma volume, and stated that the passage of fluld
into the tissues continued to the 40th hour. Elkinton,
Wolff and Lee (1940) corroborated this statement by
reporting that the capillary walls recovered their tone in
gbout 40 hours after the injury. Harkins (1934) showed,
in animels under barbital anasesthesia, that ebout 50 per
cent. of the total plasms shift occurred in the first hour.
Keeley, Gibson and Pijoan (1939) also emphasised the
rapidity with which reduction of plasma volume occurred,
but did not carry their experiments beyond the l4th hour.

These findings were obtained experimentsally
using animals under the influence of an anaesthetic. In
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view of the fact that animals show little tendency to lose
fluild from the surfece of the body (Blalock & Duncan, 1942),
sand in view slso of the effect of anasesthetics on the blood
volume and hsemoconcentration, (Part I, p.47), there should
be some hesitation in applying such experimentel findings
to the problem of burns in man. Confirmastion should first
be sought from clinicel studies. Such confirmation has

not been forthcomlng from reports of observatlons in the
human subject, chliefly because patients are seldom admitted
to'hospital sufficiently soon after burning to permit the
study of early chenges. In addition, knowledge of blood
values before the injury is denied to the clinical worker,
who 1s thus deprived of very wvaluable informstion in the
estimation of changes in fluid balence. In the report of
Underhill, Carrington, Kapsinow and Pack (1923), although
the blood changes were investigeted in considerable detail,
observations were not begun until 3 p.m. on the day follow-
ing the accident. This means that at least 15 hours had
elapsed since burning. Tenery (1940), however, reports
from a clinicel study, the detalls of which heve not been
published, that half the heemoconcentration to be expected
occurred in the first 6 hours. Penberthy (1941) also found
that haemoconcentration was of rapid onset. One case showed
a haematocrit reasding of 70 per cent. at the end of the first

hour.
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Haemoconcentration and Capillary Permegbility in Relation

to Treatment.

Although the importance of the blood changes in
burns is almost universally appreciated, and the value of
therapy directed to the maintenance of the blood volume
generally accepted, insufficient stress has been 1laid on
the rgpidity with which the changes may take place. The
expected duratlon of the 1ncreased permeability of the
caplllaries has been almost universally ignored. Underhill
end his colleggues attributed the disappearance of haemo~
concentration, which occurred in their cases at the end of
20-40 hours, to the adminlstration of large emounts of fluld
by mouth. On the coﬁtrary, the results of this treatment
were not spectacular, and, with burns of the severity
described, there is no evidence that the development and
disappearance of haemoconcentration were affected by the
measures adopted.

In the light of evlidence on the duration of the
increase in capillary permesbility, it would be expected
that 1f adequate plasma transfﬁsion were given during the
first 48 hours, there should be little or no need for
further addition of fluld to the circulation to maintein
blood volume. Yet Strumia, Wagner and Monaghan (1940)
continued the administration of plasma to the 1lth day,
end Minot and Blalock (1940) to the 19th day.

It is evident that 1if the period of treatment
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requires to be prolonged to this extent, there is an
unexplalned discrepancy between the theoretical basis and
its practical gpplicgstion. The evidence presented in later
chapters will do much to dispel this confusion. There 1is
no clinical evidence that haemoconcentration progresses
beyond 72 hours after the iInjury in any pastient, treated

or untreated, and there 1s no justification for continuing
plasma Infusion beyond that short period, as far as the
maintenance of blood volume is concerned. Its value as a
source of protein in cases of severe burns cannot be stressed
toolhighly, but this i3 a matter which is not relevant to
the present discussion.

Summary.

It 1s evident that changes in the circulsting
blood have been recognised for almost ninety years. From
the beginning of the present century there has been a
growing reslisation that s significent reduction in the
circulating volume 1s of grest etiologiéal significance
in the production of the syndrome of secondary shock in
burns. The concentration of the blood must be regarded as
indicating, more or less accurately, loss of plasma into
the tissues, from vessels the permegbility of which has
been Increased.

Confusion still exists on many points in relation
to the causation of the state of shock. It 1s uncerteain

thet oligaemis is the sole factor, and seversal writers have



postulated the action of toxic substances absorbed from
the burned ares. Although there is undoubted evidence of
toxic absorption, it must be considered with full apprec-
lgtion of the magnitude of the circulatory changes which
follow serious burns.

In relaetion to the occurrence of oligsemia, 1t
is uncertaln whether the plaesma loss into the tissues 1is a
locel or a general phenomenon. Experimental work has
shown that under certaln conditions, the fluid loss is of
very rapid onset, and that a maximum increase in the
permeebllity of the capillarles 1s rapidly attalned. It
is not'clear whether these findings are applicable to man,
but the lmportance of problem in felation to transfusion
therapy demands 1its further investigafion.
BLOOD PRESSURE AND SHOCK.,

89.

It 1s generally accepted that a low blood pressure

is one of the characteristic fegtures of shock, and‘there
is a widespread belief that slterations in the level of
the blbod pressure provide an early indication of the
onset of this condition. On the other hand, from time to
time, attention has been directed to the occurrence of the
syndrome in the absence of a fall in blood préssure.

The belief that shock was due to vasomotor
paialysis and cardiasc fallure served a useful purpose in
stimilating investigation on the changes in the peripheral

vessels in this condition. The experiments of Porter and
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his colleagues showed that the vasomotor centre is neither
fatigued nor inhibited. Meltzer (1908) observed that
fatal experimental shock may not, at any stage, be
assoclagted with a very low blood pressure, and that a low
blood pressure may occur without shock. Further corrobor-
ation of the sgctivity of the vasomotor centre in shock was
presented by Henderson who demonstrated that the blood
pressure may be maintained, by a process of peripheral
vasoconstriction, until the blood flow falls to about

30 per cent. of normal. Moon (1934) reviewed additional
clinicel and experimental work indicating that changes in
the blood pressure are nelther the first nor the most
accurafe, criteria of shock. In a recent review (Leading
Article, Lancet, 1941) the need for frequent estimations
of the blood pressure 1ln cases in whom shock may develop
is stressed, but 1t 1s admitted that the circulation may
be poor in spite of a normal blood pressure. Keckwick,
Meycock, Marriott and Whitby (1941) reported that the

fall in blood pressure in heemorrhagic shock was proportional
to the severity of the injury, but observed that in extreme
exsanguination, compensatory vasoconstriction might
maintain the blood pressure at a deceptively high level,
especially in young subjects. More recently, and again in
the experimental animal, Olson and Necheles (1943) found
that a normal or even a high blood pressure may occur in

severe shock.
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Although these findings have been derived chiefly
from experimental work, they indicate very clearly the need
for an accurate assessment of the changes in blood pressure
in relation to shock., It 1s of the utmost importance to
discover whether a fell is an early indicetion of inciplent
shock, or whether it is a manifestation only of the
established condition, occurring when contraction of the
peripherel vessels can no longer compensate for the
diminished blood volume. Evidence obtalned from the study
of burns, and described in later chapters, indicates
clearly that in burns shock blood pressure reaedlngs may be
very misleading, and that normal or high levels may be
recorded irrespective of the nature of the burn or of the

ultimate issue.
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CHAPTER II.

INTRODUCTION TO THE STUDY OF BLOOD CHANGES AND BLOOD

PRESSURE IN RELATION TO BURNS SHOCK,

I. OBJECTS OF THE INVESTIGATION,

A systematlc enquiry has been made into the
verious blood changes 1n g large series of cases of burns.
In particular, it seemed desirable both to ascertain how
closely haemoconcentration was dependent on the extent
and severity of the burn, and to investigate the rate of
occurrence and the duration of this process. The information
so gained would be of great value in the correction, by
transfusion, of the changes in blood volume which occur soon
after burning. From the results of such a study a full
appreclation of the magnitude of the alterastions in fluld
balance occurring in severe burns would permit more accurate
assessment of other factors which have, from time to time,
been suggested as causes of shock in burns., Observations
on the results of maintenance of normal blood volume by
trensfusion of plesma should serve further to throw light
on this problem.

The need for accurste reassessment of the changes

in blood pressure in relation to shock has already been



discussed (p.85). It is important to discover the
relaetion between blood pressure and the development of
haemoconcentration, and to ascertaln how far the changes
in pressure can be relied upon as a gulde to prognosis

and treatment.

II, THE CLINICAL MATERIAL.

Only patients admitted to hospital have been
studled. They comprise a series of cases of both sexes,
with burns verylng in extent from 1 per cent. to 90 per
cent. of body surface (Berkow, 1924), and for descriptive
purposes they have been grouped as follows:-

Group I ... Burns involvin§ 1-5 per cent. of the body
surface. ‘
Group ITI ... Burns involving 6-15 per cent. of the body
} surface.
Group III ... Burns involving 16-30 per cent. of the
body surface.

Group IV ... Burns involving over 30 per cent. of the
body surface.

III. METHODS.
GENERAL CONSIDERATIONS.

Samples of blood were obtained by venepuncture in
almost all cases. Where results recorded were obtained,
instead, from capillary samples, attention is drawn to

this fact. For the withdrewal of blood from a veln, s

89.

* Por detalls of individusl cases cited in the text - i.e.
age, sex, site and degree of burning, ultimate fate, etc.
see Appendix (p. x.).
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dry sterile needle was used. The blood was collected in a
heparinized tube without the use of a syringe, temporary
stasis being induced. Examinations were made with the
least possible delay, almost always within an hour of
bleeding. An automatlc shaker was used prior to sampling.

In the great majority of cases haemoglobin
estimations, red cell counts and haematocrit determinations
were mede on the same sample of blood; in the remaining
patients, apart from those from whom only caplillary samples
were obtained, the red cell counts were omitted. In regard
to the assessment of hsemoconcentrstion or ansemla, there
was no significant difference between the values obtained
for red cell counts and haematocrit or hsemogloblin deter-
minations.

Except when specigl ressons to the contrary
exlst, throughout this study haemoglobln concentrations
have been charted. Preference has been given to haemoglobln
values, because they are the most accurate of the three
estimgtions.

In cases described here 1in which only caplllary
blood was obtained, estimation of haemoglobin was carried
out, or a capillary haematocrit tube was used.

HAEMOGLOBIN.,

At the beginning, the estimations in a few cases
were performed by the alkaline haematin method (Cohen and

Taylor, modified by Wuj; Peters and van Slyke, 1932),
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comparison being carried out in a Duboscqg colorimeter.
Almost all the results recorded here were obtained by the
use of the single cell photoelectric colorimeter (p.11),
using carboxyhaemogloblin as the pigment, and a Chance-
Watson green filter. Throughout the work, the same 10 ml.
pipette, delivering 9.998 ml. at 20°C., was used for 0.4
per cent. ammonia, to which was added 0.100 ml. of blood.
The seme apparatus was used in calibrating the instrument,
a normal blood of known oxygen capacity (van Slyke) being
obtained for this purpose.

In the case of capillary samples, 0.05 ml., of
blood was delivered directly from the skin puncture into
5 ml. of ammonie.

Throughout the investigation, the instrument
was checked against oxygen capacity, and by the insertion
of a neutrsgl screen, as described in Part I of this work.
No significant variation in sensitivity was found to occur.
In recording serial estimations on samples of venous blood,
differences of 0.2 gm. haemoglobin per cent. or more are
regarded as significant. The slmost perfect correlation
with oxygen capascity has elready been described (p.26).
HAEMATOCRIT.

[}

The packed cell volume was estimasted from a
sample of venous blood by use of the Wintrobe haematocrit

tube. When only capillary blood was available, a heparinized

teated capillary pipette was em ployed to transfer
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the blood from the needle puncture to the capillary
haemstocrit tube. An angle centrifuge was used, the
specimen belng spun at about 3,000 revolutions per minute
for 30 minutes.

BLOOD PRESSURE.

Blood pressure readings were obtained by use
of a mercurial sphygmomanometer in adults. An instrument
of the dial type and with special 2-in, cuff was used for
infents and children (Messrs. Down Bros., Ltd.). The
readings in this instrument were checked from time to

time ageinst the mercury menometer.

. -y G W n WS
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CHAPTER III

HAEMOCONCENTRATION AND SHOCK.

I. INTRODUCTION,

In attempting to assess the significance of
hsemoglobin levels in relation to burns, isolated
estimations are valueless, both because of lack of know-
ledge of the pre-burn level and on account of the wlde
range of values obtalned in gpparently healthy individuals.
The only possible exception to thls is the occurrence of a
value much above normal. Serial blood examinations are
necessary, and the times at which these should be made are
conditioned by the rate at which changes may be expected
to occur.

In the first part of thils report, changes in
haemoglobin concentration are regarded ass indicating
changes in plasma volume, a rising haemoglobin as indilc-
ating heemoconcentration due to loss of plasma. The
questions of inequality of distribution of red cells, and
of the addition of red cells to the circulation from
reservoirs such as the spleen, are discussed later. The
occurrence of haemolysis, and the excretion of haemoglobin

by the kidneys, are also factors which interfere with the
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assessment of changes in blood volume on the basis of
haemoglobin estimationss they are factors encountered
only in very severe and extensive burns.

In the shock period - i.e. in the first 72 hours
after burning - haemoconcentration may occur with consider-
gble rapidity and it may continue for a few hours or for
almost three days. At the end of thls variable period,
the red cell values begin to fall. In the severe cases
reported here, frequent blood samples were obtalned during
the first 48 hours, because they were necessary to control
the administration of serum or plasma. In the majority of
the milder cases, less frequent observations were made,
and in some 1t 1s impossible to demonstrate a rise 1in
hesemoglobin and hasemoconcentration. Often, however, a
definite fall on the second or third day Justified the
assumption that some degree of haemoconcentration had
probably occurred.

The blood velues obtained after the shock period
cannot be used to indicate the probable pre-burn levels

becsuse, as is shown later, these values may be subnormal.

IT. HAEMOCONCENTRATION -~ GROUP TI.

(Burns 0-5 per cent. of body surface).

MAGNITUDE OF HAEMOCONCENTRATION.

This group 1s represented by males of ages from

16 to 60 years. None was given transfusion and none
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developed symptoms of shock. In-the majority, a distinct
cycle of changes in haemOglobin level occurred durlng the
first week, but little glteration 1s recorded during the
first 72 hours (Fig. 1). These changes in .some cases are
regarded as beyond experimental error, but, since they do
not exceed the daily variations found in normsel subjects
(p. 36), they cannot be regafded as necessarily relsted to
the burn.

‘This absence of change in the first 72 hours, or
In the first week, is not representstive of the Group, for
in some ceses, in which paucity of readings during the
first 24 hours precluded thelr being considered at this
stage, mncp more obvious changes occurred during the first
week. Three examples of this are shown in Fig, 2. Case
No. 68 1is of special interest, in thet changes of the
magnitude seen here surpass those found in many patlents
much more extensively burned.

DURATION OF HAEMOCONCENTRATION,

In 811 the cegses in this Group, any tendency to
haemoconcentretion was seen during the first 12 hours and
a fall was gpparent by the second day.

BLOOD PRESSURE,

Of the patients in this Group, Case 67 (Fig. 1)
showed a blood pressure of 155/80 on admission at 3 hours
after burning. The systolic pressure rose to 160 mm. Hg.

at the fourth hour, snd by the ninth hour a slight fall

995,




had occurred (140/80). A final systolic level of 120-130
mm. Hg. was reached by the 21st hour, and was maintained
until the patient's discharge on the 9th day. In this
case, the rising blood pressure occurred during the phase
of haemoconcentration. In Case 65, though the initial
reading of 108/70 was well within normal 1limits, a final
systolic level of 95-102 mm. Hg. was resched at the 9th
hour and maintained till dismissal. Such a finding was
encountered in 211 groups. In Case 88 no significant
change in haemoglobin levels was recorded (Fig. 1)3 a
blood pressure of 118/80 at 1 hour after burning was
unchanged fifteen hours later.
SUMMARY.

In Group I, changes in blood levels probably

indicating slight haemoconcentretion occurred during the
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first 72 hours after burning. In the cases recorded, these

changes were closely similar, but the total megnitude of
the changes occurring in the first week bore little
relation to the extent of the burnj and it may be that the
chenges recorded here in the short period of the study are
not entirely representative of this Group.

Blood pressure readings above normal, both

ebsolutely and, in many cases, relatively, have been

encountered in the first few hours. The high blood pressure

may occur gt the same time as hsemoconcentration.
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ITI. HAEMOCONCENTRATION - GROUP II.

(Burns 6-15 per cent. of body surface).

- The majority of the cases to be described in
this Group are included to 1llustrate the chahges in
haemoglobin level immediatély following injurj. In some,
the blood pressure is correlasted with these changes, and
in & few only blood pressure readlngs are reported. No

case developed symptoms of shock.

MAGNITUDE OF HAEMOCONCENTRATION,

‘ In the study of haemoconcentrgtion, the cases
heve been divided into two groups - 5 patients who
received serum transfusion, and 6 who did not. The latter
will be considered first.

Reference to Fig. 3 reveals that the blood
chenges in Group II are more definite than those in
Group I. But the magnitude of the changes varies conslderably,
and the varistion is not related only to the extent of the
burn. In comparison with those 1in other cases, the changes
in Case 69 are conspicuous by their agbsence, in spite of
the extent of the burn, while relatively minor burns
(Cases 71 and 72) are associsted with very significant
haemoconcentration. Attention is agein drawn to Case 68
(Fig. 2) and to Case 69 (Fig. 3). In the latter, no change
occurred in haemoglobin levels durlng the 15 days following

the burn.

The chenges in haemoglobin levels in the shock
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