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streptococci were inoculated into separate broth cultures of
the staphylococcus which had been found to be most resistant
to gentian violet (one loopful of a 24-hour broth culture of
streptococcus was inoculated into 5 c.cm. of a 24-hour staphylo-
coccus broth culture). The culture medium in a number of
blood-agar plates was cut in two with a knife and two drops
of the various staphylococcus - streptococcus mixtures were
spread over one-half of a culture plate. The plates were then
divided in the opposite direction into quadrants, and or. to one
of the two quadrants which had been infected with a particular
bacterial mixture one drop (40 c.mm.) of 1 in 3.000 gentian
violet was placed and immediately spread over the plate. The
plates were then incubated for 24 hours, when it was found that
on the quadrant to which gentian violet was not applied there
was a sheet of staphylococcal growth, while on the gentian
violet quadrant there were no staphylococci, but well-grown
isolated colonies of haemolytic streptococcus numbering from
25 to 500. A typical plate is shown on the preceding page.
That the streptococci grew out in full numbers was shown

in some control plates which had been inoculated with the
same dilution of streptococci without any staphylococci and
without gentian violet.

Conclusion
These experiments show that by the simple method of

spreading a small quantity of gentian violet over half of the
culture plate of blood agar after it has been planted it is
possible to isolate a few streptococci from the midst of a
multitude of staphylococci, just as it has been shown to be if
the gentian violet is incorporated in the medium.
Whatever chemical is used with this technique it is necessary,

when spreading it over half the plate, to start where the
inoculum is lightest and proceed towards the heavier inoculum;
otherwise there may be so many resistant bacteria that a con-
fluent sheet of growth results.
We have three chemicals which can be used in this way with

great advantage in the clinical bacteriological laboratory. They
are penicillin, potassium tellurite, and gentian violet. The
following table shows the selective action of these substances:

Amount to be spread
Chemical over Half a Culture Bacteria inhibited Bacteria growing

Plate of Blood Agar freely

Penicillin 6 drops (about Staphylococci, Pfeiffer's bacillus,
(crude culture 0-2 c.cm.) streptococci, B. pertussis,
filtrate) pneumococci, etc.

diphtheria group,
pathogenic
Neisseria, etc.

Potassium 2 drops (abouLt Coliform bacilli, Streptococci,
tellurite 80 c.mm.) B. pyocyaneus, pneumococci,
(1 in 1,000) haemophilic staphylococci,

bacilli, etc. diphtheria
group, etc.

Gentian violet 2 drops (about Staphylococci, Streptococci, etc.
(I in 3,000) 80 c.mm.) diphtheria group,

B. subtilis, etc.

The great advantages of this simple method of spreading
the chemical over half the culttire plate after inoculation are:
(1) special media need not be prepared; (2) one-half of the
culture plate is an ordinary culture and the other half a selec-
tive culture, thus really giving the effect of two culture plates
in one.
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E. Shute (Amer. J. Obstet. Gynec., 1941, 42, 490) gave
testosterone propionate to thirty-five patients with vomiting
in early pregnancy, because they had high levels of oestrogen in
the blood; 80% of these were cured and 14% improved.
Fifteen, clinically identical but with low or normal levels of
oestrogen in the blood, were treated with an oestrogen, and
70%°, of them were cured and 20%° improved. Dr. Shute
observes: " No. explanation of the therapeutical effect obtained
is attemipted beyond the vague impression one gathers that the
ship of pregnancy sails the oestrogenic sea best at slack tide."

PIGMENT METABOLISM FOLLOWING
TRANSFUSION OF FRESH AND

STORED BLOOD
3BY

JANET M. VAUGHAN, D.M., F.R.C.P.
(N.W. Lonzdon Blood Supply Depot)

Whether a transfusion of stored blood is as efficacious as
a transfusion of fresh blood is still a matter for discussion.
It is probable that the relative value of the two fluids varies
according to the type of case receiving transfusion. The
object of the present investigation was to determine whether
the body is able to utilize the haemoglobin of fresh and
stored blood to the same degree.
Red cells may be broken down by an intravascular or an

intracellular mechanism. When intravascular haemolysis
occurs, oxyhaemoglobin, liberated from the red cells, is con-
verted into haematin and globulin. The haematin then unites
with serum albumin to form methaemalbumin (Fairley and
Bromfield, 1937-8), which is further broken down by the liver
and probably excreted in the faeces as coproporphyrin (Riming-
ton, 1939). Under some circumstances haemoglobin and oxy-
haemoglobin may be excreted by the kidney. If the urine is
acid, oxyhaemoglobin is in part changed to methaemoglobin.
Methaemalbumin is never excreted by the kidney. Intracellular
haemolysis occurs in the cells of the reticulo-endothelial
system, haemoglobin being split up into bilirubin, iron, and
globulin. The bilirubin passes into the blood stream, thence
to the liver, whence it is excreted into the bile, and appears
finally in the faeces as urobilinogen, some probably being
retained and used for the synthesis of haemoglobin (Watson,
1938). So long as the liver is efficient large quantities of bili-
rubin can be excreted, so preventing great alterations in the
serum bilirubin level. Again so long as the liver is efficient,
urobilinogen does not appear in the urine. The presence, there-
fore, of methaemalbumin in the serum is an indication of extra-
cellular haemolysis; an increase above normal of urobilinogen
in the faeces is, if the liver is efficient, a measure, though not
necessarily a quantitative one, of intracellular haemolysis
(Vaughan and Saifi, 1939).

Methods
Since the metabolism of haemoglobin is to some extent at

least dependent on liver efficiency, it is important to make
observations upon individuals whose liver function is normal. The
level of serum bilirubin after transfusions of both fresh and
stored blood was investigated in 5 healthy individuals. In 2 of
these the excretion of urobilinogen was studied as well. The
excretion of urobilinogen after transfusions was also investi-
gated in a patient with disseminated sclerosis, and in one with
chronic rheumatoid arthritis; in'neither was there any reason
to suspect any form of liver damage.
The blood used for transfusion was taken by the Medical

Research Council technique (M.R.C. War Memorandum No. 1,
1940). In Cases 1, 2, 3, and 4 the diluent used was 180 c.cm.
of 1.05°' sodium citrate in 0.85%, sodium chloride containing
3% glucose; in Case 5 the diluent was 100 c.cm. of 3%/o sodium
citrate to which was added 20 c.cm. of 15%°b glucose. The
total amount of fluid given was 540 c.cm. Faecal urobilinogen
was estimated by the technique previously described (Vaughan
and Saifi, 1939). Serum bilirubin was estimated by the method
of King, Haslewood, and Delory (1937). Dr. Hamilton Fairley
examined the plasma for the presence of methaemalbumin.

Results
Serum Bilirutin-.-Following a transfusion of fresh blood, the

rise in serum bilirubin was insignificant in all cases. After the use
of blood stored for 1 week, 2 weeks, or 21 to 25 days there was
invariably an appreciable rise in serum bilirubin. The peak of
the rise occurred with one exception 5 hours after the trans-
fusion, and then returned more slowly to normal. The highest
figures were observed when the oldest blood was given (Table I,
Fig. 1).
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TABLE I.-Serum Bilirubin in mg. per 100 c.cm.

Time
1-day-old Blood

Case 11 Case2 Case 3 Case 4 Case 5

7-day-old
Blood

Case I

14-day-old Blood

Case 1

21/25-day-old
Blood

Case 2 Case 3 Case 4 Case 5 Case 1 Case 5

Before transfusion 1-2 1-7 1-16 trace - 0-2 0-7 1-47 1-22 0-2 0-204
Immediately after. 11 1-4 1-16 trace 0-2 1 4 1-13 1-46 0-5 2-36 0-6

1 hour after 1-06 3-5
2 hours 2-0 4-3
2 ,. .1-7 1-33 0-79 2-3 4-4 2-2

3 ,,,,.1-39 1.1 1-83 4-73
4 1.1 2-42 4-86
5 . . .4 1-23 3-0 2-7 4-1 2-28 5-28 2-9
6 .1-1 1 2 0 94 1-2 2-0 2-3 2-66 4-06 2 1
7 .. .1-1 1-3 3-4 2 85 4-0
8 .. .0-88 0-71 1-5 3-2 2-5 4-0 1.9
9 .1-18 2-81
10. 118 1-0 2-0

20-24, 0..0-45 0-6 1-0 0-4 trace 0-97 1-0

FIG. 1.-Serum bilirubin following transfusion in Case 1.

Methaemalbumin.-No methaemalbumin was detected in the
plasma of 3 cases which showed high values for bilirubin.
Schumm's test was invariably negative.

Urobilinogen Excretion.-There was a definite rise in urobilin-
ogen excretion in Cases 1, 7, and 8 following transfusions of

TABLE II.-Urobilinogen Excretion in Case I

Period Faeces | Urobilinogen Period Faeces Urobilinogen
in Days in G. per Excreted in Day in G. per Excreted

Period Daily (mg.) In ays Period Daily (mg.)

1 141 140 Transfusion of 1-day-old blood
1 103 93 2 482 205

1 228 166 2 479 115
4 800 105 2 293 51
4 1,152 118 Transfusion of 14-day-old blood

Missed period I day 1 Lost Lost
4 780 55 1 390 280
3 780 42 2 277 125
2 335 30 1 233 116

Transfusion of 21-day-old blood 2 214 105
2 524 225 2 422 116
2 367 90 2 395 150
3 807 83 2 407 60
2 518 135 2 607 52
1 180 85

TABLE III.-Urobilinogen Excretion in Case 7

Period Faeces Urobilinogen Period Faeces Urobilinogen
in Days ir G. per Excreted in Days in G. per Excreted

Period Daily (mg.) Period Daily (mg.)
2 287 29 2 795 58
3 235 15 2 110 20
3 355 23 3 353 35
3 170 28 Transfusion of 14-day-old blood

Transfusion of 1-day-old blood 3 122 15
4 1 472 18 1 188 85
3 1 297 69 2 237 35

both fresh and stored blood (Tables II, III, and IV; Fig. 2). In
3 cases the excretion was slightly higher with the older blood
than with fresh blood, but the differences were probably too

~~~~~~~~~~~~~~~~ p

FIG. 2.-Urobilinogen excretion following transfusion in Case 1.

TABLE IV.-Urobilinogen Excretion in Case 8

Period Faeces Urobilinogen Period Faeces Urobilinogen
in Days in G. per Excreted in Da in G. per Excreted

Period Daily (mg.) sn Days Period Daily (mg.)
3 248 32 2 210 10
2 315 45 Transfusion of 14-day-old blood
2 441 62 2 311 52
2 258 33 2 251 78

Transfusion of 1-day-old blood 2 108 108
2 270 68 2 163 30
2 465 93 2 272 48
2 194 44 2 177 25
2 267 25

slight to be significant. In Case 1 (Table I, Fig. 2) the excretion
level following the use of 14-day-old blood was greater than
that with 21-day-old blood; again the difference was probably
insignificant. In Case 3 (Table V) the subject was rather consti-

TABLE V.-Urobilinogen Excretion in Case 3

Period Faeces Urobilinogen Period Faeces UrobilinogenPeid in G. per Excreted Pro in G. per Excreted
in Days Period Daily (mg.) in Days Period Daily (mg.)

2 229 32 2 278 42
2 212 22 2 343 45
2 422 63 2 213 30
2 126 28 Transfusion of I-day-old blood
2 297 54 2 284 38

Transfusion of 14-day-old blood 2 105 23
2 258 33 3 285 58
2 298 83 2 277 12
2 252 62 2 239 20
2 227 25 2 390 36

pated, a condition which always makes the interpretation of the
results on pigment metabolism difficult. There was a slight rise
in excretion after the transfusion of 14-day-old blood, but
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nothing significant after the transfusion of fresh blood. Since
all those examined had a normal liver no excretion of urobilin-
ogen in the urine would be expected (Watson, 1938). None was
found in Case 1 when 21-day-old blood was transfused.

Discussion
The fact that the level of serum bilirubin rises somewhat

after the administration of stored blood but not after the
administration of fresh blood suggests that at least some of the
cells of stored blood are more readily broken down in the
body than those of fresh blood. Since the increased pigment in
circulation is bilirubin, methaemalbumin not being found in
demonstrable amounts, it seems probable that the breakdown
is an intracellular one. The excretion of urobilinogen was,
however, unaffected to any appreciable extent by the age of the
blood given or by the level of the serum bilirubin. It must
therefore be concluded that, though some of the red cells of
stored blood are more rapidly broken down than the red cells
of fresh blood, the pigment is retained and used by the body.
This is also borne out by clinical observations, appreciable rises
in haemoglobin being noted in patients transfused with stored
blood (Brewer et al., 1940).

Mollison and Young (1940) have shown that the survival rate
of cells stored in a glucose-citrate mixture is little inferior to
that of fresh blood. The increased bilirubin figures recorded
here are presumably due to the presence of a few effete cells
in stored blood, which are immediately removed from the
circulation and broken down, with liberation of bilirubin. The
fact that the bilirubin level returns so rapidly to normal suggests
that further undue destruction does not occur-thus sub-
stantiating the figures of Mollison and Young.

Conclusions
Observations on serum bilirubin and faecal urobilinogen

following transfusions with fresh and stored blood are recorded.
Transfused red cells appear to be broken down by the cells

of the reticulo-endothelial system rather than by an intravascular
mechanism.

Immediately after transfusion of stored red cells there is an
increase in serum bilirubin which is transitory. This increase
does not occur with fresh blood, and is presumably due to the
destruction of a proportion of the older cells.

Since no gross difference in pigment excretion was found with
the use of either fresh or stored blood it is suggested that the
pigment which is rapidly liberated after transfusions with stored
blood is to a large extent retained and used by the body, at least
in normal -individpals.

I am grateful to Dr. Hamilton Fairley for his spectroscopic exam-ination of the plasma for pigments, and to Mr. A. Henningtonfor his technical assistance. The work was carried out with theassistance of a grant from the Medical Research Council.
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H. Gaudin (New Zealand med. J., 1941, 40, 367), registrar for
statistical research, New Zealand Division of the British Empire
Cancer Campaign, states that among 4,610 cancer patients during a
period of ten years in a general hospital, of whom only 71 were
untraced, 256 (5.5 %) showed the presence of multiple primary
carcinomata. The majority of these cases were those with a primary
lesion of the skin, and only 27 were classified as multiple primary
lesions of other organs than the skin. J. L. Tullis (J. Lab. cliii. Med.,
1942, 27, 588) states that 21 necropsies revealed multiple malig-
nant lesions at the Bellevue Hospital, New York, among 1,044
necropsies with malignant lesions-an incidence of 2%: 17 were
males and 4 females, with a combined average age incidence of 58.4
years. Tullis maintains that multiple malignant lesions occur more
frequently than can be explained by mere coincidence, and recom-
mends that the clinician should discuss freely with the patient's
family the possible familial tendency of the disease.

ANAESTHESIA FOR AIR-RAID
CASUALTIES*

BY

R. P. HARBORD, M.D., D.A.
Demonstrator inl A naesthetics, University of Liverpool

We are now on the crest of a wave of advance in
anaesthesia. But for the war, this forward surge might
have been of yet greater magnitude. Gas-oxygen came
out of the war of 1914-18; much has come since-evipan,
vinesthene, and cyclopropane-and it remains to be seen
what will evolve from the present conflict.

In civil practice we have been accustomed to forestall.shock
by the early recognition of the prodromal signs; but in air-raid
casualties we are faced with established shock as the cardinal
problem. In May, 1941, we in Liverpool became all too
familiar with the shock syndrome, and observed the earthy
pallor, the profound muscular weakness, the sweating, the
sighing or spaced respiration, and the dilated pupils, and knew
the significance of the thin, thready, or bounding pulse. The
pathology underlying these signs and symptoms is a fall in blood
pressure due to a diminution of the circulating blood volume.
Apart from haemorrhage, the blood is probably in the capil-
laries of the relaxed muscles.

Air-raid casualties are usually covered with dust and very
often burned. On admission to hospital they are put to bed,
given morphine, kept warm, and rested with the foot of the bed
raised. After 1 to 2 hours the shock has abated somewhat
in many of the cases. Those suffering from loss of blood are
transfused with blood, those from shock with plasma. Occa-
sionally patients require immediate operation. The injuries are
usually multiple. Premedication with atropine is not essential,
but if the patient will stand it a small dose of omnopon and
scopolamine helps the anaesthesia. Good co-operation between
the surgeon and anaesthetist ensures maximum efficiency. The
more serious lesions are dealt with first as a rule. The anaes-
thetist should be in charge of the resuscitation measures and
know when to apply them or to direct their application.

The Shocked Patient
There are three main precepts to be borne in mind before

administering an anaesthetic to a shocked patient:
1. It should be realized that the patient is " nigh unto death,"

and, in consequence, deep anaesthesia in any form is contra-
indicated. In everyday practice it is well known that the degree
of shock produced by a long period of deep anaesthesia is
equalled by that produced by a much longer period of light
anaesthesia. At the same time it must .be remembered that
light anaesthesia, if inadequate, may itself result in shock by
allowing the passage of noxious stimuli. My own opinion is
that there is a certain stage in light anaesthesia which is just
as effective in protecting the higher centres as is very deep
narcosis. Certain reflexes are only partially abolished by deep
anaesthesia. In these circumstances the combination of local
and light general anaesthesia is rational when possible. The
signs of light anaesthesia are more difficult to detect in shock.
The eye signs are often of no value, but respiration changes
are appreciated by those with a keen sense of observation. Slight
tidal changes and occasional hesitancy are indicative of a plane
of depth which is becoming too light. A pause in the operation
may help the anaesthetist to deepen the plane sufficiently if he
has been caught napping.

2. The same amounts of drugs that produce the effects of
light anaesthesia in the normal patient may be sufficient for
overdose in the shocked patient. The golden rule is to let the
anaesthesia fit the patient and not the patient fit the anaesthesia.

3. The function of respiration must not be embarrassed by
undue stimulation, by interference with the airway, or by
suboxygenation.

If any anaesthetic agent is forced upon a patient in high
concentration there may be a protective laryngeal spasm and
an abnormal increase of secretions. When the spasm has been
overcome an exaggerated type of respiration results. This
condition might well be termed " traumatic anaesthesia."
Gradual changes in concentrations are never so important as
in shock.

* Being the substance of a paper delivered before the Liverpool
Society of Anaesthetists in Jan., 1942.
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