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A number of investigations have been made on plasma loss and concentration of the blood in burns [2 - 7,.
11 - 14]. However, there is no agreement as to whether these signs are inevitably associated with severe burns. Ex-
perimentally, shock due to burns has been observed repeatedly without there being any plasma loss or hemoconcen=
wation [3, 6, 7, 11, 17].

One of the features of the topography of tissues affected by burns is the reduction with depth of the extent to
which the tissues have been heated, i.e. there is a vertical temperature gradient [15, 16]. The temperature gradient
is different in different burns. Despite the fact that temperature measurements were first made more than 20 years
ago, particularly in frostbite [1], in animals, experimental burns have usvally been applied without making simul-
taneous temperature measurements, and without a description of the damage inflicted [8] Therefore the relation~
ship between plasma loss and the damage by heat to the tissue has not been sufficiently studied. In order to under-
stand the different conditions of plasma loss and hemoconcentration in different burns, it is important that this pro-
blem should be cleared up.

We have studied edema and hemoconcentration in burns of various patterns in 78 rabbits.

METHOD

In the first set of experiments on 30 rabbits burns were inflicted on the outer ear by immersing a 5 cm length
of ear in water at 50 - 85° for 20 seconds. In the second set of 13 experiments, burns were applied by thermal irra-
diation of 20 - 25% of the surface area of the body (back and sides of the trunk) by means of a special apparatus
developed in our laboratory [10]. The skin was first removed with a depilatory agent. In the third and fourth sets -
of 9 experiments each, burns of the same area were induced by steam at 90 - 92° from an autoclave (exposure time:
50-60 sec). In the fourth set of experiments, while the burn was being inflicted, air was injected subcutaneously,
so that the damage was confined to the skin. In the fifth set (9 experiments) both hindlegs, comprising 12 - 15%of
the body surface,were burnt; 1 liter of water at 90 - 92° was poured on to each limb for 35 ~ 40 seconds.

Copper-constantan thermocouples were used to measure the tisstie temperature during the burning: in the
first set of experiments they were introduced subcutaneously, and in the others they were inserted both beneath the
skin and at various depths in the muscle, In the experiments of the second, third, fourth and fifth groups the burns
were graded according to the depth to which the tissues had been heated. Twenty~four hours after the burns had
been inflicted the following measurements were made: in the first group of experiments the extent of the edema
was determined from the volume of the pinna, while in the remaining series the extent to which the blood had thick-
ened was determined from a red cell count, In some of the experiments, histological studies of the damage tissues
were made (V. M. Pinchuk).

RESULTS
The first set of experiments in which the pinna was burnt, showed that the extent of the resultant edema was
. related to the severity of the thermal damage to the tissues. When the subcutaneous temperatures were below

48.5°, no edema developed (Fig. 1). It appeared onlyattemperatures of 49 - 52°. Between 50 and 57, with in-
creasing tissue temperature, edema rose sharply, and at 55 - 61° the volume of the ear increased by 150 - 360%,
At higher temperatures there was less edema, sometimes none at all. Figure 2 shows the appearance of two rabbit
pinnae two days after the burn was inflicted. Heating the tissues to 56° caused a great edema from the whole ear,
but at 73° coagulation necrosis occurred without any edema of the pinna. At temperatures between 50 and 61°,
edema occurred both in the region of the burn and outside it. At higher temperatures, if there was any edema, it
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occurred only in the part which had not been heated. Evidently, it arose through plasma entering the tissue from the
capillaries at the boundary between the burnt and healthy areas, where through the temperature gradient along the
ear the tissue was heated to 50 - 60°.

In burns in which the tissues were heated to 53 - 61°, after 24 hours, histological examination revealed pro-
found circulatory disturbances: the vessels were widely dilated, blood flow in the capillaries was arrested, and there
were thrombi in the large vessels. There was also a marked exudative inflammation which spread through the tissue
not directly exposed to heat. More intense heating to between 61 and 65° led to rapid coagulation of tissue and to a

250 . mild inflammatory reaction which was shown only
. ) at the edge of the burn.
B - The extent of the edema depended not only
= on the temperature reached, but also on the time
fé 28] - N for which it was maintained. In ten rabbits, im-
37 200 mediately after a burn applied to both ears by
B = o, " water at 60° and immersion for 20 seconds, one
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: ' 700+ 2o * .. normal temperature was shortened, the volume of
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% 504 e e . . s the control ear.
g . ® . In the experiments described, the whole
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Fig. 1. Relationship between the edema and the severity of
the burn. Increase in volume of the pinna 24 hours after
immersion in water at different temperatures. Each point re-
presents one observation.

inflicted on the trunk and limbs, as has already
been mentioned, there was a temperature gradient
from high to normal temperature. Therefore, in
these cases it could be foreseen from the results
of the first set of experiments that the extent

of plasma loss in the different tissue layers would
be varied and would depend on the temperature reached. This result was confirmed by the following experiments.

Figure 3 shows diagramatically the distribution of the burn and the extent to which the blood was thickened
in burns of the 2 - 5th series of experiments. It can be seen that in the 2nd and 31rd series, during the burning, the
skin temperature exceeded 60°, The drop from 60° to 37° in the second series, and to 41° in the third series occur-
red overa thin layer of tissue, which included the subcutaneous tissne and the upper muscular layers.

The closely similar results on the thickening of the blood corresponded to the similar temperature distribution
within the burn. In the great majority of experiments, the number of erythrocytes increased 24 hours after the burn
to 110 - 150% of normal.

Different results were obtained in experi=~
ments of the fourth series, in which air was intro-
duced under the skin during the burning. Inthese
experiments, in only two rabbits was there some
small increase in the thickness of the blood, while
in the remaining seven it was actually diluted.
The explanation is that in animals of this group,
just as in the third group, the skin was heated to
above 60°; however, the difference was that be-
cause of the air cushion, the deeper-lying tissues
were not much heated,

Thus, results of the first four series of ex-
periments indicated that most plasma leaves the
blood stream when tissues are heated to 50 - 61°,
At temperatures above 61 ~ 65°,coagulation occurs,
and the blood flow in the tissue ceases, so that

Fig. 2. Rabbit ears (Jongitudinal section) two days after
inflicting a burn by immersion in boiling water for 20
seconds. Temperature in the tissues during the burning
was (1) 56°, and (2) 73°. The line shows the outline of
the burn.
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there is no plasma loss, When the period of increased temperature is extended, the permeability of the vessels
may increase markedly, even at temperatures below 50° {16, 19].

K. F, Dogaeva [3] thinks that the contradictory findings concerning plasma loss and thickening of the blood are
due to ignoring the severity of the burn and considering only the area. However, in classifying burns according to
severity, only one criterion is used, that of the depth of the cutaneous necrosis [19]. When there is necrosis of the
whole thickness of the skin, independently of the nature of the damage, and independently of the depth and severity
of damage to subcutaneous tissues, it is referred to as a fourth degree burn. Nevertheless, in our experiments, in
burns of the pinna, necrosis of the whole thickness of the skin, i.e. a fourth degree burn,occurred when the tissues

2 160 . were heated either to 53 - 61° or 63 - 76°; the difference was
‘5 140, te that at 53 - 61° before the necrosis there was disturbance of
%‘?&‘ ., .. the circulation, and a marked tissue edema, whereas at 63 -
6 g/20 { Teeele . .'.' 76°, necrosis and circulatory arrest occurred in the tissues at
B, -?30/ 20 A I IO N the time of burning, and as a consequence the weak exudative
E s te 1o inflammation developed subsequently only at the boundary
°e 40 . . between the dead and healthy tissue (V. M, Pinchuk). When
9 2 s *. we consider also that the. permeability of the capillfu'ies may
Z increase even when the tissues are not heated sufficiently to
B “ ) - cause necrosis, it then becomes clear that the extent of the
§ Skin A plasma loss in the experiment should be related not to the
B R R R R severity but to the topography of the burns,
E? 1 . . : . Apart from area and topography, other factors are con-
& ?iucng' P 3 cerned in plasma loss and thickening of the blood. In the
~layers fifth set of experiments, in which both hindlimbs were burnt,
Muscles although the heat penetrated into the soft tissues (at a con-
Deep e siderable depth the tissue reached the temperature of 45 -
layers 60°), the thickening of the blood was not so marked as it
2 3 y'3 5 was in the second and third series of experiments, and in

three rabbits the blood actually became more dilute. The
cause of these effects is evidently not to be found in the
smaller area of the burn in this series, It can be understood
that as the depth of the burn increases, the layer of tissue
heated to 45 - 60° comes to lie deeper. Then, its extent
compared with the area of skin damaged in body burns does
not change, but when the burnt area of the limbs is circular,
the extent may be much smaller. Further, in body burns, the
plasma exuding from the capillaries enters both the damaged
and healthy tissue, causing an increase in their volume. In burns of the limbs, this effect is suppressed by the ten-
sion in the skin, which constricts strongly when heated. Therefore, in our experiments, when large amounts of
tissue were heated to 45 - 60°, as in the fifth set of experiments, the blood showed little or no thickening. Inall
probability, in burns of the limbs, the development of shock without any hemoconcentration, or even with some
dilution of the blood [3, 8, 7, 11, 17].may be due to the intense heating of the tissues. The dilution of the blood
observed in some of our experiments might be due to partial hemolysis of the erythrocytes, and possibly to the entry
into the blood streamof tissue fluid, induced by a reduction of arterial pressure [11].

Fig. 3. Relationship between the degree of
thickening of the blood and the topography
of the burnt tissue. 2 - 5) Number indicat-
ing series of experiment; 2) burn by radia=
tion; 3) burn by steam at 90-92°; 4)vapor
burn when air was injected subcutaneously;
5) burn by water at 90-92°, A) Tissuesheat-
ed above 60° tissues heated to 45-60°,

The facts we have expounded give reason to suppose that clinically the extent of the plasma loss, and hence
the requirement of the patient for infusion therapy cannot always be correctly inferred from formulas in which the
burn is assessed only in terms of its area and degree.

SUMMARY
Edema and hemoconcentration in burns with different disiributions of the affected tissues were studied in ex-
periments on 78 rabbits, The temperature in the tissues was measured by means of thermocouples. It was found
that plasma loss occurred mainly in tissue layers heated to 50 - 61°, For a given area of burn, plasma loss and hemo-
concentration may depend on the topography of the burnt tissues.
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter-
ations of the abbreviations as given in the original Russian journal. Some or all of this peri-
odical literature may well be available in English translation. A complete list of the cover-to-
cover English translations appears at the back of this issue.
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