PATHOLOGICAL PHYSIOLOGY AND GENERAL PATHOLOGY

CHANGES IN THE CIRCULATION AND RESPIRATION
IN LETHAL BURN SHOCK
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Changes in various parameters of the hemodynamics and gas exchange taking place during
lethal shock caused by burns covering 30% of the body surface were recorded simultaneously
in experiments onrabbits. The sharp fallinthe minute volume of the heart during the first
minutes after burn trauma was shown to depend both on a decrease in the venous return and
on cardiac failure. In most cases the arterial pressure falls sharply only in the terminal
state. It is postulated that the oxygen consumption falls because of a decrease in the minute
volume of the heart. The activity of the vasomotor and respiratory centers is not diminished
until the terminal state,

Both in animals [4, 6, 7, 9-11] and in man [12, 13],burn shock is accompanied by a sharp decrease in
the minute volume of the heart (MVH) and the oxygen consumption [4, 7] and a decrease in the circulating
volumes of plasma (CPV) and blood (CBV). According to some workers, CBV and MVH decrease simul -
taneously [13]; according to others, the decrease in MVH is not due to the fall in CBV [6, 8-10], In burn
shock the arterial pressure (AP) falls and they regard this as an indicator of the severity of the shock [2, 3],
whereas other workers do not consider that lowering of the AP is characteristic of burn shock [1, 6, 8, 10].

By measuring various parameters of the hemodynamics and gas exchange simultaneously, the writer
attempted to establish the presence or absence of correlation between their changes during the development
of burn shock.

EXPERIMENTAL METHOD

The experimental animals were 29 rabbits anesthetized with urethane (1 g/kg, intravenously) and 10
rabbits served as the control group. Tracheotomy was performed and catheters inserted through the jugular
vein into the right atrium, into the femoral vein, and the femoral artery. A "thermoprobe" (a catheter
carrying a thermistor) was introduced via the carotid artery into the aorta. Simultaneous measurements of
MVH, AP, the central venous pressure (CVP), the Oy consumption, the minute volume of respiration (MVR),
CPV, the hematocrit index and hemoglobin (Hb) concentration in the arterial blood, and the temperature of
the blood in the aorta began 10-15 min later. The ECG was recorded at the same time, Measurements
were made every 30 min (CPV, hematocrit index, and Hb every hour) for 5 h.

After the original measurements the surface of the abdominal wall and thighs of 19 rabbits was burned
with boiling water for 1 min, Measurements were made immediately after (1-3 min) burning, again after
10-15 and 30 min, and thereafter hourly until the animals died,

MVH and the central blood volume were calculated from the temperature dilution curve, for which
purpose 1.5 ml of Ringer's solution, cooled to 1-5° C, was injected into the right atrium. The CVP was
recorded in the right atrium by means of a water manometer. AP was recorded in the femoral artery with
an electromanometer. The CPV was determined by the dye (Evans' Blue) dilution method, 10 min after
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TABLE 1. Changes in Parameters of Hemodynamics and Respiration
in Rabbits with Burn Shock (M+m)

V After burning (in % of initial)
Parameter . . B
determined Initiol data Jimme- 11015 30 | |y 2h | 3h | 4h
diately| min min

MVH (in mi/min/kg body weight) 16547 6048 4545 |384£3 |37£3 (30£3 | 2522 —
Systotic volume {in ml/kg body weight}| 0,63%10,04 70+13/48 48 (4445 13944 3644 | 32407 —
AP (in mm Hg 92:+3 95343 |694+4 (7043 (6344 |7244 | 6544 5149
Peripheral resistance (in dynes-sec-cn™®){ {7. 1084-0,9.108(1664211180 426|174 416|182 4 15266 4- 2628030 —
O, consumption (in mi/min) i 22.4F1 8843 [7345 (7734 [59:%4 (53%5 {38%4 13343
M7VR(inliters/min) 0,830,085 136-L 10{124 £ 10[133-59 [116 4 121107£ 11] 677 '49F 11
Ceatral blood volume 5244 8644 [8646 7544 17045 167412} 7511 —
CPV 124 4-9 — 9049 |7747 7145 (79410 7211 |78418
CBV (in ml) 208 11 — 1949 |[77F9 [69F5 |77F 11| 6413 {63 F6

injection. CBV was calculated. The O; consumption was

ACVP g b ACVP determined continuously by means of a closed system with
mm;;O % 29 N o "‘]’/';;{70 absorption of CO, and an automatic supply of Oy. The MVR
A Tinaian was determined by a gas meter, The coefficient of oxygen
ol { L&\ i utilization (COU) was calculated. The peripheral vascular
A3 \ ; ‘2‘_&::;{;: resistance was calculated from the values of MVH and AP,
PR N2 ,‘ The systolic value of the heart also was calculated.
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Fig. 1. Changes in parameters of hemo- EXPERIMENTAL RESULTS

dynamics in response to lethal burn
trauma in two (a and b) different experi-
ments, Abscissa, time after burning (in

During the first few hours of the experiment the param-
eters investigated changed only negligibly in the control

min); ordinate, changes in MVH, CBYV, animals,

and AP (in % of initial values) and CVP Of the 19 animals receiving burns three died the first
(in mm water): 1) MVH; 2) AP; 3) CVP; 30 min, The longest period of survival after burning was 5 h
4) CBV, (3 rabbits),

The mean changes in the parameters of the hemodynam-

ics and gas exchange arising after burning are given in
Table 1. Changes in the parameters of the hemodynamics in response to burn trauma in particular experi-
ments are illustrated in Figs. 1-3. It will be clear from Table 1 that MVH fell sharply during the first few
minutes after burning and thereafter it continued to fall gradually., The systolic volume fell almost as
sharply. Meanwhile CPV and CBV 10-15 min after burning on the average were still close to normal.
They fell later, but by a much lesser degree than MVH, In certain experiments, however, there was a
marked decrease in CPV and CBV during the first minutes after burning (Figs, 1b and 2). The central
blood volume fell parallel with CPV,

Of the 11 cases in which the CVP was measured,in 4 it was unchanged or changed only very slightly
after burning, in 3 it fell, and in 4 rabbits it rose sharply, but 3 of them died during the 30 min after burning,
One of these experiments is illustrated in Fig. 1la, Together with the sharp rise in CVP there was also a
very marked decrease in MVH, the AP fell rapidly, and the animal died. This suggests the rapid develop-
ment of heart failure as a result of burn trauma. Another case, also with a sharp increase in CVP immedi-
ately after burning is illustrated in Fig, 1b, In this case the increase in CVP was observed despite a
marked fall in CBV during the first minutes after burning, Meanwhile AP fell fairly sharply. These find-
ings suggest that this rabbit also developed heart failure which was followed by a decrease in CBV and also
by a decrease in MVH immediately after burn trauma.

An experiment in which a parallel decrease in CBV, CVP, and MVH was observed immediately after
burning. Presumably the main cause of the decrease in MVH in this rabbit was the decrease in CBV. An
experiment in which CPV and CVP did not fall after burning and AP was maintained at a fairly high level
is shown in Fig. 3; despite these facts, MVH fell sharply after burning., As the writer showed previously,
in such cases special measures must be taken to detect the decrease in venous tone responsible for the
diminution of the venous return. This explains the absence of an increase in CVP and it masked the heart
failure. In such cases the fall in MVH was due to the simultaneocus effect of several different factors.

It will be clear from Table 1 that the AP, after falling 10-15 min after burning, remained approxi~
mately constant until the terminal state, The peripheral resistance rose sharply. This points to
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Fig. 2 Fig. 3

Fig, 2, Changes in parameters of hemodynamics in response to lethal burn trauma,
Legend as in Fig. 1,

Fig. 3. Changes in parameters of hemodynamics in response to lethal burn trauma: 4)
CVP remainder of legend as in Fig. 1,

preservation of the activity of the vasomotor center until the animals died. The O, cons'umption fell parallel
with the decrease in MVH, MVR, which was increased immediately after burning, remained high for 1 h and
then started to fall, Against the background of the increased MVR, COU fell by a greater degree than the

O, consumption, evidence of relative hyperventilation and maintenance of the excitability of the respiratory
center. The hematocrit index and Hb concentration in the arterial blood remained on the average close to
normal. There was a mean rise of 0.6° C in the blood temperature immediately after burning followed by

a fall of 4° C 3 h after burning.

It can be concluded from these results that in most cases AP does not reflect the severity of burn
shock, for it does not fall sharply until the terminal state., The sharp fall in MVH during the first few
minutes after burning is a characteristic feature of burn shock. The causes of the fall in MVH may be the
reduced venous return as a result of the decrease in CBV or in the venous tone and alsco the heart failure,
All these factors probably contribute but their role in each individual case may differ. In some cases the
fall in MVH can be clearly picked out as the main cause,’
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