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In vitro experiments on the papillary muscles of the rabbit heart showed that i h 
after burn trauma myocardial contractility is disturbed in 50% of cases. It is con- 
cluded that this may be one cause of the severe disturbance of cardiac output ob- 
served in the same experiments. 
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Clinical and experimental burn shock is accompanied by a sharp decrease in cardiac output 
[2-9, 13, 19]. One cause of this decrease is considered to be the development of insufficiency 
of the heart muscle [7, 8, ll, 17, 21]. It is very difficult to obtain direct proof of 
changes in the contractility of the heart in response to burn trauma in the intact organism 
when the hemodynamics is disturbed, and conclusions in the literature on this problem are 
based on indirect evidence [I, 8, ii, 17]. Some workers [I0, 12] have found myocardial de- 
pressants in the blood serum of animals and persons afflicted with burns. 

To obtain direct data on the effect of thermal trauma on the myocardium the contractile 
activity of isolated papillary muscles obtained from the heart of animals in a state of burn 
shock was studied. 

EXPERIMENTAL METHOD 

Experiments were carried out on 19 rabbits anesthetized intravenously with urethane 
(I g/kg body weight). The control group consisted of nine animals. Burn trauma affecting 
30-35% of the body surface was inflicted on i0 rabbits [4]. In all the animals the minute 
volume of the heart (MV), arterial blood pressure (BP), central venous pressure (CVP), and 
total oxygen consumption (TOC) were measured at intervals. The total peripheral vascular 
resistance (TPVR) was calculated. After measurement of the initial parameters in the con- 
trol animals and after burn injury to the experimental animals dextran (2% of body weight) 
was injected. MV was measured by the thermodilution method; the cold Ringer's solution was 
injected into the right atrium and changes in the blood temperature were recorded by means 
of a thermistor introduced into the arch of the aorta. To measure TOC continuously a closed 
system was used, with absorption of CO2 and automatic supply of 02. The CVP was measured 
in the right atrium with a water manometer. The thorax of the animals was quickly opened 
i h after burning and the heart was removed and placed in oxygenated Tyrode solution. After 
not more than 15 min a papillary muscle was isolated from the right ventricle and placed in 
a perfusion chamber through which flowed Tyrode solution saturated with carbogen (95% O~ + 
5% CO~) and heated to 35-36~ In the course of i h before the investigation began the 
papillary muscle was stimulated at a frequency of I Hz. Stimulation was carried out with 
two silver electrodes placed at the edges of the preparation. The muscle was stimulated 
with a continuous series of pulses with frequency varying within the range from 0.i to 5 Hz. 
Above-threshold stimuli 5-10 msec in duration were used. Contractions were recorded by 
means of a 6MKhlS mechanotron on a Mingograph-81 recorder 

EXPERIMENTAL RESULTS 

Before removal of the heart, MV for the rabbits of the control group was 243 • 25.7 
ml'min/kg, BP was 76 i 4.4 mm Hg, TPVR was i0.0 • lO s dynes-sec.cm -s, CVP varied from --i to 
48 mm Hg, and TOC was 19.7 i 0.77 ml/min. 
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TABLE i. Changes in Parameters of Hemodynamics and Total Oxygen Consumption 
in Rabbits in Response to Burg Trauma 

Time after 
bu rning, MV BP TPVR T OC 
min 

Initial data I 

After burns 1--3 
30 

After injection of dex- 
tran 

Legend. 

1--3 
30 

237-1-18,9 
ml/min/kg 

62_+3,4% 
28-I-2,5% 

139.+-16,5% 
76_+13,4% 

8O__.3,8 
mm Hg 

88"+-6,7% 
50__.4,0% 

93___3,5% 
94__+2,9% 

I 1.4. lOS+_l. 
I0 S dyn. sec. cm -s 

121_16,0% 
180-+-27,6% 

73_+6,6% 
132___17,6% 

Initial values taken as 100%. 
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Fig. i .  Effect of burn trauma on character of 
frequency-power curves recorded in papil lary 
muscles of rabbit heart. 1) Control (mean of nine 
experiments), 2 and 3) i h after burns (mean of 
five experiments). Abscissa, frequency of stimula- 
tion of preparations (in Hz); ordinate, power of 
contraction (in %); power Of contractions during 
stimulation of preparations at frequency of 0.i Hz 
taken as 100%). 

Changes in parameters of the hemodynamics and TOC observed in the rabbits in response to 
burn trauma are shown in Table I. Burns caused a rapid and very sudden fall of cardiac output. 
The mean value of MV 30 min after trauma was 28 + 2.5% of the initial level. The TPVR at this 
time was doubled, TOC was reduced by 30% of the initial level, and CVP changes in either direc- 
tion. These results point to an extremely severe disturbance of the circulation. Injection 
of dextran in a dose of 2% of the body weight (about 30% of the blood volume) restored the 
normal hemodynamic parameters within a short time. After the end of dextran administration 
a progressive decrease in MV was resumed and corresponding changes were observed in the other 
parameters. 

The contractile activity of the papillary muscles of the right ventricle during rhythmic 
stimulation in animals of the control group was characteristic of the normal myocardium of 
warm-blooded animals [14, 15, 20]. The graph in Fig. 1 shows how the amplitude of isometric 
contractions depended on the frequency of stimulation of the preparations (frequency--power 
or f--p curves). In the animals of the control group (curves i) a sharp increase in amplitude 
of the contractions was observed within the frequency range from 0.5 to 3 Hz (the amplitude 
in response to stimulation at 0.I Hz was taken as 100%). During stimulation with a frequency 
of 4-5 Hz the amplitude of contractions fell. 

In the group of burned animals (I0 rabbits) two types of preparations were distinguished. 
In five preparations the f--p relationships (curve 2) were similar to those observed in the 



animals of the control group. In five other preparations the f-p curve (curve 3) was mono- 
phasic in character [14, 16, 18]. In these preparations no increase in amplitude of the con- 
tractions took place with an increase in the frequency of stimulation but, on the contrary, 
the amplitude fell. 

Frequency-power curves recorded under steady-state conditions, as has been shown [14, 16], 
may be an indicator of myocardial function. The normal myocardium of warm-blooded animals 
has frequency-power curves of a triphasic character [14, 15, 20]. In response to repetitive 
stimulation of preparations of injured or incompetent myocardium, monophasic f--p curves are 
:formed [14]. In the present experiments, in 50% of papillary muscles removed from the rabbit 
heart 1 h after infliction of burn trauma on the animals monophasic f--p curves were recorded. 
In accordance with data in the literature, this type of curve points to the development of 
myocardial insufficiency. Burn trauma caused sharp changes in the hemodynamics and, in par- 
ticular, a decrease in cardiac output. One cause of this could be myocardial insufficiency. 
The fact established in this investigation, namely that myocardial insufficiency may arise 
even in isolated fragments of heart muscle, is evidence of changes in its contractile function 
in burn shock. 

LITERATURE CITED 

I. L. B. Gurevich, S. V. Skurkovich, and M. P. Khokhlova, Patol. Fiziol., No. i, 40 (1959). 
2. A. N. Kuznetsova and B. I. Lektorskii, in: Abstracts of Proceedings of the First Ukrain- 

ian Republican Conference on the Problem of Burns [in Russian], Kiev (1964), p. 35. 
3, N. I. Kochetygov, Burns [in Russian], Leningrad (1973). 
4. N. A. Len'kova, Byull. Eksp. Biol. Med., No. 5, 14 (1974). 
5. N. A. Len'kova, "Physiological analysis of hemodynamic changes in burn shock", Author's 

Abstract of Candidate's Dissertation, Moscow (1975). 
6. B. P. Sandomirskii, in: Problems in Burn Pathology [in Russian], Gor'kii (!970), pp. 

200-205. 
7. N. A. Fedorov, V. B. Troitskii, and S. A. Lazarevskii, in: Abstracts of Proceedings of 

the First Ukrainian Republican Conference on the Problem of Burns [in Russian], Kiev 
(1964), pp, 36-37. 

8. N. A. Fedorov, in: The Pathological Physiology of Extremal States [in Russian], Moscow 
(1973), pp. 180-200. 

9. L. L. Shik, A. N. Kuznetsova, and B. I. Lektorskii, in: Materials for Discussion. Fourth 
Scientific Conference on the Problem of Burns [in Russian], Leningrad (1965), pp. 276- 
278. 
C. R. Baxter, J. A. Moncrief, M. D. Prager, et al., in: Research in Burns (International 
Congress), Bern (1971), pp. 499-502. 

Ii. H, A. Fozzard, in: Research in Burns, Philadelphia (1962), pp. 109-112. 
12. A. A. Hakim, C. D. Sladek, and S. R. Rosenthal, Proc. Soc. Exp. Biol. (New York), 144, 

359 (1973). 
13. J. D. Hardy, Surg. Obstet. Gynecol., i0!, 94 (1955). 
14. S. Ito, Jpn, Circulafl. J., 39, 37 (1975). 
15. J. Koch-Weser and J. R. Blinks, Pharmacol. Rev., 15, 601 (1963). 
16~ J. V. Levy, Arch. Int. Physiol. Biochem., 76, 680 (1968). 
17. T. W. Merriam, circular, Res., ii, 669 (1962). 
18. Z. J. Penefsky and N. M. Buckley, in: Myocardial Biology, Baltimore (1974), pp. 31-39. 
19. D. W. Richards, Harvey Lectures, 39, 317 (1943-1944). 
20. D. Q. Teiger and A, Farach, J. Pharmacol. Exp. Ther,, 164, i (1968). 
21, G. F. Warner and E. L. Dobson, Clin. Res. Proc., ~, 58 (1956). 

i0. 


