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During the restoration of the functions of the cardiovascular system at the time of clinical death by means 
of the centripetal infusion of blood into an artery under pressure, besides the restoration of the coronary circula- 
tion, an important role belongs to the reactions of the pressure receptors developing in response to excitation of 
the vascular reflexogenic zones [4, 7, 8, 12]. It has been shown by special investigations [10] that stimulation 
of the angioreeeptors by a reflex mechanism increases the vascular tone and creates in the heart a state of "prep- 
aredness" for contraction. Depression of these angioreceptors by injection of novocain into the arterial blood 
stream during clinical death prevents the effective restoration of the activity of the heart by the subsequent in- 
traarterial injection of blood. 

In view of the importance of the vascular reflexogenic zones in the restoration of the functions of the 
cardiovascular system during the treatment of terminal states, it appeared to be of great theoretical and practi- 
cal interest to investigate the structure of the nervous apparatus of these zones in dogs after clinical death. 

E X P E R I M E N T A L  M E T H O D  

Experiments were carried out on 19 healthy adult dogs of both sexes. In the period of preparation for the 
experiment the animals received a subcutaneous injection of pantopon in a dose of 8 mg/kg body weight, and 
40-50 minutes later the femoral vessels were dissected under local infiltrational anesthesia (20 ml of a 0.5% 
solution of novoeain). A state of clinical death was then induced in the animals by allowing blood to flow freely 
from the femoral artery. Restoration of the vital functions of the animal was undertaken five minutes after 
clinical death by means of a comprehensive method: artificial respiration by means of an apparatus to pump 
air into the lungs, and the centripetal intraarterial infusion of blood with adrenalin. Should fibriUation of the 
cardiac muscle develop, condenser discharges were applied by L. N. Gurvieh's method to overcome this condition. 

Before bleeding was carried out, the dogs received an intravenous injection of beparin as blood stabilizer. 
During the experiments the arterial pressure and respiration were recorded on the kymograph. Observations on 
the animal's behavior and general condition were made throughout the experiment. At various periods of the 
recovery period (from a few hours to a few weeks) the animals were sacrificed by electrocution. 

The material for neurohistologieal investigation was: a) the depressor zone of the arch of the aorta (aortis 
sinus); b) the carotid sinns~ e) the areas near the orifice of the pulmonary veins and vena cave. 
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Fig. 1. Afferent nerve fibers and receptors from the de- 
pressor zone of the arch of the aorta. Experiment No. 5. 
Impregnation by Campos's method. Magnification 400x .  

The staining methods used in the work were Campos's silver impregnation method for nerve cells and 

Spielmeyer's method for myelin.  

We consider it necessary to preface the account of the results of this investigation with a few details re- 
garding the morphology of the sensory apparatus of the vascular reflexogenic zones in normal physiological 
conditions. We have devoted a special investigation [13] to this problem, conducted on 70 healthy, sexually 
mature animals including 25 dogs. In all the animals studied it was found that in the homonymous reflexogenic 
zones the overwhelming majority of afferent nervous structures, consisting of thick myelinated nerve fibers and 
their endings in the form of compact  tufts, show signs of reactive changes and degeneration. Hyperargento- 
philia and spiral convolution of the nerve fibers, foci of demyelination and massive flowing of neuroplasm, ex- 
cessive collateral growth of axis cylinders and destruction of their neurofibrillary framework, "mummificat ion" 
of nerve fibers and disintegration into fragments, hypertrophy or atrophy of the terminal arborizations - all these 
to some degree are characteristic features of this category of vascular pressure receptors. 

Thus in ordinary conditions of existence these sensory nerve formations are distinguished by exceptionally 
wide morphological variability, beginning with the phenomenon of irritation and ending with far advanced stages 
of dystrophy. 

E X P E R I M E N T A L  R E S U L T S  

In evaluating the severity of the anoxia in the investigation of terminal states consideration must be paid 
not only to the duration of clinical death, but also to the duration of the actual process of @ing from blood loss, 
for the fact must not be ignored that the electrical activity of the brain is extinguished much sooner than the 
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onset of agony, In the experiments to be described the duration of the process of dying varied in the animals 

from 8.5 to 20 minutes, and in 13 of the 19 animals it was greater than 12.5 minutes,  i .e. ,  it was above the 

mean duration. It must be remembered in this connection that from 30 to 40% of the t ime of dying was ac- 

counted for by agony. 

Five minutes after the onset of c l inical  death and in the process of resuscitation the cardiac activity was 

restored in 16 of 19 experiments after 25-50 seconds, and in three animals,  as a result of the development of 
fibrillation, considerably l a t e r -  after 1.25-2 minutes (see table). Spontaneous respiration was restored rela-  
t ively early (2-3.5 minutes after the beginning of resuscitation) in only six experiments. In ten experiments 
the periods of restoration of respiration varied from four to six minutes. In three experiments the times were 
later (7-11 minutes). The corneal reflexes appeared at the 10th-20th minute  of the recovery period. The rela-  
t lvely complete restoration of the function of the central  nervous system took place within the first 48 hours 
in 11 of the 19 dogs. In three dogs the recovery of the central  nervous system was l imi ted  to subeortieal, in 

two to purely brainstem functions. In the remaining three dogs no recovery of the central nervous system was 
studied, for in accordance with the conditions of the experiment they were sacrificed during the first few hours 

after resuscitation. 

Thus dependJng on the general severity of the anoxia, on its duration and, evidently~ on the individual 

characteristics of the experimental  animals,  the times of restoration of the vital  functions varied within very 
considerable l imits.  

Moving on to the morphological character of the vascular pressure receptors, it must be pointed out that 

in all the experimental  dogs the results of the neurohistological investigation were similar. We can therefore 
describe all the results together without consideration of individual groups. 

In both the aortic and carotid sinuses and in the region of the orifices of the pulmonary veins and venae 
cavae of the experimental  dogs we observed the same signs of reactive changes and destruction of the m e d u l -  

374 



Z ,,,, 

1 10 ,  1.~ 
2 1~8 

3 12o" 
4 15,2 

5 

6 
7 
8 
9 

11 

12 

13 

14 

15 

16 

17 

18 

19 

Death from Blood Loss for a Period of Five Minutes 

of process of 
dying 

Duration 

of cl inical  death 

.Recover.._ y. tim.~r 

I of cardiac reflex 

13 rain 30 see 
9 . 30 

7 " 47 " 
19. " 47 " 

13 " 33 sec 

8 " 29 sec 
8 �9 45 , 

8 - 23 see 
12 " 55 sec 
12 " 55 " 
15 - 

13 �9 40 sec 

I0 " 50 ~ 

14 " 3 sec 

12 " 55 see 

2 0  " 50 - 

15 " 25 " 

12 " 4 9  " 

16 " 45 " 

5 rain 
5 " 5 sec 

5 " 3 sec 
4 rain 5 8  sec 

5 rain 2 see 

5 " 1 sec 
4 min  55 sec 
5 m i n  2 -~ - 10 sec 
5 " 5 " 
5 " 5 see 

5 " 

4 rain 55 sec 

5 rain 2 sec 

5 " 5 see 

5 - 

5 " 5 sec 

5 " 2 sec 

5 " 

32 sec 
2 ra in  7 sec 

o f  r esp i r a t i on  
40 sec 
27 " 

29 " 

45 " 
25 " 
45 " 
40 " 
45 
30 

30 " 

24 sec 

i rain 34 sec 
or respiration 

30 sec 

45 " 

1 rain 15 sec 
of respiration 

30 see 

50 " 

lated nerve fibers of large caliber and of their receptor apparatuses as characterize these sensory nerve structures 

in healthy (control) animals.  We invariably encountered this same phenomenon of increased affinity for silver 

salts, the deformation of nerve fibers, the floods of neuroplasm, loci of demyelinat ion,  and the partial or com- 
plete fragmentation of axis cylinders during microscopic examinat ion of preparations from the various pressure 

receptor zones of the experimental  dogs. As also in the normal animals,  all  these phenomena were most con- 

spicuous in the preterminal divisions of the nerve conductors, which in most cases were grossly thickened mad 
hypertrophied. 

In the receptor apparatuses we could now observe the phenomena of hyperplasia and homogenization of 
the terminal  loops, end-plates and retieula,  destruction of the neurofibrillary framework of the receptor with 

disintegration of the termianl  components, and so on, with which we were zlready famil iar  from the study of 

the normal mater ial  (Figs. 1 and 2). We could find no other morphological signs which might have supplemented 

the general picture of the afferent innervation of the vascular refiexogenic zones in normal conditions, nor were 
there any quanti tat ive changes. We were also unable to establish any relationship between the character and 

amplitude of the structural modifications of the vascular pressure receptors on the one hand, and the severity of 
the recovery period and the duration of survival of the animal  after resuscitation in each individual case on the 
other hand. 

It may be concluded from the foregoing account that the vascular pressure receptors are either insensitive 
or highly resistant to the action of such extraordinary factors as c l in ica l  death and the anoxia which inevi tably 

accompanies i t ,  and that they main ta in  their typical  structure. 

The results described, and also the conclusions derived from them, in our view are adequately confirmed 
by the physiological researches of Negovskii and his co-workers [4, 5, 6]. These investigations show that in a 
state of c l in ica l  death lasting 5-8 minutes in ordinary temperature conditions, or up to one hour in hypothermia0 
the vascular receptors main ta in  their excitabil i ty.  It is this fact which makes it  possible to restore the cardiac 
activity and the vascular tone permanently and effectively. 
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Fig. 2. Preterminal and terminal divisions of afferent 
nerve conductors from the carotid sinus (a), the depres- 
sor zone of the arch of the aorta (b) and the region near 
the orifice of the posterior vena cava (c) and the pul- 
monary vein (d). Experiment No. 9. Impregnation by 
Campos's method. Magnification 400x. 

At the same time it must be pointed out that the results of our investigation are in disagreement with re- 
ports in the literature [1, 2 and others], according to which the afferent nervous apparatuses of the vascular re- 
flexogenic zones and, in particular, the receptors of the regions near the orifices of the pulmonary veins and the 
venae cavae are very sensitive to the action of anoxia, and rapidly become involved in the pathological process 
when the body is in oxygen debt. Analysis of the relevant literature, however, shows that this disagreement may 
be explained not by differences in the actual results obtained, but by their interpretation, which in turn may be 
due to different notions of the criteria of "normal and "pathological" conditions for the vascular pressure re- 
ceptors. When assessing their structural changes many neuromorphologists take as their starting point what Pleeh- 
kova [9] calls their "hypothetical mean norm." In accordance with this'norm," the nerve conductors and recep- 
tom must have no significant signs of irritation, and still less of destruction and degeneration. The appearance 
of such signs is usually regarded as the result of interaction between the body and an extraordinary (pathogenic) 
stimulus. Such an interpretation of the structure of the vascular pressure receptors cannot be regarded as sound, 
for in normal physiological conditions these sensory nervous apparatuses characteristically show different forms 
of reactive and degenerative changes. This is shown not merely by our factual material, but also by the ob- 
servations of other workers [3, 11, 14]. The significance of the problem of the criteria of "normal" and "path- 
ologieal" for the vascular pressure receptors is not confined to the limits of the present investigations. On its 
solution depends not only the correct assessment of anoxia as a factor in the stimulation of the pressure receptors, 
but also the understanding of the role and the place of the various peripheral afferent apparatuses in the reac- 
tions of the body to a variety of adequate and inadequate influences. 
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SUMMARY 

The author studied the morphology of the pressure receptors in the arch of aorta sinus, the orifices of 
the pulomonary veins, venae cavae in 19 dogs at various intervals (from several hours to 1 month) after a 5- 
minute clinical death. Silver impregnation of the nerve elements according to Campos and myelin staining 
after Spielmeier was used in this work. Neurohistologieal examination yielded the following results. The signs 
of reactive condition and destruction in the large myelinated nerve fibers and their receptor apparatus noted in 
the experimental animals in the mentioned vascular reflexogenic zones were the same as in the healthy (con- 
trod animals. There were no other morphological signs (or changes) in addition to the general picture of af- 
ferent innervation of the vascular reflexogenic zones under normal conditions. The data obtained lead to the 
conclusion that vascular pressure receptors are either insensitive or very resistant (preserving their structure) to the 
action of such extreme factors as clinical death and concomitant hypoxia. 
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