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The further development of cardiac surgery requires the urgent widening of the scope of possible surgical
intervention in a "dry field” [3, 7, 13, 14]. Hypothermia is used for this purpose, as a method of increasing the
resistance of the body and, in particular, of the central nervous system to temporary interruption of the biood
flow [4, 5, 12]. The character of the functional changes developing in the cerebral cortex as a result of the
temporary exclusion of the heart from the circulation under the conditions of hypothermia has not been discussed
in the literature; its importance at the present time is obvious, for the study of this question will furnish more
detailed and accurate information on the permissible periods of interruption of the circulation of the blood.

We have investigated the recovery of conditioned reflexes in dogs after exclusion of the heart from the
circulation for 15 min during hypothermia.

METHODS

Experiments were carried out on 3 dogs. The animals had firmly established conditioned reflexes, produced
experimentally and involving various analyzers of the cerebral cortex, The dog 8il'va had protective respiratory
reflexes, reinforced by ammonia, to a bell, to a light and touch stimulus, with differentiation to a bell of another
pitch. The dogs Mirnyi and Valetka had food conditioned reflexes (with a delay of 10 sec) to a metronome, a
light and touch stimulus and differentiation to each in turn, the complete sequence forming a stereotype.
Hypothermia was induced in the animals by means of a cold pack under general intubation anesthesia with ether
and oxygen on a basis of morphine (0.5 ml/ kg of 1% solution) until the rectal temperature was 24°, A right-
sided thoracotomy was then performed and the heart excluded from the circulation by ligation of the azygos
vein and clamping of the vena cava; fibrillation was prevented by the method of V. M. Pokrovskii and V. M.,
Bensman [10]. After restoration of the circulation the chest was closed without drainage and warming of the
animals to a temperature of 32° commenced. The dogs were then taken from the operating table and subsequent
experiments were carried out in the conditioned reflex chamber, We made 55 investigations of the conditioned

‘reflexes in the three dogs after exclusion of the heart from the circulation on one occasion.

RESULTS

Immediately after its removal from the operating table the animal persistently held its head crown
uppermost, reacted to a loud noise by turning its head, and made attempts to get up on to its legs, making hap-
hazard movements with its paws, Tests of the protective respiratory reflexes in the dog Sil'va at this time
showed that they were completely absent to all stimuli (see figure, a, b). Twelve hours after operation the dogs
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TABLE 1,

Recovery of Conditioned Reflexes in the Dog Mirnyi after Exclusion of the Heart from the Circulation for 15 Minutes during Hypothermia
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* The magnitude of the conditioned reflex is given in drops of saliva during the action of the conditioned stimulus alone for 30 seconds.

tried to walk; in so doing they staggered, collided
with objects in their way and fell. The reaction to
a summons by name was inconstant, and the animals
did not recognize the experimenter. Conditioned
reflexes were absent. After 24 hours the dogs walked
with difficulty and staggered. The reaction to a
sumnlons was stabilized and a positive reaction to
the experimenter also appeared. The animals, how-
ever, could not stand up on the bench, but hung on
their straps. Tests of the conditioned protective
reflexes in Sil'va showed them to be completely
absent. Conditioned salivatory reflexes were found
only in Valetka. Their magnitude in response to

all positive stimuli was equal to one drop of saliva.
The differential reaction was disinhibited to 5 drops.
The higher response to the differential stimulus than
to the positive led to a state closely resembling an
ultraparadoxical phase in the cerebral cortex. This
fact bore witness to the profound limiting inhibition
of the cells of the cerebral cortex.

After 48 hows the animals' condition deterio-
rated, The body temperature reached 39-40°, and
tachycardia and dyspnea were observed. Tests of
the conditioned reflexes in the dog Sil'va were not
carried out because of its poor general condition.
The salivatory conditioned reflexes in Valetka were
absent. In the dog Mirnyi, 2 drops of saliva were
secreted in response to a strong stimulus--metronome;
subsequent positive stimuli did not evoke reflexes,
and the differential reaction was disinhibited to 6
drops.

After three days the conditioned reflexes were
absent. The animals did not react to the offer of
food, nor did they take food. An unconditioned
reflex reaction to the odor of ammonia could now
be observed in Sil'va. On the fourth day no respira-
tory conditioned reflexes were seen (see figure, c).
Positive food reflexes were also absent; at this stage
disinhibition of the differential reaction to 2 drops
was observed in Mirnyi ( Table 1).

Recovery of the respiratory conditioned
reflexes began on the fifth day, when the condi-
tioned reflex to the bell first appeared. Differenti-
ation wis retained at this stage (see figure, d), Tests
of the salivatory conditioned reflexes in Valetka
showed them to be absent to the metronome and
light; meanwhile the effect of the weak touch stim-~
ulus was equal to the initial response (3 drops). The
dog Mirnyi died on the fifth day from secondary
hemorrhage from the femoral artery.,

The next tests of the conditioned reflexes
were made on the seventh day. The characteristic

1261



*995 Qg 10} SUOTE SNINUIMS POUOIITPUCD U3 Jo UoToE o1y Sunmp eAITEs Jo sdoip Ul oIoyMmAIoAd USAIS ST XS[J21 POUOTIPUOD 913 Jo opmatuSewt oyl

$I 21 8 v 9 2 € 8 ot 12107,
3 1 T 9 1 o1 0| - 0 - 0 - g g 1 |3 2 o1 "t U snimuins yonog
T LT I e1 0 - 0] - g 01 0 - 0 - ¢ | s 0 - "t t09- Swouone
¥ 5 g 8 0 - 0| - 0 - 0 - 0 - T | ¥ g 6 MR 111 4
9 g L € L 3 v | s g 91 3 et 0 T |62 g L ‘" ' OPg+ SUIouOmRW

o 0 Q 8 o 0 Q 0 8

=] =] 9 e S o ] =} 1 o

28l |BEE|gy BE |- |EF E2|l% |28lz |EE|% |2sal3 |88] B

5. |8 SRS .- |HFw | B gwm | B S| 2ElEw |8 CRCHE -1 SRl 2R 58

sE 2o |28l E 5B | BE =) - R o BlE2|ls =18 B 5l o®R@|o &8 90%B 2 &

e jodle gl 8 5 S 2|82 =5l BEiesl|gE | R 8 o ol 5 B

= ag|B82l2e € | 8. B £ 513 2 gl8 (R € Bl R E|lRela sl =2

- alrsl X8 | & Cig = maem ~8le i~ Bl E}] ~ O =~ = v

So 2B laslg 2l ~RloF] BR8] g "|o8lgEl®e] 3R 2Elg RS E|l &

5o l8 " lzcle B8 [Eol® |01 & [5cl87|8cl 8 B8 [E8] C

P & mT s le |zl e |BS R I =R = & S

o o [ o 1 ) [J) o +h 8

> = > > A > » X % SIS

SOTJBA pauonipuosd

YIuesjau [US91INO0] mITeMm yusy mySie IUDADS Yy 1811} S

uonierado reye {ep
Lg61T ‘et Amf|Lg6T ‘ot A0 | 16T ‘8 AInf | L96T ‘9 AL | Lg6T ‘v AIf | LG6T ‘e AL | Lg6T ‘T AI0f |Lg6T ‘L8 9un( | LGT ‘07 ounf

enmremod iy Sulmp seanumy GT 10] UOTIBINOIID 21 WO 1IBSH 1R JO UOIST{OXT I19je BY15]eA Soq oy ut saxs(yoy pouonipuod Jo £194009Y

‘3 474V.L

1262



Sound+ Light Sound- Touch

IFFVRFTIRIFEIITIT) RPPRTPARNETION
RS S T ENARGARREY
=
S
TERITNETMIT EASATeEN
2 TenER
IR R
mg
T —r———
L
g
T S e —

i

Fig. 1, Changes in the protective conditioned
respiratory reflexes after exclusion of the
heart from the circulation for 16, 5 min at a
body temperature of 24°, in the dog Sil'va.
a) Initial level of the reflexes; b) after ex-
clusion of the heart, on the day of operation;
c) on the 4th day after operation; d) on the
5th day; e) on the 7th day; {) on the 8th day;
g) on the 10th day after operation. Signifi-
cance of the curves (from above down):
tracing of the respiration, application of the
conditioned stimulus, application of the
unconditioned stimulus, time marker (3sec).

findings on that day were, that in Valetka a natural condi-
tioned reflex to the sight and smell of meat-biscuit powder
appeared simultaneously with the conditioned reflex to the
metronome (2 drops). This was the first dog to take food
from the basin after reinforcement of the conditioned stimu-
lus. Respiratory reflexes were absent in Sil'va (see figure, e).

On the eighth day, together with the conditioned re-
flex to the bell, recovery of the conditioned reflex to light
took place with well marked delay, The reaction to the
touch stimulus was hardly perceptible, and differentiation was
retained, Complete recovery of the protective respiratory
reflexes took place on the tenth day (see figure f, g). Later
investigations of the conditioned respiratory reflexes showed
them to be normal.

Tests of the food conditioned reflexes in Valetka on the
eighth day revealed a conditioned reflex to the metronome
(3 drops of saliva). Disinhibition of differentiation to 3 drops
was also observed at the same time. On the ninth day,
investigation showed the absence of conditioned reflexes to
all the stimuli in this dog.

During tests of the stereotype in Valetka nine days after
operation a response reaction was observed only to the first
strong stimulus—the metronome (4 drops of saliva), This can
be regarded as an indication that the process of excitation in
the cerebral cortex was rapidly exhausted, revealing the low
limit of functional capacity of the cortical cells. Different-
iation was not disinhibited. Starting at this time, the condi-
tioned reflex to the metronome appeared persistently in all
the subsequent experiments (Table 2),

On the 12th day, together with the conditioned reflex to
the metronome a conditioned reflex to the touch stimulus
appeared ( 7 drops and 1 drop of saliva respectively), This
was the first animal to eat food after the operation with all
forms of reinforcement. On the 14th day after operation
artificial conditioned reflexes to all stimuli were found.

Their magnitude, however, was not yet equal to their initial
level; the latent period was appreciably shortened and the
strength relationships between the individual stimuli were
abnormal. Only on the 19th day did the conditioned salivatory
reflexes revert to their initial values, The insignificant disinhibi-
tion of differentiation (1 drop) was evidence of some degree

of weakness of the internal inhibition.

After exclusion of the heart from the circulation for
15 min in conditions of hypothermia, recovery of the con-
ditioned protective respiratory reflexes thus began on the fifth
day and was complete on the tenth day. Recovery of the
salivatory conditioned reflexes after this operative procedure
began on the seventh day and was complete on the 19th day
after operation. In the course of recovery, all the animals
showed wansitional hypnotic phases, indicating the development
of limiting protective inhibition in the cerebral cortex;
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these were particularly noticeable during the first five days after operation, It should be pointed cut that the
process of recovery of the higher nervous activity showed a characteristic fluctuation, with the development of
cycles of cortical activity; this also was evidence of the low limit of the functional capacity of the cortical cells.

Analysis of the rate of recovery of the different conditioned reflexes shows that it is dependent upon the
type and strength of the conditioned stimuli, Quickest of all was the recovery of the conditioned reflexes from
the auditory analyzer (bell, metronome), nexr—from the optic analyzer (light) and then—from the cutaneous
analyzer (the touch stimulus), The rate of recovery is also dependent on the form of the reflexes; this is seen
particularly clearly when the results obtained are compared with those of our previons experiments on the study
of the effect of general anesthesia and hypothermia on the conditioned reflex activity of dogs., First to recover
were the protective conditioned respiratory reflexes, and then the food reflexes {1, 9.

Test of the conditioned reflexes 2-3 months after exclusion of the heart from the circulation during hypo-
thermia revealed no changes in the behavior and the character of the conditioned reflexes to artificial stimuli.

The interruption of the blood flow to the brain by exclusion of the heart from the circulation for 15 min
during hypothermia thus causes well marked disturbances of the function of the cerebral cortex, These disturbances
are reversible in character,

The production of cerebral anemia for this length of time ( 16 min) at the ordinary body temperature leads
to irreversible changes in the cortical cells, Electrical defensive reflexes do not recover under these circumstances
[11]. Normalization of the conditioned reflexes as a result of the subsequent exclusion of the anterior cerebral
arteries (after an interval of 10~40 min) takes place on the 15th-19th day [6]. According to G. A. Akimov [2],
the function of the cerebral cortex in man after arrest of the heart for 5-6 min at the ordinary body temperature
is restored later than the activity of the lower divisions of the central nervous system; irritability and loss of
memory are subsequently noticed, In patients who die, pathomorphological changes are found in the cells of the
cerebral cortex,

The findings described show that the increased resistance of the cells of the cerebral cortex in dogs as a result
of hypothermia leads to a prolongation of the period of exclusion of the heart from the circulation to 15 min,
Under these circumstances the signal activity of the cerebral hemispheres is fully restored. The time of recovery
of the conditioned reflex activity observed in our experiments agrees with that found by L. I, Murskii and V., L.
Soboleva [8]. These authors showed that in animals surviving clinical death (for 30 min) under conditions of
hypothermia, recovery of the higher nervous activity takes place within 13 to 23 days. In view of these findings
it may be postulated that, in dogs, exclusion of the heart from the circulation for 15 min at a body temperature
of 24-25° is not an upper limit, It is posslble that this period may be extended to 20-25 minutes. A special
study of this problem is required.

SUMMARY

The conditioned reflexes are completely restored after the exclusion of the heart from the circulation for
a period of 15 min during hypothermia. Restoration of protective conditional respiratory reflexes begins on the
5th day and they normalize compltely on the 10th day., Normalization of the salivary conditioned reflexes starts
on the 7th day and is completed by the 19th day., The process of restoration fluctuates with the development of
hypnotic phases of cerebral cortex activity.

LITERATURE CITED

1. E. V. Aganyants and V. F. Novikov, Abstracts of Proceedings of the Twelfth Conference of the Southern
RSFSR Branch of the All-Union Society of Physiologists, Biochemists and Pharmacologists [in Russian]
(Voronezh, 1958) p, 7.
G. A, Akimov, Vestnik Khir. im. Grekova,_"r'_@, 5, 80 (195M).
A, A. Vishnevskii and V. I. Burakovskii, Grudnaya Khirurgiya, 1, 5 (1959),
E. V. Gukevich, Novyi Khirurg, Arkh., 3, 16 (1956),
A, M, Gurvich, Fiziol. Zhur, SSSR 44,5, 424 (1958).
A. S. Kuklina, Voprosy Neirokhir, 2, 46 (1957).
. P, A, Kupriyanov, Vestnik Khir, im. Grekova 76, 9, 3 (1955).
L. L. Murskii and V. I. Soboleva, Byull. Eksp. Biol. Med. 44, §, 43 (1957).

'00\1.030‘\®C.0t\9

*Original Russian pagination. See C.B. translation.

1264



9.

10,
11,
12,

13.
14,

V. F. Novikov, in: Anesthesia and Distwrtbance of the Circulation during Surgical Operations {in Russian]
{Krasnodar, 1958) p. 226,

V. M. Pokrovskii and V. M. Bensman, Eksp. Khir. 4 , 15 (1956),

G. T. Sakhiulina, Zhur, Vysshei Nerv, Deyatel. 5, 1, 76 {1955),

P. M, Starkov, et al,, Abstracts of Proceedings of the Eighth All-Union Congress of Physiologists, Bio~
chemists and Pharmacologists [in Russian} {Moscow, 1955) p, 586.

F. Lewis and M, Taufic, Surgery 33, 52 (1953).

H. Swan, R. H, Wilkinson, and 5, G, Blount, J. Thoracic Swrg. 35, 139 (1958).

1265



