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A. PREVENTION OF PULMONARY COMPLICATION 

IN PROFOUND HYPOTHERMIA 

I. INTRODUCTION 

The recent development of cardiac surgery mostly depends upon the arti五cialheart-

lung apparatus and hypothermia. However, artificial heart-lung apparatus has many 

drawbacks such as requirement of a large amount of heparinized blood, development of 

the cerebral or coronary air embolism, di伍cultmanagement of the apparatus. On the 

other hand, hypothermia which makes circulatory occlusion possible for an adequate time 

to perform intracardiac surgery by the reduced metabolism is advantageous in sparing of 

cost, rather回 symanagement and complete dry field for intracardiac surgery. 

However, it has been pointed out that hypothermia was disadvantageous in develop-

ment of ventricular fibrillation and pulmonary edema which were easily produced by 

inadequate management of anesthesia. 

The lower the body temperature, the longer will be the safety time limit for circu-

latory occlusion, but the higher is the incidence of cardiopulmonary complications. One 

of the most serious complications under hypothermia is ventricular五brillationfor which 

prevention has been investigated by many authors. 

SAITO has stated that the electric threshold value for ventricular五brillationat 18° to 

19°C of rectal temperature was elevated by administration of essential fatty acids (E. F. 
A.). He also described that administration of E. F. A. prior to the hypothermia was 

effective in the pre"ention of ventricular五brillation. In facts, the dogs to whom right 
ventriculotomy was performed under hypothermia were successfully resuscitated and most 

of them survived over 2 weeks postoperatively. 

Our oollaborators, KOBAYASHI and NAGASE have reported that water intoxication or 

pulmonary edema was easily developed in the animals in E. F. A. deficiency because of 

the increased vascular permeability. 

TOMIOKA has demonstrated that the abnormal increases in hematocrit and blood vis-

cosity produced by increased vascular permeability under hypothermia was effectively 

prevented by administration of E. F. A .. He also stated that since the peripheral vascular 

hemodynamics were maintained within normal limits because of the above reason and the 

period of cooling and rewarming time in the E. F. A. group was shortened than that in 
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the controls. 

It has been stated that in order to prevent pulmonary edema, it was necessary to 

supply enough oxygen by intermittent positive artificial respiration. It is suggested that 

pulmonary complications should be prevented by administration of E. F. A., because of 
the above reason. In facts, the expected results were obtained in the present study. 

However, in an ambient temperature of 10°C in winter, most dogs even in E. F. A. 
group died of pulmonary edema after cardiac surgery under hypothermia. It is the pur-

pose of the present study to investigate how to prevent pulmonary edema even in severe 

cold atmosphere. 

JI. EXPERIMENT AL METHODS AND MATERIALS 

1) Animals 

Infant mongrel dogs (under one year old) weighing 6 to 12kg were used，岡田use,

most adult dogs have filarias in the right ventricle who eventually become pulmonary 

emboli after cardiac surgery. The author selected successfully the dogs adequate to the 

experiments by the remark of the growth of teeth. 

2) Administration of E. F. A. 
Linoleic acid (9-12・octadecadienoic acid), Iinolenic acid (9・12-15-octade回 trienoic

acid) and arachidonic acid (5-8-11-14-eicosatetraenoic acid) are known as E. F. A. today, 

among of which arachidonic acid has the specific nutritional e百ectof E. F. A. in vivo. 
This is synthesized from linoleic acid with the aid of Vitamine B6. Therefore, linoleic 

acid has the same effect as arachidonic acid. In order to correct deficient state of E. F. 
A., sesame oil or soya lecithin containing a su伍cientamount of linoleic acid and linolenic 

acid was administered to the dogs in E. F. A. deficiency. Usually, soya lecithin in a 
dose of 5g was administered by mouth or 20% sesame oil emulsion produced in our 

laboratory in a dose of 25 cc was infused intravenously daily for one week prior to the 

experiments. 

3) Other premedications 

a) SAITO has stated that dimethylaniinoethanol (D. A. E.) or precursor of acetyl-

choline had an antifibrillatory effect, in consequence, the electrical threshold value for 

ventricular fibrillation in E. F. A. plus D. A. E. group was higher than in the E. F. A. 
group alone. In the present study, D. A. E. was also given to the dogs. Eason (acidic 

tartaric soda) or recrein (paraaminosoda) in a dose of lOmg was given by mouth daily 

for one week prior to the experiments as D. A. E .. There were no difference in effect 

between eason and recrein. 

b) Vitamine E (ephynal-dl－α・tocopherol)in a dose of 200mg was administered by 

mouth daily for one week prior to the experiments. 

4) Pyrethiazine (HCI-promethazine) in a dose of 0.5mg per kg was subcutan回 usly

injected postoperatively. 

5) Experimental methods 

The present study was performed by the following method as SAITO has applied. 

( i ) Atropine was injected as premedication. Endo・trachealtube was inserted with 

the aid of the intravenous administration of thiopental. Anesthesia was maintained deep 
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enough to control shivering by the closed system inhaling ether and oxygen mixture. 

(ii) The dogs were cooled by immersion method. 

(iii) Neostigmine in a dose of 0.25mg was subcutaneously injected at 25°C rectal 

temperature. 
(iv) Cooling was discontinued at 24° to 19°C rectal temperature. The chest was 

entered thr@ugh the left 5th intercostal space. After opening the pericardium, heparin 

(in a dose of l.5mg per kg) was administered into the left ventricle. 

( v) Circulation was occluded after the heart muscle was well oxygenated by pres-

sing the thoracic aorta. 

(vi) YOUNG’s solution without additional neostigmine was employed as cardioplegica. 
The artificial cardiac arrest was produced by the rapid coronary perfusion of this solution. 

Immediately thereafter, right ventriculotomy was done. 

(vii) Before release of occlusion, YOUNG’s solution was washed out from the heart 
muscle by the rapid coronary perfusion of physiologic saline solution. 

(viii) After release of occlusion, cardiac massage was done under pressing the tho-

racic aorta. In the dogs in E. F. A. group and E. F. A. plus D. A. E. group, normal 

cardiac beat was obtained within 1 or 2 minutes after release of occlusion. Intrathoracic 

rewarming was done carefully observing the cci.rdiac beat. The dogs to whom ventricu-

Iotomy was done at above 22° C rectal temperature were successfully resuscitated, being 

converted to the normal cardiac beat by cardiac massage alone without pressing the tho-

rac1c aorta. 

(ix) Pressure to the thora~ic aorta was released at about 22° C rectal temperature. 

(x) Immersion rewarming was done at above 25°C rectal temperature. 

(xi) The chest was closed at above 30° C rectal temperature. 

(xii) Promethazine in a dose of 0.5mg per kg was injected subcutaneously 2 times 

separately after rewarming. 

(xiii) Heparin was neutralized by the intravenous injection of protamine-sulfate in 

a dose of 1.5 times volume as much as heparin, protamine-sulfate being diluted with 20 

cc of physiologic saliIJ.e. 

][. EXPERIMENT AL RESULTS AND DISCUSSION 

As mentioned above, the author demonstrated that the dogs suffered from ventricu” 

lotomy under hypothermia could be successfully resuscitated at above an ambient tempe-

rature of l0°C (Table 1). However, in severe cold atmosphere (under an ambient 

temperature of l0°C) even the dogs in E. F. A. group or E. F. A. plus D. A. E. group 

died of pulmonary edema postoperatively. As is given in Fig. 1, dogs died of pulmonary 

edema within 5 to 12 hours after resuscitation, even though administration of fluid was 

not done. In these cases, cortison was not effective in prevention of pulmonary edema. 

Pulmonary edema was suspected by the bloody bubble in endotracheal tube, pulmonary 

hepatisation and microscopic picture. It is suggested that pulmonary edema was produαd 

by pulmonary congestion due to cardiac failure during the period of rewarming to 25°C 

rectal temperature after release of occlusion. In this mind, the author attempted to pre・ 

vent pulmonary congestion by the increase in coronary blood flow by application of 
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Table 1 Long Term Survival Experiment (Over 2羽Teeks)

Right Ventriculotomy was Performed 

I Tト lowest1 I I I I 
Bog i Wt. of I ~~eta! Occlusion ¥ V. F. ¥ P. C. ¥ Heart I 
山0. i向 民mperature time I I I I 

同 ℃ lmin. I I I min. 
1( S) I 6.2 ! 18.2 ~ 20 I no I no I く3

7( s) I 8.5 ' 18.0 I 20 I no I no I <3 

IO( S) ! 9.5 18.0 i 21 I no I no I <3 

12( L) I 7.0 1 18.5 I 31 I no I no I く3

14(L〕 I 9.2 19.0 i 20 I yes I no I 23 
19(L,D) I 6.7 19.0 '. 24 i no I no ！く3
20(L.D) I 10.0 I 19.0 I 26 I no I no iく3
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Fig. 1 Electrocardiogram of the dog in E. F. A. plus D. A. E. group who died of 
pulmonary edema p9stoperatively after uneventful resuscitation under 
hypothermia (Lead II). 

During cooling りurin12:rewarming 
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Note This is quite equal to the long survival dogs. 

pressure to the thoracic aorta for a long period of time. 

However, this procedure produced pulmonary edema easily in shorter time and the 

degree of pulmonary edema in TI).icroscopic五ndingsbecame more se・>ere. As is given in 

Fig. 2, microscopic findings in the ll.lng of the dog died of pulmonary edema undεr 

hypothermia revealed the remarkable transudation into the alveolar space and severe 

inflammatory changes. 

These experimental results clearly demonstrate that pulmonary edema is produced by 

hypothermia and more回 silyby high pulmonary arterial pressure 回 used by application 

of pressure to the thoracic aorta. 
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It has been observed that the subcutaneous blood vessels contracted transiently and 

then enlarged by cold str掛.When the individuals were exposed to cold for a long time, 

the blood pooling in capillaries and transudation or edematous changes in the tissues were 

observed. 
It is well known that tocopherol has the effect to prevent frost bite. This fact is 

attributed to the preventive effect of increase in permeability of capillaries at low body 

temperature. Moreover, tocopherol has the e旺ectin prevention of myocardial degenera-

tion. Because of these reasons, the author administered not only E. F. A. and D. A. E., 
but also tocopherol as premedication in order to prevent pulmonary edema. The dogs to 

whom Vit. E, E. F. A. and D. A. E. were administered prior to the experiments were 
suffered from ventriculotomy under cardiac arrest for 20 minutes as our usual procedure, 

and after resuscitation, promethazine that possesses the antiacetylcholine-like e旺ectand the 

effect to prevent increase in vascular permeability was・ administered. 

As is given in Table 2, all dogs in this group were uneventfully resuscitated without 

pulmonary edema even in severe cold atmosphere (in an ambient temperature of 5° to 

10° C). On the other hand, 5 out of 7 dogs in the controls died of pulmonary edema. 

The dogs who were given Vit. E, E. F. A. and D. A. E. survived after they su百ered
from ventriculotomy under cardiac arrest even for 50 minutes (Table 3). From these 

experiments, it was also clari五edthat the cardiac arrest even for 50 minutes under hypo-
thermia below 22°C rectal temperature was safe (Fig. 3). To be noticed in the present 

study, pulmonary edema was prevented more e百ectivelyby administration of both E. F. 

Table 2 Long Term Survival Experiment in Winter (Over 2 Weeks) 
Right Ventriculotomy was Performεd 
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Table 3 Long Term Survival Experiment in Winter (Over 2 Weeks) 

Right Ventriculotomy was Performed 

I I The lowest I I Time ~ I j I 
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to the normal heart beat easily by electric shock. 

V. F.: Ventricular凸brillation P. C .. Pulmonary complication 

Fig. 3 Chart of anesthesia of the dog whose circulation was occluded for 

50 minutes at 22＇.。Crectal temperature. 
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N. CONCLUSION 

In the present study, it was investigated how to prevent pulmonary edema under 

hypothermia. The following results were obtained. 

万1) To prevent pulmonary edema under hypothermia, it is necessary to administer 

a m伍cientamount of E. F. A. and Vit. E for about one week prior to the oi:;eration 

and: promethazine in a dose of 0.5mg per kg subcutaneously after resuscitation. 
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2) According to SAITO, E. F. A. is much effective also in prevention of四rdiac

complications under hypothermia. In consequence, in order to prevent cardio-pulmonary 

complications under hypothermia, administration of E. F. A. and Vit. E prior to the 

operation and promethazine after resuscitation is necessary. 

3) By doing so, the animals survive after they suffered from ventriculotomy under 

cardiac arrest even for 50 minutes under hypothermia below 22° C rectal temperature. 

B. MICROSCOPIC STUDIES 

I. INTRODUCTION 

In the previous study, it was investigated how to prevent pulmonary complications 

which were often encountered under hypothermia in order to establish a new technique 

of hypothermia. With the help of this new technique of hypothermia, the animals sur-

vived after they suffered from ventriculotomy under hypothermia at 18° to 22°C rectal 

temperature. Then the next question aris白 ifthese survivals present the abnormal 

histological changes in their vital organs. 

In the present study, survivals after ventriculotomy under hypothermia were sacrificed 

at various days after experiments in order to investigate the microscopic changes in vital 

organs. Furthermore, the microscopic changes in the organs of the dogs whose circulation 

was occluded for 20 and 50 minutes were compared. From these ・results, it was attemp-

ted to discuss the safe time limits of circulatory occlusion at various rectal temperature. 

Il・ METHODS AND MATERIALS 

1) Animals 

Under one year old mongrel dogs weighing 6 to 10 kg were used. 

2) Technique of hypothermia and surgical operation 

These were essentially the same as in the previous study. The survivals after right 

ventriculotomy under cardiac arrest for 20 and 50 minutes with the help of hypothermia 

at 22° C rectal temperature were sacrificed at various days after experiments. 

3) Histological specimens 

The both femoral arteries and abdominal aorta were cut to回cri凸cethe doll. The 

histological specimens were obtained from the de命iiteportion of organs and w~~~ dyed 
by hematoxyline-eosine, Sudan llI and NrssLE’s dyeing. 
The dog No. 9 in Table 4 reveals the microscopic changes of the dog with myoαr-

dial insu缶ciencywhose descending branches of the left coronary arteries were ligated in 

normothermia about I month prior to the operation. He suffered from ventriculotomy 

under cardiac arrest for 20 minutes with the help of hypothermia and was sacrificed 30 

days after operation. It was observed that the pericardium was adherent to the heart 

and the part of the myocaridum maintained by the ligated coronary artery was very thin. 

1II. RESULTS AND DISCUSSION 

1) Central nervous system 
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Histological Findings of Organs at Various Days after Experiment 
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degeneration was administered preoperatively. In consequence, microscopic changes in 

myocardium was so slight as to be able to apply YouNG’s solution clinically as国rdiop司
legica under hypothermia. 

3) Lung 
Since pulmonary complications were prevented by the above procedures, pulmonary 

edema was not detected microscopically in all cas田．

However, slight catarrhal bronchitis and inflammatory changes of alveoli around 

bronchus were observed for several days after operation (Fig. 6. and 9) . These changes 

became gradually slighter day after day and disappeared after 10 days postoperatively. 

Since the lung expanded su伍cientlypostoperatively, pulmonary emphysema or atelectasis 

was not observed (Fig. 8). The pleura tends to get thicker day after day (Fig. 7). 

The microscopic changes in the lung were quite equal to the dogs whose circulation 

was occluded for 20 and 50 minutes. 

4) Liver 
The microscopic changes in the liver also were quite equal to the dogs whose cir-

culation was occluded for 20 and 50 minut白．

The hepatic cells in lobules were arranged architecturally in slight atypical fashion 

and the slight vacuolar degeneration in the hepatic cells were observed within 10 days 

after operation (Figs. 14 and 15). However, these changes disappeared 20 days after 

operation. 

On the other hand, cell infiltration in the ar白 aroundthe GussoN’s capsule was 
observed even after 20 days after operation (Fig. 16). 

To summarize, the microscopic changes in the liver were little for life and gradually 

converted to the normal picture postoperatively. It is thought that the changes in the 

liver were produced by ether which is toxic to the liver, or rather than hypothermia 

itself. 

5) Kidney 

The abnormal microscopic changes in the kidney were not observed except the dog 

with myocardial insu伍ciencywho was sacrificed 30 days after ventriculotomy under 

cardiac訂restfor 20 minutes. The local small cell infiltration in the cortex of the kidney 

and the granulation tissue in the medulla of the kidney were observed in the dog with 

myocardial insu伍ciency(Figs. 17 and 18) . Its etiology is unknown. 

6) Spleen 

The very slight inflammatory changes alone were observed in the spleen within 10 
days after operation (Fig. 20). 

As mentioned above, if the dogs su百eredfrom ventriculotomy under cardiac arrest 

for 20 to 50 minutes with the help of our new technique of hypothermia at 22° C rectal 

temperature, fatal defects in the microscopic changes of various vital organs were not 

observed. The changes in the liver are thought to be resulted by anesthetic gas, ether, 

or rather than hypothermia. 

From these reasons, hypothermia might be safely employed clinically. Furthermore, 

liver damage due to ether may be prevented by extensive pre咽 andpostoperative medical 

treatment and by doing so, hypothermia might be employed more safely. 
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N. CONCLUSION 

The dogs su任eredfrom ventriculotomy under cardiac arrest for 20 and 50 minutes 

with the help of our new technique of hypothermia at 22° C rectal temperature in order 

to investigate the microscopic changes of vital organs caused by hypothermia. The mic-

roscopic studies in the survivals who were sacri五cedat various days after experiments 

lead to the following results. 

1) Even if circulation was occluded for 20 to 50 minutes at 22° C rectal temper-

ature, fatal microscopic changes were not observed. 

2) The changes in the liver are thougt to be produced by ether, or rather than 

hypothermia. In consequence, this seems to be prevented by extensive pre-and post-

operative medical treatment for the liver. 

3) YOUNG’s solution might be safely employed clinically as cardioplegica. 

C. CLINICAL STUDIES 

I. INTRODUCTION 

In the previous study, it was investigated how to prevent the pulmonary complica-

tions under hypothermia. And from our collaborators' and the author’s results, the new 
unique hypothermia was introduced. In the present study, it was attempted to investigate 

if the clinical application of this new hypothermia are adequate. 

As is well known, hypothermia has been applied not only to the cardiac surgery 

under direct vision, but also to the intracranial operation. 

Furthermore, the pediatric surgery has also been frequently performed with the help 

of hypothermia, which is much e妊ectiveto the prevention of hyperpyrexia (heat retention) , 

tachycardia and water and electrolytes unbalance during and after operation in children. 

Representatives out of the回sesto which our new hypothermia was applied in our clinic 

were discussed. 

Il. CLINICAL APPLICATION OF HYPOTHERMIA 

1) A case of arterio-venous malformation 

The following case clari五edthat the preoperative administration of E. F. A. and 

¥/it. E was effective to the safety in the course of hypothermia. 

The male, 32 years old patient admitted to the 1st surgical division in our medical 

school under the diagnosis of arterio-venous malformation in the left parietal region. 

Mild hypothermia was applied to him to clip the afferent arteries under craniotomy. 

However, since severe ventricular arrhythmia, cyanosis, and unstable blood pr白surehave 

developed at about 29° C rectal temperature, the surgery was cancelled (Fig. 21). 

Thereafter, he was given soya lecithin in a dose of 15 to 20 g by mouth daily for 

one week prior to the next operation. Then, it was attempted to clip the a旺erentarteries 

to angioma under craniotomy in our routine hypothermia at 29° C rectal temperature. 

The blood pressure was maintained within normal limits and arrhythmia was not enco・
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Fig. 21 Diagnosis : Arteriovenous Malformation of Left-Parietal Region 

(Operation was Cancelled) Age : 32 Years Old Sex : Male 

The Lowest Rectal Temperature : 29.0℃． 
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Fig. 22 Diagnosis: Arteriovenous Malformation of Left-Parietal Region 

Age: 32 Years Old Sex: Male 

The Lowest Rectal Temperature ・22.3。c.
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untered during the second attempt of hypothermia and the clipping was successfully 

performed. The postoperative course was uneventful (Fig. 22). 

This experience clari五edthat the preoperative administration of E. F. A. was e任ective

to maintain the myocardial function normal during hypothermia. 

As SAITO has stated, deficit of E. F. A. causes the dissociation of oxidative phos-

phorylation that disturbs the synthesis of ATP, energic source, to make the muscle 

contract. Consequently, deficit of E. F. A. depress the myocardial function. In facts, 

active heart muscle contains far much more amount of E. F. A. than the other muscles. 

On this point of view, preoperative administration of E. F. A. might be the adequate 

treatment to maintain the myocardial function. 

In craniotomy, there are many cases in which hypothermia must be continued for a 

long time in order to prevent postoperative elevation of intracranial pressure and cerebral 

edema. This prolonged hypothermia is disadvantageous in the pr田enceof hemorrhagic 

diathesis caused by the decr聞記 infibrinogen and platelets due to hypothermia. Furthe-

rmore, the methods of prevention of pulmonary edema described in part A and C are 

not su伍cientin this prolonged hypothermia. Further investigations for prevention of 

pulmonary edema and bleeding tendency during prolonged hypothermia are expected. 

2) 2 Cases in pediatric surgery 

In general, water metabolism and electrolytes balance in children is an especially 

important factor. 

The rate of water metabolism in infants and children reaches its peak at about 2 

y回rsof age and thereafter it declines gradually y回rafter ye訂. Consequently, it is 

suggested that water must be given 120 cc per kg of body weight to infant under 2 

years of age, 90 cc per kg 3 to 4 years of age and 60 cc per kg about 5 years of age. 

The ratio of daily water intake to extracellular fluid volume is about one half in children, 

on the other hand, one seventh in the adults (Fig. 23). Therefore, the very rapid 

turnover of fluid, involving consistently large intake as well as excretion of water, sets 

the stage for dangerous and sudden departures either on the side of excessive intake and 

over hydration or on excessive loss and dehydration. On this point of view, administration 

of an adequate volume of water must 

be done carefully. 

As to electrolytes, chloride concent-

ration in plasma is 110 mEq per liter 

in infants and 103 mEq per liter in 

adults. On the contrary, bicarbonate 

concentration in plasma is 20 mEq per 

liter in infants and 27 mEq per liter in 

adults. Thus, chloride and bicarbonate 

concentration in plasma between infants 

and adults have a contradictory relation. 

Furthermore, the buffering mechanism 

in young infants is not fully effective 

in infants, giving a tendency towards 

Fig. 23 Relation between daily water requirement 
and extracellular fluid in child and adult. 
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acidosis. 
Therefore, in order to treat the dehydration in children, it is nee白saryto administer 

nρt only fluid, but also proper electrolytes. In our clinic, pediatric surgery is performed 

after fluid balance and blood volume were adequately controlled as preoperative care, 

observing the grade of dry skin, urine volume, body temperature, grade of田veof 

fontanel, grade of anemia and circulating blood volume. The author will discuss the 

representative 2回 ses,whiGh offered to us much suggestive experiences in pediatric surgery 

under hypothermia. 

The patient is one y回rand 8 months old, having WILM's tumor. Not only fluid 

and electrolytes balance were controlled, but also soya lecithin in a dose of 5 g and Vit. 

E by mouth daily for 5 days were given preoperatively. 

WILM’s tumor weighing 1.6 kg was removed from her weighing 9 kg with the 
help of hypothermia at 22 3°C rectal temperature (Fig. 28). Duration of operation was 

2 and a half hours. Blood loss was 1080 cc, particularly when the tumor was dissected 

free from the diaphragma and liver, bleeding was gr伺t(Figs. 26 and 27) . 

Immediately after the extirpation of the tumor which was ended by the dissection 

from the diaphragma and liver, sudden cardiac arrest occurred. Emergency left thoraco-

tomy was performed to massage the heart, blood being rapidly transfused. Transient 

ventricular fibrillation occurred when cardiac ma鈴agewas started after 5 mg of noradre・

nalin was injected in the left ventricle. This ventricular五brillationwas soon converted 
to normal cardiac beat only by cardiac massage and her postoperative course was 

uneventful (Figs. 24 and 25). 
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Fig. 24 Chart of Hypothermic Anesthesia Diagnosis: Right WILM’s Tumor 
Age: 1 Year and 8 Months Old Sex: Female 
The~Lowest.Rectal Temperature: 22.3°C. 
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Fig. 25 Electrocardiogram during hypothermia (Lead II). 

During cooling During rewarming 

as・c i洲十十「 3・6°c斗叫叫J

9.9。c叫Jr-¥32。c ιιム斗↓r
23.8°c 十J凶レr26。C 十十斗r

2.3°c斗」J 4.2。c↓よts
Preoperative回 reto this patient was carefully done as mentioned above. Besides, 

anesthesia was carefully managed and minute to minute control of fluid and blood rep-

lacements during operation was performed by observing the measurement of blood loss 

and urinary volume drained from the bladder catheter. To be noticed at this time, rapid 

fluid transfusion tends to produce the pulmonary edema in children. Therefore, rapid 

fluid transfusion in a dose of 50 to 100 cc at a time which is often performed in the 

adults must be avoided in children as possible. In consequence, as a rule, intravenous 

continuous drip infusion of 5% glucose solution must be applied during and after 

operation. 

In this case, too, the above procedures were done carefully. Then, why did the 

cardiac arr白toccur at the time when the tumor was removed ? It is suggested that the 
large bleeding at the time of extirpation of the tumor might be the田useof cardiac 

arrest. 

Our clinic experienced the cardiac arrest more than once at the time of the extirpa-

tion of the abdominal tumor under hypothermia. This fact sugg白tsthat there訂emore 

important factors than bleeding as the田 useof the cardiac arrest. 

The 2nd回 seis a one year and 11 months old female having hepatoma. The gr白 t

tumor weighing 785 g was removed with the subtotal resection of the right lobe of the 

liver. The blood loss was 1500 cc (Fig. 31). From several minutes before the end of 

the right subtotal hepatectomy, the pulsation of the carotid artery became feeble. Besides, 

as shown in Fig. 32, E. C. G.-ic findings showed a serious pattern. During operation, 
an adequate amount of blood was replaced by careful measurement of blood loss (Figs. 

29 and 30) . Nevertheless, why did the cardiac function decr回 se? 
On the method of fluid and blood transfusion, we made an serious error in the above 

2αses by the following reason. In these 2 回 ses,as a routine method, the internal 

saphenous vein was canulated by cut-down for fluid and blood transfusion. An adequate 

amount of fluid and blood was replaced, observing the blood loss and urinary volume 

during dissection of the tumor under hypothermia. However, when the tumor was 
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Fig. 32 Electrocardi叩gramduring operation to Hepatoma (Lead Ill. 
(under Hypothermia) Subtotal Right Hepatectomy 
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dissected free so as to be movable, the central circulation is disturbed, because the tumor 

press回 orstrains the inferior vena田 vaby 氏、sremovement or operative procedures. In 

the latter回 se,too, venous return to the heart is disturbed by the partial occlusion of 

the inferior vena回 vaor portal vein (right liver lobe being rotated). Therefore, blo吋

which infused through the internal saphenous vein is pooled only in the peripheral site. 

Thus, venous return to the heart is decreased and the decrease in coron訂yflow 

consequently might 回 usethe cardiac arrest. In facts, E. C. G.ーicfindings seen in the 

latter回seshow the course of the decrease in myocardial function. Fortunately, in the 

latter団関， sinceit was suspected this mechanism of the cardiac arrest, rapid blood trans・ 

fusion from the cubital vein was done. By doing so, E. C. Gペcfindings and blood 
pressure became normal. This fact shows that circulation was maintained normal by the 

SU伍cientvenous return to the heart from the uninte1rupted superior vena cava, and in 

th田e2回総sblood transfusion through the internal saphenous vein was the inad句uate

procedure. Therefore, in the surgery for removal of a large abdominal tumor in children, 

the fluid and blood transfusion must be done through the cubital vein by cut-down. 

In the application of hypothermia to the pediatric surgery, a dose of 0. lmg of 

neostigmine was injected subcutaneously several times with careful measurement of pulse 

rate at 27°C rectal temperature in order to prevent ventricular fibrillation. The child 

was cooled and rewarmed by the immersion method. Postoperative pulmonary edema was 

prevented by the 2 to 3 times subcutaneous injection of a dose of O 5 mg per kg of 

promethazine after rewarming. To be noticed, no autonomic nerve blocking agents were 

administered as premedication. 

Our experiences 「onfirmedthat even the profound or moderate hypothermia which 

has been known to be dangerous because of the occurrence of ventricular fibrillation or 

pulmonary edema could l光泊felyemployed clinically by the preoperative administration 

of E. F. A. and Vit. £., subcutaneous injection of neostigmine, infusion of an adequate 



PROFOUND HYPOTHERMIA 173 

amount of blood and fluid, and the postoperative subcutaneous administration of promふ

thazine. 

Even if the cadiac arrest or ventricular fibillation occurred, it will be easily conver-

ted to the normal cardiac beat as far as the above procedures were done. Our clinic 

employed the hypothermia at 23° to 28° c rectal temperature to the operation of the 
abdominal tumor in children so as not to repeat the above mentioned failure. Thereafter, 

except the above 2 cases, all were successfully operated without any complications. 

To summarize, our new hypothermia ideals with the pediatric surgery as far as the 

above attentions were carefully taken. It is confirmed that even the poor risk patients 

seemed to die during or after operation in normothermia were successfully operated with 

the help of our new hypothermia. In children fluid and electrolytes must be carefully 

administered even postoperatively. If fluid intake by mouth is not to be expected, it is 

necessary to administer it through the intravenous drip infusion. It is stated that the 

daily water requirement in infants is about 100 cc per kg. However, the administration 

of water after operation must be restricted to 60 to 70 cc per kg daily because of influ-

ence of stress response. Besides, as the excretion of Na decreases for several days after 

operation, physiologic saline needs not to be administered within 2 days after operation. 

In children, 5% glucose solution must be infused, observing the water loss such as 

vaporization, urine, suction and vomiting. Usually, 5% glucose solution must be admin-

istered for four fifths of the water requirement and physiologic saline or RINGER’s solution 

for one耐ths.

III. CONCLUSION 

The experiences of clinical application of our new hypothermia to the intracranial 

operation and the pediatric surgery lead to the following results. 

1) Preoperative administration of E. F. A. and Vit. E, subcutaneous injection of 

neostigmine during hypothermia and the subcutaneous administration of promethazine after 

rewarming were fully e任ective in the prevention of cardio-pulmonary complications. 

However, the preoperative administration of D. A. E. as used in hypothermia of dogs is 
not necessary. 

2) Even the poor risk children such as the state of poor nutrition having large 

abdominal tumor were successfully operated under hypothermia. 

3) The attention must be paid on the pre-and post-operative administration of 

fluid and electrolytes in pediatric surgery. Furthermore, blood and fluid replacement 

during operation must be done most carefully from the cubital vein with the drip infu-

sion method in the回 seof extirpation of a large abdominal tumor. 

4) The new technique of hypothermia proved to be useful in the intracranial 

surgery and pediatric surgery. 

The author wishes to express his sincere gratitude to Dr. Y. H1KASA, the lecturer of our clinic, 
for his helpful suggestion and kind guidance in the course of the work. The author wishes to thank 
his collaborators Dr. H. SmROTANI, Dr. T. KuYAMA, Dr. T. ToMIOKA, Dr. A. SAITO, DR. T. OKUDA for 
their kind advice and help. 
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和文抄録

超低（小湿麻酔法の基踏的並び、に臨床的研究

京都大学医学部外科学教室第2講座（指導：青柳安誠教授〕

桑 名

最近に於ける心臓外科の進歩は，人工心肺と低体温

麻酔法との発畏によってもたらされたと云っても過言

ではない．併し，人工心肺は，常に大量のへパリン血

を必要とし，叉脳及び冠状血管の空気栓塞の危険性も

あり，又その装置の管理が極めて繁雑であるという欠

点が存在する．それに反して低体温麻酔法では，生体

を冷却して個体の新陳代謝を低下せしめてP 心内手術

操作を確実に行うのに必要にして充分なる時間だけ血

流を遮断し得る特性を有しているばかりでなく，人工

心肺に較べてその経費も少くてすみ，又手術に際して

完全なる Dry恥ldが得られる点に於て優っていると

云える．

一般に，血流遮断時間は体温の低下と共に延長する

事が出来るがp 従来より体温28℃以下になると，屡々

心肺合併症が発生するとされて来た．その一つは心室

細動であり，他は肺合併症である．そこでわれわれ

は，この中の肺合併症即ち肺水腫の予防対策について

検討したのである．

一般にp 低体温麻酔時には，毛細血管壁の透過性が

異常に元進し，循環血液は著しく濃縮して，末梢抵抗

雄

は増大し，ひいては心臓に対して著しい負担を及ぼす

結果となり，これが心室締動の発生をもたらすものと

考えられて来たがp この心臓に対する負担は更に静脈

圧の上昇をもたらし，肺水腫の原因になるものと考え，

本研究に於ては，如何にすれば低体温麻原時のモ細血

管壁の透過性の異常元進を防止し，又末檎血管の低温

に対する抵抗性を強める事が出来るかについて検討し

アニ．

そrT:結果，麻酔前に予め充分量の不可欠脂酸とピタ

ミγEを投与し，術後 Promethazineの皮下投与を行

えば，たとい外界気温がI0°C以下という極塞期に於て

も肺合併症を予防し得る許りでなく p 術後2週間以上

に亘り試獣を長期生存せしめる事が可能である事を明

らかにする事が出来た．

そして更にわれわれの提唱する麻酔法によって，直

腸温22°C下に於て調胸し＇ 20分及び50分間の血流遮断

下に右心室切聞を行いp 次いでこれを縫合閉鎖し，閉

胸して蘇生回復させた試獣について，実験直後から 5

日後， IO日後， 20日後， 30日後と日時の経過を追っ

てP 中枢神経系，肺臓，心臓，肝臓，腎臓，牌臓等の
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主要臓器についての組織学的検討を行い， 22℃下では

20分及び50分間の心血流遮断を行っても，これらの主

要臓器に何らの危険性のない事を明らかにした．

次にわれわれはp この低体温麻酔法を，関頭術，休

重 9kgという栄養不良の 1才8＇~月の幼児の Wilms1

tumor及び 1才IIヵ月の幼児の hcpatomaの別出手術

に応用して吟味した結果，極めて優秀な低休温麻酔法

である事を知った．



PROFOUND HYPOTHERMIA 177 

Fig. 2 Lung. The dog who died of pulmonary 

edema.×400 

Fig. 5 Purkinje’s cells in cerebellum. JO days after 
(Circulation was occluded for 50 minutes.) x 400 

Fig. 7 Granulation tissue and connective tissue of 

the pleura. 30 days after (Circulation u’as 

occluded for 20 minutes. The dog with myo-

cardial insu侃ciency.) x 80 

Fig. 4 Purkinje’s cells in cerebellum. 5 days after 
(Circulation was occluded for 20 minutes.) x 400 

__ .. ＿一一＿，
Fig. 8 Lung. 20 days after (Circulation was occlu-

ded for 20 minutes.) x 80 
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Fig. 9 Lung. Immediョtelyafter (Circulation was 

occluded for 50 minutes.) x 80 

Fig. 11 Heart. 30 days after (Circulation was 

occluded for 20 minutes.-The dog with 

myocardialこinsu伍ciency.)

Fig. 13 Heart. 30 days after rCirculation was 

occluded for 50 minutes.) x 80 

Fig. 10 Heart. Immediately after (Circulation was 

occluded for 20 minutes.) x 400 

Fig. 12 Heart. 5 days after (Circulation was occlu圃

ded for 50 minutes.) x 80 

Fig. 14 Liver. 5 days after (Circulation was occlu-

ded for 20 minutes.）×80 
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Fig. 15 Liver. 5 days after (Circulation was occlu-

ded for 50 minutes.）×80 

Fig. 17 Kidney. 30 days after (Circulation was 

occluded for 20 minutes.-The dog with myo-

cardial insufficiency.) Medulla ×80 

Fig. 19 Kidney. JO days after (Circulation was 

occluded for 50 minutes.) x 80 

Fig. 16 Liver. 20 days after (Circulation was 

occluded for 50 minutes.) x 80 

Fig. 18 Kidney. 30 days after (Circulation was 

occluded for 20 minutes.・Thedog with 

myocardi日linsu伍ciency.〕Cortex x 80 

Fig. 20 Spleen. Immediately after (Circulation was 

occluded for 20 minutes.) x 80 
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Fig. 26 Photo. in the extirpation of Wilm's 

tumor. Before laparotomy 

「

Fig. 28 Wilm's tumor (Weight 1.6 kg) 

Fig. 27 Photo. in the ext叩ationof ~Wilm 
tumor. During laparotomy 

Fig. 29 Photo. during operation to hepatoma 

During laparotomy-I 

Fig. 31 Hepatoma (Weight 785 g) 

←Fig. 30 Photo. during operation to hepatoma 

During laparotomy-Il 


