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F19．　1．

　Photograph　of　a　dog　taken　at　the　time　of　2　hours

before　cooling．
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Fig．　2．

Ph・t・graph・f　a　d・g　tak・・at　the　tim。。f　10　minutes

before　cooling．

Ane・th・・1・w・・m・i・t・ined・t　deep　leve1、　with，ther

adminlstered　via　a　semlclosed　circuit．
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F19．　3．

　A　dog　being　cooled　by　placement　of　crushed　ice　over

the　entire　body．
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F19．　4．

Ph・t・9・aph・f・d・g　t・ken　at　th・tf。，。f　20而nut，、

before　rewarming．

L・ft　f・m…1art・・y…cannu1・t・d　t。　mea、u．e　a，t，．

「1・1b1・・d　p・essu・e，　and・1ght　j・g・1、，　vei，　w、、　cann．

・1・t・dt・measu・e　ce・t・al　ve・・us　p・essure．



　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　l
Fig．　5．

　Slow　rewarming　was　accompllshed　with　warm　water　（42

to　44　C　）　wlth　a　plastlc　sheet　interposed　between　the

body　of　the　dog　and　water．

F19．　6．

　Photograph　of　a　dog　taken　at　the　tlme　of　24　hours

after　hypothermic　anesthes「a．
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Fig. 36.
In dogs of group I, a right

atrial incision extending from:

posterior vena cava to right

auricle was made.

                               /  35.2+3.0minuteslater, ,
the atrial wound was closed

by continuous suture.

                               -

                 k.,

             .A
N ",.. :s:
             . tt.   " --,           '              .･ ,k'
,'A ', ' lli9k)','i.''lr.:bnL'･'･i.'"

g., >t?Iis ii

       ."    .s           h,.e,,,]

.k'e.

   FVJtCOLORC=)77

}X}El(-..`.. f '. 'Os

'
pr

-

--
.

   t'

lt

pt:

v

,

t' '
,Nv

  -1

v
   '
  ,,y.･.. ',.

   .Ll' 1 -tt ..

  ''':･J.,i.

    ..; .t t

   ･ 'm 't.'J ".

' t"

 '

'
1
;
L
l
.

 .
.--

-
.

 '

t/

' -r.t

>

.. -

 t?

 "Y -

 s

,p

'f'

t't-'

 ･L.

 -

     -'N,,
  ..) N-

･･ ---=

   -      -- -h
    '"-

         ,

･
"     ' ,eiqe

     s-

   ･)･

,.,!LiL,;;. liiiii.:

  '       '

L
'

.si:

'

tt   '  +- ･･ f･+
   y.
  r., "

,
i
i
k

        "

FUJtCOLORtu77

%s,･

"Y -･thY;at
    -.
 "t ttt '
  "F

    i T-- 't

      u
eq.e'.



＼
茎
Z

N
O

6
＝
m
＞
コ
↓

隔

コ

州
m

O
℃
m
2

エ
m
》
』
－
「

、

、

、

、

O

ΩD

ω
朝

］
O
●
　
ω
刈
●

　
　
門
0
9
二
9

0
出
α
自
8
。
。
●

　　

@　

@
N
O
　
　
B
　
　
　
N
ω
．
　
悼
0

8
。
＝
呂
　
　
　
　
　
「
。
墓
善
ヨ
に

9
0
コ
O
①
の
。
出
7
8
再
δ
け
Φ
一
コ
◎
け
ユ
巴
ゴ
ユ
。
。
一
〇
コ
O
δ
毛
・

口
葺
く
Φ
詳
凶
8
一
σ
ミ
Φ
×
月
Φ
し
。
ω
穿
Φ
。
ユ
二
目
Φ
ゴ
。
∋
Φ
窪
＋
い
訂
且
。
言

O
O
Φ
5
。
ぐ
2
Φ
“
0
3
⊆
で
。
由
ユ
O
耳
◎
け
ユ
巴
コ
ユ
。
。
繭
。
＝
●

ω
。
ゴ
ニ
。
⇒
2
①
“
O
雪
。
⊆
℃
。
出
一
①
壽
9
け
ユ
巴
宝
。
繭
ω
凶
。
デ

ω
い
．
O

二
Φ
≦
9
ゴ
O
＝



‘

O
o
三

繍
監
置
．
睡
．
羅
…
量
．
・
誰
羅
董
　

t
・
搬
．
深
川
．
一
鼎
、
…
…
簸
…
．
駄
．
壁
…
．
凱
、
…
・
．
．
嚢

．
轟
…
…
離
物
山
…
ヨ
．
紐
．
溝
．
，
．
．
蒲
獅
亜
瞳
脇
．
墾

。
悪
阻
牌
照
…
エ
．
朝
洲
．
睾
…
…
…
．
酬
．
縫

、
市
報
蹄
慧
眼
　
薩
撫
－
椴
器
刑
欺
薩
‘

　
　
　
　
．
，
汁
口
唱
．
．
旨
一
．
　
　
　
唖
，
－
脚
，
．
↓
．
↓
に
F
　
「
－
一
．
噂
，
，
居
り
∵
’

　
　
　
　
　
ロ
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
リ
　
　
コ

・．齊
ﾓ
顯
．
鼎
・
・
．
！
に
．
…
絹
．
欝
硫
．
エ
肋
淵
薫
諏
慧

．
”
．
類
護
．
㎎
．
”
．
摺
9
・
．
d
｛
謝
”
ヨ
叶
禰
補
強
．
｝
難
塁

獅N
節！ω

貫
”
員
　
　
．
書

O
旦
．
言

．
醗

　　

@
雛
．

コ
。
。
。
＝
。
・
昌
2

無
識
甜

コδ
＝

－
，

㍑
に
μ
．
恒

”
－
，
．
葺
μ
．
”

i
揖
．

雛
艦

．
．
潔
．
．
4
瞬
．
u
…
一
，
．
…
円
．
日
．
謝
彊
誓
醗 一

●

ρ
　
一
　
　
　
，

博
．

，
　
，
　
1
　
◆

　
層
　
　
．
　
　
　
，
　
　
　
　
．
　
噛

汁
．
汀
D
h
．
ド

縫
．
　
・
　
．
　
　
¶

　
．
炉
．
．

ド
に
．

裂
1

，

，
．
，
‘
．

梓
叫
臼
．
μ
ヨ
．
」

凸
↓
つ
“

．
‡

一
O

．
　
　
　
　
　
「

．
托
し

コ
　
　
　
　
　
　
ロ

罰
郎

噂
薄

．
…
…
．
…
無
闇
欝
・

‘
峯

－群1

　
　
　
　
　
　
　
　
軍
戸
　
●
　
●
　
　
　
－
・

田
撫
顧
集
…
．
淵
・

顕
．
簾
賄
暴
露
・

』
”
B
．
蹄
複
．
庸
．
娼
u
．
ら

昼
h
け
．
眞
皆
具
ビ
㌶
廿
u

」
レ
．
「

「
コ
、

「
　
し
　
・
　
◆

一
‡
一

伽
　
7
　
‡
　
　
　
驚
」

層
　
，
．
・
　
　
，
　
　
　
，
　
算

弔．

蜉
冝
D
．
旧

辞
レ
H
h
．
ノ
甲
…
■
「
．
淵
r
．

く
ロ
ゐ

一
．
τ
」
一
．
，
｝

．
　
7
　
．
　
7

↑
1
　
．

ウ
　
エ
　
　

ナ
　
う
　
の
　
　
ヒ

「
，
，
・

E
｝
L，？

鍵
①
「
ヨ
ー
コ
。

．
　
　
　
　
　
　
　
．

…
紺

t
汁
Ψ

越
・

醗
．
事
，
．

．
”
．

↑
i
セ
，
1
「
－
宇
：
「

｣
…
ヨ

…レ

D
．
．

●…

…
柵
，

．
，
．
p
．
，
…
罎

．
6
．
…
．

．
　
　
．

擁
：
．
．

：
レ
臣
．

．
一
昌
日
墨
田
翫
－

．

．
　
．
…
，

「

寺
，

…
．
隔
＃
μ
”
u
に
．
日
「
．
一

．
昌
h
れ

B
．
甚
ー
ー
畢
口
口

．
け
旧
，

一

．
　
　
　
　
　
　
　
・
　
　
　
　
　
－
　
　
　
　
　
　
　
　
　
　
　
　
　
，
F
　
　
　
　
　
　
　
　
　
　
l
匹
－

醒
田
，

．
．
琵
「
…
t
　
　
l
　
　
・

．
に
レ
に

癒
し

ー
ー
r
絹
“

コ
＃
一
ト
に

‡
－
較
“
．
一
．

四手
．
：
｝

　
　
1

．
5
，
　
，

↓
｝

　
　
　
　
　
　
　
　
●

餅
嚇
．
帽
．
官
権

Q
叩
●

王賛；

一．

〒
累
　
ト

　
　
　
．

し
　
　
　
．

，
　
．
．
．
7
　
　
…
．
‘
「

一
　
　
　
，
！
．
，

　
　
　
　
P1
．
l
P

冒，．

　◆→

　9

μ
←．

？

iiii澱4

鼎
顎

髭
r．『
，’，．

，，レr

を
　
　
く
レ
ヒ

レ
．
．
，
」
．
．
膨
一
，
「
．
．
n
．
“
．
ロ

ポ
控
　
　
撞
，
．
鴛
D
㍑

，
6
　
　
．
　
レ

曾
”
“
“

㍑
口

p
十
＝
↓

．
！
五

，
φ
ト
レ
　
．
◆

，
，
　
レ
．
レ
　
D

▼
豊
－
　
二

↑
　
ひ
　
，
　
p
し

．
．
セ
…

．
曾
f
▼
　
●
　
○

．
－
ほ
昌
．
㍑
P
け
、
に
∵

謝
沼
．
田
浸

，
．
ご
　
．
，
，
．
に
，
＝

LiTi・
ヨ

．
F
ゆ
一
．
4
昏．
や
ゆ

．．普
C
州

←←．戸

70トつ
．■ H●

珊
．←暫一し

レ唱↓

麟電，9マ
，H6・Lレ辱
・■ 搭r

蒲
．←1◎

τ凱

r

．
　
　
．
「
．
　
　
楓
，

N
α
．
O

N
刈
．
O
　
　
　
．

，
　
　
　
　
　
　
　
一
　
　
■

一
　
　
　
　
　
　
　
■
　
　
　
　
　
　
唱
．

・

　
　
h
　
　
　
　
l
：
．
1
に

・
－

，
　
　
　
　
　
　
　
　
　
　
　
　
　
「

6
　
卜

τ

↓
－
一

・
日
u
目
障
懸
け
j
h
し
ほ
H
．
H
日
”
轟
尋
．
．
　
　
．

●
　
　
　
　
　
　
　
　
　
　
　
●
　
一

一
一
一
↓
－

．
・
一
：
1
7
ー
ー
．
L
一
！
ー
ト
ー
●
一
．
ー
ー
，

　
　
土
一
■
　
　
　
　
　
1
響

↑
■
「

一
純
u
総
h
1
1
一
，
．
菖
．
1
十
一
i
；
一
　
一

「

一

紐
一
i
菖
翌
「
　
，
　
　
i

…
↑
．

一

昌
！
n

「

「
↓
1
．
一
．
一
　
．
　
　
　
　
　
　
l
l
冒
「
，
．
，
l
l
一

，
　
　
　
　
　
　
　
‡
　
　
　
　
　
　
．

」
．
．
．
1
↑
一
i
l
．
ー
ー
I
l
　
一
炉
1
ー
ー

…
1
両
．
ー
レ
朋

．
　
．
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
．
　
「

一
U
彗
1
，
．

．
「
．
．
鳶
－
ほ
．
り

i
．

酬
　
：

H
i
i
宙
．

1

，M
㊤
．
〔

■

」

F

？

i．il：！

．．，．

・〕・→

．．噂，→
・噸b．る．

u04

　－．P■．

「． ｧ．．．

r■←卜．

層．． s

．．，噌．●

P・PI
一．．．●．

．P

’・・
�E

・層，

．9■，
・・■

　1 ■唱

甲ヤ’●
　マ●o

噛，哩．
，脚響 C

寵
，
，
．
．

昆

欝
．

’
u
脚
　
● ω「，．
；
： ｝ P

一．； 1 ｝
，

「
｝

i

●

1 i
　
「
h
， 1 二

； o・
．
↓

．
・i

1．
1
．

li；

@r』@
｝

｝
．
．
，
．

：
．

1
一

π
．

1 「
t‘．

．
・
十
1
1

封．

1
唱
「
卜 ， 「 1

・　，L

1
2
．

｝ ， 欄

’「

L．
」
． ナ
伽
1

く　　　　　　・

口 ．9

．一

1
，
3

1
．
貰

；
炉
P

5
1
1
‘
　
　
●

！
㊥
　
・
　
　
－
F
　
　
1
1
　
　
・

1

乙

1
環

．伽

A1i． 1
肇 臣

．
‘
工
．
｝
1

｝

i P ！ P
，

「
「，

・
b

．F 一

量

！
i
一

1
一

　 tI
ｧ ［
↓

i
．

脚

二

i
圭 ．曇■

◎

↓
．

層

．

◎

コ
O
・

●

ω
ω
．
O

ω
c
o
●

0
3
蜜
O
①
。
。
o
而

、ω

ｿ
．
6

…
驚

；．【．

；3．

；
l

l
；

鴛
i
i
，　， ＃
　1マ

　　

@　

@　

@　

@　

@　

@　

@　

@　

@　

@
慧
．
副
欝
↓
録
．

Φ
訂
。
穿
。
8
言
ざ
O
毒
ヨ
（
ゴ
ヨ
σ
一
①
＆

欝
三
◎
＝
＝
6
繭
ω
繭
。
コ
。
δ
⊆
p

刀
雪
◎
美
ω

O
三
α
2
。
O
訂
。
①
巴
け
①
暑
Φ
轟
け
ミ
Φ
●

ご

翼
．
．
．
．

一
一
）

二
8

一
ミ
。
笑

ユ
O
耳

．

噸



●

　　　　　　　　■己L　　　　　　　　　　　∋
　9「1　　　　　　　　　0　　　　　　　　　ヨ

ζ
・
〉
．
P

’

’

、

1

O
ω
α

　
N
O

。
。
。
＝
呂

　
「
δ
●
ω
0
・

　
　
●

O
黒
2

＝
［
〉
刀
↓

　
N
ω
　
　
　
N
ω
　
　
　
N
O

　
　
　
　
　
　
　
　
　
　
　
　
ロ

　
　
　
　
　
　
　
　
「
o
芝
£
D
「
∋
ヨ
O

。
訂
コ
。
①
ω
。
噛
∋
塁
∋
巴
。
再
Φ
ユ
巴
月
Φ
。
・
。
・
⊆
・
Φ
●
、

　
　
　
　
　
　
　
　
　
●

ω
q
．
O

●



∋
∋
エ
OO轟NO凸

ρ
く
・
P

、

、

、

O
℃
m
2

エ
［
〉
刀
．
「

O
ω
切

　　

@
N
㊤

。
8
＝
ε

コ
O
●
轟
O
・

N
ω

N
ω

　　

@　

@
N
㊤

　
　
　
　
　
　
　
　
　
O

お
∈
O
「
∋
ヨ
O

9
窪
。
①
・
。
。
噛
8
コ
穿
下
く
Φ
3
⊆
し
。
要
Φ
い
。
。
≒
Φ
・

呂
．
O

9



e-f

i
:

P02 s
Open

t

mm
50

'

N
N

heart t

'

N
t

N
t

30 st
s

N
N

t N
100 :f,-･･d`t' Ncr"

mmHg
 60

30

7e4

Z2

PC02
'

N

'
t
l
l
1
N
x
S
i
'

t

.. .U

pH

"b.q"
--"
-.a,,×

- N
N
N

-1 O

B.E.
o e---N."

.

N
o

N /
N
t
N

'

G A
2
3
3
5
c
o
o
l
i
n
g

25.mln. R 23 .35
rewarmlng'c

Fig. 41

atrial

 Solid

. Changes of P02 , PC02, pH and Base ecess in

incision group. Each dot.express the arithmetic

circle : arterial blood Open circle : venous

dogs

mean

bl ood

of

of

right

5 dogs.



ノ

1ぜ

’

・臥／

繭歴

ゆ

　な∴「

「…よ』一

／

鉱＼

、魯陶L

i　　一

》

、

一　　　　　　FリJICOLOR⊂n＝⊃7ア

Fig．　42．

In　dogs　of　group　II，　a　left

atrial　incision　extending　from

left　auricle　to　pulmonary　vein

was　made．

　35．6＋2．6minutes　later，

the　atrial　wound　was　closed

by　continuous　suture．

一　　　　　　FりJICOしOR⊂じ⊃77



5

O
o
三

コ
。
ミ
①
「
ヨ
言

N
ω
．
O

．
脅
．
．
一
．
“

．
曲
．
気
　
　
、

M
ω

屋
．
O

0
8
＝
コ

．
陣
　
ひ
一
．

刀
。
。
。
＝
。
。
9
三
二
8

N
図
．
O

N
ロ
コ
．
O

’
　
◎

ω
一
．
O圏

み

ω
ω
．
O

．
・
竃
乙
、

‘

ω
α
．
O

コ
。
・
お
・
。
藝
。
Φ
ω
。
哨
①
§
け
雪
§
互
。
。
曇

◎
け
ユ
巴
凶
5
。
室
。
コ
。
δ
⊆
で
・

一
ミ
。
笑

（
ゴ
ヨ
三
の
g
ε
凶
5
9
ユ
。
o
。
哨
一
Φ
ヰ

■

二
〇

・



er
!

;
1

;

I
/

1

P02 Open

mm
50 s

N
s

heart

t

N

30

Nt
v

N
100 NN

to..

mmHg
 60

30

7.4

72

PC02 t

t

/ '

- ...e
-(f･

-...

' '

1

N 1

N
N t
N
N

pH
Nas

'
"

..- Q,
N
-
-
-
-
q
,
×
N

-1 O

B,E.e..---･4,-

N
NN.hb.-
or

G
A
t

2325.R23.3535coolingmin.rewarm1ng'c

Fi g.

atrial

44. Changes of P02 ,

 incision group.

PC02 , pH and Base sxcess in dogs of 1eft



，

嘱1

勢鱒．・1．

騨ψ

q，
1
、

艇1イ庶．

醐
．「メ

Fig・　　45・　　Photograph　of　a　dog　taken　at　the　tlme

of　3　months　after　atrial　incision．

．さ

歪　．

歩
目

　
磨　
　
　
h

】
F19．　46 Autopsy　findi・g・・f　3…ths　aft・・at・ね11nci，i。n．



,

,

"
  /li xts

'<[
F iZii

>･'T'qrr:. .,l]fisjgiiptllii: ･,

        -  'Y''' P',.h;
$g. ,ec,.tewi

i
l
£

  L ;X
  7 i.'
  't

  '-･' ･rpt

  {'-'
 `l--

   NVh ,.
･
l

e
S
69
g

e
B

    'i '

   N

  1

H g.

  inci
 was
   36
 was
 AP :
 RV :

t-

'neM
    ,L
gt!tt

''s )･)ts

  ---,'tt'

  'L/

  '   t.

r" ,.,. Sl:.!N

   ..:.,i:1.,.,,;.i-i-i-:,.,., Z

          ti -   "'Zlpa .,3'･3,:.1.tf･'

"1!)"it'--;pi]'.･ .

 tttt

  #i+l-,

-××3

47

     In
s1on
made.
.1+4.2
closed

Apex ,
Right

L

 JIL [

.s S' '
  }･$･･ }

  o- -.,
 .-tEXk ,e.,

  ,/-,  s' .
   N
  S' "e

   dogs
extending

  minutes
  by

  AVC
 Ventric1e

t.--k.q.

 N' ･H

' sc1.

N .me''

   of group
     from

     later,
 continuous

  : Anterior
      , TV

A
/
N
N
i ..J'

1

   1

   '   t tt
."-be. ..

 I, a

the

Vena
:

-

)
L --

?kiiilii

coronary

     ventricular
 su･ture

   Tricuspid

!
x
P
s

e
o
l

right ventricular
  groove to apex

          wound

Cava ,
     Val ve



t

f
e

et
ti

4.

f
 tt,

N
-

,msl

    e
 1
･7

'

,x

"･

t}..

t

N

ex
-

P
2

e
e
s

    t
   !h 'JS" -:
      ' "Lt ,
      '
       J     d    /) ''"ti'i

         !
         t . ):     tt.. ･vt! tt-'--t:
      n             '      r i -as.
         L 1''      ; .･ -af
      iL
          irli,

   N.NxL llif!

  1

Fig. 48
           In
  incision
  was made.
    36.8+5.9
 was closed by

 LV : Left
 RV : Right

ISii!iN,Sd

    c ,f

l,

l
･
t
,

l
t
)

t
l

1･･

{

l

iNii:ll$IN

/1

       11
 '>i:. Ir'

 '
 .L
   "' t
p.(! '

,

>x`. b

.L".dP

'

N

!

[F

 -L.L''

.Ajr'

  .

;

t'

T'

'

d
1

e
"
n
'

9
g

e
B

   dogs of group II, a right ventricular
extending from pulmonary conus to apex

  minutes later, the ventricular wound
     continuous suture.

Ventricle , RAu : Right Auricle
 Ventricle , TV : Tricuspid Valve



，

＼
≡
2

N一
〇

＝
m
＞
謁
↓
刀
．
「
m

O
謂
Z

＝
而
〉
コ
．
「

O
℃

O
ω
“

コ
O
・∋

Φ
O
＝

　　

@　

W

3
。
一
一
呂

N
ω

お
。
訂
呂
Φ
。
・
。
略
工
Φ
。
再
刀
舞
の
・

m
O
∩
7
二
〇
け
釦
コ
α
＜
Φ
、
ゴ
O
巴
σ
◎
嘱

　
　
峠
し
。
け
。
コ
ニ
。
雪
田
α
Φ
く
ご
ゴ
。
コ
。
噛

N
ω

Φ
×
ロ
弓
Φ
し
。
ω

一
〇
二
〇
〇
。
。
・

　　

@　

@
N
O

　
　
　
　
　
　
　
　
　
　
コ

「
O
∈
O
「
ヨ
≡
O

け
」
Φ
9
三
け
7
ヨ
Φ
二
∩

ω
“
．
O

●

●

●
し
・
o
ゴ
ニ
。
；
2
Φ
”
実
詳
7
ヨ
Φ
ゴ
。
ヨ
Φ
0
5
0
出
O
き
⊆
で

O
。
で
Φ
コ
∩
ぞ
2
Φ
　
”
口
三
窪
ヨ
Φ
ゴ
。
ヨ
Φ
睾
。
哨
O
；
⊆
U

O
…
8
＝
讐
〇
一
Φ
二
く
。
ご
Φ
u
て
”
要
Φ
ヨ
Φ
二
凶
8
ゴ
0
5
．

◎
。
穿
Φ
5
◎
コ
Φ
・
。
g
⑩
・
。
一
。
．
．
．
；
註
奄
g
。
．
Φ
。
一

Hトー弓

H●
o

け
Φ
ヨ
で
Φ
雪
O
け
⊆
、
Φ
・



「

O
O
三

　
　
　
　
　
　
，
　
　
　
　
一
よ
　
　
　
　
　
・
　
　
　
　
　
・
1
！
．
・
：
．
．
一
！
・
．
．
．
｝
一
；
中
1
－
－
r
：
－
一
－
一
　
　
　
…
　
　
、
一
－
：
、
ー
ー
1
，
　
　
　
　
言
－
　
　
　
　
　
ー
ー
l
－
ー
ー
－
；
1
・
．
　
、
．
！
i
：
l
l
一
　
　
．
－
一
1
－
l
l
－
．
，
　
　
．
l
l
　
　
．
．
・
－
一
・
．
1
｝
－
一
・
　
：
1
．
　
．
一
．
．
一
　
，

唄
測
罷
業
。
蕊
、
，
，
．
∵

触
粋
b
－
b
ε
膏
ρ
　
複
層
　
…

n
一
曽
n
u
ほ
れ
巳
一
”
、
り
一
一
ー
1
一
．
■
」
一
一
ほ
．
日
口
h
菖
ド
コ
随

刀
①
o
o
＝
o
り
。
胃
①
↓
δ
コ

∵
…
ロ
…
口
出
ド
に
m
口
唱

　
蕊
　
．
二
」
：
・
　
．
」
◎
．
．
．

㎜

1

r　」　F　．

■→じ■

　　1層
　　・　噛

ll・
璽．●し・．

11i

　，　．伽

．．i耳

　1　墜．

　，

，，一

．
，
1
，
，
．
噸
L
．
“
．
帖
n
n
祠
凋
，
’
一
封
一
1
1
“

●
し
－
幽
F
噌
．

F
．
9
．
一
5
．
、
　
　
．
」
レ
ー
・
｝
1
●
．
　
．
　ト
ー
．
．

　
p
．
　
．
5
」
，
　
　
　
　
．
，
　
1
　
．
，
　
　
唱
層
・
ト
．
．
．
　
卜
O

　
瀬
藩
出
爪
什
コ
”
燕
山
隠

　
　
　
　
　
　
　
　
　
　
　
　
　
．
　
1
P
，
脚

　
　
　
　
　
　
　
　
　
　
　
　
　
1
　
．
　
酢
　
●
　
　
」
　
，

澱
懸
灘
難
…
灘
照
懸
　
一

り
　
ー
ー
　
，
1
馳
一
、
．
　
ー
ー
　
．
一
ぴ
．
　
．
　
　
　
．
　
　
・
　
・
　
　
　
一
昌
　
　
　

・
　
一
．
．
・

；’ii隠

；｝；／i｝il

ττ瀬

塩
．
㎝
菰
巴
巾
罷
∵
…
∵
÷
乱
甲
山
”
h
出
癖
掛
帯
腺
掛
場
略
ポ
∴
．
ぼ

←悼，　，1
　，

　．1

．．「．
　11
　・1脚
1

伸
；
ユ
’
㎝
唱
．
∴
h
鼠
，
ゑ
∴
」
…
・
，
，
◆
∵
門
＋
，
．

一
…
h
」
”
圏
一
．
に
ロ
ー
コ
，
∴
口
『
・

∵

’，．●　．．1；1
：μ

幽’「●r

　　1
　｝1．
　　引，

．・レφ．◆

　L．

乙iに

　．．5

1
i
l＿．●｝■5

↑

■・，・

　8．，

　
一

．
執
．
　
．
’

、
　
駈
．

暑
・

’＝．

　　◆

9　●

”
∴
由
　
ー
コ
ポ
瀞
続
ら
…
．
・
∴
O

層，　●
lo

　ト．．

．．「L驚

●　r

＿IL

」．．

・一，
1；li

．」r闘

　　・1
■，L・

　　1
唇

1

，

・

ト

幽

墜

9

∴
　

1
”
F
，
．
　
D

脚hI
●↑∵

．　，　　印

●る一　ト
：！！．

・1．．

1’ P1
‘■．，レ

コ　げ　　　　

・L●，

　，　．

，・●■甲

　1

脚「軍■
　唱　一

，　■　．．

　．．い
胃．
　　　
ii燭

：：’

iF

　l

l；

；

1

唱
．
．
－
一
」
　
．

←

－了一’

　1

，1F
’li●

」

，「脚「’

！ill

．ゆ
　印1
卜1，l
l！l

l門
’「n
　｝ト

’ド1

卜

」

．卜

こ．

．
．
，
“
h
　
∵
卜
U

．
，
．
　
．
．
1
6
，
●
　
　
」
脚
．
l
F

．
．
1
　
　
　
ψ
　

．
　
．
　
↑
．
隔
・

　
　
　
　
　
　
　
　
　
　
　
ロ

』
o
∈
①
「
ヨ
5
0

N
ω
．
O

N
α
．
O

拡
掌
4
．
　
　
▼

9

τ肝

購
L　．　．←

1；；！

一雌
i：lt．

，　．　，．γ

．，幽膨

桝一
伽層．　，

’1．仁

．◎，．噸一

．　幽　F，

・r15・
1　L　．■r

’　　，’

ち
驚
蜘
．
l
F
“
、
．
」
‘
ぐ
．
∴
㌣
　
．
∴
湧
ヂ
…

…
∴
昌
．
甲
幽
”
幽
「
口
㌦

曜N
　π￥」
［・

｛
l
l11．

／の

舞
　，

；

1琵

田

｝
燵

uN
ll，く。

・φ

．
．
．
庄
　
比

　
　
幽
　
一
！
十

．
　
　
　
　
　
　
－

9

↑
1

9，

．
τ
卜
三

↓
一
｛
ー

ー

i

一

一
　
、
．
↓
、
一
1
一
↓
　
　
　
　
　
一
1
一
－

ト

1
⊥
，
一
1
り
一
・

－
一
1

層
1

一

・
　
　
一

1
－
1
匹
6
，
一
7
一

1
τ
・
4
畳
1
．

・

T
－
　
　
　
　
　
　
　
　
一
，
1
－
i
r
一
　
　
　
　
　
　
　
　
　
　
　
　
一
．
莚
i

O
　
i
　
　
－
↑
i
　
●
　
　
．
　
　
，
　
「

一
↓
　
1
－
1
一

．
　
．
5
卜
ー
ト
、
1
一
↓
・
印
．
一
　
　
　
　
　
　
　
　
↓
「
．
一

　
　
　
　
　
一
↓
－
　
　
　
　
　
，
f
「
ー
ー
ー
「
　
1
！
　
．
　
　
，
　
一
　
．

，
　
．
　
ー
ー

門
．
ー
ー
，
　
．
　
，
　
　
　
；
，
一
　
」
　
幽
　
・
I
　
　
l
　
　
●
　
，
　
脚
　
」．
1
，
一
　
　
ユ
“

一
　
　
■
1
ロ
レ
伽
H
”
、
一
！

，
　
一

　
1
．
－
幽
．
F
－
伽
・
1
，
　
　
［
．
．
　
「
5
　
r
．
一
、
，
　
．
・
・
i
ー
ー
1
弄
－
し
一
．
・
ー
ー
．
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
．
「
｝
一
「
し

”
H
－
一
L
－
1
昼
一
，
1
－
1
，
ー
ー
ー
穿
一
■
1
｝
一
　
1
酢
　
脚
‘
l
I
　
」
一

・
　
　
1
　
．
　
，
－
h

．
l
－
一
し
「
1
幽
．
　
－
卜
脚
0
1
，
i
　
　
　
「

U
口

．
　
　
　
　
　
一

　
　
　
　
．
．
．
．
i
I
．
一
l
l
l
．
，
　
　
層
層
l
　
g
　
・
．
F
　
一
，
1
’
　
　
「
　
聖
肖
『
，
・
．
一
、
．
，
r
ρ
，
　
，

嵐
㍑
菖
L
由
帽
山
甲
…
t
コ
し
り
郭
罠
甲
ヒ
驚
り

　
　
　
　
　
　
　
　
　
i
↓
轟
”
け
r
　
　
　
，
p
．
　
．
層
【

．
　

1
　
脚

，
　
　
　

脚
　
脚
．
I
I
　，　一
　

■
　

F
　

l
　
l
轟
　1
　一
　

層
　
■

i
j
j
目
“
U
●

1
　
1
’
．
1
　
1

僧

」

脚
望
．
O

ω
ω
O

ω
α
．
Ol

l

　
む
一

口
艮
い
目
封
＃

　
　
卜
］
，
．
ー

ト
9 i
畳

｛

．
｝

ゐロコ　

算
11
．
i

i
i
l
l
．
櫨

．
編
田
川
財
¶
，
匹
－
，
．

拝
↓
l
u
廿
日

‘
一
⊥
T
！
，

1
↓
ー
ー
，
，
ー

コ
く

晶
匹
「
「
｝
一
し
，
1
，
・

　
　
　
　
　
・
　
層

ー
ー
ー
！
l
l
ー
ー
ー
　
　
　
　
1
■
1
－
1
．
」

　
一
　
　
　
　
　
　
　
　
一
　
　
　
　
　
　
　

i
ー
ー
．

．
d
一
’
誌
」
一
，
一

蹴
m
日

「

1

1
．
！

1

1

2

1．1．

@：@
t
　
…
　
…

1
｝

」

1

．

コ
O
・
切
O
　
　
O
7
釦
コ
O
Φ
の
。
う

一
コ
ρ
巨
o
O
o
略
O
、
o
⊆
で
H

巴
Φ
。
け
「
0
6
ゆ
5
丑
o
o
胃
9
∋
（
r
繭
ヨ
σ
　
「
Φ
〇
二
　
H
一
）

●

刀
Φ
ヨ
9
「
π
り
り
“

．
O
“
∋
一
二
Φ
。
。
o
で
7
ρ
O
Φ
餌
一
け
Φ
ヨ
で
Φ
雪
◎
け
⊆
、
Φ
・



コ
。
墓
「
ヨ
言

N
ω
．
O

N
軌
．
O

調
。
。
。
＝
。
。
昌
①
ゴ
9

の

N
㊤
．
O

．
「
↓
。
一
9

　
　
　
　
　
　
　
　
0
7
睾
。
Φ
・
。
。
哨
□
。
。
讐
。
8
亙
一
。
o
ヨ
ヨ

　
　
≡
9
二
。
O
。
出
£
。
ξ
H
H
・

（
r
一
ヨ
σ
　
r
Φ
O
且
　一
H
）



　　　　　　　　■』　　　　　　　　　　ヨ
　9層　　　　　　　　　o　　　　　　　　 ヨ

ヨ
・
〉
・
刀

’

O
「
m
2

＝
［
〉
コ
司

O
器
　
　
　
N
㊤
　
　
　
　
N
ω

。
。
。
一
言

コ
¢
・
認
0
7
睾
の
Φ
・
。
。
う

　
　
　
　
　
N
ω
　
　
　
　
N
㊤

　　

@　

@　

@　

@
「
o
芝
。
「
ヨ
≡
O

ヱ
ゆ
×
一
∋
巴
〉
、
け
①
ユ
巴
コ
嘱
Φ
ω
し
。
⊆
、
の
・

ω
O
．
O



■1

ヨ
ヨ
＝
OO轟NO

・
N

O
「
而
2

エ
m
＞
コ
州

O
ω
“

　
　
　
N
O
　
　
　
　
悼
ω

。
。
。
＝
＝
O

］
O
．
α
ω
　
O
訂
＝
O
Φ
・
。
。
略

　
　
　
　
　
鵠
　
　
　
　
B

　　

@　

@　

@　

@　

u
o
∈
①
「
ヨ
ヨ
O

O
Φ
5
け
雪
〇
一
　
く
Φ
コ
O
⊆
い
　
コ
5
Φ
し
り
の
⊆
5
Φ
・

ω
窃
．
O

ワ



P02
x
Open

m
5
0

- '

N heart
'
tN

N '

N t

'

30
N
v

'

N
t･

N100 N
N o-- '

mmHg
 60

3

7e4

72

o

-1 O

PC02

' '
'

1
'
'
"
'
'

'

N
'
1
"
t
N
.
dpH

st. '
S
d
.
.

.-q'NN

..qN
N
N

B･Ee

.
s
--- "NN

s

       G A 35                       23
    ' cooling
Fig.54 ChangesofP02,PC02,pH
 Each dot expressed the arithmetic
esolid circle : arterial blood,

    mln･ rewarmmg'C
 and Base Excess in dogs of
 mean of 10 dogs.
oopen circle : venous blood

group I



e

e

e

e

iy'

mmHg
P02

N

Open

heart
N /

50
'

N '

N /

N /

N '

3

'

N
N

N
N
1
1
i
r

'

1 N
N

10 N

b..

mm

7.2

-1O

    c

Fig. 55

PC02
o

1
1

/

'`s' 1

' t

'
' ' /

/
'
t

. -- Io

.4
P":I!tr.

N --.k
-N N

N
-

2 '- .

B.E.

...----e.

.-..e-'

 A 35

Changes

    23
cooling

of P02,PC02 , pH

 25 .
 mln.

and Base

  rewarmlng 'C

Excess in dogs of group II.



き8N
O

＝
一

O
「
m
Z

＝
m
》
コ
↓

6
　
0
ω
“
　
N
O

　　

@　
@　
@。

B
。
一
ヨ
O

コ
の
幽
9
蕊
　
　
　
　
　
　
　
　
　
　
　
　
「
　
N
ω
　
　
N
㊤
　
　
ω
“
．
O

　　

@　

@　

@　

@　

@　

@　

u
o
≦
～
9
D
「
ヨ
■
＝
に

O
T
o
＝
O
Φ
し
り
　
o
而
刀
0
6
天
Φ
且
　
O
Φ
一
一
　
く
〇
一
⊆
ヨ
Φ
・



.,'

1
1

p
<

)･,

:R}!aiji"

Fig. 57.

s
tite

er,YE.-

 tt tt ig ･

   Photograph

3 months after

`il,,JNiiil!i

    ･"

l(21}:±:";sti"I"ig･t;e

of a

right

dog taken at

 ventricular

e.,i,.yllgce:]..tt･ pt,

      g.t

the time of

lnclslon.

,pa,V---
.epty

 /,.bl't-' ,

t

 i' '
      ,f t,o
s･

        ･lv.;sJL,.....

:

 'v -  t't-s/ .
lp'" lx,
 ,.i,!lr,, ta

"-
-･ "

s"' 'q
  .Xteh-.

trk.d

"pt"･

S.p

i""t

tr

.

t:･ ･

i

e.

v

Fig.

Sk iP!)n"tk S

･:

58. Autopsyfindings
  ventricular incision

.

 1te-g-vaj･

   't/

of 3 months

x

after right



b
i
3
1
,
l

v
"

'

"jitE N

k

yt

....,[:C5.-

e itdi"

 .TV･

'S.lS..'-:n

"

   -"leL,

Sil N

Fig. 59. Right ventricu1ar aspect of the heart.

t'

r-  --   t '`
  s.
   .t.

-' z
'

.

t

i
s,

:,
.l i

ts

'
ny'p"

,

,･-

y
'

h..

t

Fi g. 60. Portion of right ventricular incision.

( arrow )



Table 1. Experimental Resul ts I-1

No. of
Cases

1 2 3 4 5 Ave. S.D.

Body Weight
        (kg.)

12.0 13.5 13.5 11.0 11.0 12.2 1.2

Cooling(min.) 110 106 84 135 115 110.0 16.4

Respiratory
arrest ( C)

25.0 23.0 23.0 24.6 23.9 23.9 O.8

Cause of
Death
        ( c)

Fibir'. Fibr.

21.0 20.6

Fibr. Fibr.

20.0 20.5

Fibr.

20.8 20.6 O.3



Table 2. Method of Hypothermia

le

2.

3･

4.

g
.

6.

7.

8.

 Premedication

(1) Before 1 hr.
                                    8:g,:g./ESkE:¥:M.     Hydroxyzine HydroehLoride
     Atropine Sul£ate(2) Before 50 min.
                                    8:g,eg./Es2,1･lil:M.     Triflupromazine Hydrochloride
     Atropine Sul£ate     iygio.igk¥s,gy,dgs3¥ikrd'rg.dg.,..t. ?65.e%Eg.':IM¥'

 rnduction

(1) rhiopental Sodium 15-20mg/kg. r.V.
(2) SuccinylCholinchloride O.5mg/kg.r.V.

 Endotracheal :ntubakion

             Tr±flupromazlne HydrochLoride O.5 mg/kg.
                                              :.M.
 Ether Anesthesia

                      '
 Cooling (surface CooZing)

      Low Molecular Weight Dextran 10--15 ml/kg.Z.V.
      Heparin Sodium ( E.T. 50'O) 1 mg/kg. :.V.

 Cooling was discontlnued when body temperature
reached 20e23 degrees O.

 Xn Room Temp.

 Rewarming ( up te 55'O)

      Protamine Sul£ate 1.5 mg/kg.:･I:V.
      7%SodiumBicarbonateSolution Z.V.

I
l
I

l
l



Table 3 Experimental Results I-2

l
'

       Noe of

       Cases

Body Weight(kg)

Cooling(min.)

          '
Rewarrning<min.)

Cooling was
stopped(OC)

The lowest.
B.Temp.('C)

A£ter drop('C)

Respiratory
arrest('        c)

Respiration
reap eareq (' C)

Room temp.('C)

  1

12.0

 75

 64

22.5'

21.0

 1.5

27.0

27.5

20.5

 2

12.5

1OO

 81

21 e5

20.9

 O.6

24.0

27.0

21.5

 s

10.0

1 04

1 Ol

21.0

20.5

 O.5

26.0

26.5

21.5

 `!--

 6.5

 95

 67

20.0

19.6

 O.4

26.5'

27.0

25.5

 5

 7. 0

44

 82

21.0

19.7

 1.5

27.0

28.0

15.0

Average

  9.6

 85.2

 79

 21.2

 20.5

  o.86

 26.1

 27.2

 20.8

 S.D.

 2.8

22.3

14.7

 O.9

 O.7

 O. 5

 1e2

 Oe6

 3.8
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       Table. 12

          Young's solution

Potassiumcitrate O.81

Magnesiumsul£ate 2.46
Water q.s. to make 100 ml

pH adjusted to 7.4 with NaHC03

            '                          '               '

           Okamura's solution

O.1% Noradrenalln 1
Effortil ( 10 mg ) 1

Gm

Gm

.

.

ml

ml

ml

ml'



Table 13 Experimehtal Results II-1
      .N..- T..J-

No.
of
Cases

  1
  2
  5
Ave.
S. D.

  1･
  2
  5
  4
  5
Ave.
S.D.

No .

ot
Cases

  1
  2
  3
Ave.
S.D.

  1
  2
  3
  4
  5
Avee
S.D.

Body
Wei-
ght
 (kg)

15.5
15eO
11eO
15.2
 2.0

11.0
11.0
12.0
 8.5
 8.5
10.2
 1.6

Cool-
ing was
 (min)pped
       (' e)

119 20.0
 96 19.6
 69 19.8
 94.7 19.8
 25.0 O.2

 72 25.0
83 23.0
86 20.5
 59 23.0
 62 23.0
72.4 22.5
 12.1 lel

Circulation
was interr-
upted('C)

19.9
19.9
20.2
20.0

22.4
20e5
19e8
21 .8

21.5
21.2

aooling
    sto-

Young s
Solution
 (ml )

10.0
 7.0
 9.0
 8.7
 1e5

 6.0
 9.0
12.0
 8.0
10.0
 9.0
 2e2

The
est

 ('c)

 19.1
 19.0
 19.6
.19.2
  O.5

 22.1
20.5
 19.8
22.2
21.5
21.2
 1.0

1ow-

B.Temp.

Respirat-
ory arre-
st
 ('c)

 25.0
 24.0
 24.5
 24.5
  O.5

 25.0
 26.0
 29.0
27.0
25.0
26.4
 1.7

Cqrdiac
beat re-
apeared("C)

  -e

 22.2
   e

  .
  e
  e
23.0
  e

Vttal
Si gn'

.

.

.

.

.
+
.
+

After
drop

･(e :)

O.9
O.6
O.2
O.6
O.4 .

0.9
2.5
O.7
O.8
1.5
1.3
O.8

 Room
(oC)

Cessation
of Circu-
iation
 (min.)

  63
  60
  48

  57 '
   7e9

  30
  22
  20
  29
 29
 26
  O.8

Temp.

24.0
24.0
22.8
23.6
 O.7

24.5
25.9
29.1
51.0
29.0
27.9
 2.6
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Table 14 Experimental Results II-2

No.
of
Cases

 ,1
  ?
  5
  4
  5
  6
Ave.
S.D.

Body
Wei-
fkht,)

10.0
 9.0
 9.0
 7.0
 8.5
10.0
8.9
 1.1

Cool-
ing
(min.)

60
62
81
45
64
60
61.7
12e1

Cooling
was sto-
pped
 (e C)

23
25
23
25
25
25
23

Rewanie
ing
(mine)

117
126
1 52

139
1 28

127
151e5
 12.2

T he

est
B.Temp.
  (e C)

22.1
21.3
21.5
20.5
21.3
21e2
21 'e 5

 O.5

1ow- After
drop

(oC)

O.9
1.7
1.5
2e5
1.7
1e8
1e7
O.5

Respira-
tory ar-
rest
(oC)

27.0
25.0
27.0
25eO
25.5
27.2
26e1
 1el

Respira-
tion re-
apeared
 ('c)

26.0
28.0
27.0
23.0
27.0
27.0
26.S
 1.8

NOe
o£

Cases

  1
  2
  s
  4
 {･ -)

  6
Ave.
S.D.

Cessation
O£ Circue
lation
 (Mine)

l
zg80

Z
238e2
i 4.7

Circulatton
was･ inter-
rupted
(' c)

22.1
21.9
21 ..8

20.9
21.4
21.4
2k6

Young es
Solution

(ml)

1O.O
 8.0
1Q.O
15.0
 9.6
13.0
1O.6
 2.0

Okamura es
Solution

(ml)

19.5
1O.5
1O.O
16.0
12.0
19.0
14.5
 4.2

Cardiac
beat re.
apeared
 (oC)

 22.3
 21e2
 21.6
 20.5
 23.0
 21.2
 21.6
  O.9

Mmes oe
Electro-
shock

2
1

1

2
18
5
 4.8
 6.6

Room
temp.

( ee )'

21.0
18.5
19.5
15.5
15.5
14.,O

17.5
 2.7

NOe
of
Cases

  1
  2
  5
  4
  5
  6
Ave.
S.D.

Coronary
perfusion

 (ml )

110.
 90
1OO
110
in 20

160
115
 24.3

Time requlred for
reeovery from the
unconsciousness
(min. )

346
240
190
579
201
250
267.7
 77.6

Tirne required
eardlac

for
resuscitation

(min.)

4
s
J
 6 !lli 7 ,t

ng
10
12.5

Survival
tlme

hr.(')min.( t)

 7' 41 '

 Survival
 Survival
Zi8e

24e
 7bsot
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Table 15. Experimental Results III.

Ne. of 'cases 1 2 3 4 5 ave. S.D.

Body weight(kg. ) R

L

8.0

7.0

11.0

6.0

7.5

8.0

8.1

8. 0

6.0

12.0

8.1

8.2

1.8

2.0

Cooling ( .ml n
.
) 62.0 92.0 69.0 69.0 54.0 69.2 12.7

46.0 78.0 56.0 65.0 145.0 78.0 35.1

Rewarming (  .mln ･) 60.0

70.0

81 .0

68.0

63.0

68.0

44.0

50.0

80.0

157.0

65.6

82.6

13.8

37.9

The lowest body

temperature( C)

22.1

21.0

21.2

22.6

22.7

21.0

22.5

22.6

22.0

22.2

22.1

21 .9

O.6

O.8

After drop ( c
)

O.9 1.8 O.3 O.5 1.0 O.9 O.6

2.0 O.4 2.0 O.4 O.8 1.1 O.8

Cessation of

circu1ation(min. )

44.0

38.0

40.0

38.0

38.0

41.0

34.0

42.0

40.0

46.0

39.2

41.0

3.6

3.3

Open heart (   .mln ･) 37.0

32.0

38.0

35.0

33.0

37.0

31 .0

35.0

37.0

39.0

35.2

35.6

3.0

2.6

Time required
for cardiac re-
susciation (min. )

2

4

1

1

1

4

1

1

2

4

1.4

2.8

O.5

1.6

Coronary
perfusion (  .ml n ･)

2

2

2

1

2

5

2

3

3

6

2.2

3.4

O.4

1.9



    NO. of cases

    Body weight[Kg.]

    Cooling [min.]

    Rewarming [min.]

    The lowest body
    temperature[ C]

    After drop [ C]

e    Cessation of
    circulation[min]

    Open heart[min.]

    Cardiac beat
 ' reappeared[ C]

    Time required
    for cardiac re-
    susciation[min.]

    for recovery
 [v from unconsciou-
    sness [min.]
    Coronary
    perfusion [ ml.]

Tab1e 16. Experimental

  1

  8.5

 54

107

 21.2

  1.8

 46

 39

 21.4

  4

520

400

  2

 10.0

 65

137

 20.5

  2.5

 51

 40

 20.5

  3

390

400

  3

 14

 77

124

 21

  1

 51

 38

 21

  8

416

450

    4

.O 14.5

   69

   123

.2 21.0

 8 2.0

   39

   35

.4 21.3

    4

   402

   250

  5

 11

 67

120

 21

  1

 60

 41

 22

 27

51 O

430

    6

.O 9

   78

   78

.7 21

 3L
   44

   37

.2 21

    1

   240

   300

Resu1ts

    7

.O 13.0

   57

   92

 2 21.5

 8 1.5

   41

    32

.2 21.5

     1

   520

   280

  !V-1

  8

 14.0

 97

132

 22.5

  O.5

 46

 39

 22.5

  3

502

320

I
r
"

  9

 13.0

 82

 72

 22.6

  O.4

 31

 28

 23.0

  1

540

180

  10

 1O.

 82

 87

 21.

  1.

 40

 32

 21.

  4

500

240

o

9

1

9

 ave

 11.

 72.

107.

 21.

  1.

 44.

 36.

 21.

  5.

454.

325

.

7

8

2

5

5

9

1

7

6

o



No. of cases

Body weight[Kg.]

Cooling [min.]

Rewarming [min.]

The lowest body
temperature[ C]

After drop [ C]

Cessation of
circulation[min]

Open heart[min.]

Cardiac beat
reappeared [ C]

Time required
for cardiac re-
susciation[min.]

for recovery
from unconsciou-
sness [min.]
Coronary
perfusion [ ml.]

Table 17. Experimental Results
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    .Hypothermia has intrigued scientists' for many years with reports

appearing as early as the 18 th century. In 1862, cold narcosis of

degree sufficient to permii surgery was demonstrated by Walther. This

was confirmed and extended by Bakamat'ev in 1902, who observed that a

state of poikilothermy could be produced in war'm blooded hypothermic

animals. During the next 40 years, which has been called the g'olden

era of physiology, hypothermia served as a tool fo' r the study of basic

biological mechanisms. Modern eniphasis on hypothermia in the homeoth-

erm is largely the result of its potential in therapy of human ills, .

especially in cardiovascular surgery. A number of workers demonstrated

that during hypothermia the circulation could be stopped for prolonged

periods of time in the 1940's and early 1950's. But it was not until

1950 that a,study was carried out for the expressed purpose of apply-

ing hypothermia to cardiovascular surgery. -
     The heart appears to lag behind other tissues with only a 50 %

reduction in oxygen consumption at 25 C. Reduction of temperature of

vital cells depress metabolism and thus enables the' cellS to withstand

longer periods of hypoxia.( At 77 F. circulation to brain can be stop-

ped for 15 minutes, compared to a maximum of 3 minutes at 98 F. ).

     Surface-induced hypothermia is the simplest of the methods that
tt

have been used to achieve 'circulatory stasis for prolonged periods,

thus providing ample time for open heart surgery.' Hypothermic circulaT

tory stasis has been used for a variety of surgical procedures, viz.,

experimental replacement of the aortic valve, total atrial septum L'

                           '
   '

                             .t              '      '
     '

                                      '                                                           '                                   '



replacement, experimental orthotopic cardiac replacement, closure of

ventricular septal defect, .surgery of brain and liver, and replacement

of the mitical'valve. This form of circulatory stasis has also been .

used successfully for the correction of various congenital defects in

infant and was utilized for heart transplantation in an in' fant.

     Hypothermia can be'induced either by surface cooling techniques

or by extracorporeal techniques.Because extracorporeal techniques req-

uire complicated equipment and are associated with high mortality amo-

ng infants, surface-induced deep hypothermia elective cardiac arrest

is the preferred procedure. Cardiopulmonary bypass allows the heart to

be arrested for a sufficient amount of time to permit surgical correc-

tion to be carried out. But small animals ( 10 kg. or less ) do not .

tolerate cardiopulmonary bypass procedures well. Trauma to the formed .

elements in the blood, damage to pulmonary capillaries and hemorrhage

from suture lines dine to heparini.zation all appear.to be factors in

increasing the overall surgical risk.

                                                    '
･ Surface-inducedhypothermiaprovidesexcellentexposureofthe

heart, along with a dry, bloodless, and motionless operative field.

The fact that caval and coronary cannulas are not needed, thus allow-

ing an unobsttucted view, has been cited as another advantage. The

additional time necessary for cooling and rewarming is a minor factor,

considering the overall simplicity, economy, and safety of technique.

Since it is the only one requiring a minimum of staff with simPle

equipment, body surface cooling will .be the only practicable method of



               '                                         .
producing hypothermia in canine surgery.

     Catecholamine production in hypothermic dogs is impaired during

cooling. This is perhaps be'nefical as one effect of both epinephrine

and'norepinephrine is to sensitized the myocardium to fibrillation by

their effect on slow diastolic depolarization. Blood levels of the

catecholamines increases sharply immediately following reestablishment

                                                                -                                                                     'of the circulation and will then taper off as rewarming occurs. Both
                                                                     '
epinephrine and norepinephrine are present in greater amounts during

rewarming than at corresponding ternperatures during cooling.

     A left shift of the oxygen-hemoglobin disassociation curve results

in oxygen being released in tissue at a partial pressure considerably

lesS than under normothermic conditions. More oxygen is dissolved in

plasma at lower temperature and is' readily available to tissues if su-

fficient oxygen is delivered to the lungs. Oxygen transport across mem-

branes is not impaired by lowered body tempbrature. Carbon dioxide pro-

duction falls bint its solubility also increases at the lower temperature.

Thls can be significant as there is a tendency to hypoventil'ate at lower

body temperatures. High levels of carbon dioxide can cause large decre-

                                                             'ases in pH which become evident during rewarming and may compromi'
se

                                                           'myocardial function. .
                                                         ' '     Still, a method of surface induced deep hypothermia carries'4 in-

herent disadvantages : the threat of ventricular fibril.lation : the

danger of neurologic damage ; the probable occurrence of rewarming shock

and the difficulty of cardiac resuscitation. This investigation was



undertaken to find ways to eliminate these hazards.

    Then the purpose of this study was to accomplish an method of surf-

                                                                  '                         .ace induced deep hypothermia of the dog which would be highly suitable

for open heart surgery under complete circulatory arrest for periods

of up to 40 minutes.

     1. Theeffectsofdeephypothermiaanddevelopingnewmethod

        of deep hypothermic anesthesia in the dog.

                                                            '                        '
     Ten dogs of mixed breeding, about 1 year old and weighing between

11.0 and J3.5 kg., allotted to 2 groups.

                                '     (Groupl) '
                        '
     Dogs in group 1 underwent the simple procedure of cooling which

performed by body surface cooling with pentbarbital sodium (25mg./kg.

                                                    '                                            'I.V.)to20C.toserveascontrols. - .
     Anesthesia' was induced with pentbarbital sodium. Femoral vessels

                             '
were cannulated to measure arterial blood pressure and central venous

pressure,'for collection of blood samples. Midesophageal temperature

was constantly recorded on a telethermometer. Electrocardiographic

monitoring ( limb lead II ) was done throughout the procedure. The

arterial and central venous blood samples for oxygen tention ( P02 ),

carbon dioxide ( PC02 ), pH, Base Excess, and packed cell volume

determinations were obtained at each 2- to 4- C. gradation initempe-

rature.
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     Cooling was accomplished with crushea ice and cold water with a

plastic sheet interposed between the bod.y of the dog and the water.

Active cooling was discontinued when esophageal temperature reached

                                                   '                                                          '
                                                   '     ObservationsandResults. ' . ''

     Cooling ( to 21 C.) required 110 ±16.4 minutes with a range of

84' to 135 minutes, and falling rate of body temperature was O.15 C/min.

In cooling process, shivering appeared when esophageal temperature

reached 35- C., and it continued to 29 C.. Respiration stopped when

esophageal temperature reached 23.9 ± O.3 C. with a range of 23.0 to

25.0 C.. Heart rate was 110 ± 15 /min. at controled value. It decreased

gradually during cooling, at 21 C. it was one-fourth the controled

value. The electrocardiographic changes were a prolonged PQ, QT, ST,

TP interval and widened QRS. Ventricular fibrillation or asystole develo-

ped in all caseS when esophageal temperature reached 21 to 20 C. - The

systoric pressure in the femoral artery were decresed to 23.6 per cent

of controled value at 21 C.. Central venous pressures were increased

remarkably in accordance with decrease in body temperature. It was 10.2

± 1.8 mmHg. at 21 C.. Blood pH, oxygentention and Base Excess were

decrbased to 6.84 ± O.05, 22.4 ± 6.2 mmHg. and -19.7 ± 2.6 mEqll and

carbon dioxide tention was increased to 99.7 ± O.5 mmHg. at 21 C..

In blood gas analysis, severe hypoxia, hypercapnia and acidemia were

observed under hypothermic conditions. The packed cell volumes were

                                                      '    '
             '                                                   '                                         '         '
                                           '                                                                 '
     '                                                                   '    '                                           '                                                    /.                                                                '
                                      '

                                                                    '                                                                   '



increased remarkably in accordance with i decrease in body temperature,

it were 45.0 ± 7.0 % at the lowest temperature.

    As a 'result of hypothermia with pentobar.bital sodium, all dogs were

dead when esophageal temperature reached 21 to 20 C.. The causes of

death were thought to occur severe metabolic acidosis, hypercapnia,

               '                                                      'hypoxia, sludging and disturbance of peripheral circulation under hypo-

                                             '                                                       'thermic eonditions.

     (Group 2)

     Dog in group 2 underwent the hypothermic anesthesia whose rnethod

                                                                   'was contrived bY auther to 21 C. and rewarmi'ng after 1 hour.

     Hydroxyzine hydrochloride ( O.5 mg/kg. of body weight ) an.d atrop-

ine sulfate ( O,025 mg/kg. ) were given intramusculy 1 hour prior to

cooling. Triflupromazine hydrochloride (. O.5 mg/kg. ), atropine sulfate

( O.025 mg/kg. ), hydroxyzine hydrochloride ( O.5.mglkg.) and hydrocor-

tisone sodium succinate ( 10 mg/kg. ) were given intramuscly 30 minutes

prior to cooling. Anesthesia was induced with thiopental sodium and,

aftrer endotracheal intubation, was maintained at deep levels with ether

administtere,d via a semiclosed circui.t. .

     Femoral vessels and jugular vein were cannulated to measure arte-

rial blood pressure and central venous pressure, for collection of blood

samples, and for infusion. Midesophageal temperature was constantly

recorded on a telethermometeri Electrocardiographic monitoring ( limb

lead II ) was done throughout the procedure. The arteri'al and central

venous blood sarnples for P02 , PC02 , pH and packed cell volume deter-



minations were obtained at each 2- to 4- C. gradation in temperature.

Crushed ice was placed over the entire body of each dog. Low molecular

weight dextran (10 %) in dextrose was administered I.V. (10-15mllkg.)

during cooling between 35 and 21 C.. Heparin sodium was administered .

I.V. (lmg/kg.) at 30 C. in esophageal temperature. Ether was continued

down to.23 ±2 C. so as to prevent shivering. .                                                      '                                               '
 tt     Active cooling was discontinued when body temperature reached 21

C.. The dog was removed from the ice bath and it placed on the operat-

ingtableforlhour.;. ' ･
     After 1 hour, slow rewarming was accomplished with warm water (42

to'44 C.) with a plastic sheet interposed between the body of the dog

and the water. Ether was administered in the ventilating gas to control.

spontaneous movements and shivering. Active rewarming was discontinued

when body temperature reached 36 C.. The dogs were observed after 3

                     '
               -     Observation and Results..

     Cooling (to 21 C.) required 79.0 ± 14.9 minutes with a range of

64 to 101, and' falling rate of body temperature was O.16 C./min..

Respiration stopped when esophageal temperature reached 26.1 ± 1.2 C.

with a range of 24.0 to 27.0 C.. When the dog reached a deep esopha-

geal temperature of 21 C. it was removed from the ice bath. Because of

the phenomenon known as " after drop ", the body temperature continued

to fall, the lowest body temperature was 20.3 ± O.7 C. with a range of

                                               .t19.6 to 21 C..



    After 1 hour, slow rewarming was accomplished with warm water.

The` increasing rate of bodx temperature was O.15 C!min., respiration

reappere.d when esophageal temperature reached 27.2 ± O.6 C. with a

range of 26.5 to 28.0 C.. In rewarming process, shivering appered at

33 to 34 C., laryngo-pharyngeal and palpebral-reflex was remarkably.

All dogs were sufficiently awake at 35 C. so as to continue their

                                                        'respir'ation unassisted. These dogs were survivors without apparent

 '
functional damage.

     2. Theeffectofcompletecirculatoryarrestandconside-

        ration for the cardiac resuscitation under the deep hypoth-

        ermia in the dog.

Fourteen dogs of mixed breeding, about 1 year old and weighing bet-

ween 7 and 13.5 kg., allotted to 2 groups of 8' and 6 dogs each.

     (Group 1')

     Active cooling was discontinued when body temperature reached

21 C.. The heart was exposed through a right 5 th intercostal inci-

sion or sternal incision. The'azygos vein and vena cava were ligated,

using umbilical tape. After a few beats had emptied the heart, the

                                                             '                                                         'aorta and pulmonary artery were ligated, and Young's solution was

                                                            '
forcefully injected into the aortic. root by aortic punction.

                                                               '     After about 40 minutes, the vascular ligations were released

                                 '
- first inflow, then out-flow and ventilation and manual cardiac
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                                                     '                                              '
 compression were started. Okamura's solution was used.as and when

required to facilitate resuscitation. If ventricular fibrillatiori

developed, a.c.shock was performed. '
   - All dog.s died because of the impossibility of cardiac resuscitation.

These were resulted from the torsion of aortic root and disturbance

of coronary circulation. Necropsy of these 8 dogs revealed pulmonary

edema and hemorrhagic lesion under endocardium.

                '                       '                     '              '
         '
     (Group 2)

     Active cooling was discontinued when body temperature reached 21 C.
                                                                        .

The heart was exposed through a right 5 th intercostal `incision. The

azygos vein and vena cava were ligated, using umbilical tape. After a

few beats had emptied the heart, the aorta and pulmonary artery were

ligated, and Young's solution was forcefully injected into the aortic

root through the catheter. .
' After 40 minutes, the coronary perfusion of oxygenated blood was

started. If ventricular fibrillatio'n developed, it was terminated with

110- to 120- V. a.c.shock. When cardiac beat reappeared, the vascular '

Iigations were released and ventilation was started. After the closute

of thoracic wall, slow rewarming was accomplished with warm water with

a plastic sheet interposed between the body of the dog and the water.

Ether was administered in the ventilating gas to control spontaneous ･

movernents and shivering. Active rewarming was discontinued when body

temp"erature reache' d 36 C..

                                              '
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                                         '
                                       '     Cooling required 61.7 ±12.0 lmin. with a range of 60 to 81 minutes,

respiration stopped when esophageal temperature reached 26.1 ±1.1 C..

The lowest body temperaturb was 21.3 ± O.5 C. with a range of 20.5 to 22.1

C.. Suface induced deep hypothermia allowed safe cardiac arrest for 38.2

± 4.7'
minutes. Dogs were not ventilated during the period of circulatory

     After cardiac beat reappeared, heart rate increased gradually during

rewarming. It recoverd to controled value at 35 C.. In electrocardio-

graphic changes, ventricular premature contractions occured in all cases

when esophageal temperature reached 23 C, the noch on R spike observed

a few case. The systoric pressure in the femoral artery were 119.6 ±

21.3 mrnHg at 35 C.. Central venous pressure were decreased remarkably

in accordance with increase'in body temperature. It was -O.36 ± 1.3

mmHg at 35 C.. In blood gas analysis, blood pH, oxygen tension and Base

Excess were decreased to 7.27 ± O.12, 256.7 ± 95.3 mrnHg and -12.4 ± 6.4 .

mEq/1 after circulatory arrest. Arterio-venous oxygen defference increased

remarkablyinrewarmingprocess.Thepackedcellvolumewasdecreased .

remarkably in accordance with a increase in body temperature after

circulatory arrest, it was 29.4 ± 5.3 % at 35 C..

     In dogs of group 2, the method of hypothermia has permitted complete

 circulatory arrest for periods of up to 38.2 minutes. All dogs were

 sufficiently awake at 35 C. so as to continue their respiration unassisted.

                                                       '
 These dogs were survivors without apparent neurologic damage. '. .



     3. Rightandleftatriotomyundercompletecirculatoryarrest

and deep hypothermia on th g dog･

     Ten dogs of mixed breeding, about 1 year old and weighing between

6.0 and 12.0 kg., alloted to2groups. .
     ( group 1 )

   The .hypothermic anesthesia which was contrived by author was performed

all dogs. When the dog reached a esophageal temperature of 23 C., it was

removed frorn the ice bath. The surgical site was prepared for sterile

surgery and the dog placed on the operating table. The heart was exposed

through a right 4 th intercostal incision. A right atrial incision

gxtending from posterior vena cava to right auricle was made under the

circulatory stasis and the elective cardiac arrest. 35.2 ± 3.0 minutes

later, the atrial wound was-closed by continuous suture.. The method of

coronary perfusion, cardiac resuscitation and re.warming were same as

chapter2. -

     Right atriotomy of 35.2 ± 3.0 minutes' duration was well tolerated,

without any gross evidence of postoperative neurologic or circulatory '

damage at hypothermia-of 20 to 23 C.･ All dogs were sufficiently awake

at 38 C. so as to continue their respirations unassisted. These dogs were

 long-te"m survivors without apparent neurologic damage. Central venous

pressure was increased remarkably after atriotomy, it was 2.5 ± 1.5 mmHg

at 35 C.. In one dog, atrial fibrillation developed as esophageal tempe-

rature increased beyond 27 C.. Their post operative status was excellent



and their follow-up did not reveal any particular change in their behavior.

                                                         '                                                                     '

            '
                         .     ( Group 2 )

                                                               '
     Dog in group 2 underwent the hypothermic anesthesia whose method .

was contrived by author to 23 C.. The heart was exposed through a left

4 th intercostal incision and a left atrial incision extending from left

                                                   'auricle to pulmonary vein was made under complete circulatory arrest for

                                                   'periods of up to 41.0 minutes.

     In three dogs, coronary air embolism resulted from open heart

surgery was found, femoral arterial pressure decreased from 77.9 ±. 22.9

                  '
to 45.5±15.0 mmHg. Frequent premature ventricular contractions' or

runs of ventricular tachycardia developed as esophageal temperature

increased beyond 27 to 29 C.. But as the body temperature increased

beyond 30 C., heart action and blood pressure recovered gradually ; at

35 C. heart rate ranged between 150 and 160 /min., femoral arterial

pressure was 100.8 ± 11.8 mmHg. When the dogs were warrned up, they

return to normal. Arrhythmias such as atrioventricular block, frequent

premature ventricular contractions, atrial fibrillation or ventricular

tachycardiawerenotobservedintheirpostoperativestatus. '

                                   '                               '
     4. Rightventriculotomyundercompletecirculatoryarrestand
                              '
        deep hypothermia on the dog. .
                                                                   '     Twenty dogs of mixed breeding, about 1 year oid and weighing between



5.0 and 16.0 kg., allotted to 2 groups.

                         .

   ' The hypothermic anesthesia which was contrived by author was

performed all dogs. When the dog reached a esophageal temperature of

23 C., it was removed from the ice bath. The surgical site was prepared

for sterile surgery and the dog placed on the operating table. The

heart was exposed through a right 5 th intercostal incision. Right

ventricular incision extending from coronary groove to apex was made

under circulatory stasis and the elective cardiac arrest. 36.1 ± 4.2

minutes later, the right ventricular wound was closed by double continuous

suture. The method of coronary perfusion, cardiac resuscitation and

rewarmingweresameaschapter2.. .
     The time required for cardiac resuscitation was 5.6 ! 3.8 minutes

after right ventricular transverse incision. Heart rate, maximal arterial

pressure, blood pH and Base Excess recovered gradually in accordance with

a increase in body temperature. In the electrocardiogram, the noch on

R spike observed all cases when body temperature reached 23 to 25 C.･.

                 '                                              '     ( Group 2 ) ..

' Dogingroup2underwentthehypothermicanesthesiawh'ose'method

was contrived by author to 23 C.. The heart was exposed through a right

5 th intercostal incision, and a right ventricular' longitudinal incision

extending from' pulmonary conus to apex was made under complete circu-



latory and cardiac arrest for periods of ' up to 40 minutes.

    The time required for cardiac resuscitation was 4.0 ±- 2.3 minutes

after right ventricular longitudinal ･incision. Cardiac activity was

regained after coronary perfusion of oxygenated blood sometimes without

ever passing through ventricular fibrillation. Rewarming started

immediately after cardiac resuscitation, the body temperature recoverd

to the normal within 97.9±15.5 minutes on an average. Heart rate,

maximal arterial pressure, blood pH, Base Excess and central venous

pressure recoverd gradually in accordance with a increase in body

temperature. The noch on R spike in the electrocardiogram observed all

cases same a.s group 1. Premature ventricular contractions or runs of

ventricular tachycardia developed many times as esophageal temperature

increased beyond 23 to 25 C.. But' they return to normal when the dogs

were warmed up to normothermia. Right ventriculotomy of 40 minutes'

duration was well tolerated, without any gross evidence of postoperative

                                          '                                                                    'neurologic or c'irculatory damage. .

                        '

     The method of surface induced deep hypothermia and coronary

perfusion which were contrived by author permitted deep hypothermia( 20

for an hour, complete circulatery stasis under cardiac arrest for

periods of up to 38.2 minutes, right and left atriotomy and right

ventriculotomy under complete circulatory arrest for period of up to

35 minutes. All dogs were sufficiently awake at 38 C. on r"ectal tempe-

rature so as to continue their respirations unassisted. These dogs were

c.)



longe-term survivors without apparent circulatory or neurologic damage.

     In dogs, this deep hypothermia and the method of cardiac resusci-

tation would be highly suitable for open heart surgery.


