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Fig. 1.

Photograph of a dog taken at the time of 2 hours
before cooling.

Fig. 2.

Photograph of a dog taken at the time of 10 minutes
before cooling.

Anesthesia was maintained at deep levels with ether
administered via a semiclosed circuit.



Fig. 3.

A dog being cooled by placement of crushed ice over

the entire body.

Fig. 4.

Photograph of a dog taken at the time of 20 minutes
before rewarming.

Left femoral artery was cannulated to measure arte-
rial blood pressure, and right jugular vein was cann-
ulated to measure central venous pressure.

74U



Fig. b.
Slow rewarming was accomplished with warm water (42

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

Fig. 6.
Photograph of a dog taken at the time of 24 hours
after hypothermic anesthesia.
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Fig. 7. Changes of heart rate.
Each dot and vertical bar express the arithmetic mean + standard deviation

of 5 dogs. solid circle : arithmetic mean of experiment 2.
open circle : arithmetic mean of experiment 1.
C : controleqfpalue, A : ether anesthesia, C : E.@) &
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Fig. 9. Changes of maximal arterial pressure.
Each dot and vertical bar express the arithmetic mean + standard deviation
of 5 dogs. open circle : arithmetic mean of experiment 1.
solid circle : arithmetic mean of experiment 2.
C : controledqggalue, a : anesthesia , C : E.T. i o
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Fig. 11. Changes of arterial and venous blood oxygen tension (PO ).
Each dot express the arithmetic mean of 5 dogs.
open circle : arithmetic mean of experiment 1.

solid circle : arithmetic mean of experiment 2.
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Fig. 12. Changes of arterial blood carbon dioxide tension ( PCO )
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Fig. 13. Changes of arterial blood pH and Base exsess.
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FiG, 15-2 CHANGES OF THE ELECTROCARDIOGRAM DURING HYPOTHERMIA.
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Fig. 16 Changes of P Wave Duration (per cent of controled value)

Remarks: Each dot and vertical bar expressed the arithmetic mean *
standard deviation of 5 dogs.
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Fig. 17 Changes of PQ Interval (per cent of controled value)

Remarks: Each dot and vertical bar expressed the arithmetic mean +
standard deviation of 5 dogs.
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Remarks: Each dot and vertical bar expressed the arithmetic mean #
standard deviation of 5 dogs.
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Fig. 19. Changes of QT Interval (per cent of controled value)

Remarks: Each dot and vertical bar expressed the deﬁUSmﬁpo mean +
standard deviation of 5 dogs.
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Remarks: BEach dot and vertical bar expressed the arithmetic mean #
standar ™ deviation of 5 dogs.
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Fig. 25. Changes of heart rate.

Each dot and vertical bar express the arithmetic mean + standard deviation

of 6 dogs. C : controled value, P : premedication, A : anesthesia,
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Fig. 26, Changes of P Wave Duration(per cent of controled value).
Remarks¢ Each dot and vertical bar expressed the arithmetic
mean + standard deviation.
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Remarks¢: Each dot and vertical bar expressed the arithmetic
mean + standard deviation of 6 dogs.
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mean + standard deviation of 6 dogs.
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Fig, 31-3, Recovery Process FRoM THE CARDIAC ARREST IN THE ELECTROCARDIOGRAM,



Fic, 31-4  CHANGES OF THE ELECTROCARDIOGRAM DURING REWARMING.



mmHg 7\_>—U
T
T
T -ﬁ "
100
1 1 -
611
i
I
C 35 20 23 23 29 35¢C
cooling rewarming
Fig. 32. Changes of maximal arterial pressure.
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Fig. 33. Changes of central venous pressure.
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Fig. 35. Changes of hematocrit value.



In dogs of group I, a right
atrial incision extending from
posterior vena cava to right
auricle was made.

35.2 + 3.0 minutes later,
the atrial wound was closed
by continuous suture.
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Fig. 37. Changes of heart rate in atrial incision group.

Each dot and vertical bar express the arithmetic mean + standard deviation
of 5 dogs. Open circle : group of right atrial incision.
Solid circle : group of left atriel incision.
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Fig. 40. Changes of central venous pressure.
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Fig. 42.
In dogs of group II, a left
atrial incision extending from
left auricle to pulmonary vein
was made.

35.6 + 2.6 minutes later,
the atrial wound was closed

by continuous suture.
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Fig. 44. Changes of POy , PC02 » PH and Base sxcess in dogs of left
atrial incision group.



Fig. 45. Photograph of a dog taken at the time
of 3 months after atrial incision.

ﬂﬂ%;

Fig. 46 Autopsy findings of 3 months after atrial incision
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Fig. 47
In dogs of group I, a right ventricular
incision extending from coronary groove to apex

was made.
36.1+4.2 minutes later, the ventricular wound

was closed by continuous suture.

AP : Apex , AVC : Anterior Vena Cava ,
RV : Right Ventricle , TV : Tricuspid Valve



94 @O JOI02IMNS

94 @O "O02IrNS

Fig. 48

In dogs of group II, a right ventricular
incision extending from pulmonary conus to apex
was made.

36.845.9 minutes later, the ventricular wound
was closed by continuous suture.

LV : Left Ventricle , RAu : Right Auricle
RV : Right Ventricle , TV : Tricuspid Valve
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Fig. 49 Changes of Heart Rate.

Each dot and vertical bar express the arithmetic
mean + standard deviation of 10 dogs.

@®solid circle : arithmetic mean of group I.

Q open circle : arithmetic mean of group II.

C : controled value , P : premedication ,

‘“ ether anesthesia , "C : aa‘am&ucjmmmma temperature.
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Fig. 50 Changes of Electrocardiogram (Limb Lead II)
in a dog of group I.

Remarks : "C: midesophageal temperature.
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51 Changes of Electrocardiogram (Limb Lead II)
in a dog of group II.
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Fig. 52 Changes of Maximal Arterial Pressure.
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Fig. 53 Changes of Central Venous Pressure.
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Fig. 54 Changes of P09 ,PCO2 , pH and Base Excess in dogs of group I.
Each dot expressed the arithmetic mean of 10 dogs.
® solid circle : arterial blood, © open circle : venous blood
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Fig. 57. Photograph of a dog taken at the time of
3 months after right ventricular incision.

Fig. 58. Autopsy findings of 3 months after right
ventricular incision.
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Fig. 59. Right ventricular aspect of the heart.

Fig. 60. Portion of right ventricular incision.

( arrow )



Table 1. Experimental Results 1-]

No{ of
Cases 1 2 3 4 5 Ave.

Body WeZght) 12.0 13.5 13.5 11.0 11.0 12.2
kg.

Cooling(min.) 110 106 84 135 115 110.0

Respiratory 25.0 23.0 23.0 24.6 23.9 23.9
arrest ( C)

Cause of Fibr. Fibr. Fibr. Fibr. Fibr.
Death
(c) 21.0 20.6 20.0 20.5 20.8 20.6

S.D.

1.2

16.4

0.8

0.3
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3.

4,

6.

Te

Table 2. Method of Hypothermia

Premedication

(1) Before 1 hr.
Hydroxyzine Hydrochloride 0.5 mg/kg.I.M.
Atropine Sulfate 0.025 mg/kg.I.M.

(2) Before 30 min,
Triflupromazine Hydrochloride 0.5 mg/kg. I.M.
~Atropine Sulfate 0.025 mg/kg. I.M,
Hydroxyzine Hydrochloride 0.5 mg/kg. I.M.
Hydrocortisone Sodium Succinate 10 mg/kg. I.M.

Induction
(1) Thiopental Sodium 15-20 mg/kg. I.V.
(2) Succinyl Cholinchloride 0.5 mg/kg. I.V.

Endotracheal Intubation
Triflupromazine Hydrochloride 0.5 mg/kg.

Ether Anesthesia

Cooling (surface Cooling)

Low Molecular Weight Dextran 10-15 ml/kg.I.V.
Heparin Sodium ( E.T. 30°C) 1 mg/kg. I.V.

Cooling was discontinued when body temperature
reached 20-23 degrees 0.

In Room Temp.
Rewarming ( up to 35°0)

Protamine Sulfate 1.5 mg/kg.I:V.
7% Sodium Bicarbonate Solution I.V.



Table 3 Experimental Results [-2

NO. Of ’
1 2 3 4 5 Average S.D.
Cases
Body Weight(kg) 12.0 12,5 10,0 6.5 7.0 9.6 2.8
Cooling(min.) 73 100 104 95 44 83.2 22.3
Rewarming(min.) 64 81 10t 67 82 79 14,7
' Cooling was 22,5 21.5 21.0 20,0 21.0 21.2 0.9
stopped (°C) '
The lowest 21.0 20.9 20.5 19.6 19.7 20.3 0.7
3,Temp.("C)
After drop(°C) 1.5 0.6 0.5 0.4 1.3 0.86 0.5
Respiratory 27.0 24,0 26.0 26.5 27,0  26.1 1.2

arrest(°C)

Respiration 27.5 27.0 26.5 27.0 28.0 27.2 0.6
reapeared(*C)

Room temp.(°C) 20.5 21.5 21.5 25.5 15.0 20.8 3.8



Table 4 . P Wave Duration (sec.)

No. of

Cases 1 2 3 4 5 Ave. S.D.
Cont. 0.034 0,042 0.036 0.040 0.040 0.038 0.0030
Premedi. 0.040 0,042 0.034 0.040 0.040 0.039 0.0030
Anes, 0.038 0.042 0,042 0.040 0,042 0.041 0.0018
35( C) 0.042 0.044 0.042 0.040 0.042 0.042 0.0016
33 0.042 0.060 0,044 0.042 0,040 0.046 0.0081
31 0.060 0.052 0,042 0.051 0.0049
29 0,050 0.053 0,050 0.060 0,050 0.053 0.0050
27 . . 0.060 0.050 0.060 0

25 0.056 0.076 0.080 0,070 0,060 0.068 0.0100
23 0.058 0.076 0,080 0.080 0,068 0.072 0.0094
10 (min.) 0,060 0.098 0.080 0.090 extra. 0.082 0.0160
20 0.062 0.100 0.080 0.090 extra. 0.083 0.0160
30 0.072 0.098 0,080 0.082 extra. 0.083 0.0110
40 0.076 0.099 0.078 0.082 extra, 0.08% 0.0110
50 0.078 0.098 0.078 0.080 0,060 0.079 0.0130
60 0.080 0.096 0.078 0.080 0.060 0.079 0.0130
23( C) 0.070 0.099 0,060 0.076 0,070 0.075 0.0150
25 0.062 0.084 0.058 0.070 0.052 0.065 0.,0120
27 0.050 0.082 0,052 0.060 0.050 0.058 0.0140
29 0.038 0.056 0,050 0.056 0.044 0.049 0.0080
39 0.036 0.050 0.048 0.050 0.042 0.045 0.0061
33 0.036 0.042 0.040 0.042 0.040 0.040 0.0024
35 0.036 0.040 0,032 0.040 0.040 0.038 0.0035
24 (hr.) 0.034 0.040 0.040 0,040 0.039 0.0030
48 0.036 0.042 0,032 - 0.040 0.038 0.0044
72 0.034 0.040 0.034 0,040 0.040 0.038 0.0032
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0.0055
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0.0073
0.0114
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0.0212
0.0094
0.0070
0.0051
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0.,0133
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0.0087
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0.0091



Table 6 r QRS Complex Duration

(sec.)
No. of
cases 1 2 3 4 5 Ave, S.D.
Cont. 0.040 0.040 0.040 0,040 0.040 0.0400 O
Premedl, 0.038 0.040 0.040 0.040 0,040 0.0396 0,0000
Anes,’ 0.038 0.040 0.040 0.040 0.040 0.0396 0.0000
35( C) 0,042 0.040 0.040 0.040 0.0405 10,0010
33 : 0.050 0.060 0.042 0.042 0.040 0,0468 0.0083
1 0.070 0.050 0.040 0.0533 0.0153
29 0,060 0.050 0.060 0.048 0.0545 0.0064
27 , _ 0.070 0.052 0.0610 0.0127
25 0.070 0.080 0.070 0.070 0.060 0.0700 0.0071
23 0.092 0.090 0.070 0.080 0.070 0.0804 0.0105
10(min.) 0.094 0,100 0,100 0.090 extra., 0,0960 0,0049
20 0.090 0.098 0.082 0.100 extra. 0.0930 0,0082
30 0.092 0.100 0.090 0.096 extra. 0.0945 0.0044
40 0.100 0.100 0.096 0.098 extra. 0.0985 0.0017
50 0.100 0.096 0.096 0.090 0.090 0.0944 0,0042
60 0.094 0.090 0.096 0.080 0.090 0.0900 0,0062
23 (min.) 0.080 0.070 0.080 0.076 0.080 0.0772 0.0044
25 0.062 0.062 0.070 0.060 0.078 0.0664 0.0075
o7 0.054 0.062 0.058 0.060 0.062 0.0592 0.0033
29 0..048 0.058 0.058 0.060 0.050 0.0548 0.,0054
33 0.040 0.052 0.040 0.040 0.040 0.0424 0,0053
35 0.038 0.050 ° 0.040 0.040 0.040 0.0416 0,0047
24(hr, ) 0.038 0.050 0.040 0.036 0.0410 0.0062
48 0.040 0.042 0.038 0.036 0.039 0.0390 0,0024
72 c.038 0.038 0.036 0.038 0.036 0.0372 0.0010



Table 7 QTInterval(sec.)

No. of

Cases 1 2 3 4 5 Ave. S.D.
Cont. 0.18 0.20 0.18 0.20 0.20 0.19 0.0093
Premedi. 0.16 0.15 0.16 0.15 0.16 0.16 0.,0055
Anes, 0.19 0.22 0.14 0.16 0.21 0.18 0.0336
35( C) 024 0.18 0.20 0.21 0.21 0.0250
33 0.22 0.16 0.20 0.22 0.20 0.0283
1 031 ) 0.26 0.29 0.0354
29 0,36 0.29 0.30 0.28 0.31 0.0359
27 0«34 0.%2 0.33 0.0141
25 0.40 0.40 0.44 0.41 0.36 0.40 0.0286 .
23 0.48 0.50 0.48 0.50 0.50 0.49 0.0110
10(min.) 0.58 0.64 0.T4 0.68 0.66 0.0673
20 0.58 0.66 0.72 0.64 0.65 0.0578
30 0.62 0.62 0.71 0.64 0.65 0.0427
40 0.62 0.60 0.70 0.62 0.64 0.0443
50 0.64 0.64 0.70 0.60 0.72 0.66 0.0456
60 0.66 0.60 0.58 0.51 0.68 0.61 0.0671
23( 0) 0.54 0.47 0.51 0.50 0.52 0.51 - 0.0259
25 0.44 0.43 0.44 0.40 0.40 0.42 0.0214
27 0.30 0.36 0.35 0.34 0.36 0.34 0.0249
29 0.26 0.30 0.30 0.30 0.30 0.29 0.0179
31 0.24 0.27 0.27 0.26 0.26 0.26 0.0122
33 0.20 0.24 0.24 0.23 0.23 0.23 0.0164
35 0.19 0.16 0.20 0.22 0.20 0.19 0.0219
24(hr.) 0.18 0.18 0.20 0.18 0.19 0.0091
T2 0.17 0.18 0.18 0.20 0.16 0.18 0.0149
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0.068
0.073
0.060

0.227

0.221"
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0.0661
0.0936
0.1943
0.1148

0.0596
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0.0184
0,0299
0.0286
0.0395
0.0249

0.0614
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Table 9  Heart rate ( /min )
Chapter 1. Chapter 2. — Chapter 3. Chapter 4.

mean * S,D.) mean * S.D.] mean * S.Df_mean * S.D. fmean _* S.D. § mean _* S.D.ymean * S.D.
C. 110.0 * 1.5 §105.6 * 2.3 98.0 * 9.2 j121.0 * 21.5 }139.0 * 16.2 122.2 * 11.5 |128.7 * 15.7
A. 172.0 * 7.9 |184.3 * 39.0 }196.8 * 42.6 J195.2 * 26.2 }174.4 * 20.9 190.0 * 25.7 1184.7 * 17.7
35 °C, 189.8 * 18.8 |180.8 * 32.6 |174.1 * 34.7 }171.4 * 31.1 163.0 * 25.6 179.3 * 28,1 }171.0 * 22.3
33 162.8 * 17.5 }155.4 * 14.4 |147.0 * 24.4 }148.0 * 22.1 §141.4 * 27.8 159.1 * 26.8 |146.7 * 20.4
31 142.5 * 21.6 J134.7 * 6.2 }133.0 * 16.9 J130.8 * 18.8 |125.4 * 25.8 139.8 * 25.8 |126.9 * 19.3
29 110.5 * 15.4 1113.5 * 13.4 }117.3 * 12,3 }113.2 * 12.2 {|104.0 * 23.9 116.5 * 21.8 }105.4 * 18.0
27 85.8 * 13.8 95.0 * 6.2 99.1 * 9.3 89.2 * ﬂofm 85.0 * 17.6 91.0 * 21.3 ] 85.9 * 12.7
25 60.8 * 11.0 80.2 * 3.5 80.0 * 8.3 67.8 * 13.3 72.8 * 14.1 71.2 * 14.5 ] 68.1 * 10.7
23 42.8 * 8.7 62.8 * 6.8 60.9 * 6.3 57.3 * 9.4 58.8 * 15.8 53.7 * 10.9 } 49.6 * 13.8

7 2 5 23 2=
10 min. + 41.3 * 7.0 g g et L 3 g 3
20 40.5 * 3.6 s 5 T s 5 5. s 5E
50 41.6 * 5.4 o e & g 4" g &8 £ &2
60 4.8 * 4.5 E G G e S = S e
23 °C. 62.2 * 4.5 | 59.1 * 7.4 80.7 * 11.4 75.0 * 5.0 64.4 * 11.8 } 70.0 * 9.0
25 71.2 * 11.6 79.3 * 14.4 95.0 * 11.8 91.7 * 11.8 79.0 * 10.8 |} 76.8 * 10.4
27 101.8 * 3.9 96.6 * 11.8 |104.0 * 16.2 }108.3 * 6.2 85.1 * 15.8 | 89.6 * 21.1
29 120.6 * 2.3 }108.9 * 10.7 (122.0 * 8.1 116.7 * 4.7 106.1 * 13.3 |101.1 * 16.4
37 134.2 * 6.9 |130.2 * 12.6 }132.0 * 7.5 J130.0 * 8.2 125.4 * 15.1 [115.3 * 14.2
33 155.8 * 11.0 |155.8 * 13.2 |140.0 * 10.5 (141.7 * 11.8 137.5 * 16.8 |132.9 * 13.4
35 176.0 * 5,0 [165.0 * 22.7 |174.0 * 18.5 }156.7 * 4.7 146.0 * 13.5 [144.4 * 20.6
A -

® @ o [



Table 10 Maximal Arterial Pressure. (mmHg)
Chapter 1. Chapter 2. Chapter 3. Chapter 4.
mean * S.D.p mean___* S.D.] mean * S.Df mean * S.D. fmean * S.D. §J mean * S.D.gmean _* S.D.
C. 137.0 * 11.2 1137.0 * 32.5 118.9 * 10.5Q 116.0 * 23.8§ 109.2 * 4,8} 109.3 * 18.1} 101.5 * 8.9
A.
35 °C, 147.9 * 21.2 |147.2 * 37.3 110.9 * 6.3 101.1 * 23.3 91.6 * 9.3 106.1 *20.4 95.8 * 8.9
33 136.8 * 20.6 {116.8 * 40.3 105.2 * 8.4 88.9 % 15.9 86.9 * 17.2 ] 104.0 *21.2 95.0 *11.6
31 130.8 * 21.1 }118.0 * 30.0 104.5 * 10.9 90.1 » 19.2 87.8 * 18.9 | 101.4 *23.0 85.6 *12.8
29 127.2 * 17.7 |122.3 * 31.0 97.4 * 9.5 94.0 m.m.u 82.5 * 22.1 98.2 *25.5 83.9 *15.2
27 122.7 * 14.5 {110.0 * 25.0 97.0 *17.0 80.0 » 25.2 75.0 * 17.9 95.6 *25.1 83.6 *14.2
25 114.6 * 12.3 } 96.9 * 30.0 96.1 * 16.9 76.0 x 24.4 78.7 * 20.7 93.4 *17.0 83.9 *15.0
23 104.1 * 25.4 | 94.3 * 25.2 97.3 *14.5 75.0 % 21.7 77.9 * 22.9 85.8 *19.0 81.7 *14.7
z 2 7 2 = =
10 min. + 91.9 * 19.2 g g d ¢ 3 £ 3
' S ~ r— $— [ .N..l Wm .m-l..m
20 84.8 * 22.8 © © 2 N ®© S el
2 255 2 L5 p§¢s | £ 8%S
30 85.8 * 23.1 s s &2 s 5.2 s 952 o > S
L + w B oo v L oLoe < obuy
40 i 88.5 * 25.3 = = £C = w0 = £E80 ~ S DOV
3 3 2c S BE 3 og8L 3 28.E
50 90.9 * 24.7 2 g & £ 3 £ &S £ &=
60 86.3 * 20.7 S S e S S o e
23 'C, 86.1 * 22.1 56.2 *14.6 60.5 x 16.9 45.5* 15.0 66.0 *20.0 63.9 * 7.6
25 96.4 * 26.3 60.9 *16.9 65.9 » 25.0 67.4* 8.6 75.5 *18.9 69.0 *12.3
27 97.1 * 23.2 76.9 *25.4 84.0 %« 22.4 82.5* 12.8 83.2 *23.0 72.3 * 9.6
29 91.9 * 17.4 87.9 *25.8 91.6 « 6.1 83.5* 13.3 90.7 *20.4 82.5 * 7.6
31 96.8 * 25.3 95.5 *21.2 96.3% 9.3 89.0* 18.3 94,9 *17.1 84.7 *11.0
33 113.9 * 29,9 110.5 *21.2 1100.3 % 13.2 84.9* 7.5 109.0 *18.7 | 89.2 *17.9
35 141.6 * 33 6 119.6 *21.3 | 104.54 28.7 | 100.8* 11.8 115.9 *20.7 § 101.0 *15.0
- A
® ® @ [




Table 11 Central Venous Pressure ( mmHg )

Chapter 3.

Chapter 1. Chapter 2. Chapter 4..

mean__* S.D.§ mean * S.D.} mean * S.Df mean * S.D. fmean * S.D. § mean__ * S.D.qmean * S.D.
C. .13 * 0.5 ]| 0.5 * 0.8 -0.7 * 1.6 0.8 * 1.0 0.1 * 0.5 0.8 * 1.9 0 * 1.1
A.
35 °C, 0.46 * 1.0 1 1.2 * 1.1 0.2 » 1.9 2.8 % 1.5 3.7 *1.5 2.0 *1.9 1.5 * 1.0
33 0.57 * 1.7 } 1.6 * 1.3 0.3 = 1.8 3.1 » 2.0 3.8 *1.8 3.0 * 2.0 2.4 *1.0
31 0.57 * 1.2 |12.8 * 1.0 3.2 » 2.0 3.3 « 1.9 3.8 *1.4 3.4 * 2.2 3.2 *1.0
29 0.57 * 1.2 1 3.8 %= 1.5 4.0 « 2.3 4.0 » 1.6 4.6 *1.0 3.6 * 2.2 4.2 * 1.4
27 0.16 * 0.9 } 4.3 * 1.8 5.2 » 1.1 3.8 « 3.1 4.6 *1.7 4.5 * 2.6 4.1 * 1.1
25 1.40 » 0.4 4.5 * 1.6 5.9 » 2.0 4.5 « 2.6 5.0 *2.0 4.9 * 2.9 4.7 * 1.0
23 7.20 * 3.1 ]5.3 = 1.8 6.1 « 2.0 4.6 » 2.8 5.0 *1.8 5.6 * 2.6 4.8 * 1.2
10 min. + 5.7 x 2.0 o i 5 S 3 $ 3
20 5.8 % 1.1 = 5 'm c wan WWMn
40 6.0 » 1.8 = = 2% 2 55 = B2 2 £%70
P s« 20 |3 225 | BEE | PEEF| pEsC
60 5.6 * 2.1 O S S e PR ERre
23 °C. 5.7 * 2.0 5.7 « 2.4 4.8 » 1.3 5.5 * 2.1 4.9 * 2.1 4.3 * 0.9
25 5.0 » 2.1 4.2 « 2.0 5.2 » 2.1 6.2 * 1.2 3.5 * 1.1 3.3 * 1.1
27 5.1 % 2.0 3.9« 2.0 4,0 « 1.0 4.4 * 0.8 2.8 * 1.3 2.9 * 0.7
29 4.0 * 1.5 3.8 x 2.2 4.0 » 1.5 4.0 * 1.0 2.2 * 1.4 1.8 * 0.6
31 3.8 1.7 2.3 1.8 3.3« 1.1 2.4 * 1.8 1.8 * 1.6 0.6 * 0.6
33 2.5 » 1.8 1.0« 1.5 2.8% 1.0 1.8 * 1.4 0.8 * 2.3 -0.3 * 1.1
35 1.1 % 1.2 -0.4 « 1.3 2.5 % 1.5 0.3 * 0.5 0.3 * 2.4 -0.5 * 1.4
® ® ® . ®




Table. 12

Young'’s solution

Potassium cltrate 0.81 Gm.
Magnesium sulfate 2.46 Gm.

Water q.s. to make 100 ml

pH adjusted to 7.4 with NaHCO,

Okamura’'s solution

20 % Glucose 10 ml
2 % CaCl. 10 ml
0.1% Noradrenalin 1 ml

Effortil ( 10 mg ) 1 ml



Table 13 Experimental Results II-1

No. Body Cool- Cooling The low- Respirat- After Cessation

of Wel- ing was sto- est ory arre- drop of Circu-
Cases gnt (min)pped B.Temp., st lation
kg) (*c) (*c) (*c) (*C)  (min.)

1 13.5 119 20.0 19.1 25.0 0.9 63

2 15.0 96 19.6 19.0 24,0 0.6 60

3 11.0 69 19.8 19.6 24,5 0.2 48
Ave. 13.2 94,7 19.8 19,2 24,5 0.6 57
StDo 200 25.0 0.2 0.3 005 004 : 709

2 11.0 83 23.0 20.5 26,0 2.5 22

3 12.0 86 20.5 19.8 29.0 0.7 20

4 8.5 59 23.0 22,2 27.0 0.8 29

5 8.5 62 23.0 21.5 25.0 1.5 29
Ave. 10.2 72,4 22.5 21.2 26.4 1.3 26
SOD. 1.6 1201 101 1.0 1.7 008 008
No. Clrculation Young s Cardiac Vital Room Temp.
of was Interr- Solution beat re- Sign (°C)
Cases upted(*C) (m1) apeared(®C) :

1 19.9 10.0 - + 24,0

2 19.9 T.0 22.2 + 24,0

3 20.2 9.0 - + X 22.8
Ave. 20.0 8.7 23.6
SoDo - 105 007

1 2204 6.0 - + 24.5

2 20.5 9.0 - + 25.9

3 19.8 12.0 - + 29.1

4 21.8 8.0 23,0 + 31.0

5 21.5 10.0 - + 29.0
Ave. 21,2 9.0 27.9
S.D. 2.2 2.6



No. Body Cool-

of Weli- ing

Table 14 Experimental Results I1I-2

was sto- ing

Cases gnt (min.) pped (min,)
kg) (°c)

.1 10.0 60 23 117
S 2 9.0 62 23 126

3 9.0 81 23 152

4 7.0 43 23 139

5 8.5 64 23 128

6 10.0 60 23 127
Ave., 8.9 61.7 23 131.5
S.D. 1e1 1241 12.2

No. Cessation Circulation Young's

of of Circu- was inter-
Cases lation rupted
(min,) (*c)

1 33 22.1

2 34 21.9

3 40 21.8

4 38 20.9

6 46 T 21.4
Ave, 38.2 21.6
S.D. ' 407

est
B.Tem °
(°c

22,1
21.3
21.5
20.5
21.3
21.2
21.3

0.5

drop
(°c)
O.

UI~] O~~~

1
1
2
1
1
1
0

Cooling Rewarm- The low- After Respira- Resplra-

tory ar- tion re-

rest

(°c)

27.0
25.0
27.0

25.0 -

25.5
27.2
26.1

1.1

Okamura 's Cardiac

apeared
(°c)

26.0
28.0
27.0
23.0
27.0
27.0
26.3

1.8

Times of Room

Solutlion Solution beat re- Electro- temp,.
apeared :

(ml)
10.0

*

-—
I'\)OUJ\O\NOG)
OO\OO\OOO

1
1

(ml1)

-—h ad el wl dh b b
OV OO OV
e s @

PMooooulu,n

(°c)

22.3

21.2
21.6 -
20.5
23.0
21.2
21 .6
0.9

No. Coronary Time required for Time required for
cardiac resuscitation time

of perfuslion recovery from the
Cases unconsciousness
(ml) (min,) (min,)

1 110 346 4

2 90 240 3

3 100 190 3

A 110 379 6'37"

5 120 201 48

6 160 250 10
Ave, 115 267.7 12.3
S'Do 24.3 7706

shock .
(°c)
2 21.0
1 18.5
1 19.3
2 15.5
18 15.5
5 14.0
4.8 17.3
6.6 2.7

Survival

hr.(*)min. (")

741"
Survival
Sgrvival

24°
7°50'



Table

NO. of cases

Body weight(kg.)

Cooling (mih;)

Rewarming (min.)

The lowest body
temperature( C)

After drop ( C)

Cessation of
circulation(min.

Open heart (min.

Time required
for cardiac re-
susciation (min.

Coronary
perfusion (min.

15.

R 8.
L 7.

62.
46.

60.
70.

22.
21.

0.

2.

a4,
38.

37.
32.

0
0

11.0

92.0
78.0

81.0
68.0

21.2
22.6

40.0
38.0

38.0
35.0

69.0
56.0

63.0
68.0

22.7
21.0

38.0
41.0

33.0

69.
65.

44,
50.

22.
22.

34.
42.

31.
35.

o

o O

54.
145.

80.
157.

22.
22.

40.
46.

37.
39.
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o

ave.

69.
78.

65.
82.

22.
21.

39.
a1.

35.
35.

12.
35.

13.
37.



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 16.

8.5 10.0 14.0 14.5 11.

54 65 77 69 67
107 137 124 123 120

21.2 20.5 21.2 21.0 21.

46 51 51 39 60
39 40 38 35 41

21.4 20.5 21.4 21.3 22.

520 390 416 402 510

400 400 450 250 430

78
78

21.2

a4
37
21.2

240

300

13.0

57
92

21.

41
32

21.

520

280

14.

97
132

502

320

13.

82
72

22.

31
28

23.

540

180

10

10.0
82
87

500

240

ave.

11.7
72.8
107.2

21.5

44.9
36.1
21.7

454.0

325



Table 17. Experimental Results IV-2.

No. of cases 1 2 3 4 5 6 7 8 9 10 ave.

Body weight[Kg.] 13.5 16.0 11.0 11.0 5.0 8.0 10.0 13.0 12.0 8.0 10.8
Cooling [min.] 122 129 77 96 68 68 63 70 74 60 82.7
Rewarming [min.] 117 108 75 88 8 102 110 120 90 85 97.9

The lowest body 22.5 22.5 22.3 22.5 21.2 20.9 20.3 20.4 22.0 21.5 21.6
temperature[ C]

After drop [ C] 0.5 0.5 0.7 0.5 1.8 2.1 2.7 2.6 1.0 1.5 1.4

Cessation of 43 35 33 ’35 46 53 38 39 46 50 41.8
circulation[min]

Open heart[min.] 32 32 31 32 45 45 33 34 41 43 36.8
Cardiac beat 23.5 23.5 24.0 24.0 21.2 20.9 21.2 21.3 22.5 22.0 22.4

reappeared [ C]

Time required 5 2 1 3 2 4 5 3 7 8 4.0
for cardiac re-
susciation[min.]

for recovery 480 530 547 610 270 530 420 550 605 380 492.2
from unconsciou-
sness [min.]
Coronary 430 400 250 310 420 760 400 300 420 500 419.0

perfusion [ mi.]
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. Hypothermia has- intrigued scientists for many years with reports
appearing as early as the 18 tﬁ century. In 1862, cold narcosis of
degree sufficient to permit 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 warm blooded hypothermic
animals. During the next 40 years, whicﬁ has been called the golden
era of physiology, hypothermia served as a tool for the study of basic
biological mechanisms. Modern emphasis 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 prd]onged
periods of time in the 1940's and early 1950's. But it was not until
1950 that a.study was carfied out for the expressed purpose of apply-
ing hypothermia to cardiovascular surgery.

The heart appéars to lag behind other tissues with only a 50 % A
reduction in oxygen consumption at 25 C. Reduction of temperature of
_vfta] ce]is depress metabolism and thus enables the cells to withstand
longer periods of hypoxia.( At 77 F. circulation to brain can bé stop¥
ped for 15 minutes, compared to a maximum of 3 minutes at 98 F. ).

Surfacé-induced hypothermia is the simp]est of the methods that
have been used to achieve circulatory stasis for prolonged periods,
thus providing ample time for open heart surgery. Hypothermic circula-
tory stasis has been used for a variety of surgical procedures, viz.,

experimental replacement of the aortic va]ve; total atrial septum



replacement, experimental orthotopic cérdiac fep]acement, closure of
ventricular septal defect, surgery of brain and 1iver; and replacement
of the mitral valve. Thié form of circulatory stasis has also been
used successfully for the correction of various congenital defects in
infant and was ufi]ized for heart transplantation in an infant.

Hypothermia can be induced either by surface cooling techniques
or by extracorporeal techniques.Because extraéorporea] techniques reg-
uire complicated equipment and are aésociated 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 pérmit surgical correc-
‘tion to be carried out. But small animals ( 10 kg. or less ) do nbt
'tolerate cardiopulmonary bypass procedures well. Trauma to the formed
elements in the blood, damage to pu]monary»ﬁapi]]aries and hemorrhage
from suture lines due to heparinization all appear to be factors in
jncreasing the overall surgical risk.

Surface-induced hypothermia provides excellent exposure of the
heart, along with a dry, bloodless, and motionless operative field.
The fact that caval and coronary cannulas are not needed, thus allow-
ing an unobstructed view, has been cited as another advantage. The
. additional time necessary for cooling and rewarming is a minor factbr,
considering the overall sihplicjty, ecbnomy, 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 éanine surgery.

Catecholamine prbduction in hypothermic dogs is impaired during
cooling. This is perhaps bénefica] as one effect of both epinephrine
and norepinephrine is to sensitized the myocardium to fibrillation by
“their effect on slow diastolfc_depo]arizafion. Blood levels of the
catecholamines increases sharp]y 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 temperatures during cooling.

A left shift of the oxygen-hemoglobin disassociation curve results
in oxygeh 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 témpérature. Carbon dioxide pro-
duction falls but its solubility also increases at the lower temperature.
This can be significant as there is a tendency to hypoventilate at lower
body temperatures. High levels of carbon dioxide can cause large decre-
ases in pH which become evident during rewarming and may compromise
myocardial function.

Still, a method of surface induced deep hypothermia éarries>4‘in-
herent}disadvantages : the threat of ventricular fibrillation : 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 theée hazards.

Then the purpose of this study was to accomplish an method of surf-
ace induced deep hypotherm%a of the dog which would be high]y,suitab1é
for open heart surgery undef complete circulatory arreﬁt for periods

of up to 40 minutes.

1. The effects of deep hypothermia and deve]opihg new method

of deep hypothermic anesthesia in the dog.

Ten dogs of mixed bréeding, about 1 year old and weighing between -
11.0 and 13.5 kg., allotted to 2 groups.

( Group 1)

Dogs in group 1 undgrwent the simple procedufe of cooling which
performed by body surface cooling with pentbarbital sodium (25mg. /kg.
I.V. ) to 20 C. to serve as controls. |

Anestheéia'was induced with pentbarbital sodium. Femoral vessels
were cannulated to measure arteria],b1ood pressure and central venous
pressure, for collection of blood samples. Midesophageal temperature |
was constantly recorded on a te]ethermometér. Electrocardiographic
monitoring ( 1imb lead II ) was done throughout the procedure. The
arterial and central venous blood samples for oxygen tention ( POy ),
carbon dioxide ( PCOp ), pH, Base Excess, and packed cell volume
determinations were obtained at each 2— to 4- C. gradation in'témpe-

rature.



Cooling was accomplished with crushed ice and cold water with a
plastic sheet interposed between the body of the dog and the water.
Active cooling was discontinued when esophageal temperature reached

21 C..

Observations and Results.

Coo]fng ( to 21 C.) required 110 %+ 16.4 minutes with a range of
84 to 135 minutes, and falling réte of body temperature was 0.15 C/mini
In cooling process, shivering appeared when esophageé] temperature
reached 35.C., and it continued to 29 C.. Respiration stopped when
esophageal temperature reached 23.9 + 0.3 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 esophagea1‘temperature reached 21 to 20'C.-The
systoric preﬁsure 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
decréased to 6.84 + 0.05, 22.4 + 6.2 mmHg. and -19.7 + 2.6 mEq/1 and
carbon dioxide tention was increased to 99.7 £ 0.5 mmHg. at 21 C..
In blood gas analysis, Severe Hypoxia, hypercapnia and écidemia were

observed under hypothermic conditions. The packed cell volumes were



increased remarkably in accordance with 5 decrease in body temperatufe,
it were 45.0 + 7.0 % at the lowest temperature.

As a result of hypothérmia with pentobarbital 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, s1udgin§ and disturbance of peripheral circu]ation under hypo-
thermic conditions.

( Group 2 )

Dog in group 2 underwent the hypothermic anesthesia whose method
was contrived by auther to 21 C. and rewarming after 1 houf.

Hydroxyzine hydrochloride ( 0.5 mg/kg. of body weight ) and atrop-
ine sulfate ( 0.025 mg/kg. ) were given intramuscu]y 1 hour prior>to
cooling. Triflupromazine hydrochloride ( 0.5 mg/kg. ), atropine sulfate
( 0.025 mg/kg. ), hydroxyzine hydrochloride ( 0.5 mg/kg.) and hydrocor-
tisone sodium succinate ( 10 mg/kg. ) were given intramuscly 30 minutes
prior to cooling. Anesthesia was inducedeith thiopental sodium and,
aftrer endotrachea] intubation, was mainfained at deep levels with ether
administtered via a semiclosed circuit.

Femoral vesée]s and jugular veiﬁ 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 telethermometer. Electrocardiographic monitoring ( 1imb‘
Tead II )‘was‘done throughout the procedure. The arterial and central

venous blood samples for PO, , PCO; , pH and packed cell volume deter-



minafions 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 déxtrose was administered I.V. (10-15m1/kg.)
during cooling between 35 and 21 C.. Heparin sédium‘was administered
I.V. (Img/kg.) at 30 C. in esophageal temperature. Ether was continued
down to. 23 + 2 C. so as to prevent shivering.

| Active cooling was discontinued when body temperature reached 21
C.. The dog was removed from the ice bath and it placed on the operat-
ing table for 1 hour..

After 1 hour, slow rewarming was accomplished with warm wafef (42
to 44 C.) with a plastic sheet interposed between the body of the dég
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
days. |

Observation and Results.

Cooling (to 21 C.) réquired 79.0 + 14.9 minutes with a range of
64 to 101, and falling rate of body temperature was_0.16 C./min..
Respiration stopped when esophageal temperature reached 26.1 + 1.2 C.
with a range of 24.0 to 27.0 C.. Wheh 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
fo fall, the lowest body temperature was 20.3 + 0.7 C. with a range of
19.6 to 21 C..



After 1 hour, slow rewarming was accﬁmp]ished with warm water.
The increasing rate of body temperature was 0.15 C/min., respiration
reappered when esophageal éemperéturerreached 27.2 £ 0.6 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.
A]]ldogs were sufficiently awake at 35 C. so as to continue their
respiration unassisted. These dogs were survivors without épparent

functional damage.

2. The effect of complete circulatory arrest and conside-
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 weré ligated,
using umbilical tape. After a few beats had emptied the héart; 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



compression were started. Okamura's solution was used as and when
required to facilitate resuscitation. If ventricular fibrillation
developed, a.c.shock was performed.
A11 dogs died because of the impossibi]ity_of cardiac resuscitation.
These were Eesulted 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 Yoﬁng's solution was forcefully injected into the aortic
root through the catheter.

-After 40 minutes, the coronary peffusion of oxygenated blood was
started. If ventricular fibri]]atidn developed, it was terminated with
110- to 120- V. a.c.shock. When cardiac beat reappeared, the véscular
ligations were released and ventilation was started. After the closure
of thoracic wall, slow rewarming was accomplished with warm water with
a plastic sheet interposed between thé body of the dog and the water.
Ether was administered in the ventilating gas to contro] spontaneous
movements and shivering. Active rewarming was discbntinued when bddy

températﬁre reached 36 C..



Cooling required 61.7 + 12.0 /min. with a range of 60 to 81 minutes,
respiration stopped when esophageal temperature reached 26.1 £+ 1.1 C..
The lowest body temperaturé was 21.3 + 0.5 C. with a range of 20.5 to 22.1
C.. Suface induced deep hypothermia allowed safe cardiac arrest for 38.2
4+ 4.7 minutes. Dogs were not ventilated during the period of circulatory
arrest. |

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 mmHg at 35 C.. Central venous pressure were decreased remarkably
in accordénce with increase-in body temperature. It was -0.36 + 1.3
mmHg at 35 C.. In blood gas analysis, blood pH,'oxygen tension and Base
Excess were decreased to 7.27 + 0.12, 256.7 + 95.3 mmHg and -12.4 + 6.4
mEq/1 after circulatory arrest. Arterio-venous oxygen defférence increased
remarkably in rewarming process. The packed cell volume was decreased
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. A11 dogs were
sufficiently awake at 35 C. so as to continue their respiration unassisted.

These dogs were survivors without apparent neurologic damage.



3. Right and left atriotomy under complete circulatory arrest

and deep hypothermia on the dog.

Ten dogs of mixed breeding, about 1 year old and weighing between
6.0 and 12.0 kg., alloted to 2 groups.

( 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 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 4 th intercostal incision. A right atrial incision
extending from posterior vena cava to right auricle was made under the
circu]atory 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 rgwarming were same as
chapter 2.

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 Cf. A11 dogs were sufficiently awake
“at 38 C. so as to continue their respirations unassisted. These dogs were

long—tefm survivors without apparent neurologic damage. Central venous
pressure was increased remarkably after atriotomy, it was 2.5 + 1.5 mmHg
at 35 C.. fn one dog, atrié] fibrillation deQe]oped as esophageal tempe-

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



and their follow-up did not reveal any pérticu]ar 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 expdsed through a left
4 th intercostal incision and a leff atrial incision extending from Teft
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 fecovered gradua]]y ; at
35 C. heart_rate ranged between 150 and 160 /min., femoral arterial
pressure was 100.8 + 11.8 mmHg. When the dogs were warmed up, they
returnvto normal. Arrhythmias such as atrioventricular block, frequent
premature ventricular contractions, atrial fibri]]ation or ventricular

tachycardia were not observed in their post opérative status.

4. Right ventriculotomy under complete circulatory arrest and
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.

( Grpup 1)

The hypothermic ahesthesia which was contrived by author was
performed all dogs. When the dog reached a esophagea1 temperature of
23 C., it was removed from the ice bath. The surgical site was prepared
for sterile surgery and the dog p]aced 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 cifcu]atory stasis and the elective cardiac arrest. 36.1 + 4.2
minutes later, the right ventricular wound was c]osed‘by double continuous
suture. The method of coronary perfusion, cardiac resuscitation and
rewarming were same as chapter 2..

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 )

Dog in group 2 underwent the hypothermic anesthesia whOSeimethod.
was contrived by author to 23 C.. The heart was exposed through a right
5 th intercostal incision, and a right ventricu]ar‘longitudina1.incision

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



Tatory 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 1oﬁgitudina1 incision. Cardiac activity was
regained affer coronary perfusion of oxygenated blood sometimes withqut
ever passing through ventricular fibrillation. Rewarming started
immediately after cardiac reéuscitation, 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 as group 1. Premature ventricular contractions or runs of
ventricular tachycardia developed many times as esophageal témperature
increased beyond 23 to 25 C.. But they return to normal when the dogs
were warmed up to normothermia. Right ventriculotomy of 4C minutes’
duration was well tolerated, without any gross evidence of postoperative

neurologic or circulatory damage.

The method of surfaée induced deep hypothermia and coronary
perfusion which were contrived by author permitted deep hypothermia( 20 C.)
for an hour, complete circulatory stasis under cardiac arrest for
periods of up to 38.2 minutés, right and left atriotomy and right
ventriculotomy under comblete circulatory arrest for period of up to
35 minutes. A1l dogs were sufficiently awake at 38 C. on rectal tempe-

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



Tonge-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.



