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Hemodilution in Clinical Extracorporeal Circulation

Sung Haing Lee, M.D. FCCP.,
Song Myung Kim, M.D.,
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Kwang Sook Lee, M.D.,

Khil! Rho Lee, M.D.,
Jong Wook Chae, M.D.

Open heart surgery has been performed on 20 patients, using hemodilution principle under

the moderate hypodermia from Dec. 1975 through Aug. 1977 at the Department of Thoracic and

Cardiovascular Surgery, Kyungpook National University School of Medicine.

All these patients, body surface area ranged from (.53 to 1.67 M?, were divided into two

groups as a child group(below 15 yrs) and a adult group(above 15 yrs).
The oxygenator were primed with fresh ACD blood, 5 per cent dextrose, Hartmann's solution,

15 per cent mannitol, sodium bicarbonate, dexamethasone and antibiotics.

The average flow rate was 2.0 L/M?/min. in child group and 2.3L/M?/min.

The degree of hemodilution in child and adult group was 30.7% and 29.3% respectively. The

in adult group.

minimal value of rectal temperature was 30.8+0.7°C in child group and 30.0+1.5°C in adult

group.

We studied the changes of hemodynamic status, blood components, electrolyte, acid-base

status. blood lactic acid and urine output during and after cardiopulmonary bypass.
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Table 1. Clinical Materials

Case Sex Age Height, c¢cm Body weight, kg BSA, M:? Diagnosis
L3 O 9 F 9 130.0 19.0 0.85 VSD
2% O & F 10 128.0 25.0 0.95 ASD
3.2 O 9 M 21 169.0 51.0 1.58 VSD
*#. % O % M 20 166.0 52.0 1.56 VSD+sinus R.
5.0 O 94 M 12 135.0 29.0 1.06 ASD+-MI
6+ O % M 5 100.0 14.0 0.63 VSD
.4 O & M 17 176.0 49.0 1.60 PS, PFO, PDA
4 O 4+ M 29 174.0 56.0 1.67 VSD-sinus R.
9. 49 O 3 F 14 143.0 29.0 1.10 ASD
10. o] O 4 M 11 126.0 21.7 0. 90 TOF
1.4 O F M 8 124.0 23.0 0.87 VSD
2.4 O 5 M 12 137.0 27.0 1.03 TOF
13. ¢4 O % M 10 125.0 23.5 0.91 TOF (pink)
4. 2 O 49 M 23 102.0 12.5 0.62 TOF
1542 O %+ M 5 160. 0 40.0 1.36 VSD
16. & O 4 M 12 133.0 23.0 0.94 VSD
7.8 O + M 10 139.0 26.0 1.03 VSD
*18. % O F F 53 152.0 48.0 1.42 MS
19. v O 3 F 4 91.5 11.3 0.53 MI (congenital)
*20. % O & F 41 159.0 50.0 1.50 MS+MI

Mean 31.5 1.1

16.4 138.5

Sinus R.: Rupture of sinus Valsalva.
PFO: patent foramen ovale.
*: Adult group>15 yrs.
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Table 2.

Body Wi.

Anesthesia and Perfusion

l erusmn mm

Cows Doy Dol Ve How e
1. VsD 19 2.5 130 8 9 49 66 8.5
2. ASD 25 2.5 100 5 42 32 79 8.0
*3. VSD 51 2.0 40 5 12 81 98 7.5
*4. VSD+sinus R 52 2.0 40 25 9 78 112 7.0
5. ASD--MI 29 2.4 80 6 18 110 134 9.0
6. VED 14 2.2 170 37 9 163 209 7.2
*7. PA, PFO, PDA 49 2.2 72 3 10 144 157 9.2
#*3. VAD-sinus R 56 2.4 66 2 16 83 101 7.5
9. ASD 29 2.4 91 2 22 50 74 6.3
10. TOF 22 2.4 100 2 75 121 198 6.4
11. VSD 23 2.4 87 3 65 272 340 9.5
12. TOF 27 2.4 89 2 8 170 180 8.3
13. TOTF (pink) 23 2.4 96 1 20 119 140 8.5
*14. V3D 40 2.0 68 2 25 76 117 4.1
15. TOF 12.5 2.4 120 2 20 95 103 7.3
16. VSD 23 2.4 98 2 14 38 54 6.0
17. VSD 26 2.4 95 1 24 47 72 6.1
*18. MS 43 2.4 71 2 62 198 262 7.3
19. Ml 11.3 2.4 113 5 35 69 109 7.3
#20. MSH-MI 50 2.0 60 8 53 44 105 4.5
Mcdn 2.31 89.3 6.2 27.4 102.0 135.5 7.3
S.D. 0.17 29.6 8.7 20.4 60. 4 70.1 1.4
% Adult Group>15 yrs - )
ol s 41518 ko] ACD B upf A4 shar o AR Dexamethasone-$ % kgwt 1mgg, #4344 Keflin®
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Table 3. Duration of Aorta Cross Clamp and Core Cooling Hypothermia
Case Diagncsis Total ACC Temperature, rectal Cooling time to ReWarming time
min. °C 32°C, min. to 35°C, min,
1. VSsD 13.5 31.0 4 27
2. VSD 17.5 32.0 8 29
*3. VSD 30.0 32.5 8 55
¥4, VSD-}sinus R. 37.0 32.5 7 30
5. ASD--MI 34.0 31.0 17 105
6. VSD 56. 0 32.0 7 65
*7. PA, PFO, PDA 32.0 30.0 9 51
*8, VSD--sinus R. 35.0 31.5 10 49
9. ASD 16.0 32.2 3 29
10. TOF 65.0 30.0 13 31
11. VSD 30.0 32.0 193
12. TOF 85.0 31.0 29
13. TOF 51.0 29.5 17 35
*14. VSD 38.0 31.0 128 36
15. TOF 42.0 22.0 17 33
16. VSD 17.0 30.0 19 26
17. VSD 32.0 29.5 23 28
*18. MS 121.0 29.0 18 63
19. MI 31.0 22.0 150 31
*20. MSH-MI 32.0 30.0 15 32
Mean 40.8 30.1 11.4 48.9
S. D. 25.6 2.9 5.7 39.0

ACC.: aorta cross clamp *: Adult Group>>15 yrs

Table 3-1. Prime Fluids & Hemodilution. (A. Adult group > 15 yrs)
Age BSA Prime Fluids, ml. . _ Total Hemodilution Temptrol
Case (yrs) (M) Hartmann 50%D/W Mann. ACD. Bl. NaHCO, 9 Used
1. 21 1.58 723 643 241 133 160 1,900 30 Q-100
2. 20 1.50 756 672 252 190 130 2,000 30 Q-110
3. 17 1. 60 720 640 241 455 144 2, 200 30 Q-100
4. 29 1.67 770 685 257 400 168 2,280 28 Q-100
5. 24 1.36 600 550 200 550 120 2,020 26 Q-100
3 53 1.42 690 610 230 310 144 1,980 31.6 Q-100
7. 41 1.50 450 400 150 1,200 150 2, 350 29.6 Q-100
Mean 29.3 1.52 672.7 600 224 463 145 2,104 29.3
S.D. 12.2 0.1 104. 4 91.4 35 330 15 158 1.7

Mann. : mannitol.
ACD. Bl.: ACD. blood
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Table 3-2. Prime Fluids & Hemodilution.

(B. Child Group<i5 yrs)

Case Age B3A _____ Prime fluids, ml . Total Hemodilution Temptrol
(yrs) (M*) "Hartmann 5%D/W Mann. ACD. BI. ~NaHCO, L ~_7___E§‘i*
1. 9 0.85 242 157 85 838 80 1,400 25 Q110
2. 10 0.9 275 245 92 688 100 1, 400 25 Q110
3. 12 1.06 447 398 149 509 87 1,600 30 Q110
4. 5 0.63 243 217 81 615 44 1,200 30 Q130
5. 14 1.10 500 445 167 400 88 1,600 33 Q110
6. 10 0.9 500 450 180 400 68 1,598 32.7 Q110
7. 8 0.87 350 310 120 750 70 1,600 29 Q110
8. 12 1.03 450 400 150 600 80 1,680 30 Q110
9. 10 0.91 400 350 130 900 72 1, 852 34.5 Q110
10. 5 0.62 400 356 134 140 38 1,068 32 Q130
11. 12 0.94 370 328 123 975 69 1, 865 35.9 Q110
12. 10 1.03 400 360 536 970 78 1,944 30.9 Q110
13. 4 0.53 187 166 62 450 34 899 31 Q130
Mean 9.3 0.88 366.5 322 1565 633 69.8 1,515. 8 30.7
S.D 2.9 0.17 97.7 94 115 242 19.2 301. 4 3.1
~ Mann.: mannitel.
ACD. BL :ACD. blood.
Table 4-1. Changes of Mean BP, CVP, Flow Rate and Temperature in the Pre- and
Post-operative Periods (A. Adult group>15 yrs)
Pre- Per Partlalv_f*m__Total Bypass, min. Partial Immcdlate Pos(;lr(;p PO(S(;;(;E)
fusion bypass 715 30 45 60 75 105 120 bypass Post-op 5 5T i 3
Mean BP 85.0 72.9 80.4 76.4 89.3 75.8 79.1 90.0 92.5 90.0  73.9 87.2 83.580.2 82.3 95.0
(mmHg) *14.0 23.7 28.033.6 76.020.7 20.1 8.4 15.2 15.4 17.0 12.4 12.9 14.6 13.2 12.7
cvp 14.7 16.3 14.212.5 11.9 14.6 13.6 13.3 10.8 12.1 12.9 11.7 10.5 12.5 15.9 12.0
(cmH;0) *5.7 9.1 10.2 7.8 12.012.5 9.1 58 4.9 5.1 7.0 2.6 4.0 4.5 2.7 0.0
Flow Rate — 1.28 1.96 2.11 2.02 1.95 2.08 2.01 1.88 1.90 1.58 — - - - -
(L/min/M?) *—  0.11 0.39 0.24 0.45 0.14 0.21 0.36 0.41 0.23 0.12 — — — — —
Temp. 358 357 32.7 31.130.8 31.331.9 327 33.1 33.9 36.4 37.1 37.4 37.4 368 1.0
Q) *1.0 09 1.3 1.1 07 0.8 1.1 1.3 1.4 1.3 1.2 1.1 0.9 0.8 0.2 09

¥*:Standard deviation
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Table 4-2.

Changes of mean BP. CVP, Flow Raté and Temperature in the Pre- and Post-operative

Periods (B. Child group 15 yrs)
Pre-Per- Partial Total Bypass, min. Partial Immediate Po(sht—-()p P(%SI_OP
fusion bypass 15 30 45 60 75 105 120 bypass Post-op __.1,1._5)2__ __,,1,,533’.),2,.,_
Mean Bp 85.8 49.2 58.2 62.6 69.0 68.0 65.6 62.0 74.2 50.0 65.0 70.1 72.6 72.1 74.4 86.3

(mmHg.) ¥23.5 24.1
CVp 12.5  12.3
(cmH,0) #5.8 8.4

21.2°17.5 18.5 34.6 16.7 26.1 27.0 16.9 19.5 17.3 21.5
12.810.2 8.3 9.111.7 89 6.8 5.9 10.5
86 50 4.1 51 7.1 47 1.6 2.2 3.8 3.9 6.8 7.3 41 0.0

20.0 14.2 10.0

12.6 17.0 16.3 15.3 0.0

Flow Rate — 1.63 2.41 2.33 2.44 2.30 2.17 2.42 21 2.51 1.81 - — — - —
(L/min/M*)*—  0.62 0.51 0.58 0.23 0.31 0.56 0.26 0.48 0.23 0. 46 — - - - —
Temp. 35.0 35.5 32.030.530.631.4 30.7 31.1 81.5 32.5 34.0 36.2 36.4 36.6 37.4 36.9
C) 2.0 1.2 2.1 1.5 1.7 23 22 1.1 1.2 1.1 1.3 1.0 1.3 1.1 04 05
*:Standard deviation
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Table 5-1. Pre-and Post- operanve Changes of Blood Pictures (A. Adult Group>15 yrs)

Perfusion

case Perlusion_ _ HbGem%) _ He (%) RBCUOYemm) _WBC(emm)_ Platclet(10'/cmm)_
time, min Pre Post Pre Post Pre Post Pre  Post Pre Post
1. 98 13.8 10.7 54 33 502 368 12,000 22,600 10 15
2. 112 12.2 38 — 535 425 423 4.200 10,400 20 10
3. 157 10.0 12.4 32 40 350 — 13,600 11,800 - —
4. 103 14.0 10.5 45 33 490 365 5100 14,900 16 15
5. 262 11.2 11.0 35 36 490 472 10,100 12,500 17 -
6. 105 11.2 11.0 36 36 415 407 7, 500 9. 800 19 -
7. 101 16.2 10.3 40 32 432 358 9,800 48,800 12 -
Mean 134 12.6 11.2 40 35 459 399 8,900 18,686 15.7
S.D. 55.5 2.0 0.8 6.9 2.7 58.7 40 3,217 1,2927 3.6
Table 5-2. Pre- and Post-operative Changes of Blood Plctures, (B. Child Group<{15 yrs)
Case Perfusmn _ Hb. (gm%) o 7Ht.7(% - RBC (1(/‘ me) WB(, ( cmm)i Platelet (10‘/cm 1)
time, min. pre post pre post pre post pre post pre post
1 66 12.0 9.2 38 29 415 320 4,800 10,200 16 —
2 79 10.2 9.6 32 30 358 335 6,200 11,900 — —
3 134 12.5 10.2 40 32 443 355 9,800 13,200 — —
4 209 11.4 10.2 36 32 398 354 8,100 14,800 10 —
5 74 13.8 10.5 45 33 480 - 7,400 20, 400 22 25
6 198 15.0 9.5 46 30 520 330 13,100 2,600 25 -
7 340 10.2 9.2 32 29 356 321 4,800 16, 200 20 -
8 180 14. 4 14.0 46 44 512 507 5,400 5,700 16 -
9 140 11.8 9.6 38 30 387 330 9,500 8.700 16 —
10 117 20.0 11.0 65 34 700 451 8,200 8,300 15 —
11 54 11.4 10. 8 36 32 392 367 6,800 12, 200 18 35
12 72 13.4 14.4 43 46 425 431 10, 200 15,400 25 13
13 109 10.2 15.0 32 48 349 488 11,900 17,500 20 -
Mean 136.3 12.8 11.0 40.7 34.5 441.2 382.4  8169.2 12,085 18.5
S.D. 76.8 2.6 2.0 8.6 6.5 92.2 65.2 2534.5 4764.6 4.6
E ulel o] FHFA ATS 3542.0°Cels BEL Fashe 7% B9 A8 T glojAs £Ald)
35.811.0°C2A 54 a4 8 e wdled 828 Frlsle] ATdlAE 48,9003, 217
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Takle 6-1. Serum Protein Electrophotresis in Pre- and Post-operative Periods (A. Adult Group>15 yrs)

Prcoperation, (gm%) Postoperation, (gm%)

Case T T Total
gr‘j)‘_a Albu- Globulin A/G p"o‘f‘ Albu- Globulin A/G

tein min a]phal alpha 2 “beta gamma ratio 10 tein min alpha 1 alpha 2 beta gamma ratio

1 6.9 3.77 0.2 0.52 1.37 1.04 1.20 6.2 3.10 0.22 0. 84 1. 06 0.98 1.00

54.7% 2.9% 7.6% 19.8% 15.1% 50% 3.5% 13.5% 17.1% 15.9%

2 6.6 3.53 0.29 0.54 .25 0.99 1.15 54 314 0.29 0.52 0.81 0. 64 1.30
53.5% 4.4% 8.2% 18.9% 15.0% 58.1% 5.4% 9.6% 15.1% 11.8%

3 6.6 3.68 0.26 0.09 0.77 120 1.26 5.0 2.98 0.15 0.3 0. 67 0.9 1.48
55.8% 3.9% 10.4% 11.7% 18.2% 59.8% 3.0% 6.0% 13.4% 17.9%

4 6.4 355 0.21 0.70 0.83 1.11 1.25 4.6 2.58 0.27 0.27 0.66 0.82 1.28
55.4% 3.3% 10.9% 13.0% 17.4% 56.0% 5.9% 5.9% 14.3% 17.9%

5 7.3 4.07 0.34 0.51 .10 1.27 1.26 6.2 3.65 0.22 0.37 0.95 1.02 1.43

55.8% 4.7% 7.0% 15.1% 17.4% 58.8% 3.5% 5.9% 15.3% 16.5%

&2
[$)]

Mean 6. 8 372 026 0.59 1.26 1.12  1.22 3.09 0.23 0.46 0.83 0.87 1.32

Takle G-2. Serum Protein Electrophorcsis in Pre- and Post- operatlvc Periods (B. Child G10np< 15 yrs)

Preopcranve (gm% Postoperatmn (gm )
Case Tefa] T — e - ”I‘Btwlm‘ﬁA —
ot Albu- Globulin £/G T Albu- Globulin A/G
ptein min  alpha l '1]pha 2 beta gamma ratio * .. min alpha 1 alpha 2 beta gamma ratio
1 7.3 4.22 0.27 0.87 0.93 1.01 1.37 50 2.8 018 0.37 0. 84 0.80 1.28
57.8% 57.8% 3.7% 11.9% 12.8% 13.8% 56.2% 3.6% 7.3% 16.8% 16.1%
2 7.0 4.15 0.26 0.52 078 1.29 1.46 6.9 3.8 0.31 0.68 0.92 1.17 1.24
59.3% 3.1% 7.4% 11.1% 18.5% 55.3% 4.5% 9.8% 13.4% 17.0%
3 7.6 4.58 0.23 0.54 0.92 1.53 1.36 6.7 322 0.31 0. 68 0.98 1.50 0.93
57.6% 3.0% 7.1% 12.1% 20.2% 48.1% 4.7% 10.1% 14.7% 22.4%
4 6.5 4.01 0.16 0.80 0.80 0.72 1.68 4.3 2.61 0.16 0.33 (.33 0.46 1.54
61.7% 2.5% 12.3% 12.3% 11.1% 60.6% 3.8% 7.7% 7.7% 10.6%

Mean 7.1 4.2 0.23 0. 68 0.86 1.14 1.47 573 3.12 0.24 0. ’32 0.77 0.98 1.25 .

Table 7. Pre- and Postoperative Bloed Coagulation

Blood type Bleeding Time Clottmq Time _ Prothrombin Time

Case TTABO 7 RH T Pre T T Post T Pre Post ~ Pre Post
A-l 0 -+ A V307 5307 6’12” 17” (67%) -
A2 AB ! 2507 4'03” 5'55" 3137 16" (76%) 187 (59%)
B-4 A - 3157 3187 302" 510" 13" (85%) 157 (85%)
B-5 A + 445" 3'25" 8507 710" 18" (59%) 157 (85%)
A-5 A -+ 7’167 5057 45" 605" 57 (100% ) 147 (100%)

-‘.’»1/!] 7 2 prothombin 2]

skl el sk (Al 7 X,

w3 g8 7 A 2wl wt o alsl qvel o
|

:
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50 ~ Hematocrit
=em-== (|5Y (Child group)
oo-q T 2ISY (Adult group)
40 |-
30F
20
{mg %) .
20 - Hemoglotin
10
A L I 1 i 1 S NS N | 1 AL
Pre Pre- O 40 80 Post- |d 2d 7d 2wks

bypass V—P;rfiusion(' n) O POD

Fig. 3. Rapid decrease of hematocrit and hemog-
Iobin was noted immediately following
the induction of body perfusion.

===-~=~ (15 Y { Child group }
—e— )15 Y ( Adult group ) o

1 1 1 1 L ]

Pre- O 30 60 120 O 1hr 2hr Id 24

Perfusion {min.) Post - op.

Fig.4. Arterial PO,;, pH, and base excess of adult
and child groups were presented. Arterial
pH revealed fairly in normal range, al-
though PCO, stayed low during perfusion.

{mEqrL)
60

Buffer Base

—etee (IBY (cﬁlld group)
—e— Y15 { Adultgroup)

50

40

Pre- O

[ IS S U W MU W Bt
60 120 O Ihr 2hr id 2d
perfusion™ T T T T T T

Perfusion {min.)

Post- op.‘

Fig.5. The values of buffer base and standard
bicarbonate were shown.

94 pHE 37A n& el AT 7.39310.07
£ Bolwl 7.325-0.0824 olw] AEAw4 RAF
F A Gz AR AP wdebd drFen o
T AEE Ry ow okF 4ol xele A9 9

{mEg/L) {mEq/L) -
- + .
160 : Na 7.0 .; .
. X ™y ; F'] «
6.0 *1x X
150} L L,
o BT
5.0k “}3‘ .;’%
140 ¥
i 4.0+ ¢
° .
L ]
130 3.0
{mg %} " (mEq/L) o~
2.0 Ca " 120 - ¢l
x
. s
1.0k : 3 . .
X -
L sy Y - x
¥ - .
L ] - S~ ®
9.0+ g x -§ RN
100 F‘ > I5Y (Child )
| e x ild gr. X
8.0¢ < X (15 (Adult gr.) %
. )
6.0l —
Pre-op. Post- op, Pre-op. Post - op.

Fig.¢. Values of Na*, K+, Ca**, and Cl- in pre-
and post-perfusion periods. Significant
decrease of Cl- and less marked decrease of
Na* were seen,
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Table 8-1. Mean Values of Acid-base States (A. Adult Group)

Immediate Post-op(hr)

Post-op(day)

Pre- Perfusion, min.
perfusion — 0~ 15 30 45 60 90 120 Post-op 1 2 1 2
pH 7.393 7.406 7.411 7.456 7.436 7.513 7.030 7.501 7. 350 7.429 7.317 7.449 7.453
0.07 0.13 0.12 0.10 0.09 0.10 1.21 0.13 0.27 0.27 0.15 0.05 0.02
PCO, (torr) 34.3 32.7 32.5 31.5 34.3 30.1 26.6 26.1 40.6 55.9 38.4 36.5 39.6
6.3 5.5 50 6.9 7.4 59 68 81 19.8 23.8 4.5 4.8 2.1
Base Excess* —-3.7 —30 —-2.3 —-0.6 -1.3 1.6 1.6 —0.7 —4.4 —9.9 —5.9 1.7 3.1
2.7 5.1 4.4 4.2 3.4 30 39 4.4 6.1 7.5 5.4 2.8 2.0
Buffer Base* 40.07 48.57 58.26 41.30 42.15 48.34 49.83 44.63 42.78 37.60 44.40 42.10 35.50
7.52 12.70 13.10 8.53 8.99 10.59 10.01 11.24 12.18 8.96 4.67 17.54 5.50
Actual HCO,-* 20.83 19-61 21.98 22.31 23.07 24.11 23.40 22.90 20.10 17.10 19.70 25.50 27.50
4.57 530 6.09 6.57 6.68 6.46 6.90 9.10 8.00 590 4.60 3.90 2.10
Standard HCO;-* 21.84 22.70 24.38 23.51 23.23 26.04 26.54 25.44 21.6 16.50 21.83 27.27 27.20
3. 84 6.28 5.50 6.64 5.57 6.02 6.60 9.38 7.28 4.71 6.78 5.70 2.00
Total CO2* 21.8 20.5 22.9 23.2 24.0 24.8 24.3 22.7 20.0 22.6 20.9 26.5 26.5
4.7 5.5 6.2 6.5 6.6 6.2 7.1 100 6.2 85 4.5 4.5 0.0
PO, (torr) 175.2  241.6 163.7 24.13 135.0 162.4 294.0 172.6 216.3 264.3 204.4 135.6 77.8
86. 3 109-9 116.4 89.5 71.4 72.0 127.3 29.8 152.2 131.3 111.4 45.4 7.3
*: mEq/L.
Table 8-2. Mean Values of Acid-base States (B. Child Group<(15 yrs)
Pre- Perfusion, min. Immediate Post-op (hr) Post-op(day)
perfusion — 0 15 30 45 60 90 120 Post-op 1 2 I 2
pH 7.325 7.435 7.428 7.460 7.462 7.473 7.520 7.470 7.357 7.416 7.459 7.478 7.396
0.08 0.09 0.09 0.08 0.10 0.11 0.14 0.15 0.11 0.08 0.11 0.05 0.00
PCO;(torr) 32.0 29.0 28.2 31.1 28.7 27.4 24.9 29.4 37.3 32.5 35.1 40.3 50.5
8.8 11.3 10.6 19.5 11.8 10.1 8.3 12.1 19.3 9.6 5.7 10.9 0.0
Base Excess* —-9.3 —4.7 —4.6 —2.6 —3.1 —3.2 —4.2 —4.0 —3.8 1.6 2.6 6.8 5.2
5.3 2.4 4.4 2.2 44 29 34 5.3 5.8 9.0 82 71 00
Buffer Base* 35.26 40.55 37.18 44.33 42.14 42.06 44.08 45.51 42.99 42.25 50.85 48.90 50.00
12.02 13.53 7.81 9.84 10.11 10.18 10.92 15.54 15.43 10.59 9.30 11.63 0.00
Actual HCO,-* 16. 37 19.70 18.13 21.86 20.81 19.63 20.90 21.80 21.20 21.00 26-40 30.80 31.00
4. 36 6.28 6.72 9.94 850 7.4 7.70 9.70 9. 90 9.60 12.00 10.20 0.00
Standard HCO,~* 19.24 20-44 20.10 22.80 21.50 21.90 23.2]1 23.07 24.38 22.45 25.22 29.35 28.50
5.23 5.23 4.07 6.74 5.33 6.00 7.48 8.93 9.35 7.68 10.356.00 0.00
Total CO,* 17.3 22.2 19.6 22.0 23.4 20.6 21.4 22.7 22.2 22.9 27.8 32.2 329
4.5 7.7 7.0 10.6 7.8 7.5 80 10.0 10.4 9.9 12.0 106 0.0
PO, (torr) 131.0 196.8 20.12 161.3 226.9 237.2 134.4 197.4 238.5 188.6 239.5 94.0 114.5
47.5 99.1 79.5 72.4 130.8 87.3 73.5 131.0 114.2 60.3 94.9 52.2 0.0
*;mEq/L
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Table 9-1. Changes of Electrolytes during Pre- and Post-operative Period (within 36 hours)
(A. Adult group> 15 yrs)

Case Perfusion ___ Na, mEq/L o K mEq/L ~ Ca, mEq/L. Cl, mEq/L
time, min. pre post pre post pre post pre post

1 66 138.0 148.0 51 4.3 11.2 9.6 105.0 90.0

2 79 147.0 147.0 7.1 4.4 11.6 11.8 106. 6 101.1

3 134 151.0 146.0 7.0 5.0 — — 108.0 98.0

4 209 150.0 146.0 6.9 5.0 11.0 11.9 108.0 109.0

5 74 151.0 156.0 6.4 6.3 10.2 9.7 108.0 99.0

6 198 150. 0 — 6.0 — 10.6 — 116.0 —

7 340 149.0 - 4.8 — 9.8 — 109.0 —

8 180 148.0 — 5.2 — 9.2 — 104.0 —

9 140 145.0 — 6.3 — 9.0 — 104.0 —

10 117 146.0 - 6.5 — 8.2 — 107.0 —

11 54 144.0 142.0 5.2 5.1 9.2 8.7 104.0 98.0

12 72 150. 0 139.0 4.8 5.2 11.0 8.9 108.0 100. 0
13 109 144.0 150.0 4.6 6.1 7.2 10.3 105.0 95.0
Mean 136.3 147.2 146. 8 5.8 5.2 9.9 . 10. 1 107.1 98.8
S.D. 76.8 3.6 4.8 0.9 0.7 1.3 1.2 3.1 5.0

Table 9-2. Changes of Electrolytes during Pre-and Pest-operation (within 36 hours)
(A. Adult group>15 yrs)
Case qufusior} _RNgL_rﬂ_q/L » K, mEq/L Cl, mEq/L ~ Ca, mEq/L
Time (min) Pre Post Pre Post Pre Post Pre Post

1 98 143.0 145. 0 6.7 6.8 10.8 11.2 108.0 106.0

2 112 152.0 140.0 3.9 5.9 11.4 11.4 113.0 95.0

3. 157 158.0 134.0 6.7 6.5 9.0 9.0 117.0 97.0

4. 101 148.0 146.0 5.1 4.9 10.5 10.8 108.0 104.0

5 103 146.0 145. 6 6.1 6.4 9.3 9.0 104.0 100.0

6 262 143.0 — 6.5 — 8.9 — 104.0 —

7 105 157.0 132.0 4.0 3.8 8.2 6.5 116.0 100.0

Mean 3H 149.6 140. 4 5.6 5.7 9.7 9.7 110.0 100. 3

S.D. 56 5.8 5.6 1.1 1.1 1.1 1.1 5.0 3.8
9% £F A4 A4on A¥HE FA4F @ @ Qo $F AT E&M}il“ &ﬂfﬂ-oﬂ A4 Fe
8-1%, A 823, Al 4 %), 8w J4AF ARNAG. AL HAA A3 F

S % PIAd BEE AR ¥ daFes AEF AFA 4 BF A w} st A A s
o1&t AT-L 34.31+6.3 Torr.o|gla B¥-& 32.0% bl 7l Qg & 4 9y

8.8 Torr. 24 S &9 ARArlA£FE Rolsy AT Base deficite {4l A¥l4l 3.7£2.7 mEq/L
Ae BF A g del o & Askel A gk o] gl 3 IHFH 0.7:54.4~3.024:5.1 mEq/Lz o] A4 Ak
o] 26.1+8.1 Torr. &, BFalA® 3he 4o ki Feol A0l AAden ARG es gt BT %
oo ol 24.978.3 Torr& 2] AlgF A elab7bn &8 e = 141 7kell base deficitz} 9.97.2.8 mEq/L74=] )7



Table 10. Changes of Physiological Shunts of the Cardiac Surgery Patients

HAE L5071 F &-EEHE ebd Fxbo W
of B8 =g} BEY ALE AT ¢z
45 vebd el (A 8-1%, Al 8-2%, A 4%5) H
| %5749 base deficit7} -Fa 4re] ¥elx Aglc}
- A AN ERAG 220 RS LI E At
Al o] e Arle A4S EE 5 s

A9 standard bicarbonatex IFx 22+ 21.84
+3.84 mEq/L, 20.83+4.57 mEq/L2 e 44 of 4}
A ARSE deb iz glos FFalzhe] Ak Fell wfet
A A A AIET ol Aol £F 1,296 SR
3 &gl BEAAE ATl v 5S Ald o
AR akFe] iAo eyl 28d FJFFol & stan-
dard bicarbonates} 20.1-+4.07 mEq/L~23.21+7.48
mEq/L2 ol AbgAkEo] At Foo €% 1,290 =
actual bicarbonate: 30. 8i10. 2mEq/Le] 3 standard
bicarbonatex 31.0 mEq/Lz Al 7 S0
oldch (A 5 %)

AT buffer basex 3Fa 40.07+7.5 mEq/L=

o

dr

z 7%

Parameters 1 hr 2 hr 3 hr 4-5 hr 7 hr Day 1 Day 2
Mean B.P. (mmHg) 78 79 72 82 86 74 80
20 14 16 9 7 13 2
Pa0; (mmHg) 227. 4 275. 6 259.3 252.2 191. 2 146.7 102.8
130.7 107.6 107.6 90. 8 134.9 100. 1 82.6
PaCO, (mmHg) 38.7 39.7 36.7 39.8 33.4 36.4 37.8
14.3 9.7 10.2 8.1 5.6 14.2 9.9
pH 7. 393 7.417 7.447 7.450 7.430 7.434 7.415
0.11 0.11 0. 10 0.12 0.08 0.09 0.02
Sa0; (%) 96. 8 99.5 99. 0 99.1 98. 6 96.5 97. 4
8.1 1.0 3.2 1.3 2.4 5.0 2.2
A-aDO, (mmHg) 450. 2 351.7 385. 4 420.7 465. 8 503.7 581.2
127.9 145.9 124.0 129.9 146.3 126.3 45,2
Qs/Qr (%) 18.8 16.9 17. 4 17.5 20.0 21.3 22.7
4.2 3.8 3.4 4.5 3.6 2.3 1.0
Table 11. Post-operative Bleeding
R (mg %)
Post-operative (ml.) 100 =-----<I5Y Child group ( 7 cases) e
day 1 day 2 L —— >15Y Adult group ( Zcases).-* Tt
80
A. Adult group 5631482 338192
(>>15 yrs) i '
B. Child group 574605 178463 6or
(<15 yrs) L
40}
ko] AR AT EF L2gA ol 47 L7k L
2.8 mEq/L, 3.1+2.0 mEg/L® 3 ¥=54c}. Base 20k
defici F Hex - 128 25l 3¢l <= ql : i
deficite] 32 49 2.5t AAEE A% A€ Pre{byDGSS é 2:0 4%) GIO 31,‘3 Pos;-on.

20 40 60 g0 120

Perfusion time {min.)

Fig. 7. Values of blood lactic acid were illustrated.
Progressive increase was noted in child
patients.

A WA E
o Pl == 3| oﬂ' 9 ;g 214 {r%% 2ac)
BFdl A& 54 35.26+12.02 mEq/L2 Aj o4
Az Azl Azt Foll wel o AR AFAA 2
23le £ ek (5 %)

AES FEAbE e RFA 21.844.7 mEq/L
2 3HAANTE 2ol Jl"rr%c’]' 1 &atelrt £F 1
Qo] 26.544.5 mEq/L2A HAFEoz A&dign
BT AL AFAE 17.3+4.5 mEq/LE ATl =&
He A% 334 984 10]5}7]- 7-!,—2]. RS
<% 247t o 27.8+12.0 mEq/LE X ] E5q
t}.

e
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(mi/hr7kg )
6 r ~=---- (|5 Y (Child group)
L -—e— >i5 Y ( Aduit group)
4L
b
2k
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During i 2 3 4 5 6 7
op. o o

Post - operative {days)

Fig. 8. Urine output during operative and post-
operative period were presented.
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24 Rd FIY AHET BTAAL BFADN F
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