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Studies on the Hemodilution Perfusion with
Rygg-Kyvsgaard Oxygenator

Kwang Hyun Sohn, ** M.D., Ki Min Yang, ** M.D., Bum Suk Tchai, *** M. D.
Chong Whan Kim, ** M.D., Kyung Phill Suh, ** M.D., Kwang Wook Ko, ¥¥** M. D.
and Yung-Kyoon lee, ** M.D.

Clinical perfusion data on 16 cases of cardiopulmonary bypass using Sigmamotor pump and Rygg-
Kyvsgaard Oxygenator which performed at Seoul National University Hospital during the period of Aug.
1968 to Aug. 1970 was analized. All cases were hemodiluted and the perfusion was carried out under the
normothermic condition.

Ths= age of the patients ranged bstween 6 and 43 years. The boly waight varied hetween 18.3 and 54.0 kg
and the body surface area between 0.78 and 1. 59M2.

The priming solution was consisted with fresh ACD blood, Hartmann sclution and Mannitol. The average
amount of priming was approximately 2242 ml. The average hemodilution rate was 17%.

The flow rate ranged from 1.7L to 3.5L/Min/M? and averaged 2.4L/Min/M? or 78ml/Min/kg. The
duration of perfusion varied from 22 to 110 min with average of 56.9 minutes.

Some hemodynamic responses were observed. The arterial pressure dropped immediately after the initiation
of partial perfusion and was more marked after the total perfusion followed by gradual increase to the safety
level. The central venous pressure reflected the reduced blood volume especially in the cases of prolonged
perfusion which lasted over 60 min.

In most of the cases, red blood cell count decreased and white blood cell count increased after the perfusion.

Hemoglobin level was decreased, averaging of 12.5mg%, Hct 3.3% and platelets count of 18% post-

operatively. Plasma hemoglobin increased mildly, from pre-perfusion average value of 4.06mg% to post-

perfusion value of 22.5mg%. Serum potassium was 4.4mEq/L pre-operatively and was decreased to
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3.7mEq/L post-operatively. Five cases showed definite hypopotassemia immediately after the operation.
Sodium and chloride decreased mildly. These electrolyte changes are thought to be related with hemodilution,
diuretics and reduced blood volume during and after the perfusion.

Arterial blood pH value revealed minimal to moderate elevation from preperfusion average value of 7.376

to 7.461 during perfusion and then 7.365 after perfusion.
The pCO2 and hicarbonate showed minimal to moderately lowered values.

The total CO2 was decreased.

Buffer base decreased during perfusion (Av. 42 6mEq/L) and further decreased after the perfusion (Av.

40.8mEq/L). These arterial blood acid base changes suggested that the metabolic acidosis was accompanied

by respiratory alkalosis during and immediately after the perfusion.

Authors bzlived that the acidosis could more effectively he corrected with the more additional dose of

bicarbonate than we used by this study.

The chzst tube drainage during the first 24 hours following operation was 1158 mi in average.

One case

(Case No. 15) showed definite bleeding tendency and it was believed that the cause might be due to the

defect of heparin and protamine titration.

The avarage urinary out put during 24 hours post-perfusion was 1291ml. One case (Case No. 1) showed

definite post perfusion oliguria.

As conclusion, hemodilution using fresh ACD blood, Hartmann and Mannitol solution added with Bivon

anl high flow rate uniler normothermia, was thought to ameliorate the severity of metabolic acidosis during

and after perfusion with relatively satisfactory effect on the diuresis and bleeding tendency.
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Table 1. -Number of Patient by Diaease

Diagnosis No. Cases
Congenital Heart Disease :
Atrial Septal Defect «+-+weeeesresrersruarursnnsraans 2
Ventricular Spetal Defect:w+wresereerereenenens 3
Pulmonary Stenosis «oeeesrerereeereerriiumiunnnnn. 1
Acquired Heart Disease ®
Mitral Stenosis +oeeeerrereerrermmmimmmniree. 6
Mitral Insufficiency «+sesseesssssemrremurireereares 2
Aortic Insufficiency € Mitral Stenosis------- 2
TOtaleeeererrerrrnrurtririienserietrteetereereenrs i aaananes 16

il &2 9o, 27t Tefeln YEEEE 3
& 64, Fa 484019, AF> A 18.3kgel4 Az

Table 2. -Patient Data & Diagnosis

54.0kg o1™ % 40.5kg it 2 T4 & 3] £ 0. 78M?
L 1.59M2elx HF 1. 3M2 e} Ao Bl &
F 3449 WA 2d 3797t Follow up 52 9t} (A
2% Fz2)

I. ¢ 4

A) nRYY

AARFdd e 445 e e HF, Az
9 circuit & set up 3F 5% T EE AL ALgslo o
¥9] z gauze 2 ¥} wt& kS >4 A (calibration)dH
ANV EAE 53 Fo] AN FANL AA
ACD €93} Hartmann-£9 =X 1/6M sodium lactate
Lo 10-25% Mannitol -2 -8 &3 st} AlLslg o
oJ 7)) 7.5% #F<4(Birvon)E 25ml W ] 50ml & 75+
fdet. ol ALEE A" FAAo] o unitF heparin
30mg ¥Cacl, Tml & H7} A2} oo ALLx 3
Ao e AF 1131ml, Hartmann £ ==
1/6M sodium lactate -& <. 406ml, Mannitol 8- 421ml,
Bivon 45ml 9low A{HF FrhgEx RdGe AT
238ml Y 3 FF A& i 2241ml g o}

ole] & FaAE A&sld AARFEL-E e dY
340 &2 A F o] kg 70ml 2 A4 3l 9
Gt FANFF] Feol wAG vwAHEN] Piha g
AAlsts Wi 17%0l A& 6% 3] 26%2] & o3
Aul o] b (A 37 22D

i ! .
Case No.| Chart No. Name i Age(yr) Sex iBod}('KV;’glght B.S. A. (1\42)1 Dx. (S:?gflrgp)
1 573073 HJK 23 M 47.0 1.42 AI—MS | 6.22 '70
2 545935 WSN 23 F 44.0 1.43 MI 1.26, 70
3 433430 KYK 25 M 49.0 1.50 MS 11.10, ‘69
4 533355 SMS 11 F 23.0 1.00 ASD |11. 3 ‘69
5 532012 KHT 8 M 21.5 0.83 VSD |10.20, ‘69
6 500797 LNH 48 M 36.5 125 AI—MS | 6. 4, ‘69
7 338838 LSY 33 M 54.0 1.59 MS 5. 5 ‘69
8 488262 KSZz 41 F 38.0 128 . Ms 3.19, ‘69
9 430454 NK A 15 r 40.6 .30 | vsD 2. 5, '69
10 476532 LOI 28 r 40.0 127 | M1 1.22, 769
11 480096 Ysc 33 M 4.0 .40 | Ms 1 8 /69
12 476746 KBS 24 F 47.0 143 ' Ps 12.16, 68
13 180306 LKH 6 M 18.3 0.7 | Vvsbp 9.9, ‘68
14 454576 MBI 23 F 44.0 1.42 \ ASD 8 9, ‘68
15 418549 BSB 39 M 48.0 1.47 | Ms 8. 3 '70
16 574605 KMS 43 M 48.0 15 | Ms 8.10, ‘70
Average 5

1. 30
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Table 3. -Priming & Hemodilution
Case Initial Priming Solution & Amount W/B Adding Total priming Per cent
Hartmen or during perfusion
No. W/B (ml) 11/6M. Sod. [Mannitol(ml)} Bivon (ml) (mD (ml) Hemodlution
act (ml)
1 1000 500 500 50 500 2550 18
2 500 500 250 50 500 1800 1
3 1500 250 250 50 500 2550 11
4 1100 250 250 25 — 1625 14
5 1000 500 300 25 - 1825 24
6 500 500 500 50 — 1550 2
7 500 700 500 — 500 2200 20
8 600 500 500 50 — 1650 19
9 1200 500 500 50 — 2250 21
10 1200 500 500 50 — 2950 21
11 1200 500 500 50 — 2950 18
12 1200 300 500 50 1200 3250 12
13 2600 — 200 25 — 2825 6
14 3000 — 500 50 — 3550 8
15 500 500 500 70 500 2070 17
% | 500 500 | 500 70 100 1670 21
Average | 1131 | 464 | 421 48 543 ooz | 17
Table 4. -Flow Rate & Duration of Perfusion
Cannula Size(No) Average Flow Rate Perfusion Duration (Min) ‘
Case No | EAD | L/Min/ME | ml/Min/Kg —g%*aisas’ gy?;;’ss Total | Remark
1 20 | 246 75 4 70 74 5
2 16 2.8 90 5 82 | 81 |
3 16 2.8 85 2 o3 25
4 14 3.2 115 4 34 38 ’
5 14 3.5 135 2 63 | 65 |
6 16 1.9 60 14 46 60 l
7 16 2.2 70 4 59 | 63
8 16 2.0 73 2 20 22 ’l
9 14 2.2 73 5 42 47 |
10 14 2.3 50 5 105 10 |
1 16 ' 2.4 80 6 90 | 9% }
12 18 | wn7 65 2 33 ' 3 |
13 2 | 26 90 4 TR |
14 18 21 50 2 38 20
15 16 ' 2.1 65 15 43 58 |
16 20 | 23 75 11 29 0 |
AU. | oL 78ml 5.4min|  51.4min|  56.9min|
AA7 AHEe bed e A%t elveEs AW e e} siphon drainage & AMS71 ) ALEE

g 9 vent & YE &

oz Jrge] 74 100% 4z

&
A

35l & debubb-
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Table 5. -Body Temperature

3

Fig. 1.

ol &= 7690/mm® =+ 114%

OFF 10 30 60(min)

7b Foht 14421/mmi2 A5 AL Ry (A6 332D
B) Hemoglobin x|, Hematocrit x| % @A FX|
FHA Y40 1649 TA £ 12.8gm% A A F=

Foll& 1.6gm% =¥ 12.5%7F 4% 11.2gm% &

E}Wla, Hematocrit & #5429 37.9%¢14 3.3%7}

During perf.

Case Pre-perf. Post-perf.
Name - A R * T
No. (RD (ED (R) (B) (R) (ED (R)
1 HJK 36.5 | 360 33 32.5 33 33.5 36
2 WSN 36.8 37.0 34 33 34 33.5 36
3 KYK 36.0 36 34.5 3 33 33.2 34
4 SMsS 37 36.5 34 33.5 35 34.5 36
5 KHT 36 35.8 32.4 32.2 33 33.5 3
6 LNH 37 36.5 U.5 34 36 36 36.2
7 LSY 37 36 3% 34.5 34 3.5 36
8 KSZ 37.2 37 35 34.5 35.2 35.8 36
9 NKA 37.2 37.2 34.5 kY1 35.5 36 37
10 LOI 38.2 37 35 34.5 35 34.5 36
1 Ysc 37.5 36.5 34 33.5 34.5 34 35
12 KBS 37.2 37 32 315 34.5 34 35.5
13 LKH 38.5 37.8 U 33.5 32.5 33 34
14 MB I 36 36 35 34.5 34.5 35 36
15 BSB 36.5 37 34 34 35 35 36
16 | KMS 36 36.2 3.5 % %2 | 3 36
Average 36.9 36 | 339 | 335 | a3 | 344 35.6
Core T.| ’ 33.7 1
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Table 8. -Result-Hemogram
Case RBC(m/mm?) WBC(/mm?) Hb(gm%) Hct(%) Plasma Hb(mg%)
No. pre-op post-op pre—-op post-op | pre-op post-op | pre-op post-op | pre-op |post-op
1 380 - 6000 12400 11.8 11.7 34 35 0 2.4
2 - - 5300 15800 12.6 10. 2 33 34 0.5 61.2
3 386 350 6200 5700 12.0 11.8 37 36 - —
4 410 382 5650 18350 11.5 11.2 35 35 11.2 | 395.0"
5 — — 6400 15100 12.5 9.6 37 30 0 11.5
6 405 392 5500 12200 11.6 8.8 35 34 — —
7 538 — 9800 14150 17.1 14 51 43 0 12.0
8 383 340 5850 13650 12.3 10.5 38 34 — —
9 300 344 5000 8600 11.5 10.8 35 34 0 24
10 416 -~ 6950 9100 13.5 10.5 42 H 0 31.2
11 463 400 7400 13200 14.2 12.4 45 38 0 7.3
12 300 350 5400 | 21000 8.3 10.3 29 M 0 10.8
13 419 371 9650 28400 13.7 11.3 36 33 0 9.9
14 387 392 6000 13500 12.3 14 38 42 0.5 52.0
15 391 340 10600 21400 14.8 12.5 40 37 0 26.4
16 — — 6000 | 8200 13.6 9.0 42 28 0 20.5
Av. | 38 | 366 | et | 1z | 128 | 1Le | 3t9 346 408 **
** 22.5mg %
except case No. 4
Table 7. -Platelet, Coagulation Time, Prothrombin Time
Platelets(/mm?) Coag. time Proth. T.
Case No. e I
pre-op post-op pre-op post-op pre-op post-op
1 146, 000 — 11’207 — 157—100( %> -
2 76, 000 - 22" 67 - 137—100 —
3 134, 000 — 20'15" — 137—100 -
4 200, 000 170, 000 12'13" 19’307 16"— 63 147—90
5 46, 000 263, 000 14007 107497 167-— 63 -
6 228, 000 — 920" — 13.57— 95 —
7 — 124, 000 — - — 177—50
8 100, 000 70, 000 6'25" 1045”7 15— 74 -
9 — 82, 000 14’ 27 — 147— 80 —
10 90, 000 — — 11'48” — 147—90
11 42,000 16, 000 7' 12'18”7 14— 90 15770
12 134, 000 90, 000 9’ 10’537 14— 90 187—64
13 268, 000 104, 000 9’397 717 157— 75 16"—62
14 — 102, 000 5347 6’ 16"— 73 147—82
15 124, 000 — 10°107 — 17— 73 —
16 120, 000 54, 000 9, 497 16'107 18,— 60 207—55
Av. 131, 308 107, 600 11'297 11’257 14.9"— 74 16"—70.3
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Sodium. Potassium 9 Chlorides 2] & 7] 215l 3 <4
oA Caleium 2] & 7 Abe}gl H(M 8% &2).

Nate %A 93 139.8mEq/L oA <43 133.6
mEq/L & % 6.2mEq/L o] $% % }4& & gy, Kre
F%3 4.4mEq/L A4 $%3F 3. 7mEq/L & 0. 7mEq/L
4 AR A2E ng Oy 4434 105mEq/L <]
A FEFo 9TmEq/L & #H&%e 2grh Catk: 99
e WEE oA dgtor] o] ACD 9 A&
ol calcose 3717t A Astgld Aoz 2l Natg CI°

o]z

A Aae $EF A4 ol2mA T A4A 2 3
S vy KA Bas A5F 284 Alkalosis
o A= A ARALE F2).
Table 8 Result; Serum Flectrolytes
' K(mEq/L) Na(mEq/L) Cl(mEq/L)
Case No. Pre- |post- |pre- post- |pre— |post-
op. op. op. | op. op. ’ op.
1 4.3 3.6/ 142 140, 102 95
2 43 41 141 138 103 98
3 51 3 6E 143 143 111 105
4 4.4/ 4.0, 146, 141 109, 105
5 4.5 3.9 144 137, 107 97
6 4.8 3.0 134 125 102 8
7 3.6 5.0 135 135 100 97
8 3.6/ 4.4/ 138 130, 105 95
9 4.4 3.8 1400 137] 110, 110
10 4.5 3.6 142 135 104 98
1 4.6 4.2 1400 122/ 110 90
12 4.6, 2.5 135 135 106 94
13 3.8 2.8 136 128 106/ 101
14 4.7 3.0 140 134) 111} 102
15 4.6/ 3.5 140, 126, 101 89
16 4.5 4.5 142 132 100 92
Av. 4. 4E 3.7 139. 8: 133.6) 105 97

V. MEIIHEYE

A) 9@ pH
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RESULT - ELECTROLYTES (K, Na, Ci)
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s.of 150} nsh
asf | 145} 1ot
aof \ 140} tost }\
35} 1351 100} \\
30t 130} 9s}
25 125} 90}
20} 120} 8s}

Pre-op. Post-op. Pre-op. Post-op.

Fig. 4.

Pre-op. Post-op.

A& 7.376unit, W+ 7, 276~7, 5610 9}
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(7.368)% Adstze A4S pH & fx5tx gl
o FFAEe] AAE BHF AAAE 2l A
9 g WA AR AFH AFE vebin e F
2 6ell7h AF Al FAYTE 2AFHHI A
108 F2).

B pCOz

RESULT - ARTERIAL BLOOD ACID-BASE
BALANCE
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Table 9. Acid-Base Studies
Bicarbonate
Base Buffer
. Total COz
Case No. Tmslgn?rf)ling A(i')tﬁal %(;F)S(mm. Standard | Actual Excess Base Remark
(mEq. /L) (mEq. /L)

1 Before 7,307 52.0 23.0 25.0 26. 0 -1.0 46.0
During 7, 368 33.2 19.5 18.5 19.5 —5.4 40.0
After 7, 340 34.0 18.6 17.8 18.8 —6.7 30.0
2 Before 7,333 32.5 18.1 16.7 17.7 —7.7 39.0
During 7,572 14.5 18.4 13.0 13.4 —~7.3 38.2
After 7, 298 24.8 14.2 11.7 12.4 | —13.1 32.7
3 Before 7,365 38.2 21.4 21.0 22.1 —3.2 43.7
During 7,434 31.6 22.1 20.5 21.4 —-2.2 4.1
After 7, 407 33.2 21.5 20.2 21.6 —3.0 43.5
4 Before 7,561 18.5 21.2 16.7 17.3 —3.5 42.9
During 7,475 18.5 17.8 13.7 14.3 -7.9 38.4
After 7,306 26. 4 15.0 12.6 13.4 | —12.1 34.0
3hrs. 7 281 40.0 18.2 18.2 19. 8 —8.0 39.8
5 Before 7,328 37.2 19.4 18.8 19.9 —5.8 41.1
During 7,482 23.0 19.5 15.3 16.0 —5.7 41.3
After 7,474 17.5 17.4 12.2 12.7 —8.7 38.2
7 Ward 7, 389 47.0 25.7 27.5 28.9 +2.2 51.8
Before 7, 427 30.0 21.5 19.1 20.0 -3.1 45.7
During 7, 440 27.5 21.1 18.0 18.8 -3.7 45.0
After 7, 405 27.3 19.5 16. 4 17.2 —5.9 43.0
3hrs. 7,377 41.0 23.0 23.2 24.4 —-1.2 47.7
Next D. 7, 409 45.0 26.0 28.7 28.7 +2.9 51.9
8 Before 7,276 55.5 22.4 25.0 267 —2.6 44.2
After 7. 309 46.0 21.3 22.0 23.6 -3.3 42.8
12 Before 7,435 37.4 24.7 24.3 25.4 +1.0 56.0
During 7,414 33.4 21.7 20.5 21.5 —2.7 41.0
After 7,398 35.0 21.7 21.0 22.1 —2.7 40.0
13 Before 7,383 40.0 23.0 23.0 24.7 —12 | 452
During 7,456 31.2 22.0 221 221 | —L3 | 446
After 7, 430 36.5 24.0 23.5 24.6 0 45.5
15 Before 7,368 48.2 25.2 27.0 28. 4 +1.5 49.2
During 7,455 29.3 22.4 20.0 20.9 ~2.0 45.7
After 7310 51.0 22.5 24.7 26. 2 —1.6 46.0
16 Before 7.349 47.90 26. 2 25.0 26. 4 —0.2 46.6
During 7,518 30.2 25.5 | 237 24.6 +2.0 47.6
After 7,340 46.0 23.0 24.¢ 95. 4 —1.0 4.4

#FA pCO. 7k A grlakal o7} 26 gAglort HF Aoell A Al AshE vebdl e 3 F3& 27. 2mmHg,

At 39.7mmHg 2 A AA4Q}. AFEolE pCO,

(14.5~33. ) 23} F F5 =9 354 Alkalosis
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Table 10. Arterial Blood Acid-Base Balance(Average & Range)
Before During After
pH(Units) 7.376 7461 7.365
(7 276—7.561) (7 368 7.572) (7.298—7.474)
PCO.(mmHg) ) : 379“:77,7” ] 27 2 7 34.3 -
(18.5-55.5) (14.5—-33. 4 (17.5—51.0) }
Standard Bicarb. (mEq/L) I 922.3 7 20.9 S 19.8 -
(18.1—26.2) (17.8—25.5) (14.2—24.0)
Actual Bicarb (mEq/L) 21.9 18.5 18.7
(16.7—27.0) (13.0—23.7 (11.7-24.D
Total CO. (mEq/L) 23.1 19.3 19.8
(17.3—28. 4D (13.4--24.6> (12.4-26.2)
Base Excfss (mEq/L) —2.3 —3.6 —5.2
(—7.7—+1.5) (—=7.9—+2.00 (13.1——1.®
Buffer Base (mEq/L) 45.1 42.6 40.8
(39.0~56.0) (38.2—47.6) (32.7—46. 02
& el gieh el B8 2ua 3§ pCO; 7} 20.9mEq/L 5 2.9} Actual bicarbonate = 7|
£ A2 Ayl ARGARA F2Fele AARFe  BE AFE AR FFAE F bicarbonate 3 £
BTG E T 4D, A8 Feis debha o4 Al 4T A

o)

C) Bicarbonate ABFE FWz AR FolE glot HAYAF

Standard bicarbonate & #FA 27} 115 7o 7} o] Ago] LI GANY wQIL 374 9479 F7HFA
B aurh e GAgAEe] 2A¢ vy ol b FY aAALE AR Azl A ¥ ol
AFe BiFol Bg 248 oz deidbd BTA g AFe A AKY G FA mPHAA

RESULT - URINARY QUTPUT & CHEST DRAINAGE

cc cc
3000. URINE (€¢/24 hr)
ZOOOl ]

1 000 ] ’?;glcc
o D Hﬂ [ln B

4 5 6 7 8 910 1 1213141516

CaseNoj | 2

10001

Av.
1sacc

20001

30001 BLOOD (€¢/24 hr)

4000+
cC

Fig. 6.
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D) g & CO . &xy

A5A % —F'] = 923. 1mEq/Lol vl zlo] 3573l 19.3
mEq/L 2 Fas ot i 3t 4}%?& 19. 8mEq/L
A5 noldrl A% pCO: 2] A5 i A4 A
2 vebdEG9 9 1038 3E).

E) Base Excess

%A Base Excess v —2.3mEq/L(7.7 ¥z 1.5

Y ¢l 7t #FH-Fo] —3.6mEq/L(—7.9 WA +2.0
W9 koA 3 ZHF-Fol & Al wrolA 4] —5, 2mEq/L
(—13.1 WA —1.0¥%D2 AZ uglrt

F) gojer&o7i(Buffer Base)

$Ed7] A FFAA olv] A4 $1(46—52mEq/L)
vt Hex5 wel4 i 45 1mEq/Lyol &7t #w%
ol oS Aetd 42.6mEq/L = WA 4F 2 3F
A Alkalosis W 2¥& £7¢ vebiie] dFF74AE A
53 gl kA9, 103 FZ).

o] 43} o] 11 9] AbdZiH gl FEA = RFF
pH = 4%3w 4 pCO, % Buffer base, Bicarbonate 5
2 ztasts 554 Alkalosis o A4 ALFe] 270
g dehd g nged Al Hde TFAAAE
Ao WA AF] £A0] dA8 vehgdrl A
F rk grFdel 9 ager AR Y&
vebge.

V. 2oides U S

A) MY

A A Aol g AAFEF 4] s FL
500ml v]=kel o7} 26| 2 A (Fd 1 2 10) 2% 1d(E
of DE AFAF wxd veplwh4d Kvol 3.6,4.4
mEq/L ol Aol &F 24A A= 7.18 A5 AY
Hyperpotassemia AHel]-& 2g o7t A& ojmrt A=
oA 3] &gl 2447 gkl 500ml WA
1500ml o1 o} 7} 8 QA3 1500ml o] Ae] 6] il 2 16
oo WF wlxde 129Iml 24 wFA-E el
(A6E 2.

B) &8

% 24A7Y FHe Fitd & FEFE A6=
A ni ue} o] Yk 1158mle] L Fof 15014
uk 3690¢] ] AEYAF L vehlled B Fele AA
27 A platelets o] AY ZFA(ER 120,00004 =F
54,00022)9 ¥ ddgnAze] dF& 2yl

= 9 qlo] Heparin-protamin titration o] 7]Q18}=] vk
Az=gdd delwh

OI*

ot 8l HH

Ml U Mo o

oo

I F Aol g AL B UE Al glolA 7}
A4 A4 FAN) FHYe Aol 44F AFFE
gostezA 449 A4t A Fdetd AR
S U A a8 e A S Fdehd Ay
& 7b AA AR f]--‘:?lo G- 9] of Aol vta skl
aufng e 2olde g% FFEYE A
goglent clAe 29 FE4dE
Blood syndrome) 2. & Q¢ 4% o-5d, Fdd4, A
FAEe] P HE ol2d F Y drle] glonmag F
B o] Al FAde) A8-& ATdbA Hgla Dewall
©1 Litlehei 5! 3} Cooley?, =%¥]i. Zuhdi 52 5%
ZEegd g FANow ALy Long 5 A

#2} Dextran &,

& -(Homologous

Hellstrom %2> % Rheomacrodex £
2] 2 Miyauchi $%°-& Lactated Ringer 48, »t}&
AAEL A& ]/’ﬂ/‘]‘é-r(Gollan )91} Ringer A ) &
Agsted wal ek 2ol oldd dAgAE
& 450z £dAE N Hol G458 ¥
o A SR Fast gessiont olgel dalo]
A% Hirsch 500 213 Wl 249¢ 442 A
S BAY) Hraugel ATl v YAHHow
ZARFE AR e Aol HERE B o
Y} H = (viscosity)7} ko m g APS AL uc}
= =R HE Fx dBYS
coagulation) @ Aol AL olFe] &S wWH
vl Eat ohel - FAAY Afa-g A
Hoz AARFE orlEe AFANLY FLE g4
gle] ol AATAHu &R AAdd AN ALY
T Sl olAel sith. Roe® & AAm £9 oF3
Plasma(2. 5% Human Albumin, PH:7.4, Mixed Hct
2] £ 23~25%)% Zreli A7 FAWo 7 AL L&
Eagch o’ Z4F FARY Fgde FE Y
Z. Ringer’s Lactate & A2]4 &4 712341} AF &
2 A2 4 ot Ax}Ee FA Yoz Hartmann o 3}
Mannitol $4 5 A AR YE Eqeled oA7le] BF2 of
Ade ddAd 4FAFE ol h2a 29 Bivon) e
Hrlslgar olu) A8 YA 43 Heparin 30mg
o2 AP Al A BFE st oprHE
AFs AN H4E ad s B ARG
wE Aol FAGl BAAE AAEe A s
2] ¢-1} Cooley 52 A% | kg 20ml 2 A Ao
AL5 2 Zuhdi®® & 2ml/kg/Hrx 24Hr+1/32 A4k
sel A8aSL
AFGE ANBFA 2Ae] ARE LLTFE 9
E4 g Foldllor sl A Alzame] sz

2 (Intravascular

}:l
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%2 120\ 2] 150ml/M?¢/Min &, =€ Cardiac Index
£ 3.0+0.2L/M?/Min & 7] &% 2 A& 5H(Normo-
therm1a)°ﬂ A AARFA D Aol = 2 0L/M?*/Min(100ml/
M?/Min®] Ab&awoke] sidzt aTdd 4l
Galletti'® o] o]stn] A-&5loll A HAF ko] 1. 8L/M?/min
olslold HzAd g #AFs FAAIGL P,
Kirby 52 31 Kawashima §29-& A aFzF2 2.2L/
My/Mingtz gk 2ed AAZ A29¢ H&3dA
kol AARF Al7ke] AAGe] abet o] G
slmz A AL THe Fade AFFE HA
2 glch. Gordon'®e] ¥rdlwle} 7re] 30°C o] A ZofA
L Qs xride] 0% Z4aEm, 22°Co)A 25%2
Frguz BRI 30°CoAE 1/28 F&AF +
olgbm Ak Aewe Red A& = AstEFl
E A gdolq gAR 57} FoAH A BARRFI B
SRk sht o] 2 A Aw e stz Arbsel
A 5 Aok AAEY A¢E Awe P&k &
o) &olx AFF A Lxsl i 3B.7C 2 SFTT
nkow] olue ¥ FFTFL 2 4L/MYMinlong
2ol g gAEWe] FAslL Y AAAFE F
9.9L/M2/Min W= 2.4L/M¥/Min2] #Foks dAx
A5 g g el o Al 3
gfe. Zuhdi -2 AF kg 20ml/Ming, =z
Saaly 542 30kg o] 32 4 & 40 2] 60ml/kg/MinZ,
30kg o] Aol A& 20 A 40ml/kg/Min 2 #5-3bed &
F AZeY HAAATY A E 2AA g R

fual

ERRERIxS
%}ol 0}7&8}1;« AEE
o o] AL BFP A i S os el
ow FdYd e} EE dad] A E
EE R A gl
a A AE
o} A% ol AF2M Adge ABFE AS o
§AEe nyg: Aol 5F ot AEF Aok
60mmHg x| 70mmHg ¢ vlad A Wil ==
g Bgek. ol e FAe WA 53] Splanchnic
bed o] HAFEHo e Agd 5 Yt
B5F g9 ste Al ARz foAso] o
g A9 ste AYFFEFS FAT AHE ﬂlﬁm
i} A48 2Pt A ol AL FEEFE ¥ 4
& A =249 A, shitez Ad AT 7}1
g el 8] gbEs]d “Fnre] mdEd oake]  ofr]Hl ek
A B F A A1) Ak FAY level & 3

2N AA g ASE 2o EA He A7t »,1‘;]-
= YA e AdsES] oRIFY F42E A4dd
REFHFE doin oA F4W Afst £¥ %
cardiotomy sucker 9] 2] &7 A=2 RAJYrl= A

st AFF AAE Bl wAdEE weke] PAg
ol 98l WAL AFHGE sl FHE wa Fo
A HFE2AY FrlnFdoend £@LLY HAV
Zbsstn Tl AW 2 #AFF] 7Y FAEr
gleld &l ZAJFE 9T F A7 wHEeld
Cleland 59 & Al Aababgd g =le] g A% ool 4
BF3F2] Blood volume 2] 14 W =)
19% 2 &3¢ nagsh

Fre 4R

MEIIEE W HAAL

N

242 WAz qlile] #olglel AabslE Faolde

AR o wl Az @ A zude]d s-32E A 5
2 A4 zAEe] A4 pHE FASE glort 4
9rgon d9He 2ARFE AATA Tl vk
PFoko] EFsha] Al zel W AA&TFo] BFEIM
o] A ZHAMEES] FIHE o |AA A5 & 2 AT
A Aok F gy A g AbE Ak W elaks x)uke
A daa gl AEAT ewize] GYAHH
(Anaerobic glyco]ms) A4 WAt 4k (Lactic
acid)gl H oz o 7+ MR EA ] Aleadton

Z7 e nad “-L°] 9)c}. E-3] Lactic acid = I}
A4 3 F(Hyperventilation) 2. & F7}sw] o3& =}
ooz Q3 COvjAFAd o7 XY Alkalosis &
of71AA dY pHE AFA7IZ plO& zhisw
HCOy = A4l 84 HCO: & /ﬂ dAl e AFF
of WAstE AT Frt v% 43EHA P
Andersen %5 V& 7+2 High flow rate 0}01] 4] 100% Al £
5 A&37FFH 3% CO,+97% 0.2 2375 ALd4
AN Tl A vl Z@Agel 100% A AFEFoll A
H 4 1.5mEq/L 9] Lactic Acidosis & x9ctn g+
A A Fe] JIgste 24 ouldz AdEF
(Hypoglycemia), Catecholamine 3}¢] H-u 25 3A
o} delold e gRSFel B

olef &t A AT e mxtael AFGE '?r
AAATFE AL EEoln FaAY9 Alkali &7}
EFALd (NaHCO:)(7.5%) =+ THAM(0.3%) =+ So-
dium Lactate(1/6M)-E #7}slo] AL gdlmas $H5A)
A 491t} Nahas®, Sessler 5% FAo] THAM &

el

_Il)l

— 85 —
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£ BFA FAAG olF] 7.5% Fx4
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2 Fo)
49 AGR7EA B8 BFE
ville 5-%% 2 & sla 9]t}

5- 50cc
Hela Al
o nzzAd 2R A4S ol @ Ae Ne-

L

AR} 18%7F 74
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A el Ale] Aledrtsd Holl AFAT 7 we] w3 H
o] glerm¥® E3 Rewarming Ao thAAALE & o] =
7 ¥ E£4E o] AR gl Pt Belse}’tzo
Aol T2 A 2atel 4 pCO:2 Ao AelEz AANE %3}
F& el Ale] COA <l = ol wWlEsol4 pCOo7} A% b ow 1‘]@-‘4/]
o < FE5% H2ARH7) HelA ez 3ol x pCOE 40mHg
& 2 FAN Fraked Ee 2olidez §AAAZRLRA HYR #2382
o1} THAM ¢ 27}8ix B3 603 T Het = 25% HAA &5 JAAAZ PyF¢ F2AA5Yctn
% 2.9) 3 Buffer base & 12mEq/L ®& o ol 4 Ask AT
g 2ok AAAAdHA A A ALEE = HCO, a8z o ouy
A} Ae g4 (HCO -27)X1/54 %02, B -
A AFo] 483 Alkali ¥(mEq)-$- A F(kg) X0.3X(— B5o W2 Polae] W wnl Roe S
Base Excess)Z 7A€l o} o] AMe)EaFoll= 3 50%7)F 7b2d]
Addedor 4 Ao At A A4 LTl 2 798 Fatel AAE ARG g3 Gollub
5 AALATANA ALl Ee Az 5
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& 2A Y 53 Mamitol & AHgébd oA 4
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B2 ol ngg ngoy Fo 1d4E A wxE »
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