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Application of a Single-pulsatile Extracorporeal Life Support System for
Extracorporeal Membrane Oxygenation

—An experimental study —

Tae Sik Kim, M.D.*, Kyung Sun, M.D.**, Kyu Baek Lee, M.D.***, Sung Young Park, M.S.***
Jae Joon Hwang, M.D.****, Ho Sung Son, M.D.**, Kwang Taik Kim, M.D.**, Hyoung Mook Kim, M.D.**

Background: Extracorporeal life support (ECLS) system is a device for respiratory and/or heart failure treatment,
and there have been many trials for development and clinical application in the world. Currently, a non-pulsatile
blood pump is a standard for ECLS system. Although a pulsatile blood pump is advantageous in physiologic
aspects, high pressure generated in the circuits and resultant blood cell trauma remain major concerns which make
one reluctant to use a pulsatile blood pump in artificial lung circuits containing a membrane oxygenator. The study
was designed to evaluate the hypothesis that placement of a pressure-relieving compliance chamber between a
pulsatile pump and a membrane oxygenator might reduce the above mentioned side effects while providing
physiologic pulsatile blood flow. Material and Method: The study was performed in a canine model of oleic acid
induced acute lung injury (N=16). The animals were divided into three groups according to the type of pump used
and the presence of the compliance chamber. In group 1, a non-pulsatile centrifugal pump was used as a control
(n=6). In group 2 (n=4), a single-pulsatile pump was used. In group 3 (n=6), a single-pulsatile pump equipped with
a compliance chamber was used. The experimental model was a partial bypass between the right atrium and the
aorta at a pump flow of 1.8~2 L/min for 2 hours. The observed parameters were focused on hemodynamic
changes, intra-circuit pressure, laboratory studies for blood profile, and the effect on blood cell trauma. Resuit: In
hemodynamics, the pulsatile group Il & Ill generated higher arterial pulse pressure (4710 and 41+9 mmHg) than
the nonpulsatile group | (177 mmHg, p<0.001). The intra-circuit pressure at membrane oxygenator were 222+8
mmHg in group 1, 739+35 mmHg in group 2, and 470+17 mmHg in group 3 (p<C0.001). At 2 hour bypass,
arterial oxygen partial pressures were significantly higher in the pulsatile group 2 & 3 than in the non-pulsatile group
1 (7741 mmHg in group 1, 96+48 mmHg in group 2, and 97+25 mmHg in group 3; p<0.05). The levels of
plasma free hemoglobin which was an indicator of blood cell trauma were lowest in group 1, highest in group 2,
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and significantly decreased in group 3 (55.7+43.3, 162.8+113.6, 825+25.1 mg%, respectively; p<0.05). Other
laboratory findings for blood profile were not different. Conclusion: The above results imply that the pulsatile blood
pump is beneficial in oxygenation while deleterious in the aspects to high pressure generation in the circuits and
blood cell trauma. However, when a pressure-relieving compliance chamber is applied between the pulsatile pump
and a membrane oxygenator, it can significantly reduce the high circuit pressure and result in low blood cell

trauma.

{Korean J Thorac Cardiovasc Surg 2004;37:201-209)
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4. Respiratory distress syndrome
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Fig. 1. A prototype of Korean single-pulsatile extracorporeal life
support (ECLS) system,
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Fig. 2. Schematic diagram of
the ECLS layout.
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Fig. 3. (A) A schematic diagram
for location of a compliance PVC
tube using a Y-loop circuit, (B} A
compliance PVC tube using a
Y-loop circuit (arrow head) was
located at between a single-
pulsatile pump and a membrane
oxygenator in the previous pilot
study.

Fig. 4. (A) Schematic diagram
for location of a pressure-relie-
ving compliance chamber, (B) A
revised pressure-relieving compli-
ance chamber.
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Table 1. Hemodynamic parameters
Group 1 Group 2 Group 3
Heart rate (/min) preop. 149+28 137+19 126+23
1 hr 153+22 136121 154x17
2 hr 151+22 15329 150425
Mean arterial pressure (mmHg) preop. 70+ 12 7245 84+12
1 hr 64+15 65+9 72+19
2 hr 67+25 82+t6 69+ 11
Cardiac output (L/min) preop. 2431094 3.18+0.62 3.57+0.98
1 hr 1.74+1.28 3.90+2.36 2.63+1.33
2 hr 1.77+0.58 3.88+1.39 2.37+1.36
Pulmonary capillary wedge pressure (mmHg) preop. 6.5+3.7 48+£3.0 48+0.8
1 hr 5675 1.5=1.0 37114
2 hr 6.0+6.8 3.0£25 40+3.2
Table 2. Changes in blood gas patterns
Group 1 Group 2 Group 3
Arterial PO, (mmHg) preop. 224475 208131 225166
1 hr 54t 14 56116 48113
2 hr 77141 96 +48* 97 £25%
Arterial PCO, (mmHg) preop. 41+4 40+3 29+8
1 hr 39+14 42114 34+5
2 hr 57+31 42112 41+5
Mixed venous PO, (mmHg) preop. 50+12 43+7 52+8
1 hr 30+8 43+20 35+7
31+8 611+18* 39+ 15%
Mixed venous PCO, (mmHg) preop. 67121 58+7 57+25
1 br 54+16 49+17 44112
2 hr 67132 48118 4918
p<0.05 compared to group 1
7+E BE ol 0.49] HAx 2 Z7)8193, SAX 8 SPSS 7.0 standard version
A i AL & A&3tod oneway ANOVA ©l|~E % Duncan 7} Turkey-
A% F4 TERAZ 2 MRslgich  HSD WIZE g Agelel p<00s oleldl BT %
o O o] A = o) 3]
BEXE 5F Aoz FoAol e ALE ZHFesin
g }
1) g9 X E
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Table 3. Blood chemistry and cells

Group 1 Group 2 Group 3
ALT (IU/L) preop. 60+52 41+23 35+14
2 hr 47130 23t16 16+13
AST (IU/L) preop. 61144 39423 35+16
2 hr 99+84 47+10 59152
BUN (mg/dL) preop. 1514 9+3 9+2
2 hr 1317 10+7 10+5
Creatinine (mg/dL) preop. 0.7+0.4 0.7+0.1 0.6+0.1
2 hr 0.9+0.5 1.0+0.5 0.9+02
Hemoglobin (g/dL) preop. 89+23 102+13 105126
2 hr 75+1.2 7.6+2.3 6.8t1.7
Hematocrit (%) preop. 28.4+7.1 302136 310178
2 hr 25539 228+6.8 21.1+438
Platelet (10°/mm’) preop. 17252 217+81 13960
2 hr 134152 169+21 90 +36*

*p<0.05 compared to group 1. AST=Aspartate aminotransferase; ALT=Alanine aminotransferase; BUN=Blood urea nitrogen; Hgb=

Hemoglobin.

Table 4. Blood cell trauma

Group 1 Group 2 Group 3
Plasma free hemoglobin (mg/dL) preop. 20.8t15.8 7.6x53 189+83
2 hr 55.7+433 162.8+113.6* 825+25.1"

*p<0.05 compared to group 1; Tp< 0.05 compared to group 2

AFZEZ o] &3k 17-(17+7 mmHg)oll B3 F2J3hA] =3t
ch(p<0.001). AutsE, Fuldsk, Adtead, A F
Akl sl gwoh, wHlEw H7]ghe 4 F Aolel ousl
© Ael& UehiA gkskek(p=NS)(Table 1).
2) g|=z=¢t

skl 3ol Al 3=ehe 179 A$ 22248 mmHg,
279} 73%- 739+35 mmHg, 37-] 74-¢ 470+17 mmHg$]
th(p<0.001).

3) HATARY

8 A aE5Y FEEEE AE3 233 374
iy A4 Rato] n]uhES %ié!%‘—‘i—% AL8 120 1]
3 GosAl E=goh1F; 77+41 mmHg, 237; 96148
mmHg, 37; 97125 mmHg, p<0.05)(Table 2). Ay A4

$ohe ER Al ALEA AnE 4 F Aolol o]

o o
ot

Sl Aol tehllA skehpNS).
4) EAHAl XIE
CBC, electrolytes, 7}7]-5(protein, albumin, cholesterol,
AST, ALT), 41715 (BUN, creatinine), EF2]& Z+ 7 Apo]
ol elm gl 2ol & LhehiA| S¥kehp-NS)(Table 3).
5 g% a2l 224K
S8 22 WFELAES 87§ AR
1ol 7H¢ sk, 224 Ha Egkov], 3TA &

JelAl BABAGITE; 55.7+433 mg%h, 2F; 162.8+
113.6 mg%, 33 82.5+25.1 mg%, p<0.05)(Table 4).
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