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Application of the Pulsatile Cardiopulmonary Bypass in Animal Model

Hwa Kyun Shin, M.D.*, Yong Soon Won, M.D.*, Jea Yook Lee, M.D.*, Keun Her, M.D.*
Yook Yeum, M.D.*, Seung Chul Kim, M.D.**, Byoung Goo Min, Ph.D.***

Background: Currently, the cardiopulmonary machine with non-pulsatile pumps, which are low in internal circuit
pressure and cause little damage to blood cells, is widely used. However, a great number of experimental studies
shows that pulsatile perfusions are more useful than non-pulsatile counterparts in many areas, such as hemo-
dynamic, metabolism, organ functions, and micro-circulation. Yet, many concerns relating to pulsatile cardiopulmonary
machines, such as high internal circuit pressure and blood cell damage, have long hindered the development of
pulsatile cardiopulmonary machines. Against this backdrop, this study focuses on the safety and effectiveness of
the pulsatiie cardiopulmonary machines developed by a domestic research lab. Material and Method: The
dual-pulsatile cardiopulmonary bypass experiment with total extracorporeal circulation was conducted on six calves.
Extracorporeal circulation was provided between superiorfinferior vena cava and aorta. The membrane oxygenator,
which was placed between the left and right pumps, was used for blood oxygenation. Circulation took four hours.
Arterial blood gas analysis and blood tests were also conducted. Plasma hemoglobin levels were calculated, while
pulse pressure and internal circuit pressure were carefully observed. Measurement was taken five times; once
before the operation of the cardiopulmonary bypass, and after its operation it was taken every hour for four hours.
Result: Through the arterial blood gas analysis, PCO2 and pH remained within normal levels. PO2 in arterial
blood showed enough oxygenation of over 100 mmHg. The level of plasma hemoglobin, which had total
cardiopulmonary circulation, steadily increased to 15.87+=5.63 mg/dl after four hours passed, but remained below
20 mg/dl. There was no obvious abnormal findings in blood test. Systolic blood pressure which was at 97.5+57
mmHg during the pre-circulation contraction period, was maintained over 100 mmHg as time passed. Moreover,
diastolic blood pressure was 72.2+7.7 mmHg during the expansion period and well kept at the appropriate level
with time passing by. Average blood pressure which was 83+9.2 mmHg before circulation, increased as time
passed, while pump flow was maintained over 3.3 L/min. Blood pressure fluctuation during total extracorporeal
circulation showed a similar level of arterial blood pressure of pre-circulation heart. Conclusion: In the experiment
mentioned above, pulsatile cardiopulmonary machines using the doual-pulsatile structure provided effective pulsatile
blood flow with little damage in blood cells, showing excellence in the aspects of hematology and hemodynamic.
Therefore, it is expected that the pulsatile cardiopulmonary machine, if it becomes a standard cardiopulmonary
machine in all heart operations, will provide stable blood flow to end-organs.
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Fig. 1. Pulsatile flow versatile pump (T-PLS; Twin-Pulse Life
Support).

Fig. 2. Schematic diagram of T-PLS.
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Fig. 3. Twin pulse mechanism. Two blood sac with a single,
pendulous-motion's  pushing-cylinder, for alteratively ejecting
and filling phase of two blood sacs.

Fig. 4. Total cardiopulmory bypass using pulsatile pump.
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Table 1. Changes of arterial blood gas analysis during cardio-
pulmonary bypass

tlghz 2

WEY AFA ]

Table 3. Changes in the levels of plasma free Hb, fibrino-
gen, platelet during pulsatile cardiopuimonary bypass

pH pCO2 (mmHg) pO2 (mmHg)
Before CPB 7.65+0.10 45.98+22.92 69.67+27.76
CPBon 1 hr 747+0.81 33.75£8.63 101.50+49.59
CPB on 2 hr 7411082 34.60+9.45 113.33+67.42
CPBon 3 hr 7.39+0.13 31.93+8.85 124.33£50.35
CPB on 4 hr  7.34+0.16 30.67 =8.04 133.83 £76.66

Values are mean= SD.

Table 2. Changes of CBC during pulsatile cardiopulmonary
bypass

Plasma free Hb  Fibronogen 3
(mg/dL) mgdry  PLT (07kL)
Before CPB  6.28+5.43 400.00+178.89 1166.67+404.40
CPBon 1 hr 825+£472 400.00x0.00 703.40£308.91
CPB on 2 hr 12.83+4.87 300.00+109.54 727.20+68.70
CPB on 3 hr 7.66%+3.37 400.00:12649 668.00-211.20
CPB on 4 hr 15.87+5.63 366.67+150.55 546.17+190.86

Values are mean=*SD,

Table 4. Changes in the levels of blood urea nitrogen, creat-
inine during pulsatile cardiopulmonary bypass

WBC (10% £L) RBC (10% xL) BUN (mg/dL) Cr (mg/dL)
Before CPB 10.65+4.89 9.72+2.52 Before CPB 6.60+1.82 0.40+0.48
CPB on 1 hr 6.70+6.35 6.97+225 CPB on 1 hr 13.4746.79 0.77+0.25
CPB on 2 hr 6424525 6.58+3.09 CPB on 2 hr 14.73+10.30 049+0.19
CPB on 3 hr 6.30+3.74 7.66+3.37 CPB on 3 hr 14.07+2.96 0.74+0.36
CPB on 4 hr 12.77+15.95 6.30+2.38 CPB on 4 hr 20.43+14.18 1.56+0.29

Values are mean =+ SD.
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Table 5. Changes in the levels of bilirubin, AST during pulsa-
tile cardiopulmonary bypass

Bilirubin (mg/dL) AST (mg/dL)

Before CPB 3.59+572 25.94+20.30
CPB on 1 hr 0.53+0.00 23.41+17.76
CPB on 2 hr 0.15+0.64 16.56 +£10.27
CPB on 3 hr 0.19+0.12 31.12+16.36
CPB on 4 hr 0.924+0.00 41.50+£13.53

Values are mean= SD.

Table 6. Changes in the arterial pressure during pulsatile
cardiopulmonary bypass

Systllic Diastolic Mean

(mmHg) (mmHg) (mmHg)
Before CPB 97.5+5.74 72+6.4 83+84
CPB on I hr 108 +13.9 82412 93+123
CPB on 2 hr 109+ 16 69116 86.7+15.2
CPB on 3 hr 109+18.5 70£22 88.7+£20.7
CPB on 4 hr 972=x17 57x17 7615

Values are mean=®SD.
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Fig. 5. Carotid arterial pressure during pulsatile flow perfusion
with T-PLS.
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Fig. 6. Shown is the actual tracing of the pressure waves in
T-PLS. MOIP, membrane oxygenator inflow pressure; MOOP,
membrane oxygenator outflow pressure.
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Hgith(Table 6, Fig. 5).
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