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A Study of Optimal Model for the Circuit Configuration of
Korean Pulsatile Extracorporeal Life Support System (T-PLS)

Choon Hak Lim, M.D.*, Kyung Sun, M.D.**, Ho Sung Son, M.D.**, Jung Joo Lee, Ph.D.”™**
Znuke Hwang, M.D.**, Hye Won Lee, M.D.*, Kwang Taik Kim, M.D.**

Background: We have hypothesized that, if a low resistant gravity-flow membrane oxygenator is used, then the
twin blood sacs of TPLS can be located at downstream of the membrane oxyenator, which may double the pulse
rate at a given pump rate and increase the pump output. The purpose of this study was to determine the optimal
configuration for the ECLS circuits by using the concept of pulse energy and pump output. Material and Method:
Animals were randomly assigned to 2 groups in a total cardiopulmonary bypass model. In the serial group, a
conventional membrane oxygenator was located between the twin blood sacs. In the parallel group, the twin blood
sacs were placed downstream of the gravity-low membrane oxygenator. Energy equivalent pressure (EEP) and
pump output were collected at pump-setting rates of 30, 40, and 50 BPM. Result: At the given pump-setting rate,
the pulse rate was doubled in the parallel group. Percent changes of mean arterial pressure to EEP were 13.0%
17, 120+1.9 and 7.6£0.9% in the parallel group, and 22.5+24, 23.2+1.9, and 21.8+£1.4% in the serial group
at 30, 40, and 50 BPM of pump-setting rates. Pump output was higher in the parallel circuit at 40 and 50 BPM
of pump-setting rates (3.1+0.2, 3.74+0.2 Lmin vs. 2240.1 and 2.5=0.1 L/min, respectively, p=0.01). Conclusion:
Either paralle! or serial circuit configuration of the ECLS generates effective pulsatility. As for the pump out, the
parallel circuit configuration provides higher flow than the serial circuit configuration.

(Korean J Thorac Cardiovasc Surg 2005;38:661-668)
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Fig. 1. Pulsatle ECLS (Twin-Pulse
Life Support, T-PLS). The T-PLS unit
consists of twin blood sacs, a mov-
ing actuator, a membrane oxygena-
tor, an electrical power, and control
units.
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Fig. 2. Circuit Configurations of T-PLS. MO=Membrane oxyge-
nator. (A) The serial circuit configuration; a conventional mem-
brane oxygenator (Capiox SX10, Terumo Co., Tokyo, Japan) is
placed between the twin blood sacs serially. (B) The parallel
circuit configuration; the twin blood sacs of T-PLS are placed
downstream of a gravity flow membrane oxygenator (Capiox
CX230, Terumo Co., Tokyo, Japan) parallelly.
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Fig. 3. Pressure and flow waveforms in the serial circuit con- Fig. 4. The pressure and flow waveforms in the parallel circuit
figuration In the serial group, the pressure and flow waveforms layout. In the parallel group, the pressure and flow waveforms
showed a large pulse followed by a small pulse, i.e. twin pul- showed ‘doubled pulse rate’ of similar amplitude at a given
ses. pump-setting rate.

Table 1. Pulse pressure, percent changes from MAP to EEP, pump output, and SHE according to the pump-setting rates

Grou Pump-setting Pulse pressure Change from MAP Pump output SHE
P rate (BPM) (mmHg) to EEP (%) (L/min) (ergs/cm3)

Parallel 30 47.3+4.6* 13.0+1.7+1 23+02" 20,131+ 1,408*
40 57.1+5.4% 12.0+1.9* 3.1+02+%" 21,739 +2,470%
50 68.8+9.1* 76+09%T 3.7+02%7 15,048 +2,108% °

Serial 30 94.9+5.4 225+24 19+0.1" 33,968 +3,001
40 107.5+5.0 232+1.9 22+01" 38,232 +3,281
50 112.6+5.7 218+ 1.4 25+0.1" 37,964 +2,693

MAP=Mean aortic pressure; EEP=Energy equivalent pressure; SHE=Surplus hemodynamic energy/Values are given as meanz SEM. *p
<0.05, differences between the groups at the given pump-setting rate; Tp< 0.05, difference of pump outputs within each group; Tp<
0.05, difference of percent changes from MAP to EEP within the parallel group; §p<0.05, difference of SHE within the parallel group.

2% = Kurskal-Wallis testE o]-§3}3it}. pgho] 0.05 o] Wy Zol| A1 MAPS} EEPY| Wi g Wt HZ&E
a9 o EAMeE Fofsicta skt 30, 40, 50 BPMoll4 z-7t 13.0+1.7%, 12.0+£1.9%, 7.6+
09%%lom HZLLe wet ouigle XolE R

Z o} (p=0.035). ZHEFollA= MAPS} EEPS] W& W3l #

Z&£% 30, 40, 50 BPMol|A] Z+7ZF 22.5+2.4%, 232+1.9%,
EEAL S F7bol Aolrt AAUTHEET: 4015 kg,  218+14%9om HZ&ETol| BhE o] & vehA] Gt
2 7 41413 kg, p=NS). thp=NS). HE72 W %i’“"ﬂ vl Z+zhe] HEEE 30,

Qah W7 Yol HYFoIAE T Wb lol& A 40, 50 BPMIA] MAPS EEPS] i¥-g wgbt A et
o i sl HojFel & AolZd WZAFoE & WrHp-0030)(Table 1, Fig. 5)
Mol & wpto] WAt el Wl WATNAL Gaiel I HZHFFL WYTFIA FIEE 30, 40, 50 BPMll A
EX F 7Y mhubo] wkAElgdch(Fig. 3, 4). Z}z} 23402 Ljmin, 3.1+£0.2 L/min, 3.7+0.2 L/mino] gl &
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Fig. 5. Percent changes from MAP and EEP at the given
pump-setting rates Values shown are as means+SEM. *p<
0.05, the differences between the groups at the given pump-
setting rate. Tp< 0.05, the difference within the parallel group.
No difference within the serial group was noted (p=NS).
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Fig. 6. Pump outputs (L/min) at the given pump-setting rates
Values are presented as means=+SEM. *p<0.05, the differ-
ences between the groups. Tp<0.05, the difference within
each group. Both groups showed increased pump output as the
pump-setting rate increased.

o HZ LT weh uide AolE E A rh(p=0.003).
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Fig. 7. SHE (ergs/cma) at the given pump-setting rates Values
are presented as means+SEM. *p<0.05, the differences bet-
ween the groups. Tp<0.05, the differences within each group.
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