O Sink city. Vietnam

Benefits of the Pulsatile Right Ventricle on Pulmonary
Artery Extracorporeal Membrane Oxygenation in Piglets
Model of Acute Respiratory Distress Syndrome

Prof. Hideshi ITOHV?26), Prof. Shingo Ichiba?, Dr. Hideaki Obata®, Dr. Midori Futami, Dr.
Shigeyuki Okahara?, Prof. Teruyuki Kawabata®, Dr. Nguyen The Binh®7):, Prof. Le Ngoc Thanh®

Nippon Bunri University Graduate School of Engineering, Oita, Japan

Department of Intensive Care Medicine and Clinical Engineering, Tokyo Women’s Medical University
Hospital, Tokyo, Japan

Department of Biomedical Engineering, Okayama University of Science, Okayama, Japan
Department of Bioscience, Okayama University of Science, Okayama, Japan

Department of Medical Engineering, Junshin Gakuen University, Fukuoka, Japan

University of Medicine and Pharmacy, Vietnam National University, Hanoi, Viet-Nam

Cardiovascular Center, E Hospital, Hanoi, Viet-Nam, Hanoi




DECLARATIONS
Funding: This study was supported by “JSPS KAHENHI Grant Number JP19K09407”

Declaration of Conflicting interests: No conflict of interest.

Ethical Approval: The Animal Care and Use Committee of the Okayama University of
Science (Okayama, Japan) approved that the experimental animals (certificate
number:2021-040) were handled in accordance with Federal Law and guidelines of the
“Guide for the Care and Use of Laboratory Animals, Eighth Edition” prepared by the
National Institutes of Health (NIH Publication, 2011).

Informed consent: Not applicable

© N e
'y 3 ' 4 2" N
vy £ % i 1 ¢
: , T —
ATCSA2023 e =) )|
2 O Fih city, Vietaam e



Background

We investigated the impact of right ventricle to pulmonary

artery extracorporeal membrane oxygenation(RV-PA

ECMO) in acute respiratory dysfunction with or without

pulsatile flow.

© . o
. 3 f';
o 3 £ i 3 ¥,
! . T,
ATCSA2023 il = -
¥ O ok city, Vietnam



Methods

v'Bronchoalveolar lavage procedure with intrapulmonary
administration of warm saline to establish a severe acute
respiratory syndrome model (PaO./FiO, ratio < 200)
v'8 piglets (mean body weight: 8.45+1.24 kg)
v'Pulsatille VS. Non-Pulsatile RV-PA ECMO




Experimental Design

v"We monitored hemodynamic data and blood gas levels
v'Cytokines IL-6 and ET-1

v'The lung wet/dry weight ratio

v'Lung tissue samples for pathological evaluation of the

pneumocyte




RV—PA ECMO Circuit

v' ECMO flow: 60mL/kg/min
v" Activation clotting time (with heparin sodium): 180-200 s
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Statistical Analysis

v'SPSS for MAC, Ver 28.0.1.1
v’ T-test and Mann-Whitney U test
v’ Statistical significance; P value <0.05

v'Power analysis; sifinificance level of 0.05, power of 0.6
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Time-dependent laboratory values during procedures in

pulsatile and nonpulsatile groups

ATCSA20

o O M city, Vier

)
-
~om

After induction of

After inductuion of

o ihosia ARDS model After 1Th ECMO After 3h ECMO After 6h ECMO
- PH P 7.64+0.53 7.64£0.53 724 £ 0.44 729+027 718 £0.25
NP 7.53+0.11 7.37+0.15 7.29 +0.02 720+0.15 7.14+0.19
PO2 (mmHg) P 302.00 = 33.21 60.25 + 3321 77.00 £ 8.45 57.75+7.23 70.00 £ 5.57
NP 308.50 + 38.73 57.75 + 12.66 70.25 + 8.22 60.75 + 12.50 61.00 + 15.12
P 33.40 £ 3.11 37.53 £ 17.58 34.05 + 18.50 27.28 + 15.39 2498+ 10.73
PCO2 (mmHe) NP 3270238 5325+ 15.18 4718+ 5.61 44.53 = 8.91 4425+ 9.52
BE (mmollL) P -0.75+5.97 2.00 + 10.45 =575+ 330 -6.00+2.94 725 +2.06
NP 3.50 + 1.29 425+1.26 -4.00+ 1.83 -7.00 £ 0.82 -775+1.71
HCO3- (mmollL) P 23.43 £4.93 2415+3.16 22.50 + 4.47 20.05 £ 2.90 19.55 + 3.28
NP 33.05 + 1.92 29.38 + 1.03 21.65+0.78 1730 + 1.34 20.68 + 3.67
8202 (%) P 99.25 £ 0.93 86.00 + 7.26 9225+ 2.63 89.00 + 3.37 90.50 + 2.52
NP 100.00 = 0.00 90.25 + 7.41 94,50 + 0.58 89.00 + 0.00 87.50 + 4.65
Na (mmol/L) P 141.75  5.97 143.50 + 4.36 144.75+2.22 143.75+2.22 145.75 + 4.50
NP 140.25 + 0.96 142.25 + 0.96 143.50 + 1.73 145.25 + 2.63 145.50 + 2.65
K (mmol/L) P 348+ 1.75 350+ 0.99 3.50 + 1.31 3.65+0.77 3.58+0.96
NP 4.05+0.58 3.73+0.22 3.65+0.50 3.23+0.95 3.25+0.95
Ca (mmolL) P 132+0.13 1.31 £ 0.04 1.28 £ 0.08 1.36 £ 0.07 1.27+0.21
NP 1.37 £ 0.07 1.32+£0.03 1.31 £ 0.04 1.33 £ 0.06 134+ 0.08
Glu (mgdL) P 114.00 + 55.54 115.25 + 34.41 119.00 + 42.39 134.00 + 44.77 127.25 + 45.46
NP 117.5 + 44.44 14025 + 15.97 153.50 + 33.67 140.50 + 29.94 133.75 + 34.89
HCT (%) P 2775 £ 9.56 24.00 £2.16 21.25+2.63 19.50 + 2.65 17.50 = 1.29
NP 27.50 £ 5.57 2375+ 1.26 21.00 £ 0.82 19.75 + 0.96 17.75 + 2.50
Hb (g/dL) P 9.13+2.73 8.15+0.74 7.40 + 0.96 6.68+1.13 5.88 + 0.49
NP 9.58 +2.30 8.00 + 0.41 7.20+0.22 6.93+0.15 5.98 + 0.87
- P/F Ratio P 302.00 + 17.33 6025+ 12.45 366.67 + 40.22 275.00 £ 34.42 316.67 = 39.75
NP 308.75 + 33.54 57.75 £ 10.96 334.94 + 33.90 288.92 + 51.54 290.61 + 62.36
P 1633 £5.72 21.64+ 10.13
S L6 Gg/ml) NP 318+ 1.47 283.73 + 62.31*
§ 1 p 541+ 1.66 9.83 +7.49
L S ET-1 (pg/mL.) NP 7.43+0.70 1629 + 12.23
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Time-dependent laboratory values during procedures in

pulsatile and nonpulsatile groups
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After induction of

After inductuion of

anesthesia ARDS model After |Th ECMO After 3h ECMO After 6h ECMO
o P 7641053 764+ 053 724 £ 0.44 729+027 718£025
NP 7534011 73740.15 729+ 0.02 7204 0.15 714+0.19
I P 302.00 £ 33.21 60.25 + 3321 77.00 £ 8.45 57.75+ 723 70.00 + 5.57
NP 308.50 + 38.73 57.75 + 12.66 70.25 + 8.22 60.75 + 12.50 61.00 + 15.12
POO2 (mHg) P 33.40 £ 3.11 37.53+ 17.58 34.05 + 18.50 2728 + 15.39 24.98 £ 10.73
NP 32.70 +2.38 5325+ 15.18 47.18 £ 5.61 44.53 = 8.91 4425+ 9.52
BE (wmol) p 2075+ 5.97 2.00 £ 10.45 2575+ 330 26,00+ 2.94 725+ 2.06
NP 350+ 1.29 425+ 126 4,00+ 183 -7.00+0.82 775171
HOO3- (amoll) P 2343 +£4.93 2415 £ 3.16 2250 £ 4.47 20.05 £ 2.90 19.55+ 3.8
NP 33.05+ 1.92 2938 + 1.03 21.65+0.78 1730+ 1.34 20.68 + 3.67
502 (%) P 99.25 + 0.93 86.00 £ 7.26 9225+ 2.63 89.00 £ 3.37 90.50 + 2.52
NP 100.00 + 0.00 90.25 + 7.41 94.50 £ 0.58 89.00 + 0.00 87.50 + 4.65
Na (camollL) p 14175 5.97 143.50 £ 4.36 14475 £ 2.22 14375+ 222 14575 + 4.50
NP 140.25 + 0.96 142.25 + 0.96 14350 + 1.73 14525 + 2.63 145.50 + 2.65
X i) P 348+ 1.75 3.50 £ 0.99 350+ 131 3.65+0.77 3.58 £ 0.96
NP 4.05 +0.58 3734022 3.65 + 0.50 3234095 325+ 0.95
Ca (mmollL) P 1322013 1314004 128+ 0.08 136 £ 0.07 127+021
NP 137+ 0.07 1324003 131 +0.04 133+ 0.06 134+ 0.08
Gln (gldL) P 114.00 = 55.54 11525 + 34.41 119.00 + 42.39 134.00  44.77 12725 + 45.46
NP 117.5 + 44.44 140.25 + 15.97 153.50 + 33.67 140.50 + 29.94 133.75 + 34.89
. P 2775+ 9.56 24.00 £ 2.16 2125+ 2.63 19.50 < 2.65 17.50 = 1.29
NP 2750 + 5.57 2375 £ 1.26 21.00 = 0.82 19.75 = 0.96 17.75 + 2.50
Hb (/L) P 913273 8.15+0.74 7.40 £ 0.96 6.68 £ 1.13 5.88 £ 0.49
NP 9.58 +2.30 8.00 £ 0.41 720 +0.22 6.93+0.15 5.08 + 0.87
F Ratio P 302.00 + 17.33 60.25 + 12.45 366.67 + 40.22 275.00 + 34.42 316.67 + 39.75
NP 308.75 + 33.54 57.75 + 10.96 334.94 + 33.90 288.92 + 51.54 290.61 + 62.36
R —p 1633 +5.72 21.64+ 10.13
1L-6 (pg/mL) NP 318+ 1.47 283,73 + 62.31*
RT-1 (e/ul) P SAl & 106 .83 & 749
NP 7.43 £0.70 1629 + 12.23




Hemodynamic pressure changes in pulsatile and
non-pulsatile groups

After induction of After inductuion of

S, ARDS et After 1h ECMO After 3h ECMO After 6h ECMO
N, P 140.50 = 17.40 12525 £ 8.87 112.24 = 14.88 109.75 = 9.81 121.50 £ 14.37
NP 123.00 + 18.12 107.50 + 21.65 130.00 + 1.41 128.25 + 10.91 128.50 + 11.08
SBP { ) P 105.25 + 22.35 104.00 = 17.19 80.25 + 5.89 82.25 + 8.47 95.00 = 5.61
mmbg NP 120.00 + 12.25 104.75 + 6.98 75.25 +9.36 96.75 + 13.8 9275+ 7.92
P 64.00 = 15.92 63.50 = 19.24 4975 £ 5.67* 4725+ 9.52 56.00 £ 6.82
DBP (mmH
__ DBPmmHy 61.75+7.69 7500+ 17.13 ————I00TT 4825 +1.79 4375+9.18
MAP (mol/L) P 79.00 = 16.90 76.50 = 18.77 66.00 = 5.24% 55.00 = 5.85 72.00 = 4.12
NP 83.25 + 9.58 845041632 I 64.00 + 4.90 60.75 + 8.58
P 3275+ 3.11 107+ 3.03*
MPAP (mmHg) NP 3125+ 4.44 T
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Pulsatile Wave Form
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Pathological evaluation of pneumocytes with a light microscope
before and after non-pulsatile and pulsatile RV-PA ECMO
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The lung wet/dry weight ratios

Wet / Dry Weight Ratios




Conclusions

» RV-PA ECMO can prevent hypoxic pulmonary vasoconstriction
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and hypercapnia.

RV-PA ECMO improved symptoms of respiratory failure.

RV-PA ECMO could lead to a resting RV heart and improve RV
functions and ARDS symptoms.

Pulsatile RV-PA ECMO led to less inflammation and achieved
better ventilation.

Pulsatile RV-PA ECMO may act to depress ET-1 expression.
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