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Development of total liquid ventilation system with a pressure container:
therapy for acute lung injury
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Total liquid ventilation (TLV) is a form of artificial respiration that uses

liquid instead of gas and is expected to be a new treatment for intractable lung diseases (e.g.,
acute respiratory distress syndrome). However, the liquid materials that have been used so far have
problems in terms of price, coefficient of greenhouse effect, and metabolism. Therefore, the
development of a TLV system using new materials is required. In this study, | constructed a novel
TLV system using oxygen-supersaturated water prepared by an original pressurized device. Although
the usefulness of the device was confirmed in vitro, an issue of reflux inside the lungs was
detected by in vivo testing; thus, failing to achieve the final goal. However, the results of the in
vivo experiment strongly suggest the possibility of establishing a new TLV system by solving the
problem of impaired reflux.



Total Liquid Ventilation, TLV

TLV 1960
PFCs PFCs
3
PFCs
1
PFCs TLV
TLV TLV
PFCs
FB
2)
TLV FB
TLV
TLV
TLV
IEEE
TLV 1 /) 1MmPa
1 MPa 1000 rpm ;
PBS M
10 L¥aL—%
3 kPa
3 kPa @
1
[.'E 7 2
U
1
1 1 3
invitro
mg/L
mg/min 1
7.2 mg/min
(mg/min) = (mg/L) x
3)
TLV
TLV
TLV
TLV 15 TLV
TLV
TLV : >80 mmHg 1 >96%

1)
Perfluorocarbons,
20

TLV
PBS

OHEOO/NILT
@84 <v— &N NT
REEIRI 44—

TLV

mL/min

(L/min) 1)

TLV
TLV



TLV

1mL

1 MPa  100% 1000 1801 e EEESAK ... (R (BE3RBA0K)
rpm g
0 £
15 15 =
149+ 3.47 mg/L 2
15 143+ 0.41 mg/L 3
g
<
O 30 |reeeee-- [RE................... DN ..........
149 mg/L 1 .
atm, 36 5 0 min 15 min
15
2 36
2 10 mm Measured value
---#37% (Target value)
8
2 €
1 £
| % 4 J I
invitro S
g 2
(o]
0 "
@FAN—ME | ms ‘E‘/}mu‘ EH# ‘E\/}}\')I,j
N N JULD
@OFREO) UL R—IL)ULT ——rILULT
3
129+ 3.97 mg/L
86.6% 10  mmmmMeasured value
--#&F (Target value)
TLV = 8
E
T Y E s
5 4
Y 2
o 2
114%
8.87 mg/min 0
Y connector Straight connector
TLV ‘ln in g
— 11 (=]
7.2 mg/min "/ o ¥ out
4
TLV
TLV TLV
in vitro TLV PaO2 80 mmHg
TLV PaO2 41.0+ 3.74 mmHg TLV
FB TLV
1 36% 69.8+ 3.40 vs. 44.9%+ 7.26 mL/min
36%



>
vy}
O
w)

50 New TLV Previous TLV 80 - 5
= S _ 60 < 4
£ 3 £ Esy
£ g Q' 40 P
S w 3 g 2
o o IS4
o ] 20 -
o 1
’ 0 0
New TLV Previous TLV New TLV Previous TLV New TLV Previous TLV
5 TLV A TLV
B TLV Base Excess C TLV
D TLV
TLV
in vitro
TLV in vivo
TLV
TLV
1
27-45%

1) ZHU Yao-bin, LIU Dong-hai, et al., Total liquid ventilation reduces oleic acid-induced
lung injury in piglets, Chinese Medical Journal, 126(22), 2013

2) Kenta Kakiuchi, Takehiro Miyasaka, et al., total alveolar lavage with oxygen fine bubble
dispersion directly improves lipopolysaccharide - induced acute respiratory distress
syndrome of rats, Scientific Reports, 10(16597), 2020

3) Kenta Kakiuchi, Takehiro Miyasaka, et al., Development of quantitative and concise
measurement method of oxygen in fine bubble dispersion, PLoS ONE, 17(2): e0264083,
2022



3 2 0 2

Kakiuchi Kenta Miyasaka Takehiro Takeoka Shinji Matsuda Kenichi Harii Norikazu 10
Total alveolar lavage with oxygen fine bubble dispersion directly improves lipopolysaccharide- 2020
induced acute respiratory distress syndrome of rats
Scientific Reports 1-10
DOl
10.1038/s41598-020-73768-9
Kakiuchi Kenta Miyasaka Takehiro Harii Norikazu Takeoka Shinji 17
Development of quantitative and concise measurement method of oxygen in fine bubble dispersion 2022
PLOS ONE 1-13
DOl
10.1371/journal .pone.0264083
48
ARDS 2022
Medical Science Digest 743-744

DOl

24

2020 2021




Kenta Kakiuchi, Tomoki Kozuka, Nobuyuki Mase, Takehiro Miyasaka, Norikazu Harii, Shinji Takeoka

Fundamental property of fine bubble dispersion as an oxygen carrier

The 8th Asia biomaterials Federation

2021 2022

(Harii Norikazu)

(Miyasaka Takehiro)

(Takeoka Shinji)




