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Development of novel method to protect lung function using an extracorporeal

lung perfusion device targeting lungs from donetion after circulatory death
donors.

Niikawa, Hiromichi
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The aim of this study was to establish a protocol for rapid cooling of donor
lungs from donation after circulatory death donors without surgical interventions. We hypothesized

that it would be possible to cool the lungs by immersing the entire donor body in a refrigerant
using a cold basin. By combining a cold basin using a special cryogenic refrigerant and a

refrigerant circulation system, we were able to reduce the tracheal temperature from 37° C to 28° C

within 90 minutes after cardiac arrest. Therefore, we evaluated lung function by 2 hours of ex vivo

lung perfusion (EVLP) using uncooled donor lungs as controls (n = 5) and lungs from the cooled group
(n = 5). All lungs in the cooled group were deemed suitable for transplantation.



¥ X C—19,. F—19—1, Z—19 (i38)

1. WFZERA S MO 5

JiR R 1, BEAENT R B (2T D B OIRER IRIEEIE CTH o8, R —HKL L=y
NEDOAREMI K DB C IR ICRZ R BECH D 1, R —Hliz T 7201z 2
NE T, ~—vYF v KF—2 0 MEiE K —(donation after circulatory death DCD)3, A:{K K-
—4 BRI R NE O W TEBRNARA LN TNDR, Z2OFTEH DCD RF—71H 0
FB AT L TR0 . i R —F— L O RICH ST 5 LS Tnb, —ikic
DCD KF—ix, ~—A LU b NGHEHIZBWT 5 2087 IV — I ND 6, FrITMELE
ORI XY, =2 br—DCD (¢cDCD) ¢ 7> a2 br—LDCD (uDCD) d 2 Dlz K&
<HEEENS 7, BAE, DCD o Kih4yiE cDCD Mk TH DA 8, ZOHMIL, BEARICER
HERRIZBW T FESNTIRF T RF—RNRELEDLINLTHD, —J, uDCD RF—IIfEN
IMZBIfR 7R < LR BLT 2 7260, BB A2 FRIIC T ET 2 Z LI CTREETH 5, Lo LIBTE
72 R —HD% SINZHET 2 ®EN R INTEY, cDCD ORFHREE & L TAESIT Hav T
% 9, Boyarsky 5, K[EIZHT D uDCD OETER R —IX4FRM 9828 A5 EHEE L TH
v 10, uDCD Z#7=72 N —fiOMFEIRE T2 2 IR E B oD,

uDCD R} —o 0% T ORI 2B, 1T & A EOREFITIIHEEES CTHEER{E IR
WA U D720, IRE MR A RRFEIC /220 1 BRGNS 2 WITBMEG O 7 Z 7 MEREREE
OB HAREERH L ETHDH, ~—ARV e b T2Y—1 ® uDCD RF—IZBITS
B MEERIE, BEADDIAE Y | BATEIKOFEE 2RO, [FEIMFLNT-O SO GBEIN LG
SNDHETHELS . 26 Ml AT O M ff © FitrelE S % 5/ Mb 35 72912, Steen B3,
MalEIZ T = — 7 A LIIPEN I i R 2 B S, 2 A4 2 Rprm sz FIH L, Z
DIFHETI, 1 FREFRE CRE XNIREN 15~200CE TR T L. M2MEH S 2 £ To 5 B
OB MERRT T, 12°CHIit CTHER Lzt Lz 1, 72, R EAICEE I - Mid, K6
HEGTE & D% OB CENT- B IEEE R Lz, LU, ET = — 7 AIZFEHT (R 52
D FHEHTHY , TOFHICHE L EMRCERAY v 7B ETH Y | T — 255 2
IWHRHA X v 7 NEBIAE TERWGEE, Bmie BN AL U D aethEr & 5,

Von't Hoff OIEANZ X5 &, JEgHEE D 10C T35 EARHENEES BT 5 & shvd, RIKIR
FEIL, BIEOMRRBERE I3 LT, Xy RO HCHBIROEA L - THRAKPIZIEA S
TW5, B 1 EFLINICEEIGARR (32-35°C) B AT SHZ & T, BEIEL T - 8T
XD ERHEINTND 12

2. WEOBEM

AFETIT, IHZEEA @72 51T uDCD R —io R HR L2 ER T 5720, R F—4
B 2 IOl 7 LR 2R 2 & T AN E L DGR A2 LT, OF7 % uDCD 51
ZHWT, R —28 28kt O SN mIERICR T2 & THOMEIZ K 585 LW E]
VAT AEMNITHZ L, B—oHOHEME LT, 6, ZOHRGH T AT A0F, uDCD R
F =D OIREE T, MitEREZ MR T D120 OB ORI TFETH D LIUE L., @45t
IR & VT, AL 2T M THA S NN mH 2 /vy uDCD R —fifi & bl
L CHREDSHERF STV A E ) i T 5 Z L2 2 DHOHM E LT,

3. WFEEo Ik

(1) FF—2FZ2GHTLHLGHIT 2 S a B0, R —7 % Ol 2 Fekik ik m
BEDA ST TRRE ] 2Pk, BAFE L7 7' m b 3 MiZ S Eige DA 2Rt S Wi, D7 1k1%
£V 72 OKGE e MIERITIRERT 7 v — 7 A L, 20 DR E OHER 2 e TRHI L 72,

(2) W87 A > id Figure 1 IZ/RT0Y TH D, 5 IEOT XD H 6 5 PUiFIEHE MO 7220 Sham
BEL L7z, Moo 10 PED 7 Z 1%, BEED uDCD RJ— & [RIEE ORI A Fifl L TLSIE S /-, 3E
CES%, Wiz 28 (DCD#E, cooling #E) (23, MABDY | HDHWIIHAENE L OFEMHTIC 85
S OREMIZE Nz, F D%, R —li 2 FEHER) 55T 1L @ Perfadex (XVIVO Perfusion Inc.,
Englewood, C0) IZT7 7 v ad%, fifHi L, 300 o DOHERMFICH LTz, £D%, R F—HiilX
FEERy 77" s v dgt, b RECEVLP T 120 030 S Av7e, Mk, BB T XA —%2 0 i
W AT A3 HT, R SCBEPT L CaERp RN S A7, B RER CHEIR A SR B L, R . Wi ooEC
DO A BRE L CRBRR AR, YA MO A T, S 51 wet/dry LEOBIE EIT -T2,

(KEhW > % i)
T HITEYIREE 43. 2kg (#GPH : 40. 2-48.6kg) OAAZFEH LTz, ¥ 7V (mg/kg) BIO
Ay (20mg/ke) I X D RHREMHIT S i1, K[ENEE 0%, N LTRSS & BILE L7,



AV TNT 0F 1 5~3. 0% & HERF L7z, DCD BEXS L8 cooling BETIE, ~/3 VU (500 HAL/ke)
ZEIRNEE G- L, 3 ZICHEE D U U AOFEAIRNEE S (2. 0mEq/kg) (2 TLRHEILI T, L5 1E
T HERL, R AIEIE L, KREV =2 —VERGEKR LT, Z0%, [RE VN ==2—LEZNLTR
BOGERICIRER 7 — 7 A E L, KOEWNIRE 2t =4 — LTz, MR O 72 DIZFEH Ok
Mm7% £02mzAFL, MgE7 VEMR Ny 7 (TS, JHE, BA) I2T4CT
RAF L, BRI E/VE— 3— (XTRA, Rivanova Japan fEEi&th, B, HA) ZHW\ Tk
L7z,

G R —mH T AT L)
MR IR 2 8%, cooling BED R —7 & ZmiBAEIZ A7z, I 10 08212, FREkm Btz
Wiz, Z0%, BT LET R FaL FICAHIZITO, 85 SRS T ¥ & B & Fif 6
TR L, SR & U7, R 90 400 CRIMSBIAS S 4, FiAs S e,

(7 & i D fH)

Fh—Hfilx, 2HETHEL DI NV—TN0OHREITH D X5 RN FIE TR S 2,
B FIARE LT, MilX4°CD Perfadex 1L CHi#MRICHE SN ==2—F LR L, MizhE
i L7=%. EVLP Hi[lZ Perfadex ¢ 4°CC 300 Z3fIfRIF L7z, AL E TOFHA D DCD R —filiDOFF
fAFZEDN 6, 85 43 DRI & 300 2y DEEMLOMAE HEIX, 120 5y DL R EVLP 2 61T L
TBRIC, PEEOBIMFEREELZ S XE T2 ERHALNIR ST D,

(EVLP)

EVLP 1% Lund 7'v b 22— UiZfE > TiThiL7z, EVLP BIE&IL, F v o 3—, MikAR 7, AT
fiti, AMER 7 ¢ L2 —TRERR S 4. [BIER 1T 2L @ Steen i, -~V > 10, 00010, A I <% A 100mg.
BLXOHEHOEM T # 2> 5FFNIATF LT 500ml. OFRMER 7= Sz, FIENOLER ZRE
L7, WY == — L& EIRICHR: L. EVLP #BME L7-. ALEIFEWE-FF L L, #
TRBALGIE R D 10 3L, MiBfkY =2 — 1L & F v o3 —WD > v > h&BI& ., FifE% 1. 0L/min
WCHERF L7=, 105014, WREZ 0.2L/min IS Ly v > NEA U, Hild, #EROEELZ LT 5
ZLIZED, BRAIZITCETHIE L, 45 4312 70mL/min/kg (HE& OFHED 100%) o HAiZ
TR E CEPEMIC A BN S B 72, RS 32°CIZEE L7 A T, A LIERER (ART-300, 7 =
~ERTESEASH, T, BA) ZHWT, —BHEKE (TV) 4ml/kg, FEEL (RR) 7 [R1/47.
LMK E (PEEP) 5em H20, W ABAFR /73R (Fi0.) 0.4 OF &Kzt L=, Hlio
TREEA 36°CITE L= ST TV % 6mL/kg £ CHi L Ay 7 b— k A > FEE (TV 10mL/kg.
RR 10 []/%43. PEEP 5cm H20 | Fi02 0.4 10 47f) #. #EFBALES 1 K F KOV 2 BRI O RE S
THENIRES L OVEE D B MK 77 A 54T B RETEIR DS ERE S iz,

4. HFFERE

(1) KERSEE
DCD B KBRS IXEE M PIFIE—E TH o722, — 7T cooling HEOREIRIE IXIEE M PIZ
HraIAET L, 85 9%%1C 28. 5°CIZE L 7= (Figure 3A),

(2) EVLP /85 2 —X#

2 BEfE D EVLP #%. cooling #f & sham BE T3], M3 nlae & fIWr S 7z (Figure 3A),
—7J5, DCD BETIXEHI DDA AT & HE 47z, cooling FED Pa02/Fi02 thiZ DCD BEL W A
BIZE Mo 72 (412182 vs. 261E£71lmmHg, p < 0.05). cooling FfL Sham FEDOBIZ A EZET
BOOLNRoT- (41282 vs. 513+85mmHg, p = 0.11, Figure 3B), cooling BEDH KK,
FFIZ DD BEL W HEITEN B DD (13£2 vs. 1974 cmH20 p < 0.01), cooling B L Sham FED
R EEITED LN -7 (1322 vs. 10+ 1mmHg, p = 0. 233, Figure 3C), cooling BED
vy NI DCD BEL W A BRI (27.319.1 vs. 45.2+8.7% p < 0.05). cooling FEL
Sham BEDO A E 2 2ITRD o7 (27.3+9.1 vs. 16.5£10.5%, p = 0. 185, Figure 3D),
BN T A—% L LT, cooling BEDMHERELLIZ DCD XL W AEIMEN 72 H DD (109+15 vs.
166+35%, p < 0.01). cooling FfL Sham FHEDOBIZABEEZITA LN o7~ (109£15 vs. 166
+35, p=0.872, Figure 3E), cooling B Wet/dry thi% DCD B L 0 A EITE VDY (5. 35+0. 32
vs. 6.2940.25, p < 0.01). cooling BEL Sham BEORIC b A EENRD bz (5.35+0. 32
vs. 4.87+0.16, p < 0.05, Figure 3F),

VI EDORER LY Bk 2 O 2GR X 2B EI Y 27 A2k v . DM IEE 90
SICTRIENIEE A 37CHh D 28.5CETTIT A2 ENTREIZ 2 o7, BIZHE< EVLP 2w /=
JiHSEE O PR TlX, DCD BED 2 T OB RiAE & HIWF S L7z DIk L, cooling BETIEET
DIFEAE AT RE & OpIWT S T,

DMEIE R — i ORERE 2 MERF T D 272 ik L LT, AVRHMLE 2 %35 & L2V STERE 2 v



TGS AT AR L., KEWERZE L CEORGME2HERTH LN TE, 5%,
FGEHEI 7 e b a/LOERIC LY BB 0fE 1 R—foRH & . Fias] xFi< 51k K
—HliZ Wi OEINC BT b D EEZL NS,

<5 TR

1. Valapour M, Lehr CJ, Skeans MA, et al.: OPTN/SRTR 2020 Annual Data Report:
Lung. Am J Transplant 2022;22 Suppl 2:438-518.

2. Okamoto T, Omara M, Ahmad U, et al.: Utilization of Marginal Lung Donors

With Low Pa0 2 /Fi0 2 Ratio and High Body Mass Index. Ann Thorac Surg 2020;109:1663—
9.

3. Krutsinger D, Reed RM, Blevins A, et al.: Lung transplantation from donation
after cardiocirculatory death: a systematic review and meta—analysis. J Heart Lung
Transplant 2015;34:675-84.

4, Date H, Aoe M, Nagahiro I, et al.: Living—donor lobar lung transplantation for
various lung diseases. J Thorac Cardiovasc Surg 2003;126:476-81.

5. Ceulemans LJ, Vanluyten C, Monbaliu D, et al.: Lung transplant outcome
following donation after euthanasia. J Heart Lung Transplant 2022;41:745-54.

0. Kootstra G, Daemen JH, Oomen AP: Categories of non—heart-beating donors.
Transplant Proc 1995;27:2893—4.

7. Thuong M, Ruiz A, Evrard P, et al.: New classification of donation after
circulatory death donors definitions and terminology. Transpl Int 2016;29:749-59.

8. Van Raemdonck D, Keshavjee S, Levvey B, et al.: Donation after circulatory

death in lung transplantation-five-year follow—up from ISHLT Registry. J Heart Lung
Transplant 2019;38:1235-45

9. Egan TM, Wall S, Goldfrank L, Requard JJ: The real number of organs from
uncontrolled donation after circulatory determination of death donors. Am J Transplant
2020.

10. Boyarsky BJ, Jackson KR, Kernodle AB, et al.: Estimating the potential pool
of uncontrolled DCD donors in the United States. Am J Transplant 2020;20:2842-6.
11. Steen S, Liao Q, Wierup PN, Bolys R, Pierre L, Sjoberg T: Transplantation of

lungs from non-heart-beating donors after functional assessment ex vivo. Ann Thorac
Surg 2003;76:244-52; discussion 52

12. Polderman KH: Application of therapeutic hypothermia in the ICU: opportunities
and pitfalls of a promising treatment modality. Part 1: Indications and evidence.
Intensive Care Med 2004;30:556-75

13. Sakota D, Kosaka R, Niikawa H, et al.: Optical oxygen saturation imaging in
cellular ex vivo lung perfusion to assess lobular pulmonary function. Biomed Opt
Express 2022;13:328-43



Figure 1.

Cooling group WIT 85 mln' CIT EVLP
(n=5) hest compression & 300 min 120 min
Dip ice
DCD group CIT EVLP
(n=5) 300 min 120 min
Sham group CIT EVLP
(n=5) No wiT 300 min 120 min
Figure 2.
(A) (B)
_. 407 _ 407
1% e
[
2 35 £ 35
& s
[T o
Q. Q.
30 304
§ 5
w Il
o 25 5 254
5 & Cooling é %
2 + DCD
20 ————r———— 20 —
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
WIT (min) WIT (min)
Figure 3.
B C
) (B) (a) " * P<0.05
< 100 5 30 # P<0.01
bl o 700 @
2 b * g
= « B 600 )
3 oz I | T 20
£ i E 500 2F
S w E L
» 50 ° = 400 g [3
- o c = £
k5 B < 300 a0 ==
[ ® =
7] w ®© -
g = 200 x
F oo T . 100 T T T & o T T T
Cooling DCD  Sham Cooling  DCD Sham Cooling  DCD Sham
D F *
_ 6o 250 7.0 d
g g
= 5 2004 o 65 @
o 40 s ®
H = g 150 gs.o-
=1 . =
£ 0 s g 100+ E = =] $ 5.5 E
€ il > S
=] - -
2 _L E 50 5.0 m
0 T T T 0 T T T 4.5 T T T
Cooling DCD Sham Cooling DCD Sham Cooling DCD Sham




Hiromichi Niikawa

A NOVEL WHOLE-BODY COOLING SYSTEM PROTECTS DONOR LUNGS FROM

AFTER CIRCULATORY DEATH DONORS

ISCHEMIA REPERFUSION

INJURY :TARGETING UNCONTROLLED DONATION

ESOT Congress 2023

2023

(Sakota Daisuke)

(40588670) (82626)
(Okada Yoshinori)

(90323104) (11301)
(Watanabe Yui)

(20724199) (11301)
(Tanaka Ryota)

(40647450) (11301)




(Kosaka Ryo)

Cleveland Clinic




