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HE
1963 Hardy — X AFEF | O| 4]

A 2=
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1983 Cooper — A &7
1996 = Lff & HO|A] (M EZtA

2017 =L A M| HO|Al (=20}

2025 M| EEtA 6008 =1t @siczyo



o] 4 gh=0f] E7] — =X vs LA

INE ZH| (ISHLT / 0| =) 2L (KONOS / KOTRY)
A ZF | o] Al 0= 3,40474 (2024, 9o %[C} 20271 (2023) — 1857 (2024)
19 dE 88.4% (ISHLT, 2018-2023 0| 4l) 68.7% (KONOS S £ 2024)
54 ME 60.1% (O|=, 2017-19 O] 4)) 49.6% (KONOS ¢ & 2024)
Y WE 6.7\ (ISHLT 2019 £1) —
0| & A| ECMO 4.0% (ISHLT 1992-2024 +H) 35.8% (KOTRY 2015-2021)
0| Al A] 7|AI1EH7] — 45.8% (KOTRY 2015-2021)
H7] & Apet Ol= 14.4%, = 17%, €& 36.1% 13 L 31.8% (2009-2020 &= X}

CHZ| Xt == — 4539 (2024) - 2024 O| AKXt W+ CH7| 260¥
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Etiology —

= H|

= Neo_|
T A

ISHLT ‘dQl +H (1992-2024)

IPF
COPD
CF

7|Ef-O 27+
0|= 2024 O] 4] —

D Mgtd (LD 5)
A H2MH (COPD &)

A =0 HolA=

* H|-IPF ILD, a1-AT ZHE, PAH, 7| 2tX| 2% Z, XHO

Z=Ml: COPD 35%(1990s) —

~20%, CF=

35%

otLl: =X vs =LA

74%

FLy
KOTRY C}7|& (2015-2021, n=240)

54.6%

COPD
7|Et 73t
ARDS
7| EH

 ILD7} 70% O|4 — COPD-CFE Il E&

« HSCT £ BOS: Z 1 (Ex 33.7M), 53 MZE 71.0% vs IPF 44.9% (M EEtA)
- o £0| A2 7t&7| &M H&4(2011~), COVID-19 ARDS

t PAH, LAM, MO|Al &



AH o|=|(Referral)otil, A1H| Sl (Listing)otLl — ISHLT 2021

ILD / IPF ZITH A &ofl 212 (=284 UIP — X2 AIZtD 22 i 6712 FVC >10% £ DLCO >10% ZIf 22, FVC >5% + S T
FVC <80%, DLCO <40%, 297t FVC 210%DLCO >15% 22, At EQ 6MWT SpO2 <88% = 6MWD >50 m 7“\ , PH, 23t ¥

COPD BODE 5-6 + =7t & QUAHE2 A3}, FEV1 <25%, PH &) BODE 7-10, FEV1 <20%, 56 X-53 PH, Tt NEHAES

CF FEV1 <30% (& <40% + 37} CIX}l) — CFTR modulator(ETI) A= & FEV1 <25% S 2 2™ PHE2 243t &

PAH Z|CH X| 20| = ESC/ERS S8 =-1 Y, £ IV/SC prostanoid 22 £|Cf X[20| = 19> X|&, 7H47|s 23t

[=LH] CHZ| X 13 4= (KONOS 2009-2020, n=1,671)

« 1 L O] 46.1% - 19 W] At 31.8%
« OH7] & MY 2/&: non-group A Z2HILD 5) HR 2.76, status 0 S HR 2.10, LIO| >65 HR 1.48 — ILD= § Y& 9|g|
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2l =71
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(substantially 1)

G ()

ngt
ro

. L}O]

Aste

MO'2 =X @S — 0|2 7| Xte| 30%
* Frailty: 87} =57} OFA BESIL|X|

ISHLT 20212| 3EH4| &5,

zo #8
FR <40 (CIE7| O] Al H|Q]) - 30 L ACS/MI|ZS - [ 9 =2
OFMZOF . IHA AT . SBEA A . ZE AR (HX}EFHH EHDP 5o mLh

Lt0] >70 - BMI >35 &= <16 -
ECLS - M. abscessus, B. cenocepacia/gladioli
- CABG Z 2% CAD - LVEF <40% - 13 L X§O[ A

— 02 7i7F AX|H ol 'HAHE = US

L}O] 65-70 - BMI 30-34.9 EE= 16-17 - k2| (frailty) - GFR 40-60 - XY £ REZ -
PO X

7| H%7] - 0

|H 88+&/84

Q*k= . CTD

0| &+0] 654 Z=1t
ol Sl 280 B ME2 UE

g2l

Bridge

ECMO / 7| A4|&t7| Bridge

» "Bridge to transplant, not to nowhere"
o VV: N4t DB MT|1E BE

« VA: 535 PH-SAMEH

« Awake-H¥ ECMO — C}i7| & Mg

. HEh S CYRIISH . " s

(=]
« O|4] A] ECMO 35.8%, 7| AIEt7| 45.8%

« KOTRY bridge-ECMO (n=27 vs 85): PGD x}0| Q1&,
A At 25.9% vs 13.3% (NS)



Hi 2 Scoring System @ — 2|=

HA M)

O|= LAS (2005.5 - 2023.3)

O|= CAS (2023.3.9 -)

Eurotransplant LAS
(5€ 2011.12, HIEEE 2014.4)

A= (2017)

e
e



LAS; Lung Allocation Score (2005-2023)

LAS O| ™ - Cfj 7| 7|2t =AM = | E B E
> Wrg| LK = 1pr 2HAH7F @ 2 HE| = copDp 2HALY| 2 2] CH 7| Z0f 30| Apgt
LAS O| = : {2 =2} o|M 0|52 = HiH

LAS = 100 x (Raw + 730) / 1095
Raw score = PTAUC - 2 x WLAUC

¢ WLAUC (WaitList Area Under the Curve): O|&] 2 2t X| QtO M Sfs 1EH 7t 7L E[= =

PTAUC (Post-Transplant Area Under the Curve): O] Al

= A(H 244, corD &) /B(HH & 2t &=t paH) / c(cF, HEZE) /DB, IPF S)
. BXIQA: L0 BMI, St NYHA 7| 555, 6MWD
g 23 rye, M Q1 EF paco,, X|EH 7| A 27| o 8
st pa & EH, PCWP, 20154 7|8 O| 2 cardiac index2t CVP
« Z|El: Z2OtE|H, EHe| Rl Bzt

== (CHZ| K| At
MOl A
or-—=2T



O0|=2| Match run?| £&/d

of7| MO X} & FO MU =?E Edt= =Hl

bl
00

>

M(match run) CHA|
Al
H 7t LR H =5 XS HA X[ 2] The|(+ dAH X[, dOl/A0h = 153}

*X| 2| THele] M

1. 2005~2017': DSA(Donor Service Area) &M
1. SO X7} &2k oro 2t 1Y (local)O] HA HH = 2t L L.
2. A2 2 530 HY 7|& 54 & zone =0|UEL|LC}: zone A (<500 SH2]) > B (500~1,000) > C>D > E
3. DSAE A EFGO0[2f A7t RAO| M 440, O I =O0f X[ 2t =5 =20| JUAYUZ

—

2. 20179 11 8~2023'd 3&: DSAE H|X|5t1 S0 HE HHF 250 ol 2] @ 2 = CHA|
1. 729| ot 2 X7t psa I 20f| HHE & X|Ygo| I E BHX| 2ot AtAZ A 7|2 AS50| N 7|}, 0|0 [HE
1= M HEO|RSLICH(FEAIQE Y =X X7t ME CtZ DsA)
2. 250 8l2| & O|= =Al= OALHE Zone A> B = C... =0| &L},
3. 20238 38~ cas . BAHE 25 Qo2 **xH 2| E 2| oF 8 A (placement efficiency)**E @A S



CAS; Composite Allocation Score (2023'F 3E 0|=%)

=
1. Medical urgency: O| A&l = 2HX| &2t Z2 L 7| & AY {1 (LAS2| waitlist mortality 7l 22 Al &)

- |
2. Post-transplant survival: 0|4 & =2 g, casEs5E HECE =

( 7
3. Biological disadvantage: & 7| & +5}7| 0{2{2 H=2 &
1. Ho4s (0] o)
2. =2 CPRA (T2} &HEH)
3. A2 M4 (&2 7] > %= 471 Em)

4. Patient access: 2>0F =& A}, It H MK 7| 7| X 50| CHor S #
X

A0} A0t S EXLO| A M A, 124 O|2H2 TH7|.0| 4 = HE
kA EH 7IS A O 7| = dH 7|§3J7510| 9195'._4 58

5. Placement efficiency: 7| SAI22| HE| 2 0| 25 (BA L He|E GE HE= g
2 2H10%): O| = H|E 0| Lot He| B2 2= travel efficiency@t, A|ZH-7HEE & 1 810| 220 Cigh AHe|
|_|-_r_|O-| 7|'7|- SI-I
B2 (15%): £ HES Q01T B0 HEDH 0|4 M AO| 12| 2|0 T2} BAE FE T rating scale = S

- =
A0 7re



Hi 2 Scoring System @ — 2|=

HA M)

CHZl APy, %

o -
|= LAS Raw = O|A = 13 ME — 2 x L7 1 X|2| ™ Hi2(DS

(2005.5 - 2023.3) 0T = e

i

2185 — 0-100 M=t

> ol

O|= CAS 20244 OI*'OI XHb 0|A40] >5000Y Ol &
(2023.3.9 X2 ZA Hx| CH7] A SHR 0.79, O| A% sHR 1.22
397 0|4] = 302 A{Z-72h ECMO &

EQ: 7| AFY 306—226%(—26%)

Eurotransplant LAS ol va = >
S dACE & ||=|E Al -
|% LAS= H S L= * = 76—-81%

(€ 2011.12, HIE2E 2014.4) =

0

670 L O|A OR 1.41

= (2017) 4= Tl 3EHA|: Super-urgent / Urgent / Non-urgent Ch7] AFBE 13 ve 15% 14 A4 833 vs 81.3% (NS)

e
e

CHZ|AIZE 54 (+ABO-27|- 20t M H3 07| 9002, MK ¥O[Al H|Z
( )



Y& Scoring System @ — =L (KONOS €2 & 7|t

7| (SHLt Ol& B E)

oln
il

mjot

Status 0 sERHez U a2 S| A/ E=ECMOHE S

Status1 o A4 210] Pa0, < 55 mmHg
e mPAP > 65 mmHg === mRAP > 15mmHg
® Cardiac index < 2 L/min/m?
* PaCO, =80 mmHg
* HFNC(30L,FiO, > 0.6) 2 25 4 2/g

Status 2 * FEV <25%
o A4 210] Pa0, < 60 mmHg
* mMRAP 10-15mmHg
* mPAP 55-65 mmHg
* CI 2-2.5L/min/m?
* 70 =PaCO, <80 mmHg
*DLCO<30%

Status 3 o LS HO|A0| HERTHE2
o H7|E, H g, 0
*FEV, <30%

eSSEMOR 33 U o

Status 4 ko] 2= 7| At



Y& Scoring System @ — =L (KONOS 22 & 7|t

e

A8 =M (B7I0|HE AHT)

sEZ>E2 W > 2 U > U717 > =2.7HF 713 0[F - Lo

« 1HY. ME, QM A7, A HF
« 289 AT O, ME, MY, 55,5
o 3HY. 2L A, 24 B85, 8H



Hi = Scoring System H|ul

KONOS O/= LAS (2005~2023) O]= CAS (2023~)
14 71 F SZEE3(0-4,8FY) X2 SLAS Chol 4
oA ZMx U gl 14 5
M7\ 0|2 b ol 5%
Z3t Status 0 22 JASE S HBY IS U



S0 X} g7tet e

O|&4X Z 04X} (Ideal)

< 55A]

<20 ¢4

> 300 (FiO2 1.0, PEEP 5)

]
==

ot

olot

1ot

[=] 0 s o
=8 2H2-582 9S8
[=] o S
oA Qls, ABO Mt

gt

55AM| O] &

7|= (Extended)

<300 - s¥=F ME7} /EVLP

DCD, HCV ¥4 3 0{ X}

[=LH] = 7|F 20| (ECD, Extended Criteria Donor)

ECD £H=
Ciot 1

ZOEE=

2|8 =8| X}(status 0, 1 8)2} 7 X| ™

A70| 2A| Lhx| x|

oL

Lol_

fledo] HEICk

37| %= (Size matching)

« 30{/4=0] 0% TLC(pTLC) H| — 7|- =2 At
S): Ot S0jm F2o| / COPD: & H| 3 &

- DR B2
. THCH Al SEY-LNY M7 EH, HO|AOR Fa

AP SO} EEl - MFE 1

« H3357| TV 6-8 mlL/kg, B8 PEEP, F7|& S¥=
- HEHH = (CvP 6-8) — M A1t A3t gls

- @ E&: methylprednisolone, vasopressin, T3

- 7| 2X[8 ¢, K2 30°, H?IHE

74
o
. [ZL] 20m O|EF 12.9% (2012-16) — 34.9% (2019)



DBD (Donation after Brain Death)

1. k| Ate| BEf |2 H7|= =H

L

« L|7t0| BFE (herniation)t| = A0 A HO| Z2EXH o 2 2ot E LT}
e AN S T A EMO0| 210 H 2 A 20| X0t MZAM HES0| 7|0 2 A2 Lim| 7t
= AMEIL|CE,
« ZEZZO|X[L}7tH I E H2H0| &Y E[HAM M2 0| L
@M AEF HIE
o L|ALXEM|ZFIL-6, IL-8, TNF-a 5= S7HA|7 SO HE "0|0] S O0| A ZHE (primed)" 2 Ei 2 Tt L| T,
ot

HO
oo >x >
n

E 2l U= pBD & AtS| AtO|E7HQ10] DCD -“OﬂfEEf =Che E07F A2, O A 0| 0|4 = pGD
Z

@ W&H[-tHAF S



DBD (Donation after Brain Death)
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DBD (Donation after Brain Death)
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DCD (Donation after circulatory Death)

DCD (EX|&™, Maastricht Ill)

X = FLH — AMHX]
AN T 58 po-touch
7™ 23d: SBP <50 EE=

SHAL A%
AE T SpO2 <80% A| ™2 H
M EX DCD ~ DBD

(Z7|At-PGD-CLAD XtO| 213)
Of% &7 (RAt F7X —
2026-2030 SA =, Bt AR

A EFE 8742 SHOIX] X[ 2|5 7H5/40] 9l XU HYO0| HE S AT HS 2 HIIE 7S5 YA
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S0n H= . HEM s, Q|| 2HF(EVLP)

B ZE (Static cold storage)

HEEH LPD £ (Perfadex), PGE:
=" =B(PA) + A(PY) 2E
SHAl A% 50% l_Loncc;F,_._Fi_l(_)z O.i 7|2 AH|O|Z
- 4°C B3 5|8 2 H <6-8A|ZH
O 513 A7

M ISI—7|l_T 4:+ :cl S| TE_I}

M= AT EESHK| US
[= ] HE BZE AR

A EE 242 SF5X| $X| T 2|5 7Hs80] gls BXUHL A E0l HE A ALY

57} pcoof| H| 1™ F-2|t O] 7

o HELY AN HEERIRAL HE QP MAR ME DTG HAS L AT

o MT A F A AEET HE O 228 7|1 E e+ US

« DBD 5172 £Y0] giF: | Atof| (HE FHE| =2t E—%ﬂf Hi g35S X EsL
> SOH £50t status 0 2 =M S 2=t O 22X Biot 2 + ASLIC

EVLP (Toronto)

37°C, 2 M|ZE Steen N
Mot ER 40% 9, 4-6A17

X{EH: P/F >400 + PAP-7| =2}
=3k P/ =Ml

198 BOjHE 4 55
(Cypel, NEJM 2011)

O =2 2026 SAX) LA H1O Q)



CHAPTER 02 - SO{AI 7t S0 E&

sotm 22

FH|

10°C ME H= Ch7| 2t MEF (n=70 vs CH X 140): 5 EZ 12A|7t 288, PGD3(72h) 5.7% vs 9.3%, 13 MZ 94% vs 87% —  Ali, NEJM Evid 2023 - Hoetzenecker,
c T Of7t HE 5 F7H'E- M & A0 24A70HK] HZE G S RCT XY 5 Ann Surg 2025
INSPIRE RCT (n=320): 1A} 2 H 79.4% vs 70.3% (H|YS), PGD3 17.7% vs 29.7%. EXPAND: 2L} 7|& Z 0|

SHE & (OCS Lung) Warnecke 2018 - Loor 2019/2025

87% AHE(1A == 0|F), 54 4E 68.1% vs 66.5%

DCD & TA-NRP O/= DCD H|IE 2% (2013) — 13% (2024). TA-NRP 90 At 0/62 vs =T M * 7.0% Alderete, JAMA Netw Open 2025
HCV & 3o Xt o 36 % 88, 0|4 A= sofosbuvir-velpatasvir 47 — 670 & & 358 ™3 HCV RNA &4 Woolley, NEJM 2019

EVLP X| 2 ESHE EVLP & IL-61L-8 § + M2|X|E HA2{Y(InsighTx, 7252{)2 2 0|4 = ZAD} 0= AUROC 0.75-0.85 Sage, Nat Commun 2023

0| Z 0| 670 TR B K| B — Z[AFRE 216412t 7|5, 22 AR S, 24A12t0 BF £F — Ot& A T He J, Nat Med 2025

[=LH] 39 | AF 7|5 X} 483H(2023) — 397H(2024) Z4A - DCD EA|ZHEVLP = Q10| 1HA| KONOS % & 2024

Ali A, NEJM Evid 2023;2:EVID0a2300008 - Hoetzenecker K, Ann Surg 2025;281:664 - Warnecke G, Lancet Respir Med 2018;6:357 - Loor G, Lancet Respir Med 2019;7:975; eClinicalMedicine 2025 - Alderete IS, JAMA Netw Open
2025;8:€2460033 - Woolley AE, NEJM 2019;380:1606 - Sage AT, Nat Commun 2023;14:4810 - He J, Nat Med 2025;31:3388.
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ORIGINAL ARTICLE

 OPEN J

Prolonged Preservation of up to 24 Hours at 10 °C Does Not
Impact Outcomes after Lung Transplantation

Konrad Hoetzenecker, MD, PhD, *fw=z Aadil Ali PhD,}

Jose Campo-Canaveral de la Cruz, MD,§ Stefan Schwarz MD, PhD.*
Silvana Crowley Carrasco, MD,§ Alexandra Romero Roman, MD,$
Mohammed Aladaileh, MD,} Alberto Benazzo, MD, PhD,*
Peter Jaksch, MD.* Elliott Wakeam, MD,j Meghan Aversa, MD,}
Shaf Keshavjee, MD, PhD.} and Marcelo Cypel MD, MSc}

Objective: To determine the impact of prolonged storage of donor
lungs at 10 *C for up to 24 hours on outcome after lung
transplantation.

Background: An increasing body of evidence suggests 10 °C as the
optimal storage temperature for donor lungs. A recent study
showed that cold ischemic times can be safely expanded to
> 12 hours when lungs are stored at 10 °C. However, it is currently
unknown how long donor lungs can be preserved before they
deteriorate in function.

Methods: Patients who received a donor lung stored at 10 °C
between November 2020 and June 2023 at the lung transplant
programs of Toronto, Vienna, and Madrid were included in this
retrospective analysis. After excluding ex-vivo lung perfusion cases,
recipients were grouped based on the total preservation times of
their donor organs (<12 hours: n = 48; 12-18 hours: n = 109;
=18 hours: n = 24). Three hundred seventy-two recipients who had
received an organ stored on-ice during the study period served as a
control group.

Results: Length of lung preservation ranged from 2 hours
27 minutes to 29 hours 33 minutes (mean: 14 hours 06 minutes).
Despite these prolonged preservation times, early postoperative
outcomes were excellent. Median length of mechanical ventilation
did not differ among the 3 study groups [ <12 hours: 41 hours
(interquartile range: 24-109); 12-18 hours: 56 hours (interguartile
range: 24-143) and =18 hours: 39 hours (interquartile range:

From the *Department of Thoracic Surgery, Medical University of
Vienna, Vienna, Austria: ¥Deparment of Thoracie Sureery, Van-

28-108); P = 0.493]. Intensive care unit length of stay [6 days
(4-14); 8 days (4-23); 8 days (5-32)] and hospital length of stay
[32 days (20-48); 29 days (20-50); 26 days (17-30)] were also sim-
ilar. Furthermore, the length of donor organ preservation had no
impact on patient survival (log-rank £ = 0.413).

Conclusions: Prolonged static preservation of donor lungs at 10 °C
for up to 24 hours is safe and does not impair short-intermediate
outcomes after lung transplantation.

Keywords: lung transplantation, preservation, primary graft func-
tion, 10°C

(Ann Surg 2025;281:664-670)

he current standard of care for lung allograft preserva-

tion 1s based on static cold storage using a cooler filled
with ice.!-? Depending on the length of preservation, this
reduces the temperature of donor lungs to 0 °C to 4 °C.
Storing organs on ice minimizes cellular metabolism and
maintains the viability of donor lungs for a limited period of
time. There is a strong association between ischemic times
and early mortality. Ischemic times of <6 hours have only a
minimal impact on early outcomes.* However significant
increase in mortality was observed in donor stored for more
than 6 hours, affecting both single and bilateral lung
transplant recipients.’ Interestingly, transplant center vol-
nmea armalinrated the advares 1mymact af nrasloanecsd 1echamiie



=4 FHE g sHA|
oF= X} (BSLT) CFatsd(E=), PH, &2 S & 2= | ME 2 == 2410 Mo 2R 7tsd 1
_ . H AL S8 fEex , RE7HE
CHS (SLT) 13 COPDIPF (PH-ZE QS M) B2 = 30 28 g8 Ltﬁﬁb e HSHLT 2025, ZF7+H
H OO

AlE (HLT) wy 27 M7]" S8t Eisenmenger, 33 LV £ M-I Al 4 SO 3[4, Al
oA (AMH|/ALH]) A2 HA-A0 73 37| 2H & MA S 2™

2| [=LH]

« MOl Q= 68.1% / THE 31.9% (ISHLT 1992-2024, %=|Z %= H|E 1) . 122 BSLT — ILD 9IF, &5 £=0{X}

. BSLT &=M: V/QA! 7|5 L& o HX . =

2017 M-S0FAt & Ax| EO|Al (IPAH, 82 8tY) — 2018.12 ¥ 7|XHo =2
58

Singh TP, et al. JHLT 2025;44:1857 - Choi S, et al. JKMS 2018;33:e282 - Vigneswaran WT, et al. Lung Transplantation: Principles and Practice, Ch.15-18.
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H|e|=% H|uw — Central ECMO vs Peripheral ECMO vs Central CPB

45 Central VA-ECMO Peripheral VA-ECMO Central CPB
7H=glold dAisY - 4 (Z0F W) CHE|S W — THEl/AtsH (BT 7ts) YA Y - (= LTEY)
g3 M-22F heparin (ACT & 160-200%) M-g2F heparin (8Y) 182 (ACT >400-480%)
3= Haf 2|2, Y2 Qs H 2[2 N ML - S5EHEY 1
XFX] seot 7Y, YUF S E ZOF 5 — A[OF ol Qi= 2T 2 HTY HY EAS HE =5 1)
e= — Harlequin 81& =7 bridge 74X, 2% 9% &0 Uy Sttt == Jts
chd =O0F L 7=zt StX| e 1 (HEtZA) £9.+9 1t,PGD3 1
== =2 AY Al O 22 Het XS MitaF(Harlequin), g2t &S =2 9% =71 S2Z0

Central vs peripheral (n=501): PGD3 26.3 vs 30.1% (NS), PSM n=795: CPBO||A| PGD3-=&-2t7]ICU 1, M

=A AATS 2023: €% central VA-ECMO > CPB #11  MZE 58 S

it
mot
0%

ok

2l CHE 29| BSLT &

= X8 (E®ED)

* ACT S H= 7|#0OrCt CHE. H[AZ Mt Mz: PA &4

Hartwig M, et al. AATS 2022 Expert Consensus. JTCVS 2023;165:301
J Anesth Analg Crit Care 2024;4:81 - Martin AK, et al. ISHLT ECLS consensus Part Il. JHLT 2026;45:e35.

ol - &2l Z9

MA (n=866): 4=-PGD3 85, =% ECMO-ICU &€= 1

ECMO bridge &4t, 2% A% 04, 8= &

IXE Al RV 2F(TEE), 27| 270 Mot gt ME,

- Fernandez R, lus F, et al. JHLT 2026;45:242 - Delgado LM, et al. JHLT Open 2026;12:100502 -

NMA 27%: VA-ECMO7} CPBE L} CHEE

ML} SHt 2 (ASD-CABG-Zta}), CHEF &=

Chan EG, et al. Ann Thorac Surg 2023;115:743 - Pettenuzzo T, et al.
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T Helzegt

|_

= — CPBYA| ECMOE, 2|1 X|AXSZo=2

FH|

ISHLT ECLS &2| (2025-26) =M (Part ) &=&(Part Il) M2zt o] — =& X[@2 VVEL} VA-ECMO 1= Martin AK, JHLT 2026

AATS 2022 2|2 3671 #1: bridges VV-ECMO £, &% central VA-ECMO > CPB, &3 MEiX A% Hartwig, JTCVS 2023

A3 ECMO + 23 GIE \éior:nga Essﬁ%%g% ECMO vs O/AFE 1/3/5E M ZE 91/85/80% vs 82/76/74% (p=0.041), PH EXt= &5 Hoetzenecker, JTCVS 2018

ECMO vs CPB 27 =% E’?_S_)l\ilr 7952|: CPBOIIAl PGD3(72h)-=&-2t7]ICU 1 / NMA 278 6,1132: VA-ECMOZ} CPBELt HEE X[ & Chan 2023 - Pettenuzzo 2024
EX o4 M d 22X THE 2023.2 (Vall d'Hebron, 8 cm A&E7|5H M) - R/ 28 2R EF 2024.10 (NYU) Ascanio 2024 - Chang, JTCVS 2025
[ E2¥-ECMO B=HE U= 78 (BAT): clamshell CHH| Z[A|2t7]ICU 7|2t Et= - I E2 HO|A B0 @I F Park JM, YMJ 2023

Martin AK, JHLT 2026;45:e35 - Hartwig M, JTCVS 2023;165:301 -

Hoetzenecker K, JTCVS 2018;155:2193 - Chan EG, Ann Thorac Surg 2023;115:743 - Pettenuzzo T, JAACC 2024;4:81 - Ascanio F, Arch Bronconeumol 2024;60:3 - Chang
SH, JTCVS 2025;170:e87 - Park JM, YMJ 2023;64:730.
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YOI 4TI SHH (PGD) — EF 72AZH2

Grade SEN (9 G P/F ratio
0 8= Fa
1 U= > 300
2 U 200 - 300
3 AS < 200

« AE:TO (X5 6h O|LY), T24, T48, T72 (6h)

« ECMO + &= E 2 = Grade 3 (22 22 H 'ungradable’)

« Grade 3 (48-72h): 16.8% (LTOG, 2005 H2|) — 2016 Ho|Z2&= [
=1 A GB7% vs 26%)

« HX HiH: =259 AR, HEY A, A2 5} HFH

by |
~

£33 2&QIX} (LTOG, n=1,255)

PAH
CPB Al

Sarcoidosis

1.1/10%1 (1.0-1.2)

OR (95% ClI)
3.5 (1.6-7.7)
3.4 (2.2-5.3)
2.5 (1.1-5.6)
2.3 (1.3-3.9)
2.0 (1.2-3.3)
1.8 (1.2-2.6)

1.8 (1.2-2.7)

2|

—_

ARDSO|| £t HS5 27| (S0 X}
OIZHZ 7I= TV)

24 $U#Y, Ol

iNO / S epoprostenol —
AMATHPAY JHM =X (O 21t=
oS K=)

I:IAE)

22 Al Z7| ECMO

S A& Al Mo[M2 88 =2




3| ZOIE

15
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o
ot
ol
[
A
C

st = SHAl EOIE ICU 22| 2%l
o N . N N N N . 220X §I = I—F% g
£Y-82785%2 BT >250 mi/h K& - WAZ /71t + HEY - B2 MY Ty ko (SO S, == Fos

- HESGHA|(dry) — =AU H|3t, Ok

o 7| T, Aot Bot

- ISHLT 2018 4 S1&-2|Ab 7 EIH / ©E 7 Aot — /IX-RHIZ S5
BH= = Rey | = [S) . _

7 E SEF (~7-8%) EMESAHE 2R WAIE X2 * tacrolimus S&-417|5 Of
« PH =0{X}: 48-72h TE FX|

BE 28 HY HHW WA o)y £F AL FA WSS B AR 0f248) G e R
C LA IIERY: SRR

oE &4 2AL1E OOl E X 9), Ere|l= =4 E(E2))

Y & 3715 &8, 708

e ?|0HH|-GERD — ¢! — CLAD & 1



PGD %H2|

iNO Of|& S} Q1S

HEJ|2 PGD !

[=LH] PGD-ECMO bridge

t, 2016 2|z 355 Ytk

Z7H37% vs 26%).

|-0I-

2016 ol AH8 & — ECMO-H|Z 7 =2t oAt S5 & g
ISHLT ¥Z & 7Hde 2d 3

RCT (n=84): X{&&F = iNO 20 ppm vs 2% — ICU YA P/F 361 vs 357, L& 21t Xt0| QIS
10°C 2 & PGD3 5.7% vs 9.3% - OCS(INSPIRE) PGD3 17.7% vs 29.7%

EVLP & AIO|EZtOl + M2|X|E A2 d(InsighTx)2 2 Z1}t 0% AUROC 0.75-0.85

% central VA-ECMO > CPB #11

CPBO|A PGD3 S7HPSM 7952{)) — AATS: &

KOTRY bridge-ECMO (n=27 vs 85): 0-72h PGD A}0| S1Z, B At 25.9% vs 13.3% (NS), K& 7|7+ 1

Snell, JHLT 2017

Meade, AJRCCM 2003

Ali 2023 - Warnecke 2018

Sage, Nat Commun 2023

Chan 2023 - Hartwig 2023

Ko RE, Respir Res 2020

Snell G, JHLT 2017;36:1097 - Daoud D, J Thorac Dis 2021;13:3426 - Meade MO, AJRCCM 2003;167:1483 - Ali A, NEJM Evid 2023 - Warnecke G, Lancet Respir Med 2018 - Sage AT, Nat Commun 2023;14:4810 - Chan EG, Ann
Thorac Surg 2023;115:743 - Hartwig M, JTCVS 2023;165:301 - Ko RE, Respir Res 2020;21:20.
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EA

S o @ (Induction)

TAeY

(Maintenance)

A

H}

—

=

e[
olo

KT
kA
42
a=2
0%

X

- 1

0|A Mz Baug g ZoHA o
A

B A0t o

edMEZdZHOE ARES

2 o 2k CLAD =3 o H|

Ch 2 2F A

Basiliximab, ATG, (alemtuzumab)
38l 8. CNI + CHAFE ZHA| + AH| 20| E
NE22F AHZE0|E,ATG, PLEX. IVIG,

rituximab S

TMP-S5MX, valganciclovir, azithromycin =



TCR-MHC — Calcineurin —  NFAT - IL-2 HA}
CD28-B7 —  THEEH FE
IL-2 — IL-2R(CD25) — mTOR —  MEF7|G1-S — DNA Y. .S4
2ol 512 ABH[20|E NF-kB K| — AFO|EF}QI HA} |

ATG - Alemtuzumab Z I XK E 1 (depleting)

H oA HAAMK - 2 OAO|H MEH Z2EZ0| [HE 35



°FME 7|1H gh=0f 27

Tacrolimus FKBP12 — Calcineurin NFAT XtEF — -2 | X 1K}
Cyclosporine CNI Cyclophilin — Calcineurin NFAT XtEF — -2 | Xl 2Kt
ponenolate Mofel ThAbZ SR IMPDH AN ER S | - BETEA L 9% 1K
Azathioprine CHAFZ 2R 6-MP (72 FAHA) DNA gtd | FX| 2%}
Everolimus - Sirolimus mTOR X A| FKBP12 — mTOR G1-S T XpEt 3712 O|= ChHA|
Prednisone - MP AHE0|E GC +=&X NF-kB X — AO|EZFQl | 7+ (BY)
Basiliximab M (H|2Z) IL-2Rat (CD25) IL-2 A= KpE 1%}
Rabbit ATG CHEESH Cha= THIZ 23 THZ 1 7 ARES
Alemtuzumab CHEESH CD52 T-B-NKAM|Z 112 7o (28 HH)
Belatacept CTLA4-Ig B7 (CD80/86) 3&X=3(CD28) K+t Arg ot &

H o4 HAAMK - 82 AN MH Z2EZ0| 5 36



7o 0|4 & F Zot HAAA

O 70~80%0ll Al ALt basiliximabO| 71 S8 MZ 42 A3 RCT 27= £

0|42

Rabbit ATG

Basiliximab Alemtuzumab

Simulect® Thymoglobulin® Campath®
7| ™ 7| ™
IL-2Ra(CD25) THEESX - &d T — THZ 0 CD52 EH| — T-B-NKAM = Z=He| 1
ME 5S4 X (H[ 22 E) 4
24 =1 24
20 mg IV x 23| =& S WF 1~1.5 mg/kg/¥, =7t 30 mg 12| (£ MH)
), POD 4
EX EX EX
2280 M JtE EE| AFE AO|EFIOI =, A 2ha Z4E 1. HopZdAart 22 K&, 49 fd
ZHEE 28Xt CNI Al 2HS =& )

o

-

H o4 HAAMK - 82 AN MH Z2EZ0| 5



CNI @ Tacrolimus: §X| 2 5O| Al
7|14 S E trough (CllAl)

FKBP122} Calcineurin NFAT & Ql4t ~
e -~ = I—A ~
ag A H| o A IL-2 A 0 = 1 “‘ 1 5 ng/mL

Tacrolimus vs Cyclosporine

3~1270 8~ 1 2 ng/mL

Tacrolimus (Prograf®) Cyclosporine (Neoral®)
« 1K} MEH (90% O] A « 2K} (tacrolimus £2H8 A|)
e 28 ARYS | « Cyclophilinz} Zgt
. CLAD(BOS) 9/ | « G dlEd=8 SRR A ) gz 6~ 1 O
o ng/mL
o ANt 12 13 Mt Jts =
« M7|SO| LIEEH AEZ =30 FEQYOoE SHS O
=
« ZLIEE: trough, 2 &OFE[H, K+, Mg?*, &S
Ho|A HAAKX K - 82 OAO|H MY Z2EEZF0| S 38



X8 (CYP3A4 - P-gp)
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loprine

O
[

s}
2!

of A TPMT
Allopurinol H&2 At

=
T

<M
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Mycophenolate vs Azath

CHALZ 2|
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(Gl Al

—I—E

7|1 NF-kB &N — AIO|EZIQl FMAL HA &K — &
el —
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g, Ms 37t
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X
SHMK| 7 XS, L

H= 7;d
O O,

D-bisphosphonate =

—1
=

O o

o

e

N

AT prednisone

rSPNAT=.
Xt
x|
I,
Zt
=

—

1
oF > A
KM jo

M ofo oS
S+ H o

N

TES
Methylpred.
500~1000 mg IV
(27 )
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imus

irol

S

imus -

Everol

mTOR S H| |

o Kpeh

X
-

M ZZ7](G1-S)

—e
o
T

M of

7| FKBP122} 2%t — mTOR 9H| — IL-2

H3 CNIZ& + everolimus (CNI-sparing)

21} |2 PTLD

INI=DS|

2ol Het

J

™
5
£
[
&
K
B
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=
<
-

|
Al

Belatacept: 10| 4

=xg I,
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=23 =8 (ACR)

A grade

1%} X2

« Methylpred. 10~15 mg/kg/€ (£
= 500~1000 mg) IV x 3
- 0|2 &+ AHZ0|E HE

=8 A

o ATG, alemtuzumab
e Tacrolimus S & &g MMF S&f

1>
=
19
1Q

HA - 82 A0 MH Z2EZ0| IHE

« ZWBH=(PLEX) + IVIG
« + Rituximab (CD20)

=8 M

e Bortezomib / carfilzomib

e Eculizumab (C5), tocilizumab (IL-
6R)
. 2L Mo

CLAD

BOS / RAS

1A X| =2

o Azithromycin (0: 250 mg = 32])
« Tacrolimus Z| &3}

C MR 22 17

o N|2I&EHE Q BI(ECP)
o MEIZT XA}

. oAl

43



PJP TMP-SMX rgAH CC = I|-7| OI'ZE?_Z" '?';le_lﬂ-x-" ZIE—I

e Tacrolimus s=& 3H S

« A% Al tacrolimus 4, ST

_

CMV Valganciclovir (D+/R— ey M) E= 6-12742 (98l ) A CHAl S
letermovir « MZZ troughE &&9| =0l
o OI cc '—
Tt amphotericin, voriconazole - 2oHg (ME g
posaconazole |savuconazole
. T Azithromycin2 A XM= OfL|
HSV/VZV  Acyclovir HHE x5t BOS O A2 SHo= o
= WA F7] AHE
. AHZEO0|E At 7
SLIES Z=, HIEIRl D, bisphosphonate 7t 1=0l= A& 7l

H o4 HAAMK - 82 AN MH Z2EZ0| 5



Perioperative Management —

HAH| (F= - CNI - SCHARA])

AHZO0|E

TE S Basiliximab 20 mg IV (Day 0)

Basiliximab Day 4 - Tac POD 0-2 A|%f
PODO-7 (W75 1 — AI% XI%) - MMF 1 g bid
1374 Tac trough 10-15 ng/mL

Everolimus 2X| (22 X5 X3l)

o Trough 8-12 — 6-10
—1271 ¥ I . ~ N
a ZQ Al everolimus M2t (MED)

>1270 & Trough 4-8 - MMF §X|

7|Et MEEt

Tac 22l 1/32
+ trough Xt (TDM)

Rifampin | |

Kotecha S, et al. J Thorac Dis 2021;13:6628 - Kotton CN, et al. Transplantation 2018;102:900; 2025;109:1066 - Fishman JA, Gans H. Clin Transplant 2019;33:e13587 - Voriconazole/posaconazole &1 7tAtg

2018;155:2762.

HO[4 . M52 Z2

Fluconazole-diltiazem 1

MP 500 mg IV {25 ™
(ZICH 1 g)

MP 75 mg q8h x3
— 2 1 mg/kg/€

5-10 mg/ &M 22
— 20 mg/¥

Pred 5-10 mg/¥

5-10 mg/g &7|

715 X5t

Basiliximab2 2 CNI X| &
Valganciclovir CrCl 8&

CMV valganciclovir (CrCl =)

PJP TMP-SMX

Lt 3-67H K|

CMV: D+/R— 1271 €,

PJP CH7H B

HHS 1 ZFA
MMF Zt2k

R+ 6127 &

A

Valganciclovir & &4

iNO 20 ppm-S Xl
=l & ot

MgK E&
IV—PO Mzt

Ct
o

g

Lol

1E =
met N

DSA-FEV1 ZHA|

CKD-L4EBX

GERD

PPI - Z=7| fundoplication
A (ZEE

- Biswas Roy S, et al. JTCVS
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HEdr2 — Z4(ACR-AMR)MIA 2Hd(CLAD)2 2

=248 MEd HE (ACR) X7 HE (AMR) THd o|ME| 7|58 (CLAD)
x{o|. Xl TBB H2|: A grade (Z &2, A0-A4) DSA + O|AlH 7| 5Kt + =&AHA FEV1 7| X X|* CHH| >20% X|& Z&
eTEE B grade (2= M|7|2X| ) (ZMEHS, C4dE EX X H) >10% &4 Al ZAF AR
HIE 19 | X|Z 26.6% (ISHLT) Hetot vle 8 — TG 7|& O BOS 14 85% — 104 67.1%

- . . BOS - RAS - Mixed - Undefined
25 SH HIS0N: 0|Y, sE2Y . 20\ Defini o
™ < 8|S0l g =  FEV2 Definite / Probable / Possible Possible(<3%)-Probable(3F-37H &)-Definite(> 371 &)

o= gt2. 1153 ACR — CLAD 98 1 CLAD-AHY 2| 1 et 5L 4E BOS 3.9 vs RAS 1.5
A= MP 10-15 mg/kg x 3 PLEX, IVIG, rituximab + bortezomib (RCT 8i& Azithromycin, ECP, B AH| =7, X{O[ 4|
* 7| XX = 35 O|&F 7vZ %1 FEV: 23] Et. RAS = TLC 210% Z 4 + X|& 2. Chambers DC, JHLT 2019;38:1042 - Levine DJ, JHLT 2016;35:397 - Verleden GM, JHLT 2019;38:493 - Glanville AR, JHLT 2019;38:483 - Sato M, JHLT
2011;30:735.
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CHAPTER 05 - <F

* Z|4 XA

FH|

CLAD 2019 &9

dd-cfDNA

Azithromycin 0f|&

ECP Of|&} (2 1F)

nz
El
—
rot

N

cMv

rx
19

SRR

HEHLZ(CLAD)

OFH|- A& —

CLAD &9 7H'E - E3™ BOS/RAS/Mixed/Undefined - Possible—Probable—Definite - A 0-4 (FEV1 >80%
.. £35%)

Ch7| 2 M3 (n=106): & 370 49 M42Q] — o|AH Aujf 6.6Hf. ACR A| dd-cfDNA >1% — CLAD/AMY HR
3.32. X RCT= OFE! Q12

RCT: 23 BOS 12.5% vs 44.2%. 73 =X CLAD 28% vs 51% (‘4& X}0[&= NS)

COPD #=O{Xt RCT: 2470 & H&/CLAD 5 19.4% vs 61.3%

Belatacept: At& 5 vs 0 — Z=7| STt - Pirfenidone RCT(n=90): FEV1 At0| RS - S ¥ cyclosporine(BOSTON-
1/2): 21t 0|2 xH

Maribavir (22/Wd): 83 HIO|2A AA 557% vs 23.9% - Letermovir: 2% D+/R— £021(2023), H= AT
CEHA|

13 O|A| ™ AIf 22.9% (KOTRY) - KONOS 1/3/53 M= 68.7/56.2/49.6% — status 0 H|S0| =8 {IQIC=Z
X =

Verleden - Glanville, JHLT 2019

Agbor-Enoh 2019 - Keller 2024

Vos 2011 - Ruttens 2016

Benazzo, ERJ 2025

Huang 2022 - Perch, ERJ 2026

Avery, CID 2022 - Kotton 2025

Noh 2025 - KONOS A& 2024

Verleden GM / Glanville AR, JHLT 2019 - Agbor-Enoh S, EBioMedicine 2019;40:541 - Keller MB, AJRCCM 2024;209:1238 - Vos R, ERJ 2011;37:164 - Ruttens D, AJT 2016;16:254 - Benazzo A, ERJ 2025;65:2400733 - Huang HJ, AJT
2022;22:1884 - Perch M, ERJ 2026;67:2402154 - Avery RK, CID 2022;75:690 - Kotton CN, Transplantation 2025;109:1066.
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Take-home Message
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ILD= ZIE Al Q2] L= OfA2] EH 0[¢ 0] status 0 — '=2 227} 95 AKX}

O/= LAS — CAS(2023), == 22 & 7|8t + status 0 33 H|5H(2023). ot=d M4

THA.

I 2t MZE XHo] le. &5 K| ¥ CPBECL central VA-ECMOZF H1El

Kl

CPB-=&- T}

r

Tac trough 10-15 — B, azole E& Al 1/3 82 CLAD O|0| 7| ME=o| A,

IR FiOE £0|1, ICUO A= dry & protective. INOE Ol =1t @1 8.
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