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## 6174054930 : MAJOR MEDICINE
KEYWORD: Growth differentiation factor 15, Heart transplant, Heart failure, Mechanical circulatory support, acute cellular cardiac
allograft rejection
Nithi Tokavanich : Growth Differentiation Factor 15 (GDF-15), for Diagnosis of Cardiac Allograft Rejection . Advisor: Asst. Prof.

SARINYA PUWANANT, M.D.

Background: Growth Factor Differentiation 15 (GDF-15) is a novel biomarker responsible to inflammatory response and cellular stress.
GDF-15 has been shown to be a prognostic factor in heart failure, atrial fibrillation, and pulmonary thrombosis. However, the role of GDF-15 has not

been studied in acute cellular rejection after heart transplant.

Objectives: The objectives of this study were to evaluate the association between post-transplant GDF-15 concentration and acute

cellular cardiac allograft rejection.

Methods: One hundred and fifteen serum samples were collected consecutively in thirty-seven post heart transplant recipients
undergoing routine endomyocardial biopsy from May 2019 to December 2019. Serum samples were taken from vascular access prior to endomyocardial
biopsies. GDF-15 levels were measured using Elecsys® assay (Roche Diagnostics, Germany). Of 115 serum samples, 112 posttransplant samples were
matched to endomyocardial biopsies in 32 patients; 3 biopsies were considered as inadequate tissue samples for histological analysis. Acute cellular
rejection (ACR) was diagnosed and graded according to the 2007 ISHLT criteria. Of 115 post-operative serum samples, 60 sequential samples were
taken in 11 de novo transplant recipients who had operation during May-December 2019. Among 11 de novo heart transplant patients, 9 preoperative
samples were taken prior to anesthesia induction. Post-transplant adverse outcomes included composite endpoints of death and primary graft failure/

right ventricular failure requiring mechanical circulatory support.

Results: In 112 post-operative serum samples, the median GDF-15 concentration was 1,818 pg/dl (IQR: 510 — 100,000 pg/dl), with the
median time of serum collection of 18 weeks (IQR: 4-267 weeks) posttransplant. Of 112 endomyocardial biopsies, 92 (83%), 18 (16%), and 1 (1%) were
graded as ISHLT grade OR, IR, and 2R, respectively. Post-transplant GDF-15 concentration was not associated with acute cellular rejection. In 60
sequential serum samples in 11 de novo heart transplant recipients, the median GDF-15 concentration was 2,255 pg/dl (IQR: 567 — 100,000 pg/dl), with
the median time of serum collection of 6 weeks (IQR: 1-31 weeks)Conclusions: (1) Post-transplant GDF-15 concentration was not associated with acute

cellular rejection.

Field of Study: Medicine Student's Signature ..........ccoccceevennnns

Academic Year: 2019 Advisor's Signature ...........coeeeceeeeneene
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( Calculated sample size)

KCMH routine surveillance of endomyocardial biopsy protocol

Post-Transplant Numbers of
Year Month Frequency Numbers per year
the same
1 1 a 1 week 4
2 q 2 week 2 12
3-6 a 4 week 4
7-12 q 3 months 2
2 q 6 months 2
3,4,5 q 1 year 1
6-10 individualized
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Y- ' 9 zil A [ [ 4 . . [ Y
TumsitanenzmsaeauietonuuRuNau 1@ (acute cellular rejection) 3114
o o o 2 X o o = =T To & Y Yo
Tuuaswesmsaaruiiealvanaslduaz TunsAnutidihe lusuiludeqlasy
A A a A DA 9 Yo N Y A o o 2 A
mamz@eamuauiiesnndiedesIdsumstladudoalumsihmsaaguile
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W2 lvoguad

- Justice YMITAMIHUA inclusion AL exclusion criteria Gummi?iﬂmafiwﬁ'm%u

¢ 1 (%) [
1.11. Uselewiiimanaz1dSue1nm 398 (Expected or Anticipated Benefit Gain)

1. Serum GDF 15 819921311 diagnostic tool ¥iialnsiivi 1¥annsalsiiede
mazmiﬂﬁmmﬁmﬁa ( Acute cellular rejection) vasmsHdalgnaterialald (
Heart transplant)

2. AANIUIUMITIHADNIS (Invasive procedure ) 1314 Mgl
(Endomyocardial biopsy) ttazvz1i1 lilgmisaaswaunnzunsndeuninmsi

WA0N5

1.12. YONNAVDINUIDY

1. Tamiudalidi msasae GDF 15 lulsawennaymasnssi annalne

Y

' ' 1A & g A
2. ﬂﬂﬂﬁnfﬂuﬂTﬁﬁﬂ@ilﬁ] GDF 15 agn sample agilszam 1,000 PNl usinn

e
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2.1 azmisaediieieludihanaauile

I o o Yo a o . )
mmamumawaiu@,ﬂ’mwmmﬂ"lmuﬂmﬂaaum% (Heart transplant rejection) U

b

a 49! Y o 1 d' [y} = = (% LY
asomnavu ldaaanlasuialaau lldsszeznamarsilvdannmsrmda Tagazaiunse
' I a Y3 a A 19 zi’ A = [
wiseeniuaunalanmsinalsalditly 3 ¥iia e LangmsaedmuiiowaReundulay
== Yo . . v 9 &} A a Y
IS AREAY1IVBIRTU (Acute cellular rejection) 2.n1IzMIABAIUHBITRIREUNG Y Ing
TilsAuaeduaulandasnveed5u (Acute antibody mediated cellular rejection) 3.117ADA

A o Y ~ Yo P 1 A 1 A A
Laaﬂm%m@ma%w"lmummJafJumemmmmw (Coronary artery vasculopathy) Tagwiiah

]
=1

a tg = o @ 1 EA d‘ 1 v A 1 Y &' A’ = [
Lﬂﬂ"lli!ﬂﬂﬂ‘l/lﬁmmg3Jﬂ’311lﬁ?ﬂfy@’ﬂﬁﬂ?ﬂlﬂﬁﬂﬂﬂ1ﬂﬁ31%ﬂ@ AMzasmUIlogoRIUNG U LAY

Q
9
v

J 2 . { a 4 o Y Y { 1 @
IFAAIIAROAY1Y (Acute cellular rejection)” Tasmstnan1iziuuyh lddihonlasuneialel

o

v Y v Y ' v
g IMINNSLALeATIMIANMLAILeeIhisd 1A uenINiimInedUIiioMaslialie]
I v W & Y A % 4 aa o T g g A I Y <
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Yo @ i 2 3 A Aa o w PAl @ = @
uaz lasumssnmedammnzaniaiiuasiianuddglumsquadihovdulasuily

2.1.1.521n03nen (Epidemiology)

Y] a 1 9 dy A~ [ < A 9 g’/ 1
9ATINITINANIZABAUIHBIERIRIUNAY lagiyaailaaonvu1) (ACR) Gluﬂfguuuuﬂg

Tuszaundineudgadaudnaziimsiauvesenaniqunu (Immunosuppressive therapy)

d'ddy J = % a g’.l d' U = =
navunNluedn Tagdasimanalsauuegnszau25% nnmsanuluil a.e. 2010-2015 T

v
= % a

P g}/ Yo A @ 1 ~ A 1 Y
Hihenanuan lasumsnlasuiales uanaiseinludl a.a. 1990 NUBATINTIAANTADAIY

dy A a gd @ 1 Y dy A g’/ A o a LY
BB BHANDI 50% 1AgDATINITADAIUINDIEDNUANAY5BNMTHAUUNATANITHIAA

vy A Ay ~ o a 1A o
LASYINDATULIUDIYD Iﬂfﬂuﬂ f.7.2001-2004 @@51ﬂ13lﬂﬂiiﬂﬂgm 30.5% LIAZaAUIIU

5 o [

v LY g}.l @ = =2 v a 1 9 dy A
igﬂﬂiuﬂ%i}“ﬂu ’(?fTViﬁJGl,uﬂi%mﬁ‘l‘ﬂﬂuuEJ\‘IhliJlIﬂ'liﬁﬂ‘H10@]51ﬂ1ilﬂ@ﬂ15ﬁ@ﬁ1um€)!ﬂ@

4 1 = o = g
Iﬂﬂi’mmﬂﬁﬂﬂﬂizmﬁ LL@]?Jﬂﬁﬁﬂ‘]&lﬂuiiﬂWﬂiﬂWﬁﬁgWWﬁQﬂim ﬁﬂ1ﬂ161ﬂﬂul°l/lﬂﬁlﬂlﬂu

'

Tsawennauvausn uaz fulsamennafihnmanldsuialaeeziga ludlszmedaiiu 60%
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2.1.2.nalnmsthalsa (Pathophysiology)

a 19 dy A o @ J A . .
® MsNAMIAMUILBIIIRIUNAY IaaraalaaeAu1I (Acute cellular rejection)
a ] A Yo 9 o o " Yo 1 1
mannwaaiameny1veIgs U lihaeialm ldsumstgnarening Tae
v [
Tudsznnsuuiinmsuaasues Major and minor histocompatibility antigens #
1 @ Y ~ Yo A @ g’z % | =
uanaany gien lasumsnlasuialaiu rleaasdutaziinsudaseonves
A v A4 ' 74 1 o q ¥ AY o o Y1 o
TsaumaiinuanA1enIsaaa U Y893 19Me M Inssuugiguansuiniale
3 og A a Y qvI A a .
anlmitudluaw)aniaen uazinamsnszqulimiaaeay1iviia Cytotoxic T
9 1
cell IanyhataiiotorialaIaen31idaans inflammatory marker 917113
interleukin-2 (IL-2), tumor necrosis factor-beta (TNF-beta), and interferon-gamma
~ Yo Y 9 . A A o
(IFN-gamma) 198A353 #3092 185 UM3Inszauimhaaiiodonnaadoun v
1 A o Y Ao A . . o 9y a
sumenmrinIuaalanilasy (Antigen presenting cell) wazmldinaniig
"9 dy A a d v . o Y
AOATUILOIETD INANTAVOITAAYA 1Y (Program cell death: apoptosis) wazin
msiuvesiilalagsudas™’
Y X '
e munamsaemutiaoReundulaeldsdunemuduilaniasy (Acute
Y v
antibody-mediated rejection)na lnmsnanudalu ldsumsdnsavua §
=< ' a ) X A A Aa = 1y A
MIANEIMMSINaNMsaemuiloesiaiinan Tsauaemuaaulaniaon
Y [ { Y] Y] 13 A . . .
Tudd 1asumsulasuiiale alvasrdnidludanlanilaew (circulating anti-
. . @ g’/ =2 Y o Y a % J
HLA antibodies) wa191nuude llnszduinliinanszuaumsenigunolusad
M le (Deposition of immunoglobulin and complements within myocardial) ﬁﬂﬂ’g'(
o A A o o w g A 1 3
ATEUIUMS Mmatailoeralaazmsiauvesialeiudasae Ty
= % @ A Yo A 1 A
® anznasadenatilavesialenlasumsiasuaie@onanin (Coronary artery
Y
vasculopathy) AMgHinANNNITIMasadenveeralanle It Tauareinszuy
Ay o ' Yo o Yy o da! o A a
AUANNUYITIMIAS U IRTMI WAV UVoIMIIHaDADALAZINANITYA

(2 9 A o 1 o A ] Y] ~ a’( a
ﬂL!sllf)Q!ﬁuLa’t’)ﬂu"l‘JJWQﬂWi“I/INWUVILLEJaQGUENﬁZIGlfUGlu‘VICjﬂ ﬂ”l’)%‘lﬁ]%!,ﬂﬂélu
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A. DIRECT
RECOGNITION

CD4* and CD8*

/ cytotoxicity \

NO- Cellular Rejection

" Islet Graft

QWS
\ 0,—
3 M
TR & e S
B cell activation

Donor Antigens/MHC H20; and T cell proliferation
NO-

| Humoral Rejection

B. INDIRECT
RECOGNITION

a vy A A o
31] 1 uﬁﬂqﬂa"l,ﬂﬂ1im@mnzmmummﬁmmmﬁﬂuwau (Acute cellular rejection) Courtesy of
Barra, J. M. and H. M. Tse (2018). "Redox-Dependent Inflammation in Islet Transplantation Rejection."

Frontiers in Endocrinology 9(175).

2.1.3.01MsuaAIMenaa (Clinical presentation)
.. Al A ' 9 A A o d a 2
9IMIUARINN clinic vouthenfimsdeduiloderloiuifawadihef hioinsuaa
. =3 o Y = 3 o = o '
(Asymptomatic) auseemsialedumaniinneFen Tasermsuaaniu lifamsumzde
Tsaomsauluainannmsmianuiugasvesiale wu mshauvesilaiesduudas

(Left ventricular dysfunction) 8101543198112 (Acute heart failure) 817512 laiduAa

Y
93K (Cardiac arrhythmia) NN FuUAaTIriIz e laosu (Atrial tachycardia, Atrial
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Y
fibrillation, Atrial flutter) (O i lartesana (Ventricular tachycardia) U9 NN Wj}ﬂﬁﬂ‘c’lﬂﬁ 115D

WIAIEDINTVBITTUVDU Tu

51918 (Systemic symptom) 154 81015 19 1hauiesauea Taunu' Tagdilaen
Yo - dy A A A A (=) Yo aa o
1asumsataneaztiuniganenquithen lulienms uaz 185umsitdeninms

Qy g Y A a a 2 11
ATIVVUIUD Q‘l]’JfJTIiJﬂTJ%’JﬂE]GIﬁﬁJ']'iﬂL%@Ulﬂ 5%

2.1.4.m33HanelsA
asy an [ 1 9 dy d‘ = % v Aad
smMaatanenzaea s Iasneunau luila i sunsg v (Gold standard)
A a Qy dy Y] d‘ a Qy dy Y]
A9 MInAFUILBNA1Y 1INDNIIVYNNTANINYDIFUILUDYI 19 (Endomyocardial biopsy and
. . . a 2 g Y 1 1 g ] ) '
histopathology diagnosis) Tnemsaaduiiieialaludirenquilvzutisesnilu 2 nquie 1.
o 2 dy @ ~ Y @ 2 ‘da) o
mMsaaFuiienalaniua1319e13 (Surveillance biopsy schedule) 2.mM3aaTUIHDHA 19
EAl Ao 9 F ' 9 zi’ A =S @ % Qy d’l %
Tudihenfiormsuaaud ldnunzmsaeduiiews lasideunau msdasuiienale
. . 12 o Y U o Y A o '
(Endomyocardial biopsy)"” @150 14 Iaens laaeaiuia ludinisnasaidoad 1vg)
4 a4 . . N TNV A SV AT R
NV IDNAD (Femoral vein or internal jugular vein) i lddaruiionlausnaiesa
(Y] d' Y1 1 g‘/ Yo (% Qy dy d' aa (%
171 aguaasluginmd 2 ludihenquusmiuez Idsumsaaguiloodinen iz
v 9 g A = [ a 9 a o [ o A [
apAulpIBoIUDREUNAY a5 Hoimu nn 1 ddamilufouusnrainis
{ % % J 1 Qv { [+7) 1 Qv
nasuiale yn 2 dlantluRoundesrainisnlasuiale ynneusz1IN 3-6 IABUNET
13, 14

nasuialy yenu@eusunszninsy 1 Ulumsnlasuiale

Y
LR

o Yo 9 ax . . . [ Z’,
yuilerla ldsumsasiaazdonlaeis hematoxylin and eosin stained #3491 UY

[

1 [ ] ¢ 4 I 1 1
w2 ldsumsueszaumsaeduiioeoontuseAua199 @13 International heart and
. . 33| ) o A ~
lung society grading system 2004 89MJUNIMNA 4 52A1 AD 0 1R 2R uaz 3R JUamn 3
9 (% Y

(% { o W ~ o o 1 @ 9 a g 1
I@ﬂigﬂﬂﬁi\lﬂ’ﬂuﬁ'lﬂﬂgllﬁ$llﬂ'3'l‘1m'll,ﬂu@]f]ﬂ1i‘iﬂ‘]&l11ﬂ81%81ﬂﬂghﬂh uﬁaimmmm

2R AU’
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Right Atrium
) )

Inferior Vena Cava

Apex of Right Ventricle

Femoral Vein

Bioptome

3 1 2 uagadimsaaruilonala (Endomyocardial biopsy) Courtesy of Standford medicine

N Pl
o >~

ISHLT Acute Cellular Rejection

¢ o

Grade 1R Grade 2R

An infiltrate without or An infiltrate with
with only one focus of multifocal myocyte

Grade 0

No rejection

myocyte damage damage

QU g‘/ 1 &‘ 4 = U
51 3 naasszauIumMsas oo TauiReundy Tae ISHLT grading system 2004
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2.2.913 Growth differentiation factor 15
. . . 3| o A A Y é‘ 1
@19 Growth differentiation factor 15 (GDF 15) Lﬂumi@]ﬂmqugﬂﬂuwmum“lu
L < o ' A XA o
HIU %Qﬁ]%@jf‘l‘VifNi’]’E]ﬂﬂJ”Ii]”lﬂ@'JEl'J%@]NV]i’JTTILGHH mmﬁammm% (Cardiac myocyte)
2 4 o & 4 . , L A v -
(HeIEaVDIAY (Liver tissue) 1Ha180 o (Kidney tissue) tag Hailoniiavianataon
. A~ [ A <3 1 zi' A o g
(Endothelium) WBaNNNIENITNFUNIDNITUIALIUADIUBIYDUDIDIYICTUUS Iﬂﬂﬁ'Wi GDF
3’4 @ ' . . A AYe o
15 uu%ﬂagiummamm transforming growth factor - 3 super family ‘Viii’)ﬂg’ﬂﬂﬂuiu

UINUDN Prostate derived factor (PDF), Macrophage inhibitory cytokine-1(MIC-1), NSAID-

2 v

activated gene (NAG-1) and Placental TGF-Beta (PTGFB) @13 FUANILDNNTLAUDDAN

a q

Y
v

911 macrophage 4111 autocrine response Lﬁﬂﬁ1ﬁfﬁﬁ VIINTLUIUN IO NI
o i 618 o _ (A &
(Inflammatory inhibitor) l2Z AR oxidative stress @Ng‘]J“VI 4 wononimsanen lu
o o Y ! 0 9y A v o < !
TAINAADIAUNUITT GDF 15 1/]11’71!']1/]11!ﬂ?ﬁﬂ@ﬂﬂuﬁ?iﬂﬁ]Wﬂﬂ’ngﬂ']'i'lJ’lﬂL‘ﬂ'UﬁW\‘i‘]
o 19 Y a I o @ Jd o 19y F) dy
Hosrnulildinauwaitlumeluinle wazdosnumsaevesaadniale uadoyadiniily

LY LY 19
Wy pIoe ladaau

2.2.1.815 Growth differentiation factor 15 a2 HITN1FN]D (Cardiac disease)
g’l % =) a 1 % g v
a3 GDF 15 vuiimsanuluTsamalovareyiia ey Tsaaladuimaisesa (chronic
. Y Y a o a . . . cilw = =
heart failure) Tsan2 1@ uRAYIMIZYHA atrial fibrillation 4ag WONMAHUEINMIANEIATT
A A A 9 a Y 200 o
GDF 15 611!ﬂWﬁ’Hﬂ'ﬂmﬁﬂ\‘l"UaQﬂﬁlﬂﬂiﬁﬂﬁﬁ’E)ﬂlﬁﬁ]ﬂlLﬁ%ﬁ’Jiﬂiu@uWﬂﬂﬂﬂﬂ’)ﬂ BRIFRI
= P @ Y g o 3’, Y o = .
ﬂﬁﬁﬂ}lﬂuEJ‘IJTJEJ‘VI’ﬂﬁ]ﬁM!ﬂaﬁllﬂﬂliﬂﬁﬂuuUlﬂllﬂﬁVﬂﬂ"liﬂﬂH%L‘U‘U meta-analysis and
. . = = o =
systemic review I@EJ George M. et al. UNITFIVTIUNMITANDEININUA 21 ﬂ'l‘iﬁﬂ‘leﬂiﬂﬂ
v = . S = =
ﬂi%ﬂ@‘ﬂﬂ’)ﬂ NITANY ULV prospective cohort study VINHUA 16 NITANY NITANYILULU
Y Y
Randomized control trial NIWUA 3 MSANYI 1AL MIANHUVY Cross-sectional study MU UA 2

9
Y o v Jo

v v 9y
Msany TdAUNLIN 52AD GDF 15 MU UTaNuduRUE USRI IMIA8 (All-cause

U

4
A @ 1 A o Y

. Al o k2 o o aAaj] dy =
mortality) Taggauvesgileriilvaumadseivedniisdiagnada’ Henaniigal
= Y o = ~ v a A =1
M3ANEIVBI Lok et al. lAMsAnywSouiiouszninms 6 siia monf3sumioy
a a o U o g 1 a
Uszansnmlumsnensal Tsaludiheirlvdumansess as 6 silalsznondie NT-

proBNP, growth differentiation factor 15 (GDF-15), high-sensitivity C-reactive protein (hs-CRP),



galectin-3 (Gal-3), and high-sensitivity troponin T (hs-TnT) Tag1nns ﬁﬂ‘lsﬂ‘ﬁW‘Uﬂ'W 135 GDF
15 Hszansamlumsnensel lsnun
GDF 15 1 Area under the curve (AUO) mﬂﬁq @A NT-proBNP was 0.63, GDF-15 0.78, hs-CRP
0.66, Gal-3 0.68, and hs-TnT 0.68 (all p <0.01) HAZ§IRUNVI GDF 15 EuTONENTA6AT

mMyene'ld (hazard ratio [HR] 1.41, confidence interval [CI] 1.1 to 178, p = 0.005)22

v
=

Immune activation

Proinflammatory

Chronic
inflammation

v

Cellular stress

Tissue damage

;ﬁj 4 LARINTZUIUNITHAYES Growth differentiation factor 15 (GDF 15)

signaling

—_—

Regeneration

7’

d‘ I3 [ o/ 4’ = 1
NFAUNDNYUNUAITAIDU Tagnan1sANEINL I

Immune escape

> 4

7
7’

Proinflammatory
signaling

Chronic
inflammation

13

msdneludihelsailuduiadanazaiia atrial fibrillation 14n13fNY1 ARISTOTLE study

L 1 o '
Fudumsfine wSeuiieuszrinans1de1 Apixaban 11 Warfarin Tugi}9e non-valvular

atrial
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fibrillation IM5¥IMSANBUNGINVAS GDF 15 ﬁl’Jll{’%}?fJ LA HAUBINTANYINLIN 815 GDF

£ a A A o Y A J PAl
15 ﬁT?J”Iiﬂcl%)ﬂlUﬂ'ﬁWﬂ']ﬂimﬂ'ﬁlﬂﬂ ANADAYAAULTULADATND Llag'Wfl']ﬂimﬂ'ﬁﬁﬁlchluﬁjﬂjﬂ

A @

non-valvular atrial fibrillation Vlﬁ} SEANICLA! w‘f,Uu

v

Lo a = Aq ¥
HDNIINU \‘HJﬂ'liﬁﬂ‘}:l'Wlsl"]ﬁJ@Hai]'lﬂ

23

ARISTOTLE 3% 3anyune1iiens GDF 15 g lumsmuiannuaeanzinaauaon

gaAuduiioadued wazhuenu@eslun51de33a (Biomarker-based risk score) Tufile
. - . 24 . a4 v
non-valvular atrial fibrillation %¥® ABD stroke risk score™ i8¢ ABC death risk score 3“1]1/] 50U
v 4 1
NUINMIANTUVDS GDF 15 WEoUNUAI50UE) 919U Troponin T, NT-pro BNP 3
v 9
RN ﬁumuﬁmmamaﬁumﬁu“luvj’ﬂaﬂ non-valvular atrial fibrillation 11011 ABC death risk

24-26

score A Iae'laisau GDF 15 anuaisolumsnensainuuugiazanad

0 1 2 3 4 5 6 7 8 9 10
Paints T S T T S 0N B 0 A T 0 A A O A
Previous bleeding
Previous bleeding
No
Age (years) r T T T T 1
44 50 60 70 80 90
TroponinT (ng/L) r T T T T T T T T 1
33 4 5 6 8§ 10 15 25 40 65
GDF-15 (ng/L) f T T T T T T 1
450 600 900 1200 1800 3000 5000 7250
Haemoglobin (g/dL) r T T T 1
17-8 16 14 12 10-5
Total points T T T T I T I T I T T T T T I T T T TrTIIrrrrrrrorni
0 5 10 15 20 25 30 35 40 45
1-year risk of
. . r T T T T T \
major bleeding 0.01 0.02 003 005 01 02 03
3-year risk of
. . T T T T T T 1
major bleeding 0-02 0.05 01 02 03 05 07

E‘IJ Suaad ABC death risk score for non-valvular atrial fibrillation

Hijazi, Z., et al. (2018). "A biomarker-based risk score to predict death in patients with atrial fibrillation:
the A BC (age, biomarkers, clinical history) death risk score." European heart journal 39(6): 477-485.
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2.2.2.m15 Growth differentiation factor 15 uag nnzﬁuq
A 4’@’ Y 1 A o A
@15 GDF 15 Tuaunsamugavu lannanzasquenmionnlsamaiale Tsand
= A 9 ° A 3 = S = 5
NIIANHUNYINVE1T GDF 15 MUIUUINAD I'ﬁﬂllglﬁ\i %3 GDF 15 uugﬂﬁﬂyﬂumljwmﬂ
A a 3 o l 3 1
FUA DN LFU mgiqm"l&'“lwty (Colorectal cancer) 4Z1330DQNHUN (Prostate cancer) Lag

3 o . 17,27,28
Y1330 (Hepatocellular carcinoma)

1 I~ o 1 1 1 1 1
msn ludiheuzidsdr1d 1) (Colorectal cancer) AUWDI A1 GDF 15 ageninlszanns

A v o w @

Aaa 1 I 3 o [} 1 g 4 1
Unan T ldidlung G sdr 18 Injedsiiriodda (p<0.001) wonnnilumsAnidnunun

' A 2 U 3 o = J v W . .
A1 GDF 15 azinugayuTudienzGed 1d Ingnfimsunsnszaelidad (Liver metastasis)
' A @ o @ aa 274 = FAl . . Y '
pgnlisdryneana (p< 0.0001)”s m3sdn lugiemnu (Diabetes mellitus) AUNLI
EAl A @ 1 Ao a dy A Al A 1
Athewmmuniiszau GDF 15 geannilnd lidasimsinaiioseniigandieh GDF 15 1]
=\ . A S A a da! v Y =\ g’/
qa1ael Hazard ratio 9 2.13 95% CI 1.53-2.97 P < 0.001 Taguzi5ainavunugileiing

< A . . < a . <
wzi59lsAa00 (Hematologic malignancy) U2139M19aUild @192 (Urologic cancer) uzi33iloa

(Lung cancer) LLagaUe)

[ < Y @ A Al A g’/
u@ﬂﬂ?ﬂiuﬂquﬂl@ﬂﬂ%!iﬁllﬁ?ﬁ’li GDF 15 EN'G‘T'HJ'I?E‘ILWIIq@qmu@ﬂjﬂﬂNﬂTJghlﬁﬂWﬂﬂ\?
2 o . .. &L o . . .. 29,30 a X
MYUNAU (Acute kidney injury) 4ag la118i5954 (Chronic kidney injury) Azaaye lu

A . o & ' 31,32
NITUALADA (Sepsis) AL NNITAAFDAINTLUUNN

2.2.3.M1nAv09 Growth differentiation factor 15 48z MINNIU-aAA
Y 4 Y
@15 GDF 15 tudd lufian)nanganulunsludihelsanle uazdihelnd nsdnm
' = v q Y ad T o o o = o g 1
uaazmIAny181lsan)nanuanaany dmsumsanyImalsaialatiumnyan 910 Dallas
ld' 1 Qy ! 2
heart study 5291909 GDF 15 Tuauiln@ogh < 1,200 pg/ml™ ua lumsAnsunsdununszay
UnAY89 GDF 15 194 < 750 pg/ml. 1UA1AAY Heart failure action study AUWUIAINA
Y o Y i’ @ 1A 33 o @ J a 3};
¥e4 GDF 15 Tugilelsnvialadumanisesaedin 1,596 pg/ml.” dmsua1lnaves GDF 15 1

v o @ ¥ 2w A a A qogun { H '
pvzdisuiludesimanudoyamuauie 19 ldaunasluilszansnaiua GDF 15 Uy

A 1A A =K o 2 "o ' = 34
nagogn 20 4N ﬂ\iﬁ'ﬂJﬂf']jiJ\?"’UllﬂQﬂULlﬁﬁgﬂ']ﬁﬁﬂ‘]ﬂ']
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UNN 3 IBMIAUHUNTIVY

3.1. sigumIaY

1529105 (Population) t1az ML (Sample)

' < ] 4 g : g
1529105 (Population ) : §luauazian (81g > 12 Yaull ilesndluaundsergnanaziin
d puberty 1 1¥Han1nzMeTMead1en g 1) )

=

[ < o { Y
Uszans114a1e ( Target Population ): { 1wajuazian (o1g > 121)) #lasumsnlasuiiala

o
TuTsanennagmasnsal aninwalne
d v A LY v Y 1 av . . .
NAUNNMIAAADNNANAIBN AT TINIATINIGTIVY (Inclusion Criteria)

P A Yo LY A Ly L4 3}/ Y

- dihedldgsumsmdanldsuialalulsaneruiagnasnsel animana Inensdie
< 1 Yo (Y] Qy dy ] gIJ Y1 ~ Yo o Qy tg A
AN Hag Eﬁﬁﬂg LLﬁ$ulﬂi‘iJﬂ"lﬁﬂﬂ“]fuLuf]ﬂ’JGlﬂﬂ\‘lQ‘]Jﬁf]“lflllﬂﬁllﬂﬁ@]ﬂ“b’lllﬂ@@]"lﬂ@]'lﬂ\‘]ﬂ
o Y P Aa aa A o Y (% ' 9 j’ A
ﬂﬂ’iL!ﬂul’J uae Q‘]J’ZIEJ‘VI?J’E)"Iﬂﬁ!!,ﬁ'ﬂ\‘iﬂ'l\‘iﬂaL!ﬂVW]ﬂﬁﬂ\iﬂEJﬂTJ%ﬂﬁﬁ@gﬂummﬂﬂiﬂﬂ
RYUNAY (Post heart transplant patients who will undergo clinically indicated
endomyocardial biopsy as per KCMH’s protocol or suggestive symptoms of rejection.)

1 {a ao < a
- dihoRgugemdiniiite uaz Aouduenalsgusen (Patient will be required for

signed informed consent)

d v % av
!ﬂﬂ!"ﬂﬂ]’iﬂﬂﬂ@:uﬂ)i’)d1Qi’)'ﬂﬂ‘iﬂﬂiﬂ’i\‘iﬂ1’i'3‘i}ﬂ (Exclusion Criteria)

Y A (a Y 1 a o . . . . .
- {1heNnQaseziunIIunI5I98 (Patients who decline participation.)

] Y ) 3
- dihehlimsaaronneionzaies saune msaareniuaumeladauui(Patients
with active infection including upper respiratory tract infection)
Y < . .
- @ﬂafmm 3 (Patients with cancer)

Y
- I%j‘]J’JEJGNﬂiiﬁ’(Pregnancy)
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3.2. 910819 (Sample size)
TdmuanvuIna10619 1AegaT904 Diagnostic study 1011 1A 11199A1 sensitivity 1Az

specificity Y8485 GDF 15 0 11/

% 1 =~ = = o = Y
NNMINUNIUITIUNTTUND NG limelimsfne laluedaiiiens GDF 15 man ludihe
[ P~ o . = =2 =2 =2
naams/asuiiale (Post heart transplant patient) itag Lilinmsanu lalusdamednyim

v a 1 j’ 4 @ '
ﬂ'J”IﬂJﬁ'llWH‘ﬁ(“IJ@Qﬁﬁ GDF 15 1ag ﬂmﬂﬂmazmﬁ'mmmﬁaiﬂagiﬂuwaumﬂﬂu

- analpha of 0.05, p 0of 0.12, a 10% percentage of error
A o 1 Y g d‘ = [ FA A @ A
- Tpgdmmua ﬂ'JWﬂJ‘];ﬂﬂJE]QﬂWi@’E]GI'IHLH’E]lfJ’E]IﬂﬂmHUWﬂuiu@ﬂlﬂlﬂﬂﬂuﬁﬁiﬂﬂgﬂ
25% (Prevalence of 2> ISHLT grade 2R acute cellular rejection in patients post heart
transplant of 25%.)
Yy Aa ' 9 dy A o @ PA A Y
- ’é)Nf]\‘lmﬂﬂ’)'lil“lgﬂ‘ll’é)\iﬂTJgﬂ'lﬁﬂﬂﬁ"luL’Ll’é]LEJE]LﬂﬂDWﬂusluQﬂ’Jleﬂﬁﬂuﬂ’Jﬂlﬁ]alu
o
s NYIVIAYIWNaINIT U Kittipibul et al. ; Low dose basiliximab induction therapy in heart

transplantation; clinical transplant 201 7)6

n=(1.96) ’x (0.8(1-0.8))

(0.15)°
N =28 From the prevalence of graft rejection of 25%

Number of sample is 28/0.25 = 112 samples

[ A o Y ' o A 9 A o ' = = dy @ v
HAIINNMUINLAINUNUINYTZHINTNABINITAD 112 AI0819F TUMTANEIN 1 A0819

Y
a &J U )
ﬁﬂ?”lll‘l’iiﬂflﬁ@ I ¥UUo Lag 1 ﬁ?ﬂﬂ?ﬂlﬁ@ﬂﬂ]@ﬂﬁﬁ GDF 15
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3.3.99]J’J!!‘]J§5lli’)ﬁﬂ1iﬁﬂ‘]eﬂ

AMDIUNITIVEHAN (Primary research question)
o ¢ulsdu: szauars GDF 15 ludihen/aousiale (Post heart transplant)
G ' 9 ,&' A = v aa o o £ X
o s msseduiione Inadounauiiineainmsdnsuiiie Tay

ISHLT grading system 2004

3.4.9UADUNTN1IVY

A 9 Ao Al Yo a = o Ao & a3 o ] A
[TUAUNITINY : M‘]J'Jﬂilgulﬂi‘ﬂﬂTi'ﬂ‘ﬁ‘U”IfJﬂQGULlGIE]uﬂTTJ%EJ VYUADUNITNUNIDYINLADA
4 ao A A a dg! v o Y 9 4
152 Tortves1uI98 uag WaLﬁEJVIﬁTIJ"Iﬁﬂ!ﬂﬂﬂluﬂﬂ@]’)ﬁﬂlﬂllﬂ Tag unnduaz
o =
NIV NUANNIBYIVIRY
PR Yo ] A A Y aa A g Yo
Q']J'JEJ‘D%Ulﬂi‘]JﬂTﬁLﬂULﬁ@ﬂlW@ﬁiﬁﬂﬁ%ﬂﬂ GDF 15 1ag 91013 nNaaUn Lll’t’)ﬂﬂ?ﬂllﬂiﬂ
1 o @ Qy ¥ @ .
ﬂWilﬂﬂltgf}ulﬁﬂﬂﬂﬂuﬂmﬁﬁﬂ‘lmLﬁﬁ]Wﬂi] (Blood drawn for GDF-15 will be done at
the time of venous access for endomyocardial biopsy) Taglidna Wilﬂjﬂﬁvfl}ﬁ' AU
= LI I~ Y T 3}; A [ o 3’1 FA Aa
ﬁﬂH"ITJW]i’J\iL‘]J‘L!Ej']J’JfJiﬁ?JWﬂHH NI13LRITIADA1TEAL GDF 15 ﬂzm"lum@ﬂ’mmu
.. . 9 . . = 3 9 = o

Clinical acute graft rejection LIQ1% Ejﬂ’JEJ Routine biopsy Iﬂﬂﬁ]zllmitﬂ‘]ﬂl@ymﬂﬂ’mﬂ
e m3vefirenelu Case record form

4 aa FYR Qs’ ,&’ [] [ EA d' Yo o
meawawﬁ’mmqjamwa%ummﬂummamu GDF 15 ﬂlﬂﬂﬁjﬂ?ﬂﬂllﬂi'ﬂﬂii‘ﬂT

. . ! aa PR
endomyocardial biopsy L& NT11 mmimmauﬂmm@ﬂm
v g A U a3 Y

AIvenuteyanuguvesdilieTas 19 Case record form sandunutoyaszalen GDF
15 uaz wane5Inen YeyadiAna1e9 Tu Case record form
1152AY serum GDF 15 1182 HaN1INeN53INe191n endomyocardial biopsy 1ael452a1

a &‘ d‘ d‘ d’ U Y 9 dy 9J d‘
ﬂ"liﬂg]!ﬁ‘ﬁlu’ﬂlfl’ﬂ'ﬂ IR ( 4 ISHLT 2004 VlﬂaT’Jllﬁﬂ?JUWHTH) @319 ROC curve IN®

Y
i1 sensitivity 1L8% specificity YD diagnostic tool Hall

[ [

a 9 = ) < o 1 Y a 1 9 g
mmﬂﬂwaﬁumﬂmmﬂsuuﬁE)uclumimumammﬂaﬂmmmﬁﬂﬁE) NIVULUATHIVY

514 Tasasq
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ad < U |
3.5.35MAIUNVAIVYN

o [ < = aaa
- dregnumInaasdszgninuluasuial 10 48885 (10 ml.) 11 heparin tube Ae?
< @ [ ] A @ ] 3’_, <
- MINUAI0ENNINAADIIT NI TURUNYI 2-8 ¢ AIDIINITNAABINIHNAILYNNL
a oA d v o a
13 2 Howdfiamsnwmansdugas Tsaweruagmasnsal @n1n1ana lne o159
an o 4 gIJ I [ @ a v
dsasnayasal 3u 3 Taglasuanuimilenunemairnsmanssugas
o
Tsanenunagmadnssl dn1nanalne
A J v ] o A a3 o v Y o A Y
- MIAAIITHATD1ZIN O AT NN UAI0619 IaaTumuTLIuRAare 1

( Calculated sample size)

3.6.M333U5 VoY

A< 9 ) o 4 .
- amumﬂ‘mlaga: W@Qﬁ'ﬁu‘ﬂﬂ]‘lﬂ Ii\?WEJ'IU'IaﬂqW'IaQﬂim ﬁﬂ1ﬂ1qf1ﬂulﬂﬂ (Cardiac
. . Y ' v W J
catheterization) W@\TW'IG\QW'JGli]L!ﬁgVIﬁ'N@ﬂ Iﬁ\iWﬂ'l'lJ'lﬁﬂW’lﬁ\?ﬂim ﬁﬂ'lﬂ'l“]ﬂﬂvh/]ﬂ
(Cardio-thoracic surgery operation room)

yad 9 Yo a av & o 1A 2 A o a s
- WU UAQ: ﬁjﬂ”lLHUﬂ"lifJfﬂﬂlﬂU@ﬁ]ﬂfﬂ\uﬂf’)ﬂ GDF 15 tag %umawﬂﬂﬂumwwma

u Rl

9 o @ R

uiindoya: dautiumsitetiuiindeyananisnsiaaiediudon GDF 15 uaz Ha
¥ )

manenimeniieonle dauiiumsiseriuindoyalunuudeundoyadiuda

(MARUIN LAZAIARUIN ) NM55IVTIN Yoyan 1laeddutiunsite nsendoyaaaly

ANt o3 waz 14 11)51tn51 SPSS version 19 (SPSS,Chicago, IL) 118¢ JMP statistical

software (JMP 10, SAS Inst.)

a d

3.7.m53nnzviveya
{ o J S I a = o 1 4
doyad lasuludruves GDF 15 1iu Wudeyadalmadnyuzdoyaneiio
. 1 9 a 4 an ay dy Y] I 9 a

(Continuous data) dIudpyanadINs1IzHNINe T INVo WD lniludeyaid

v y v v W . v Y A A 9 ) av
AUNNANYUTOYATZAUOUAY (Ordinal data) Tudruves Jeyaninerdesnumanise

A s o o A 1y A o Y Yo o '
FRNIGG! ﬂ"li‘WEJ"IﬂiiLlNﬂaW‘ﬁﬂl@\iﬂ"ﬁLﬂaﬂu‘Vi'ﬂﬁ] (m1y ‘Vii’f]iIWLTJu@]@QllﬂiUﬂWiSﬂHWT@]ﬂiﬁ

4 o <3| 9 a .
Lﬂ%’m‘WQQW’ﬂ%) Lﬂumaymﬂuﬂ Categorical data
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ludauveioya Continuous data 3zgninauoeony1 1ugLIULYO9 median, range,
mean L1Q¥ Standard of deviation Glud:;usﬁ’mga Categorical data %Qﬂﬁ”llﬁu’f)@@ﬂllﬂu

3 AMBILN frequency LS percentage

! o [ [ v 1 Y
Gluﬁ’)uell@\iﬂ1ﬂ1ilWﬁﬂﬂlﬂ\‘lﬂ'liﬁﬂ“]&l1ﬁ@ﬂ1iﬂ1ﬂ31nﬁﬂwu°ﬁ5$ﬂ’JN TEAVVDIAT
A (% 19 ti’ A o a A @ I Y .
GDF 15 iugaaﬂﬂfumﬁﬂamumawamiwumaauwaummﬂumaga continuous data

[ a J H a
22 185UnN133A 124818 t test TuToyaNTMInszaeuuulnd uag Wilcoxon rank-sum

U

Y  Aa ' A9 . Yo a 7Y
test Tudeyaimsnszareuny ludna VDA categorical data A I ARG ERCALZ R L

. dy 9 A Yo ] a 4 Aaa A 1 I~
Chi-square test 1!’é)ﬂﬁ]1ﬂ1.!"1]’E')H'ﬁ“lflul,@iﬂﬂggﬂu11ﬂﬁlﬂi1$ﬁ°ﬂ1ﬂﬁﬂﬁLW@‘HTN GDF 15 11lu
A A aa o "9 dy A = v Y . .
ineeie TunsIdnen1zaemulBouULReUNaY 1Y receiver operating
.. A 1A an o A L. . A
characteristic (ROC) curve el lunsdiade Isndd sensitivity I8 specificity N
9 v
Y v =

v Y
ange Tumseniiulimsmuuamanuanedniiedinyedi P <0.05 Tasmvua

Ol (Alpha) W30 Type I error = 0.05

e lavhnsinsgiveya Taeldlisunsy SPSS version 19 (SPSS, Chicago,

IL) and JMP statistical software (JMP 10, SAS Inst.).
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= av
UNN 4 HaN13398

4.1. Qmé’nymzﬂizmns (Baseline Characteristics)

9
=

<3 9 PAl @ P~ Y ¥ Al '
NNMINUTIMTIVVBY A Hevannlasuilanaua 39 au Taglugilenguis

4

s £ ¥ o @ 2 ' g <
i,’f”I‘JJTiﬂlﬂﬂ%ﬂlﬁﬁ]ﬁﬂﬁﬂﬁjﬂﬂﬁnﬂ 115 ¥ L!agﬁluﬁjuﬂl@\i serum GDF 15 HUEIWTDINY

v

s ldnanua 124 @061 Taellsznovaie dilenduaeuiala (post-operative heart
o % ] Pl ' A @ .

transplant) 914U 115 429819 uaza1nd)reneunlasuiale (pre-operative heart transplant)

o % ] PA J tﬂyd ;’ﬂ Y1 d' Yo % Qy é’ Y] d‘ 9

$1uau 9 aeene ludihenquillinadihen lasumsaaswionlaauasenngduag

Y ~ Yo 3 Qy dy @ A = aa A 9 Y o 1 Y é‘ A

Athen Idsumsaaduiiolaiiosnniioimaneaaiaine lanunizmsaed il

oA v o A
DYNRIVNAU muﬁmiugﬂmwm 6

v H 9 ! 1 !
nngihendhsumslasuialeianua 39 au figiheimlasumswasuialeaelu 1
9

A ' Y A Yo v A ) = ° 2 X ¥
LﬂfJUﬂfJuﬁLﬂ“ﬂﬂgllﬂ'i‘l]ﬂ15ﬂﬂ!ﬁ@ﬂl"lﬂﬂ1'§ﬁﬂ‘]ﬂ’]ﬂ\3ﬁuﬂ 11 AU LAZIINITUIUFUIUDNNIHUA

1o

Qy day &l Qy Yo a 4 [ [ Qy g = Qy 2’, [

115 U UBUIUD 112 %u'lmumsamiwwa UTZAU GDF 15 aIUFUIUDDN 3 TUUUYNAR
=1 di Aan 1 dyl 1] o a Y1 Y =)
29NIINNITANYUUDINN NEI‘I/]N‘WfJTﬁ’J‘VIfJT]J\‘I"]f’ﬂhlll’duﬂiﬂu'lul‘]J’JLﬂi'lﬁﬂﬂlﬂ’ﬂ@‘]J’J‘(’Jll

1 9 dy A =) @ A 1
m’;gmimmuu,umammumﬂuwauma"lu

A D)

) ' A< Y Y ' A Y
iﬂﬂ"ll'ﬁ']EﬁWHﬁﬂu‘ﬂNﬂ1ﬂﬂ1Wﬂl@ﬂW‘]J’JEI‘VILﬂ‘Ui'J‘U'i'JlIUlﬂ"ll@\iﬁﬂ’)ﬁlW“U'ﬂfﬂqmaEl"ll@\1@1]’)8

g U

pg3z1I 11-67 1 Taeliongmash 47 1 luauvesdihen ldsumsnlasuialalminelu 1

q

A ~ = = Al o ] Y g’/ i 1 a3 o 9

wouliongmasedh 34 1 drisumavesdiensiua daulvgiilumsanesiuou 34 au (Goo
a 1 ~A A o ~ o I

az 87) e 5 au (Feoaz 13) uaz ludihenmsldsumanlaeuiale dhuwaane 10 au

(oo 90) tweMaje 1 au (3ooaz 9)
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Ll 4 % 1 %‘ -7 1 { 1 H a % 90' -7 {
nnfthonlasuialaIng 11 auhminvesdihemagegn 57 flansu (hmindesniga
a 1 gol v d' a [ 1 d’ EAl a 1 Y
29 ATansu minnniiga 82 flansu) drugunasveedt)iy 170 U (@Ingation
d' a 1 4' a Y =) g’/ A o a o
Nga 145 uAAs SIUgunNiga 177 isuanag) giheneuniualidyna Inesuou 33
{ & 1 a 1 @ a )
au (Fooaz 97) § 1 auldluriaena Gooaz 3) gihennielasumseiuiedsuaoulu

1 Ay < o 1 a 4 <3 a
mmﬁ’ﬁmmm%mumama NITAAIICH LA “lﬁ’wuimuaan (consent form) nnau

I 9 A [ o ~ FA I 1 Yo A Y] 1
nnmanudeyameinuIsairlaidihailuneulasumslasuiale nunaungues
5 ] a i‘ % o
T lwesdihanavinmsviadoavesnduniieialediuau 11 au Govaz 27) aumq
1 Y
auq U 111 1a 1 (Dilated cardiomyopathy) 2 1afalnAnauantia (Congenital heart disease)
) H H Y
uazdua S 23 au (Fevaz 73) dmsudihen lasumsulasuinla Indiununaume
k2 1
vaalsaalannnduiieriilaviadendiuiu 4 au (%"aﬂaz 36) mmqﬁuq 70U (%’aﬂaz 64)
1 1 A @ = Ja I a 4 @ a o 1 4 @
Athenowlasuialaligdnsaidmn Instindduilannussmuiiaasil nseanszduiiale
%4i@ Cardiac resynchronize therapy (CRT) $112U 10 AU (§0882 26) 10709n52AUNT1 1
o 9 A [ @ . . .
(Pacemaker) 91UIU 4 AU (59802 10) 17309597 117111219 automated intracardiac defibrillator
¥ 91 A Ay Yo = o =~ ’a g A Ja o
(AICD) 22 au (Fovaz 56) ludihenmalasumsulasuinlaligdnsaiamnInsiinddeinla
[ 9 Ly}

Y )
a1l 1n50an3zAualawiia Cardiac resynchronize therapy (CRT) $112U 4 AU (Fo0az 36)

Lﬂ%@ﬂ%@ﬂll‘ll\lﬁ1ﬁﬂ% automated intracardiac defibrillator (AICD) 5 AU (%}?J gae 45)

9 o o A DAl J A o 1 = @
GUf’]3;11ﬁﬂ']5%1Q1uﬂlﬂﬂﬁgﬂﬂﬁjiﬂllagﬁaf’]ﬂlﬁﬂﬂﬂlﬂﬂﬁjﬂﬁﬂﬂﬂulﬂﬁﬂuﬁ?iﬁ]Wﬂ?”l NITUUA

Y9411 19 (Cardiac output; CO) 087 3.4 AnTAOUIN (AGIGADYN 7.2 ANIADUIN ANFIGADYN
1.6 Ansaoundl) AMANuAIUMUYBIiaoadonlloa (Pulmonary vascular resistance; PVR) 8¢
1 2.8 Wood unit (thfﬂ?jﬂﬂg‘ﬁ 8 Wood unit ﬁiﬁ”lfjﬂ’ﬂijﬁ 0.8 Wood unit) 11 Transpulmonary

. ld‘ a a L} |d' a = 1 'O 'd‘
gradient (TPG) g1 9 Nadawassen (Argagasgh 26 Naamaslsen mdrgasgh o
Haawasdsen) manuauteadiuu (Pulmonary artery systolic pressure; PASP) ?)Qﬁ 50
waawaslsen (Mgegasgi 93 Jaamasdson medrgasgn 17 daamassen) manuau

1loana19 (Pulmonary artery diastolic pressure; PADP) E)Ejﬁ 25 Yaawasilsen (?hijd’cjﬂﬁ)g:ﬁ



23

'
=

42 iaawaslsen Mdmgaodi 3 Nadwasilsen) useauaeanesluioa (Pulmonary capillary

' 1 '
v A A

wedge pressure; PCWP) 08132A1 24 Haamasdson (AMgegaogh 58 Naawasdsen mediga
g 6 HaawaIllsen) AINNNANKADAIABARINGIN (Central venous pressure; CVP) g
sEAl 12 Naawasilsen (Mmgagaogn 32 Naawasilsen argasgh 1 Uaawasisen) Tu
Ao 15 umsnasuialann i msfiudavesiale (Cardiac output; CO) ogf 3.3 @3

1 =~ 1 1A a 1 S 1 :7 = a J = 1 Y

ARUNN (AGIgADYN 5.3 ANTADUIN AIZADYN 2.3 AATABUIN) AINTIUAIUNIUYDINADA
woallon (Pulmonary vascular resistance; PVR) ﬂgﬁ 4.5 Wood unit (f’h’g 3 ﬂf]gl:ﬁ 8 Wood unit

ﬂlwﬁq’ﬂﬂ@:ﬁ 1.5 Wood unit) il Transpulmonary gradient (TPG) E’JQJ:ﬁ 10 Haawasilsen (?‘h

gagaedh 26 Hawasisen Avigaogn 5 taawasilsen) AnNuaulead U (Pulmonary

U

artery systolic pressure; PASP) 087 54.5 Haamasilson (Argagaogn 93 Naamasilson an

Mgangh 17 Taawasson) A1nnuauload1a1e (Pulmonary artery diastolic pressure;

[ [ v

PADP) 8¢l 29 Hiaamasisen (Mgagaegi 42 Taamasdsen medigasgi 14 Taamas

50m) Lliﬂﬁmﬁ’aﬂF]E]Elsluﬂﬁ)ﬂ(Pulmonary capillary wedge pressure; PCWP) ﬂéﬁi%ﬁﬂ 25

a A

Nadaslsen (AMgagaodh 58 Naawaslsen mdigasghn 20 Naawasison) Annuau

v
[ a A ]

1a0AIADAARINA1I (Central venous pressure; CVP) 0giiszal 13 Uadwasison (mgegaogh

U

A A " A a a ' A W o Y] 9 a
25 Naa!u@iﬂi@ﬂ ﬂ’]@']qﬂﬂgﬂ 7 Naa!u@iﬂi@ﬂ) ﬂ1mi‘U‘]JG]’JGU’ENW’JGI,i]WENGMEIﬂimiJuiﬂﬂ

‘ﬂ' = -4 . . . . ld'sl [ ld’ﬂ)
ANUIFSIALNOU (Left ventricular ejection fraction; LVEF) 8gNi08as 21 (AQIgADYNIDIAY

) Ay
65 naIgeognInYaY 9)

Rl

naniesfiianisneunlasuialavesdilao wa Pancl reactive antibody (PRA) Class I
= < Y PAl 1 . A 1A
tag Class I UnaJu 30802 0 Tugi)rennau A1 Blood urea nitrogen (BUN) 1nagngi 20
NadnSuABIATaNs (ANgIgAN 81 HAANTUAD IATANT AIGADYN 8 NaanTuaDIATAAT) AN
creatinine IRAYREN 1.06 HaANTUABIATANS (ANGIGAN 0.6 NAANTUAD ATANT AIGABEN

2.2 4aanTuABIALANT)
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[ [

@ ! Y { o ] I @
7¢AY Intermac level ﬂ’ﬂuulf’?ljﬁﬂﬂ1i!ﬂafJu‘ﬁ'J%]!lfUQ@fJﬂ!ﬂu 39U 1 1UIU 0 AU A

e 2 au Govaz 5) szauamusiudu 6 au Gosaz 15) szauasiuiu 8 au Govaz 21)

[

sEAUUIU 12 AU (Fosaz 31) T2AUNNIIUIL 9 AU (Fp8ay 28)

=~ = Y 1A [ Y 1A @ < 1A [
szeznaunaslumssenlasuiialvegn 58 u (rgaegi 443 S0 Gageegn 134)

dmSudihenmalasumsidan)dourialvszeznaunaslumssenlasuialegn 23 Ju

]
= U

(Hrgaogii 293 Tu Bagaii 2 Tu)

] g a @ g’/ 1 H 1A
Tudinvesneazideadoyaiiuguvesdusnneioaziununeigmasedi 29 1 (e1g

4 1A a g}z I )
wniigadie 43 1 ogiesegi 13 ) Taedusnaneunwmuailudaesuau 37 au (Gooaz

q U

H v H Y H
95) ihealasumsnlasuialanundus navesdihenquiliiorgmasedn 29 1 (1gun

figa 427 o1gthefiga 14 7)) wazdludnenawua 11 au (ovay 100)

Q

52AU GDF 15 lwdealinunaeh 1,118 pg/dl. (mgegan andosgai) ludilenmaeldsy

msuasuialvegn 2,311 pg/dl. (Argegai Antosiige)

A D X gy Ay
AT 1NN 2 Llﬁﬂﬁ"uaiﬂaWu@1uﬂ]@\3@ﬂjﬂcﬂlm1

4.2.813 GDF 15 il M3Aem el auuuRaunay (Acute cellular rejection;ACR)

° o @ 1 @ { @ . P
dmsuas GDF 15 luarediuaeanauaeuinla (Post-operative serum sample) U0 3rilg

9
Y 1

NIMUANUNNAURABOYN 1,818 pg/ml. (ANGIGABYIN 510-25,000 pg/ml.) 1813 GDF 15

g}/ Yo 3 @ ] ~ o S v 1w ~ o
Vlﬁﬁllﬂllﬂﬁllﬂ'lilﬂ‘]_lﬂgﬂ81Q1u§$ﬂgl’3a1lﬂafJ 18 dUmviaInan (ﬁgﬂgmﬁquqqu@ﬁaﬁ

v [
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szeznaaunganaulasuinlveghn 1 diland) suiieale

Q
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nasuialeeghn 267 dilav
gﬁ Qy = an [ dy Y d‘ = 1 Y tﬂy d’ = [
MNUUA 112 BU UAANINNIITINGIAIU W‘UQ‘ﬂ’JEJ‘VIlliJllﬂﬁﬁ@@ﬂummﬂmmﬂmfJ‘UWﬁ’L!
o Qy a o 9 Qy dy 6’5 Y == 1 Y 4" A
(ISHLT grade 0) 914U 92 ¥U AnluToeay 83 VBIWUIUBNINLA Ejﬂ’)ﬂﬂﬂﬂ?i@]ﬂ@ﬂumﬂwﬂ
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dmsuludihenmelasunsulasuiale (De novo heart transplant) WUNTAWYN
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=

[ Y j’ A = [ ld'ﬁ! dg &} o 2 3}; 2
VDINTTADANUUDIYDUVIRIUNAYDYNIDYRS 7 TAgNFUHDIIUIU 4 FUINNINUA 54 BUN
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‘wmmmimmummﬂmmumau‘wauTﬂamwmnmmamum@weimmu ISHLT grade

IR
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3¢AUA1T GDF 15 1u@ﬂaﬂwamﬂaauwﬂ%"luummmJwuﬁﬂumﬁmmmumﬂmmu

v

RIUNAU (ACR) Taglia1 P 081 0.37 A1919199 3

4.3. 32U GDF 15 nuszazna1viau)asuiiala (GDF 15 and phase of heart transplant)

° aw 9 X 9w ] P o < v vy A Ay ye A o
Tushowmsisedeiinmedave laimsinudeyaludihenmaldsumsulasuiale

R

v 9
Molu 1 1ReUNBUITUMTANY (De novo heart transplant) 91UIUNINYA 11 AU TasiidI0Eg

9
9 Z 1

15 GDF 15 lunquilfiaviua 68 dee13 uiuilu @ee1eens GDF 15 neumsilasuiale 9

1 9
@198 11az @15 GDF 15 viaamsiasunale 59 @29819 w1 @15 GDF 15 Huaaanw
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39 patients 124

Consecutive serum samples
( May 2019-December 2019)

Exclude 3

serum samples with
inadequate EMB tissue

121
serum samples

11 de novo [ 1 I ]
transplant patients 68 53 26 patients

serum samples of de novo recipients serum samples of previous
obtained within 8 months after transplant heart transplant recipients
| z 1
9 pre-transplant 59 post-transplant

serum samples serial serum samples
‘ I

I
112 post-operative serum
samples matched with EMBs

3 o 1 ' { [ { Y 1 I 1 { o
51 6 wamsmsinudedsnngihen lasumsnlasurialaTasuteeniludihenldsuns
nlasusiarlalminielu 1 @euneusuMsANYI (De novo heart transplant) ttazilef 145y

m3tasuala@y (Non de novo heart transplant)
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All patients
De novo heart transplant
(n=39) (n=11)
Recipients characteristics
Age (years) 47 (11-67) 34 (11-67)
Male, n (%) 34 (87%) 10 (91%)
Weight (kilograms) 57 (29-82) 52 (29-73)

Height (centimeters )

170 (145-177)

165 (147-175)

Pretransplant ischemic etiology, n (%) 11 (27%) 4 (36%)
Pretransplant CIED, n (%)
CRT 10 (26%) 4 (36%)
ICD 22(56%) 5 (45%)
Pacemaker 4 (10%) 0
Pretransplant hemodynamics
CO (L/min) 3.4(1.6-7.2) 3.3(2.3-5.3)
PVR (WU) 2.8 (0.8-8) 4.5 (1.5-8)
TPG (mmHg) 9 (0-26) 10 (5-26)
PASP (mmHg) 50 (17-93) 54.5 (17-93)
PADP (MmHG) 25 (3-42) 29 (14-42)
PCWP (mmHg) 24 (6-58) 25 (20-58)
CVP (MmHG) 12 (1-32) 13 (7-25)
PRA class I/11 (%) 0/0 0/0
Pre transplant BUN (mg/dl) 20 (8-81) 33 (14-81)
Pre transplant Cr (mg/dl) 1.06 (0.6-2.2) 1.22 (0.6-2.1)
Pre transplant LVEF (%) 21 (9-65) 25 (15-40)
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Pre transplant INTERMACS, n (%)

1 0 0
2 2(5%) 1 (9%)
3 6 (15%) 3 (27.3%)
4 8 (21%) 3(27.3%)
5 12 (31%) 3(27.3%)
6 9 (28%) 1 (9%)
7 0 0
Waiting time on waiting list (days) 58 (1-443) 23 (2-293)

Donor characteristics

Age (years) 29 (13-43) 29(14-42)

Male, n (%) 37(95%) 11(100%)

Operative characteristics

Ischemic time (min) 244 (106-327) 242 (106-290)

Lab variables

Serum GDF 15 (pg/dl.) 1,818 (510-100,000) 2,255 (567-100,000)

BUN: blood urea nitrogen, Cr: creatinine, CIED: cardiac implantable electronic device; CRT:
cardiac resynchronization therapy, CO: cardiac output, CVP: central venous pressure, LVEF:
left ventricular ejection fraction , PASP: pulmonary artery systolic pressure, PADP:
pulmonary artery diastolic pressure, PCWP: pulmonary artery capillary wedge pressure, PVR:
pulmonary vascular resistance, TPG: transpulmonary pressure gradient




ISHLT grading

Ho IR W2R

1%

30

an Qy g v . . .
g‘ﬂ 7 LEAAINANTING1VBIT UL 10 (Endomyocardial biopsy) 9114 International heart lung

society (ISHLT) grading
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A1519 3 UEAIA GDF 15 AU MIAMUHBIEBIULIRSUNGY (Acute cellular rejection)

GDF-15 in acute cellular rejection GDF-15 in non-acute cellular rejection P value

(pg/ml.) (pg/ml.)

1,328 3,155 0.37
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Mean GDF-15 (pg/ml)

30000
.
25000 | ¥
% *P=0.028
N
20000 A
Y
\
P
15000 —Y -4& -Post-transplant
: \ death+mechanical
\ A
: \ circulatory support
] \
10000 .
: N
; ‘\\ —=—Freedom from post-
: S transplant
5000 | ; ‘s\ death+mechanical
‘\w____"__-—ﬁ circulatory support
-—-—— e
0+
0 1 2 3 4 6
Pre-|  Weeks post heart transplant
op

Y 1 [ dl @ 9 = d‘
31 8 uaAIIZAUAS GDF 15 neunaznaimanlasuiale Tasiduilszuande magvesans
GDF 15 ludthenidedianduasuialalunar 30 luTsamennanse Idsumssnudae
d‘ 4
IATDINEIN 10
Circulating growth differentiation factor -15 (GDF-15) before and after heart transplantation.

The dotted line indicates mean GDF-15 concentration in patients with adverse post-transplant

outcomes
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80,000 ——— P=0.028 —
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w 50,000 T
a
O
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=
©
S 30,000 -
4
o
o 20,000 1
10,000 - 1
0 —— . —
No composite Composite
endpoints of in- endpoints of in-hospital
hospital death death and MCS
and MCS therapy therapy

51 9 udAgsZAVENT GDF 15 neumslasuinlanfSenieudihenidediandulasuinle
Tunan 30Tululsamennanie 18sumssnydomsoangariale (MCS therapy) nudilen
Ttinnzaanan

Pre-transplant growth differentiation factor -15 (GDF-15) concentrations stratified by the

presence or absence of composite endpoints of post-transplant adverse outcomes
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Patient’s code: ND DTD DFD
1O Ol
Gender O M OF

DOB age year

Marital status: [ Single [0 Married Udivorce L1 Widow
Income (THB) /Month: [ <2000 CI 2000-5000 £15000-20,000 1 > 20,000

msfny: O <dszoudnyn 6 O 45eN1-3 O 456N 4-6 O gANANYI 30 WINNIN

Pre-transplant

11.

12.

13.
14.

15.

Pre-transplant diagnosis: [ Ischemic Cardiomyopathy [ Dilated cardiomyopathy
OLVNC O Peripartum CM O Myocarditis JTHCM 0O ARVD 0O Amyloid

LICongenital Heart Disease [ Refractory VT O Other ..............

Pretransplant LVEF (%): (1% MRI 181 EF by MRI 81135 MRI 191 latest
echo)
Family history of heart disease: [ yes [ no

CIED: O no O CRTD 0O ICD O Pacer

Pre transplant size:
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16.

17.

BWi(kgs): Height(cm)

Pretransplant Right Heart Cath:
16.1 Date / /

16.2 CO (L/min)

16.3PVR (WU)

16.4 TPG (mmHG)

16.5 PASP (mmHg)

16.6 PADP (mmHg)

16.7 PCWP (mmHg)

16.8 CVP (mmHg)

16.9 Heart rate (beat /min)

Pretransplant CPET (Cpx)
17.1 Date / /

17.2 Vo2 max (ml/kg/min)

17.3 RER 38 RQ

18. Pretransplant
18.1 Date / /
18.2 PRA Class I (%)
18.3 PRA Class II (%)
19. ABObloodgroup A OB OO OAB
20. Pretransplant BUN (mg/dl) Cr (mg/dl)
21. Pretransplant INTERMACS: O 10203040506 O7
22. Waiting time from listing to transplant days
Peritransplant and Donor
23. Donor age (yr)
24. Donor sex: 1M OF
25. ABObloodgroup A OB OO OAB

26.
27.

Echo pre harvesting: [ yes O No [ Unknown

Ischemic time min
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28. CMYV Serology Donor/Recipient: [1 D+/R- O D+R+ O D-/R+

INDEX (First Enrollment)

1. Date of index GDF-15: / /

2. GDF-15 (pg/ml) :

3. Blood drawn at the time of vascular access before endomyocardial biopsy: [ Yes

No
4. Date of Embx: / /
5. Embx A39% (1910 post heart transplant)

6. Embx route: J1J [ femoral
7. ISHLT grading of Embx patho :
0o OIR O2R O33R

8. Embx for : OJ Routine Surveillance [ Clinical suspicion for rejection



Subsequent GDF-15 at the time of Embx
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Date GDF-15 Embx Patho: ISHLT Remarks
(pg/ml) grading
1 O Routine Surveillance 0o OIR
[ (Minical cnenicion far or M
2 O Routine Surveillance 0o OIR
3 O Routine Surveillance 0o OIR
4 O Routine Surveillance 0o OIR
5 O Routine Surveillance 0o OIR
6 OJ Routine Surveillance 0o OIR
7 O Routine Surveillance 0o OIR
8 O Routine Surveillance 0o OIR
9 O Routine Surveillance 0o OIR
10 O Routine Surveillance 0o OIR
11 O Routine Surveillance 0o OIR
12 O Routine Surveillance 0o OIR
13 O Routine Surveillance 0o OIR
14 O Routine Surveillance 0o OIR
15 O Routine Surveillance 0o OIR
16 O Routine Surveillance 0o OIR
17 O Routine Surveillance 0o OIR
18 O Routine Surveillance oo OIR




Quality of life at index (SF-36)

1. Date of QOL: /

2. QOL at index (see supplement)
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Post-transplant Outcomes

A) 30-DAY HOSPITAL

3. Post-operative RV failure: 0 Yes [ No

Provided on the day of peak/ highest CVP

Day Cvp Swan out | Mean BP HR PSAP PDAP PCWP PVR CO

NN VSIS

W

O |0 [ [

11

12

13

14

> 14

4.  Post-operative inotrope/pressor : [1 Yes [0 No

Agent Duration (days) Max dose (mcg/k/min)
Epi :OYes [ONo
NE :OYes ONo
Dobutamine :OYes ONo
Dopamine :OYes [ONo
Milrinone :OYes [ONo
Isuprel :OYes ONo

5. Induction: 0 No [0 ATG dose
0] Simulect day 0, 4 dose 0] Simulect day 0 only

dose



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Post-operative graft dysfunction/failure : [ Yes ifyes providle LVEF %
If yes, please provide Date

TR grading : D No : O mild :0Omod : [ severe

Tricuspid valve tear : [ No : J yes

Post-operative MCS : 1 No [ Centrimag [ ECMO O IABP Date of

Post-operative hemodialysis : [ No [ yes If yes, please provide Date

Death: 0 No [ yes Date of date

Cause of death

Highest grade of rejection J O I 1R 02RO 3R Date if
>=2R J /
Latest rejection at 30 days 1 0 O 1R OO2R  [O3R Date if
>=2R J /

Treated Infection: D No [ yes Date of date

Cause

Treated CMV infection: 1 No [ yes Date of date

Peak CMV viral load

53

O No

Renal dysfunction : [0 No [yes Date of

date Cr=

Cyclosporine: [ No [yes dose(mg/day) CO level (ng/ml)
Tacrolimus : O No [Oyes dose(mg/day) CO level (ng/ml)
MMF: O No [Oyes dose(mg/day) CO level (ng/ml)

Everolimus : O No [Oyes dose(mg/day) CO level (ng/ml)



B)

21. Rapamune : O No [Oyes dose(mg/day)

22. Prednisolone: [ No [yes dose(mg/day)

1-YEAR POST TRASPLANT OUTCOMES

23. GDF-15 at 1 year (pg/ml) :
24, LVEF % Date

25. BW kgs.

26. TR grading: O No :0Omild : 0O mod : 0O severe

27. Tricuspid valve tear : [1 No  : [ yes
28. Death: [0 No [Oyes Date of date

death

29. Highest grade of rejection (in 1 year) (00 [ IR

>=)R ./ /

30. Latest Embx at 1 year 10 ~ [ IR O2R O33R

>=)R ./ /

31. Treated Infection: 0 No [ yes Date of date

32. Treated CMV infection: [0 No [ yes Date of date

33. Peak CMYV viral load

34. Renal dysfunction: 0 No [ yes Date of

date Cr=

35. Cyclosporine: [ No [yes dose(mg/day)

36. Tacrolimus: [ No [Oyes dose(mg/day)

37. MMF: O No [Oyes dose(mg/day)

CO level (ng/ml)

CO level (ng/ml)

O2R 0O3R Date if

Date if

Cause

CO level (ng/ml)

CO0 level (ng/ml)

CO0 level (ng/ml)
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38.

39.

40.

41.
42.

Everolimus : O No
Rapamune : I No
Prednisolone : [ No

First year cost (THB):

O yes

O yes

O yes

dose (mg/day)

dose (mg/day)

dose (mg/day)

QOL (SF-36) at 1 year

CO level (ng/ml)

CO level (ng/ml)

CO level (ng/ml)
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