AvcAertovpyia tng Asélac KolAlac
otnv Nvevpovikn EpBoAn kot Mvevpovikn YrEptaon

[MPOYVWOTIKA CNUOOLA KoL OUVETIELEC VLo TN Beparmela

2tavpoc B. Kwvotavtvidng, MD, FESC
Anpokpitelo Moaveniotriplo Opakng
Navenotnuiakni Kapdlodoyikn KAwvikn
’www.cardioalex.gr




Clinical and Epidemiological Relevance of
Venous Thromboembolism

The Surgeon General’s Call to Action
to Prevent Deep Vein Thrombosis
and Pulmonary Embolism

\J

** Annual incidence of VTE in the
US: 350,000-600,000
** Annual mortality: 100,000

** More deaths than from breast
cancer, AIDS, car accidents

U.5. Department of Health and Human Services



Acute Pulmonary Embolism
and Pulmonary Hypertension:

Pathophysiology of RV Dysfunction




Pulmonary Embolism: Heterogeneous Patient Population

British Thoracic Society (GB), Lancet 1992 1%

PIOPED (US), N Engl J Med 1992 2.5%
MAPPET Registry (D), JACC & Circulation 1997 20%
JA Heit (DK), Arch Intern Med 1999 28%
ICOPER Registry, Lancet 1999 17%
M Nakamura (JP), Clin Cardiol 2001 14%




Right Ventricular Dysfunction Is the Crucial Event

Pulmonary
embolism

l

PA pressure A\
RV afterload A\

l

RV dysfunction

Hypotension / Shock

The NHLBI Working Group on Right Heart Failure. Circulation 2006;114:1883-1891
HJ Bogaard. Chest 2009;135:794-804
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Contribution of Pulmonary Vasoconstrictors

o’

* Thromboxane A2

* Serotonin E—— PlateIEt aCtivation !
. T Chung. J Thromb Haemost 2007;5:918-924
[Endothelin]

* [Hypoxic pulmonary vasoconstriction]
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Circulation 2002;106:1748-1749 Editorial

Acute Pulmonary Embolism
Don’t Ignore the Platelet

Piotr Sobieszczyk, MD: Michael C. Fishbein, MD; Samuel Z. Goldhaber, MD

YM Smulders. Cardiovasc Res 2000;48:23-33



Failed Compensation:
The Vicious Circle of Acute RV Dysfunction

PA pressure A\ Persistent o=Pxr/n
e
RV afterload A\ RV wall stress A\
l O, demand A\
RV dysfunction / . ) <l
. e <@ Ry jschemia
myocardial injury ﬁ
/ \ [RV perfusion W ??]
RV ejection 7 Septal shift
LV preload 7

!

LV ejection v ===l | Hypotension / Shock

C Greyson. Cardiovasc Res 1997; Am J Physiol Heart Circ Physiol 2000
Schmitto JD. Eur J Cardiothorac Surg 2009



Further Determinants of Adverse Qutcome:
Massive PE Recurrence

Large thrombus in transit p/lus impending paradoxical embolism

PAT T: 37.8C gu O
TEE T <37.8C sl

Cumulative survival function
' . . N

Results from ICOPER

A Torbicki. J Am Coll Cardiol 2003;41:2245-2251
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days from diagnosis

PS Rose. Chest 2002;121:806-814



Further Determinants of Qutcome:

PFO With R->L Shunt

Mortality

Complicated

shock

n=139 pts course
OR (95%Cl)
OR (95% Cl)

Patent 11.4 (2.9-44.5) 5.2 (2.3-11.7)
foramen ovale P<0.001 P<0.001
Arterial

_ 26.3 (5.8-120) 7.6 (2.1-27.3)
hypotension / P<0.001 P<0.002

S Konstantinides. Circulation 1998;97:1946-1951




Failed Compensation:
Determinants of an Adverse OQutcome in Acute PE

Pulmonary
embolism
Acute pressure
1 overload
(RV dysfunction)

Preexisting
cardiovascular
disease

Other serious
comorbidity

PA pressure A\
RV afterload A\

l

RV dysfunction PE

recurrence PFO

\ /

Early death

Hypotension / Shock

Presence of a



Successful Compensation:
Resolution of Pressure Overload in Survivors
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Successful Compensation:
Resolution of RV Dysfunction in Survivors

Echocardiography
(paradoxical septal wall)

e ItPA + Heparin
Heparin alone

o | L A |
At 12 h

hagnosis

S Konstantinides, Am J Cardiol 1998;82:966-970



Acute Pulmonary Embolism:

How to Detect RV Dysfunction ?




Clinical Diagnosis of RV Failure

PA pressure A\ — — RV wall stress A\
RV afterload A\ l

O, demand A\
RV dilation | S )
RV dysfunction RV ischemia —
/ \ RV perfusion Ny
RV ejection b Septal shift
LV preload N7

LV ejection Hypotension / ShD
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RVPO Hypotension Shock CPR
(Echo)

* RVPO: right ventricular pressure overload

W Kasper. J Am Coll Cardiol 1997;30:1165-1171



Yy nAoc kivbuvoc o€ atpoduvautkn aotabela

Patients Surviving (%)
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PD Stein. Chest 1995;108:978-981



Early Markers of RV Dysfunction

e

*e

ECG

* Right heart catheterization
» Echocardiography

* CT scan

* Biomarkers

o

AR

AR

AR

NF Voelkel. Circulation 2006;114:1883-1891



Echo criteria:

non-standardized; various combinations
and thresholds

» RV dilatation (RV>LV, or RVEDD
>30 mm)

» RV free wall hypokinesia

» Paradoxical septal wall

» Pulmonary hypertension (RV-
RA gradient >30 mm Hg, or
pulm acceleration time <80 ms)
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YriepnxoypadLka EVPNUATO OE VOPUOTOCLKOUC
LETO-OVOAUON
Relative risk of in-hospital death
Study Exposed Non-exposed RR (fixed) Weight RR (fixed)
or sub-category (nIN) (nIN) (95% CI) (%) (95% CI)
01 Echocardiography
Grifoni et al.'? 4/65 3/97 —_— 17. 44 1.99 (0.46-8.60)
Vieillard-Baron et al.'5 1/32 2/63 - 9.76 0.98 (0.09-10.45)
Kucher et al.'® 2/19 0/40 - b 2.37 10.25 (0.52-203.61)
Kostrubiec et al.'* 10/60 3/38 | 26. 61 2.11 (0.62—7.18)
Pieralli et al.'® 4/35 0/26 = P 4,14 6.75 (0.38-120,10)
[ subtotal (95% C)) 211 264 < 60. 32 2.53 (1.17-5.50) |
Total events. 21 (Exposed), 8 (Non-exposed)
Test forheterogeneity : y*=2.09,df=4 (P=0.72), F=0%
Test foroverall effect: Z=2.35 (P=0.02)

Apvntikn mpoyvwotiki aéia: 60 (55-65)%
Octikn npoyvwotikn aéio: 58 (53-63)%

0.01 0.1 1 10 100
No RV dysfunction RV dysfunction

O Sanchez. Eur Heart J 2008;29:1569-1577



RV Dysfunction in Normotensive PE:

Therapeutic Implications ?

Patients (%)

50

40
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10

Bl Alteplase (n=118)
[ 1 Placebo (n=138)

13 (11%)

P=0.006

34 (24.6%)

Alteplase
(n=118)

Placebo
(n=138)

S. Konstantinides. N Engl J Med 2002;347:1143



RV Dysfunction in Normotensive PE:
Therapeutic Implications ?

30%| 1 Alteplase (n=118) P=0.001
|| = Placebo (n=138) (23?%%)
o 20%
c
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©
O
=
10%
0

Death CPR Shock Intubation Emergency
Thrombolysis

N Engl J Med 2002;347:1143



Evpnuato amo tnv agovikn topoypadia

CT Criteria:
retrospectively tested

» RV dilatation, RV:LV >1.0
(or RV:LV >1.5)

» [Leftward septal bulging]

» [Pulmonary arterial obstruction
indexes (Bankier, Qanadli, Mastora)]




RV Dysfunction (CT) in Patients Without Schock

Study Exposed MNon-exposed RR (fixed) Weight RR (fixed)
or sub-category (nIN) (nIN) (95% CI) (%) (95% Cl)

Negative predictive value: 58 (51-65)%
Positive predictive value: 57 (49-64)%

02 Computed tomography

Ghuysen et al. 7 3/24 3/47 —) 14.69 1.96 (0.43-8.98)
van der Meer et al. 18 10/69 3/51 +—8— 24.99 2.46 (0.71-8_50)
[ Subtotal (95% C1) 93 98 I 39. 69 2.28 (0.87-5.98) |
Total events: 13 (Exposed), 6 (Non-exposed) ~
Test for heterogeneity: x> = 0.05,df =1 (P=0.82), 7 =0%
Test for overall effect: Z=1.67 (P=0.09)
Total (95% Cl) 304 362 < 100.00 2.43 (1.33-4.45)

Totalevents: 34 (Exposed), 14 (Non-exposed)
Test for heterogeneity: ¥* =2.14,df =6 (P=0.91), = 0%
Test for overall effect: £ = 2.88 (P = 0.004)

0.01 0.1 1 10 100
No RV dysfunction RV dysfunction

O Sanchez. Eur Heart J 2008;29:1569-1577



Epyaotnplokol Blodeilktec: TPOTIOVIVEC

bound and circulating troponin Troponin T: independent predictor
of 30-day mortality

in 56 (unselected) patients with PE

Cumulative survival

Cardiac myocyte

1 |—| Sttt T, — SR {
0,8
_\_|_I log rank 17.05, p < 0.001

0,6 1

Tropomyosin

Structurally bound

cTnT = 0.1 ng/ml

0,4

0,2

0
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S Korff. Heart 2006;92:987-993 E Giannitsis. Circulation 2000;102:211-217



Tpormovivec kal Bvntotnta: Meta-avaluon

Data from 20 studies (4 retrospective); n=1,985 pts (1998-2006): Troponin 1" in 31%

Study Tn positive Tn negative OR OR
or sub-category n/N n/N 95% ClI 95% Cl
01 Troponin |
Meyer 0/14 /22 Not estimable
Douketis 0/s 0/19 Not estimable
Kucher 4/28 1/63 EE— 10.33 [l.10, §7.20]
Mehta 1/18 1/20 —_— 1.12 [c.0s, 19.28]
Enea 4/20 0/e —_—— 3.55 [0.17, 75.58]
La Vecchia 5/14 1/324 —. 18.33 [L.89, 177.48)]
Yalamanchili 8/z24 9/123 — 6.33 [2.14, 18.77)
Douketis JD 6/862 L0/396 —— 4.14 [Ll.45, Lll.82)
Scridon 23/73 5/68 — 5.80 [2.08, 16.33]
Binder 6/46 1/78 —_—l 11.55 [l.34, 9$9.27]
Amorim 2/42 1/18 _— 0.85 [0.07, 10.02]
e D >
Subtotal (95% CI) 408 885 ‘ 4.01 [2.23, 7.23]
Fotaeremte—T4Frrpostrer-S7-thrregahver
Test for heterogeneity: Chiz = 1252, df =9 (P =0.19), 2=28.1%
Test for overall effect: Z = 4.84 (P < 0.00001)
02 Troponin T
Giannitsis 8/18 1/38 —_—— 26.60 [3.30, 265.30]
Janata 5/41 0/65 — 19.74 [1.06, 367.18]
Pruszczyk 8/32 0/32 e — 22.55 [1.24, 409.83]
Bova 7/26 1/34 — 12.16 [1.39, 106.48]
Kostrubiec 9/39 6/861 T—— 2.75 [0.89, B.47]
Kaczynska 10/28 §/59 —— 4.91 [1 , 15.42]
Kline 2/20 o/1s1 _— 43.65 [2.02, 944.27]
Fotevski e e — 4
| Subtotal (95% Cl) 210 472 < 7.95 [3.79, 15.65]
vertsSt{Frrpostiver -t Frrregstvey
Test for heterogeneity: Chi#2 = 8,16, df =7 (P =0.32), 12=14.2%
Test for overall effect: Z =5.49 (P < 0.00001)
Total (95% CI) 618 1367 Q 5.24 [3.28, B.38]
Total events: 122 (Tn positive), 51 (Tn negative)
Test for heterogeneity: Chiz =22.81, df =17 (P =0.16), 2 =25.5%
Test for overall effect: Z=6.92 (P < 0.00001)
0001 001 01 1 10 100 1000 Log scale

C Becattini. Circulation 2007;116:427-433



[0 Prap— e
2
g temoees e e e o e but...
2 90 cardiac troponin (I)
E NOT an indepenedent
3 851 n=318 hemodynamically S £ I
stable patients 2=l .Or QIONAEE
50, Log rank p=0.008 mortality
Cl] 5I 1b 1I5 2b 2I5 3l0 D Jimenez. Eur Respir J 2008;31:847
Days
Meta analysis: cardiac troponin levels
> 9studies . did NOT adequately
» 1366 patients with — :
. distinguish between
symptomatic PE _ : _
> Pts normotensive at diagnosis high risk and low risk

D Jimenez. Chest 2009; 136:974-982



Meta-analysis of Natriuretic Peptides

Data from 13 studies; n=1,132 pts: BNP/NT-proBNP 1> in 51%

Outcome: Overall mortality

Study High BNP Normal BNP OR (random) Weight OR (random)

or sub-category ni i 95% Cl % 95% Cl

[10] Ray et al 3/29 0/19 - $ l4.82 E.15 [0.25, 105.59]
[11] Pieralii et al 4741 0/z0 & 15.31 4.92 [0.25, 95.99]
[14] Kriiger et al 1717 L/28 - 16.72 1.50 [0.09, 25.75]
[17] tenWolde et al 9/36 z2/74 — £3._1E 12.00 [2.44, 59.12)
Total (95% CI) 123 138 g 100.00 6.52 [2.04, 20.86]

L] J‘
Test for heterogenetty. Chi* =1.63, df = 3(P = 065),F =0%
Test for overall effect: Z =316 (P = 0.002)

NT-pro-BNP elevated

NT-pro-BNP normal

ni niN
[8] Pulsetal 9/53 2/54 —l— 52.20 5.3z [1.09, 25.92]
{12] Binder et al 7/67 o557 = » 15.73 14.26 [(0.80, 255.33]
[13) Kostrubiec et & 15/72 osze +—8—*F 1l6.10 15.37 [0.89, 266.09]
[15) Pruszczyk et al 15/58 0/2z1 ——w»— 15.97 15.32 [0.87, 268.39]
Total (95% CI) 250 160 o 100.00 8.72 12.78, 27.40] |
al everts. -pro- Y ; -pro- normal)

Test for heterogeneity; Chi* =085, df = 3 (P = 0.84), F =0%
Test for overall effect: Z=3.71 (P = 0.0002)

Total (35% CI) 373 z98 . 100.00 7.56 [3.35, 17.09]
Total events; 63 (NT-pro-BNP eleveted), 5 (NT-pro-BNP normal)
Test for heterogeneity: Chi* = 262, df = 7 (P =092),F =0%
Test tor overall effect: Z = 4 .86 (P < 0.00001)
0.01 01 10 100

FA Klok. Am J Respir Crit Care Med 2008;178:425-430



RV Dysfunction 2010: Pitfalls and Limitations

o0

Echo and CT criteria poorly standardized; reporting of

confounding factors heterogeneous;
Biomarker studies mostly included patients with hypotension
and shock; prognostic effect not adjusted for confounding

variables;
Cutoff values, particularly for BNP/NT-proBNP, controversial;

Troponins or natriuretic peptides alone have a low positive
predictive value in PE.

loxUEL yLat GAOUG TOUC
oNUEPLVOUC SELKTEC

Conclusions: High conce ents with

pulmonary embolism at hig ospitalcourse
and death from those with low BNP e creased BNP or NT-pro-
BMNP concentrations alone, however, do not justify more invasive

freatment I'El'.]l mens. FA Klok. Am J Respir Crit Care Med 2008:178:425-430




Acute Pulmonary Embolism
and Pulmonary Hypertension:

RV Dysfunction in Current Guidelines




Yrotaowkot a.oBsveic «uPpnAol» Kivduvou

Suspected acute PE

<o 49O
v l

‘ Ifferent management
l strategies

EUROPEAN
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AAyoplBuoc dtayvwonc M.E. upnAou kivdéuvou

AMEZH duvatotnta ektéAeong CTPA ?

l oxt voi

Ynepnxoypdadpnpa

1

AucAettoupyia A.K. ? CTPA
oxt
Uetikn apvnTIKA
EvaAAOKTLKN AVIEZH OEpanelo EvaAAOKTLKN
dlayvwon OpoupoéAuvo dlayvwon

www.escardio.org
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Thrombolytic therapy should be used in patients
with high-risk PE presenting with cardiogenic shock
and/or persistent arterial hypotension

Surgical pulmonary embolectomy is a therapeutic
alternative if thrombolysis is absolutely
contraindicated or has failed

Catheter embolectomy or fragmentation of proximal
pulmonary arterial clots may be an alternative to

surgical treatment when thrombolysis is absolutely
contraindicated or has failed

1 (2)

AMERICAN COLLEGE OF

T R e Through Education




Noppotaotkol aoBeveic «pun vPnAov» KivdUvou

Suspected acute PE

Shock or hypotension*
High-risk** Non-high-risk**

J, Different management l

strategies

AMERICAN COLLEGE OF - @
T G A i Through Education Y




¢ Treatment Recommendations

Recommendation

Class

Level

LMWH or fondaparinux recommended form of initial
treatment for most patients

Routine use of thrombolysis (afterload reduction) in
non-high-risk PE patients is not recommended (1B);
may be used in selected patients

1 (1)

lib

A (A)

AMERICAN COLLEGE OF

T e LT e R Through Education
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[MVELLOVLKN APTNPLOKN UTTEPTOON

EAeyxoc amoteAeopaTIKOTNTAC Beparteiag

Clinical assessment

At baseline
(prior to therapy)

WHO-FC v
ECG
6MWTP v
Cardio-pulmonary exercise /
testing®

,,\

C BNFFN'FmeI'D v

\\/
Echocardiography v
RHC Vi

KAwvikn amouoia avenapkeloag A.K., FC I-II

>400 m

Peak VO2 >15 ml/kg/min

(2xebov) duololoyika emnimeda

OXI tepkapd. vypo, TAPSE>2 cm
RAP <8 cm, Cl >2,5 ml/min/m2

‘Intervals should to be adjusted to individual patients needs.
“Usually one of the two exercise tests is performed.

s recommended (Table 114).
Should be performed (Table 114).

BMP = brain natriuretic peptide; ECG= electrocardiogram; RHC = right heart catheterization; 6MWT = é-minute walking test;, WHO-FC =WHO functional class.

ESC/ERS Guidelines. Eur Heart Journal 2009;30:2493



Acute Pulmonary Embolism
and Pulmonary Hypertension:
RV Dysfunction -
Evolving Concepts and Outlook

1) 2uvbuoaopuotl Blodektwv
2) Néeot Brodeiktec pvokapdLlaknC VEKPWONG
(uPnAou kivduvou)

3) OAokAnpwpevol Brodeikteg AK SuoAettoupylog
KoL VEKPWONC



1) Zuvbuaopol BlodelkTtwy

Parameter

Tests / Findings

RV Dysfunction

+?

Myocardial injury

RV dilatation, hypokinesis or pressure
overload on echocardiography

RV dilatation on spiral CT

[BNP or NT-proBNP elevation]
[N right heart pressures at RHC]
Cardiac troponin T or | positive
[H-FABP]

[Myoglobin]

www.escardio.org
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1) Zuvbuaopotl BlodelkTwyv

Patient group Complication risk (OR, 95% ClI)

Troponin T-negative (<0.04 ng/ml) -

Troponin-positive, echo-negative
~ 15% OAwv Twv

aoBevwv pe MN.E.

Troponin-negative, echo-positive

10.00 (2.14-46.80)

Both troponin- and echo-positive
P=0.004

L Binder. Circulation 2005;112:1573-1579



RV Dysfunction (Echo) + Injury (Troponin):
= an International Randomized Thrombolysis Trial
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PEITHO Status (as of January 31, 2010)
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2) Neol Brodeiktec upnAou kivdéuvou: H-FABP

H-FABP cTnT NT-proBNP
100 \H‘_"‘"-.—,_ 100 100_
80- RS . = BOE
. S S
< 60 = 60- = 601
¢ I = ]
E 40- S 40- > 40
. : - : i
3 50| — 26 ng/ml » 29/ —20.04 ng/ml ._ ® 99/ —21,000 pg/ml _
@ 204 _Zg nglml p<0.0001 201 Z2 504 nymi P 0.667 201 Z 21000 bYmi p=0.108
0"'1"'1"'|"'|"'| o111 71— OI[II
0 500 1000 0 500 1000 0 500 1000
Days Days Days
H-FABP in normotensive PE Sensitivity Specificity NPV PPV
H-FABP 26 ng/l (23% of patients) 0.89 0.82 0.99 0.28

M Puls. Eur Heart J 2007;28:224-229
C Dellas. J Am Coll Cardiol 2010; in press



CTEPH: Survival According to H-FABP Tertiles

Event-free Survival (%)

100+

a0 =

o
L]
]

I
[ ]
]

204

i

—

|H-FABP <2 6ng/mL

H-FABF 2.6-3.8na/mL

P=0.016

each increase of H-FABP by 1ng/mL
associated with a hazard ratio
of 1.21 for reaching the primary endpoint

(95%Cl, 1.07-1.38; P=0.003)

'l
L

H-FABF =3.8ng/mL

T ' ; ' |
180 360

Follow-up (Days)

240

M. Lankeit. Eur Resp J 2008;31:1024



CTEPH: Prognostic Value of H-FABP

100

a0

Cut-off level: 4 ng/mL

]
o
]

Sensitivity: 0.55
Specifity: 0.82

Sensitivity

=
[
|

zn- Patients with a H-FABP 24
ng/mL had a 4.26-fold
AUC=0.T47 higher risk for reaching

0 T T T T 1 T 5 c
0 0 w0 s s 100 the primary endpoint.
100 - Specificity

Prognostic Value of cardiac troponin T:

Only 2 (3%) patients had detectable cardiac troponin T
- both died within 20 days

M. Lankeit. Eur Resp J 2008;31:1024
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3) «OAokAnpwpevol» Brodeiktec: GDF-15

Foll

ays)

Follow-up (days)

GDF-15 cTnT NT-proBNP
100\_H_‘_‘ﬁ—% 100 100 :
N 80}T|_‘_|_|_L' 80—\_\ﬁ\_\—|_|—|_' [NT-proBNP <1000 ngiL]
£ o re
3 [NT-proBNP 21000 ngL]
-E 1
a 0 40 40
P<0.001 P=0.012
0 0 0
0 3I 750 0 3!135 TéO 0 3(I35 TéO

Follow-up (days)

MBava mMAeoveEKTHHOTA TOU
OAOKANPWUEVOU SEIKTN EVAVTL TNG
TpOTOVivNG

Avwtepoc tou NT-proBNP

M Lankeit. Am J Respir Crit Care Med 2008;177:1018-1025



Echo Imaging Combined With GDF-15

GDF-15 cTnT NT-proBNP

50+ 50+

50

i
o
I

Complication (%)
8
8

(8]
CIJ
Complication (%)

Complication (%)
w
o

-
a
|

o
1

>4600 ng/L RV dysfunction >0.04 pgiL RV dysfunction
<4600 ng/L <0.04 pgiL

GDF..15 no RV dysfunction cTnT

>1000 ng/L RV dysfunction
<1000 ng/L

no RV dysfunction NT'p"OBNp no RV dysfunction

g 95% ClI P Value
RV dysfunction [ 41\ 13-12.7 0.014
RV dysfunction and GDF-15 24600 ng/L \ 159 /| 4.0-640 <0.001
RV dysfunction and cTnT 20.04 pg/L \3_0/ 1.0-8.8 0.052
RV dysfunction and NT-proBNP 21000 ng/L 3.7 1.3-10.9 0.015

M Lankeit. Am J Respir Crit Care Med 2008;177:1018-1025



2uvoyn Kol ZUUTTEPACHATOL

s H 6efla kol\lakn duoAettoupyia amoteAel KaBopLloTIKO
TIPOYVWOTLKO TTAPAYOVTA 0TNV IVEUOVLIKN EMPOAN (Kal otn
XPOVLa TIVEU LLOVLKN UTTEpTAON).

s Koawvevoc amo toug orpepa SLAOECLLLOUC ATTIELKOVLOTLKOUC
(urtépnyo, CT) N Bloxnuikou (TPOTIOVIVEG, VOTPLOUPNTLKA
nemtidla) Plodeiktec dev elval amo UOVOC TOU OPKETOC YL
va kaBoploel tn Beparneia.

s Néec e€etalopevec oTpATNYLKEC TIEP OB AVOUVY TO
ouvOUAOUO UTTOPXOVTIWV BlodelkTtwy, VEOUC BLodelkTeC
LLUOKOPOLAKN G VEKPWONC Kol OAOKANPWHEVOUC BlodelkTeC
HuokapdLaknC VEKpwoNG Kal SucAeLtoupyloc.






Global Biomarkers: Growth-Differentiation Factor-15

Member of the TGF-3 cytokine family

(Bootcov, PNAS 1997)
Not expressed in the myocardium under normal conditions

Cardiac expression occurs in response to pressure overload
and/or ischemia

(Kempf, Circ Res. 2006; Xu, Circ Res. 2006)

Elevation of GDF-15 levels shown to predict high risk in
patients with NSTEMI or heart failure

(Wollert, Circulation 2007; Wollert, Circulation 2007; Kempf, JACC 2007)
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