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Pacienti s HF a plicni vaskularni nemoci maji horsi prognézu

10 023 pacientu s HF nebo PH podstupujici pravostrannou katetrizaci, Univ. of Pittsburg

Plicni vaskularni nemoc: plic. vasc. rezistence > 3 w.u.
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Plicni vaskularni nemoc biologicky relevantni
Vanderpool RR, JAMA Cardiol. 2018 Apr 1;3(4):298-306.



Priciny plicni vaskularni nemoci u HF

Endothelialni dysfunkce plicni cirkulace
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flow-mediated dilatation (FMD)
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Endotelialni dysfunkce plicni cirkulace

Transpulmonary cGMP release
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Strukturalni zmény v plicni cirkulaci u pacientt s HF

Pitevni studie, Mayo clinic
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Plicni hypertenze u onemocneni levého srdce

Pulmonary

Circuit
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Pathophysiological Sequence: Backward Transmission

Plicni hypertenze vede k selhani pravé komory (s jistou variabilitou pribéhu)

Rozvoj biventrikularni dysfunkce je spole¢nou finalni cestou progrese vSech typu srde¢niho selhani

Rosenkrantz S, EHJ 2016, 37: 942-54



Dysfukce PK muze progredovat nezavisle na PH
Longitudinalni studie PA-RV coupling u HFpEF
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604 .. r=-0.37, p<0.0001
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Predictors of development of de novo RVD
Atrial fibrillation, prev. or inc. (OR 2.8, p < 0.001)
CAD (OR: 2.0, p=0.03)
DM (OR: 1.9, p=0.04)
RV systolic pressure (OR per 1SD: 1.5, p=0.006)
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World PH summit Nice 2018:
Co je nového u PH2 typu ?

Cut-off pro PH snizen na mPA: > 20 mmHg

Racionale

1) Metaanalyza dat ukazala, Zze ,,normalni“ hodnota u zdravych mPA je 14 + 3.3 mmHg
Kovacs et al. Eur Respir J 2009; 34: 888-975

mean + 2* SD = 20.6 mmHg - upper limit of normal (97,5% upper limit of normal)

. [ X4 . V4 [ 1-0 7
2) mPA 20-25 mmHg je jiz spojen nezavisle
zvySenym rizikem mortality a symptomy 08 x
'g 0.6
@
g 04
o P < 0.001
024 — lower normal mPAP (N = 137, 13 events)
upper normal mPAP (N = 56, 11 events)
— borderline mPAP (N = 64, 17 events)
Douschan et al. Am J Respir Crit Care Med 2018; 197(4):509-516 0.0 ~— PH N =290, 120 events)

T T T T T T
0 20 40 60 80 100 120 140
Time (months)

Prekapilarni komponenta PH je definovana pouze PVR > 3 w.u.
diastolic pressure gradient (DPG) je mrtev

Vachiery JL et al. Eur Respir J 2019



Definice prekapilarni kompenty u PH 2 typu

Haemodynamics to predict outcome in
pulmonary hypertension due to left heart

disease: a meta-

analysis

Caravita S et al. Eur Respir J 2018
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PVR, but not DPG, predicts mortality

Full-text articles excluded (n=24)

Full-text articles assessed
for eligibility
(=30

The study:
used a composite outcome [n=6)

assessed short-term martality (n=1]

assessed survival after HTx (n=7)

included unstable patients [n=2)

included only patients with
scleroderma [n=2]

included »30% of patients without PH
In=2)

considered the variable of interest
only as dichotomous [n=é)

Studies included in
the meta-analysis

~
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With DPG With PVR
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(n=t) [n=4]

With PAC
[7-10]
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PAH world summit, Nice 2018:
PVR (but not DPG) will be used for future definition of precapillary component of PH

DPG
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Co nového v doporucéenich z Nice 2018 u PH 2 typu ?

Hlavni diagnosticky problém: rozliseni PH-HFpEF vs PAH

Pre-test probability fenotypu levostranného srdecniho onemocnéni

Feature High probability Intermediate probability Low probability
Age >70 years 60-70 years <60 years
Obesity, systemic hypertension, >2 factors 1-2 factors None

dyslipidaemia, glucose
intolerance/diabetes

Previous cardiac intervention” Yes No No

Atrial fibrillation Current Paroxysmal No

Structural LHD Present No No

ECG LBBB or LVH Mild LVH Normal or signs of RV strain
Echocardiography LA dilation; grade >2 mitral flow No LA dilation; grade <2 mitral flow No LA dilation; E/e’ <13
CPET Mildly elevated V'e/V'co., slope; EQV Elevated V'e/V'co, slope or EQV High V'e/V'co, slope; no EOV
Cardiac MRI LA strain or LA/RA >1 No left heart abnormalities

‘ Pre-test probability of PH-HFpEF ‘
\

No RV abnormality Iﬁ\;nz:?r?gmé%g}li

I |

Consider RHC Management of
in selected cases# el G LHD

Pravostranna katetrizace doporucena pri:
dysfunkci pravé komory a intermedialni pravdépodobnosti PH
podezreni na CTEPH; pri systémové sklerodermii

dusnost nejasné etiologie
Vachiery JL et al. Eur Respir J 2019



Pravostranna katetrizace a zatézoveé testy

RHC at expert centresT

v v
PAWP 13-15 mmHg PAWP >15 mmHg
Low probability Intermediate or Low probability Intermediate or
l high probability l high probability
: PH-HFpEF : PH-HFpEF
Pre-capillary PH -
P not excluded PH-HFpEF likely confirmed

! '

1) Consider provocative testing Consider LVEDP
2] Consider other cardiac testing* validation~

Volumexpanze: infuze FR 500 ml nebo ml/kg (37° C) béhem 5-10 min
vzestup PAWP 2 18 mmHg po infusi = postkapilarni PH

D’Alto M, Chest 2017, 151: 119-126

Horizontalni ergometr: 20W zacatek, dal 10W inkrementy po 3 min
PAWP 2 25 mmHg pri zatézi je jasné abnormalni _ _
Andersen MJ, Circ Heart Fail. 2015;8(1):41-8

PAWP/CO slope > 2 mmHg/L/min
Eisman AS, Circ HF 2018



Terapie prekapilarni komponenty PH 2 typu:
nedavno ukoncené studie

TABLE 4 Recently completed randomised controlled trials targeting the phosphodiesterase type 5 inhibitor/nitric oxide and
endothelin pathways in pulmonary hypertension due to left heart disease

First author or Study Dose Subjects Duration Population Primary outcome Result
study [ref.] drug n
Guazzi [74] Sildenafil 50 mg A 12 months HFpEF PVR, Improvement
3 times a day RV performance,
CPET
LEPHT [75] Riociguat 0.5, 1Tor 2mg 201 16 weeks HFrEF mPAP versus No change
3 times a day placebo
Hoenpermis [73] Sildenafil 60 mg 52 12 weeks HFpEF mPAP versus No change
3 times a day placebo
SIOVAC [77] Sildenafil 40 mg 231 24 weeks VHD Composite clinical Worsening in active
3 times a day score® group
MELODY-1 [76] Macitentan 10 mg 48 12 weeks HF (EF >30%]; Safety and +10% fluid retention
once daily 75% HFpEF tolerability in active group

\
2 «
{ & ()

\r\(

Ale: mPA neni relevantni endpoint (1CO vede k 1 mPA)

netestované populace:
HF(p)EF s vyznamné zvySenou PVR (atypicka PAH)
HFrEF pred Tx

Vachiery JL et al. Eur Respir J 2019



Terapie prekapilarni

r

komponenty PH 2 typu:
probihajici Ci pripravované studie

Study® Study drug Dose Subjects Duration Population Primary outcome
n
SERENADE Macitentan 10 mg 300 52 weeks LVEF >40% and ESC-defined % change from baseline in
(NCT03153111) once daily HFpEF; HF hospitalisation within NT-proBNP at week 24
12 months and/or PAWP or
LVEDP >15 mmHg within
6 months; elevated NT-proBNP;
PVD or RVD
SOPRANO Macitentan 10 mg 78 12 weeks  LVAD within 45 days; PH by RHC PVR ratio of week 12
(NCT02554903) once daily with PAWP <18 mmHg and to baseline
PVR >3 WU
DYNAMIC Oral riociguat 1.5 mg 114 26 weeks HFpEF; mPAP >25 mmHg and Change in CO
(NCT02744339) 3 times a day PAWP >15 mmHg
Oral treprostinil Oral 310 24 weeks  LVEF =50%; RHC within 90 days Change in MWD from
(NCT03037580) treprostinil of randomisation; 6MWD >200 m baseline to week 24
PASSION [not Oral tadalafil 40 mg 320 NA HFpEF; PH with PAWP Time to first event defined as
registered) once daily >15 mmHg and mPAP >25 mmHg HF-associated hospitalisation

and PVR >3 WU

(independently adjudicated]
or death from any cause

Vachiery JL et al. Eur Respir J 2019



Klinické determinanty plicni vaskularni nemoci pri PH2 typu
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Braunwald E, Circ. 1965:10: 509-14

Snizeni tlaku v levé sini: hlavni cil Iécby PH 2 typu



Left atrial unloading by LVAD lowers PVR

Systolic pulmonary artery pressure

. G e Mean pulmonary artery pressure
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Regression of changes on pulmonary histology

Hunt JM Am J Physiol 305, L725-36, 2013

mini-LVAD for LA decopression for HFpEF ?

Burkhoff D, 3 Am Coll Cardiol HF 2015;3:275-82

9 CirchLite



LVAD - redukuje RV afterload, ale zvysuje RV preload

Effect of LVAD speed increase LV and RV function (P-V loops) | LVAD speed
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Wang Y, PLOS One 2014, 9 (1): 85234

LVAD zvysSuje praci pravé komory

RV pressure load |
RV volume load 1

Méné efektivni pohyb septa Riziko selhani PK po LVAD
RV dilatace, 1 Tri R je dana dysfunkci PK, nikoliv PH

Houston BA, JHLT 2017

Tézka dysfunkce PK (+TR) bez PH je nejrizikovejSi
Z hlediska selhani PK po LVAD



Riziko selhani PK po implantaci LVAD:
hemodynamicke prediktory

N RAP RA:PCWP RVSWI
1. 2.5
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No RVF No RVF RVF
AUC SE Sensitivity Specificity PPV NPV
(95% CI)
PAPi 0.942 0.0195 0.938 0.810 0.832 0.928
<1.85 (0.904, 0.980)
RA (mmHg) 0.846 0.0326 0.968 0.650 0.735 0.954
>11.5 (0.781,0.911)
RA:PCWP 0.837 0.0195 0.719 0.870 0.847 0.756
>0.59 (0.749, 0.925)
PA pulse pressure (mmHg) 0.742 0.0520 0.718 0.640 0.663 0.695
<22.5 (0.613,0.817)
RVSWI (mmHg/L/m2) 0.692 0.0595 0.786 0.631 0.680 | 0.747
<0.57 (0.576, 0.809)
Mod-sev TR 0.678 0.0542 0.743 0.446 0.603 0.680
(0.571,0.783)

132 konskutivnich pacientd s konitn. Flow LVAD,
Tufts, Boston

24% vyvinulo selhani PK po LVAD
(inotropes = 14d or RVAD)

Nejlepsi prediktor selhani PK:

PA pulsatility index (PAPI)
(PA sysolic-PA diastolic)/ RA

PASP, PVR, TPG:
nepredikuji RVF po LVAD !

Morine KJ, J Card Fail 2016

Vyznamnou cast end-stage HF nelze resit izolovanym LVAD
nutnost vyvoje biventrikularnich systémd podpor !



Zavery

PH 2 typu je nejCastéjsi typ PH a je spojen se zvySenou mortalitou

Pritomnost plicni vaskularni nemoci (PVR> 3 WU) dale zhorSuje prognozu

Odliseni PAH a PH 2 typu je slozité zvlasté u pacientu se zachovanou EF LK
definuj pravdepodobnost onemocnéni levého srdce
u Sedé zony indikuj P-katetrizaci

Specificka terapie PAH neni zatim u PH2 typu indikovana
(s vyjimkou specialnich situaci — PH-HFrEF pred Tx)

LVAD snizuje tlak v levé sini i PVR, ale muze pretizit selhavajici PK

K LVAD nutné indikovat pred rozvojem tézké biventrikularni dysfunkce



Dékuji za pozornost

vojtech.melenovsky@ikem.cz



Zvysuje podavani léku s hypotenznim u€inkem mortalitu ?

Indikace pravostranné katetrizace zavisi na pre-test probalité PH-HFpEF

’ | Pre-test probability of PH-HFpEF |

RV abnormality

No RV abnormality (imaging, ECG)

| |

k.
Consider RHC Management of
in selected cases? RHC recommended LHD




RV function assesment using 3D gated
blood-pool SPECT using new, faster camera

End-diastolic frame End-systolic frame
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The same subject as above, 4 months after AVR + HM3 implantation

works with LVADs
ISHLT 2018, poster 1215
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Konsekvence PH u ChSS: biventrikularni selhani

PULMONARY CIRCULATION

Superimposed components:
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- Metabolic factors
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pacienti s PH+HF maji 2-3x vyssSi
riziko umrti nez ti bez PH

rozvoj dysfunkce pravé komory a
pravostranného selhani souvisi s PH
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Pulmonary Hypertension in Heart Failure

50-70 % of HF (rEF or pEF) patients have pulmonary hypertension (mPA 2 25 mmHg)

PULMONARY CIRCULATION
Superimposed components: .
- Vasocor’:strlctlor? Arterlpolar remodeling g P aS S I V e p r eS S u r e
- NO availability § - Venous congestion
- Desensitisation to NP- - Metabolic factors Passive backward
induced vasodilation - Inflammatory cells

R —— = transmission of left-sided transmission
ulmonary vascular disease =
(i. eryremodelmg) = filling pressures

; from left heart

“isolated postcapillary PH®
RIGHT HEART

lpc-PH

Superimposed pulmonary vascular disease (PVD)

LEFT HEART
Loss of LA compliance

(exercise increased)
Mitral regurgitation

Systolic/diastolic
LV dysfunction

“‘combined pre- and post-capilary PH*, Cpc-PH
Pulmonary vascular resistance 2 3 w.u. at rest

0 1 , 10 1-
15 A) Of general HF pOpU|atlon . :g:gﬁrkgszSﬁJElz-i(\)llgoi)G,gg: 942-54
less severe PVD far more common in HF

Gerges M, AJRCCM 2015, 192: 1234-46.



Exercise LA pressure correlates with symptoms
and prognosis

LA pressure (PAWP) during exercise: -reflects multiple pathophysiologic pathways of HFpEF
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Elevated exercise PAWP in HFpEF - not only marker, but treatment target



Endothelial dysfunction of pulmonary circulation
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PH 1 nebo 2 typu? Dynamicke testy
akutni volumexpanze

222 pacientu s RHC, zatézovy test: infuze 7 ml/lkg FR béhem 5-10 min.
Vzestup PAWP 2 18 mmHg po infusi = postkapilarni PH

Bez PH Prekapilarni PH Postkapilarni PH
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Volumexpanze je bezpecCna
D’Alto M, Chest 2017, 151: 119-126



World PH summit Nice 2018:
Co je nového u PH2 typu ?

Hlavni soucasny diagnosticky problém: rozliSeni PH-HFpEF vs PAH
Doporuceny pristup:

Urcit pre-test probability fenotypu levostranného srdecniho onemocnéni

Feature High probability Intermediate probability Low probability
Age >70 years 60-70 years <60 years
Obesity, systemic hypertension, >2 factors 1-2 factors None

dyslipidaemia, glucose
intolerance/diabetes

Previous cardiac intervention® Yes No No

Atrial fibrillation Current Paroxysmal No

Structural LHD Present No No

ECG LBBB or LVH Mild LVH Normal or signs of RV strain
Echocardiography LA dilation; grade >2 mitral flow No LA dilation; grade <2 mitral flow No LA dilation; E/fe’ <13
CPET Mildly elevated V'e/V'co, slope; EOV Elevated V'e/V'co, slope or EQV High V'e/V'co, slope; no EOQV
Cardiac MRI LA strain or LA/RA >1 No left heart abnarmalities

Invazivni hemodynamické vysetrfeni pouze u intermediate probability



First author Subjects n Age (sex) Protocol Average PAWP: rest Comment

[ref.] to peak mmHg

Exercise

WRriGHT [62] 28 healthy 55 years (12 female) Semi-upright 11+£3-2245 early to 17 Time-variant changes, early

+6 late increase and late decrease

WoLsk [63] 62 healthy 20-80 years Supine 8-10 rest; 35% elderly had PAWP

(50% female) 16 leg raising; >25 mmHg
19 at 25% peak V'oy;
23 at 75% peak Vo,

AnperseN [52] 26 (14 70 years HFpEF (57% Supine exercise Control: 7+3-1345; Similar increase in healthy
HFpEF, 12 female); 63 years versus fluid loading HFpEF: 14+3-32+6 subjects; 2-fold increase in all
controls) controls (58% female] filling pressures during exercise

versus fluid loading in HFpEF
Fluid loading

Fusimoto [53] 60 healthy; Young: <50 years; 100-200 mL-min~" Young: 10+2-16+2; Normals reach PAWP 18-19

11 HFpEF older: 250 years older: 9+2-17+2; mmHg
HFpEF: 14+4-20+4

Anpersen [52] 26 (14 70 years HFpEF 10 mL-kg~"-min~" Control: 7+3-1345; Similar increase of PAWP in
HFpEF, 12 (57% female); 63 years  saline (150 mL-min~") HFpEF: 14+3-21+4 healthy subjects
controls) controls (58% female]

Fox [55] 107 SSc with 59 years PAH 500 mL saline PAH: 8+3-12+2 Retrospective analysis; OPVH

PH suspicion

Rossins [57] 207 PAH
D'ALto [65] 212 PH
evaluation

(94% female); 66 years
OPVH (64% female)

51 years PAH
(82% female); 57 years
OPVH (74% female)

58 years pre-capillary
(68% female);
65 years post-capillary

(5-10 min)

500 mL saline
(5-10 min)

7 mL-kg~" rapid
infusion

(LVEPD 9-12J;
OPVH: 1243-17+5
(LVEDP 15-21)

defined by increase in PAWP
>15 mmHg

PAH: 9+3-11+4;
OPVH: 1242-19+3

Retrospective analysis; 30% had
increase in PAWP >15 mmHg,
predominantly female, mostly in
normal range

PAH: 9+2-12+2;
HPH: 11+£2-2243

Overlap between groups; cut-off
for PAWP abnormal response at
18 mmHg




How HF patients develop pulmonary vascular disease ?

Structural changes in pulmonary arterioles

Low PVR HFrEF High PVR HFrEF

No plexiform lesions
(typical for group 1 PH)
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muscularisation of media, proliferation of SMC



Aktivace endotelinového systému u PH-HFpEF

r=0.73
p<0.0001

r=-0.52
p<0.0001

Endotelin-1 je zvySeny u HFpEF, proporcionalné se stupném PH
Studie testujici efekt ET-1 inhibitora jsou zatim negativni

- vedlejsi ucinky ?
- ET-1 je jen surogat ?

Obokata M, Melenovsky V, Jarolim P, Borlaug BA, submitted



