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Co o PH u LHD rikaji nova Guidelines?

@ ESC European Heart Journal (2022) 00, 1-114 ESC/ERS GUIDELINES
European Society httpe/idnai ~re/10 1002 n ichanrtilahai127
of Cardiology European Heart Journal (2022) 00, 1-114
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2022 ESC/ERS Guidelines for the diagnosis and
treatment of pulmonary hypertension
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2021 ESC Guidelines for the diagnosis and
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Plicni hypertenze u onemocnéni levého srdce

MU
MED

LHD je nejcastéjsi p

4

r

iCinou plicni

hypertenze (65-80% vsech pripadti PH)

Masarykova univerzita
Lékarska fakulta

European Heart Journal (2022) 00, 1-114
https:/doi.org/10.1093/eurheartj/ehac237

Pulmonary congestion in

post-capillary PH

Pulmonary vascular disease / 2
obstruction in pre-capillary PH

CLINICAL CLASSIFICATION

Pulmonary arterial

PH associated with

PULMONARY HYPERTENSION

Prevalence  J
&’ -
® 15  Global a3 fﬁ?’
& population ¥ ¢ &

y
0123 45 6
PVR (Wood units)

:

.

), >
;

g

: :

i

10 20 30 40 50 60
mPAP (mmHg)

PH associated with Ehlssodisted with

Right heart
failure

PH with unclear

3 = 5 pulmonary and/or multifactorial
hypertension (PAH) left heart disease lung disease artery obstructions ehanioms
o Idiopathic/heritable ¢ IpcPH * Non-severe PH ¢ CTEPH * Haematologic
* Associated ¢ CpcPH * Severe PH e Other pulmonary disorders
conditions obstructions * Systemic disorders
Rare Very common Common Rare Rare
a ad aa a - aa s &
L aaaa H
FAKULTNI
NEMOCNICE

U SV. ANNY
V BRNE
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Plicni hypertenze u onemocnéni levého srdce
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Jak PH u LHD vznika?

Variable degree of pulmonary congestion, vasoconstriction, vascular remodelling

LA pressure & Congestion Remodelling Right heart strain

LA pressure (mmbg)

LA dysfunction Vasoconstriction Venous Arteriolar RV dysfunction

Pulmonary congestion

RV-PA
uncoupling

Pulmonary vascular disease
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Left ventricular phenotype === Right ventricular phenotype
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Jak je PH u LHD definovana a jak se déli?

Table 5 Haemodynamic definitions of pulmonary

hypertension
Definition Haemodynamic characteristics
PH mPAP =20 mmHg
Pre-capillary PH mPAP >20 mmHg
PAWP <15 mmHg
PVR >2 WU
(" IpcPH mPAP >20 mmHg )
PAWP >15 mmHg
PVR <2 WU
CpcPH mPAP >20 mmHg
PAWP >15 mmHg
\_ PVR >2 WU )
Exercise PH mPAP/CO slope between rest and exercise
>3 mmHg/L/min
NURT o™ F et
M E D ttps://doi.org/10. eurheartj/ehac

Izolovana postkapilarni plicni
hypertenze (IpcPH)

Kombinovana (pre- a
postkapilarni) plicni hypertenze
(CpcPH)
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Plicni hypertenze u onemocneéni levého srdce

Pulmonary Hypertension Due to Left Heart Disease
Diagnosis, Pathophysiology, and Therapy

PH-LHD IpcPH CpcPH

mPAP, mm Hg* >20 >20

PCWP/LVEDP, mmHg >15 >15

PVR, Wood unit <3 >3 e

TPG, mmHgt CST? {;1? ézo I [ I A\IA\IA\MMM‘
DPG, mm Hgt <7 27 g o ! V / ! -
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Plicni hypertenze u onemocneéni levého srdce

Pulmonary Hypertension Due to Left Heart Disease
Diagnosis, Pathophysiology, and Therapy
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Plicni hypertenze u onemocneéni levého srdce

PH-LHD IpcPH CpcPH

mPAP, mm Hg* >20 >20
PCWP/LVEDP, mmHg >15 >15

PVR, Wood unit e L
TPG, mmHgt <12 >12

DPG, mmHgt <7 >7

TPG (transpulmonalni gradient) = rozdil mezi mPAP a PCWP
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Plicni hypertenze u onemocneéni levého srdce

PH-LHD IpcPH CpcPH
mPAP, mm Hg* >20 >20
PCWP/LVEDP, mmHg >15 >15
TPG, mmHgt <12 >12
DPG, mmHgt <7 27 TPG 20mmHg / CO 4 L/min

PVR (plicni vaskularni rezistence) = podil TPG a CO |:> PVR 5 W.j.
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Plicni hypertenze u onemocneéni levého srdce — cévni remodelace
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Fig. 4. Lung vascular remodeling in pulmonary hypertension due to left heart disease. A: histological sections (van Gieson staining, X100) show muscular
pulmonary arteries from patients with preoperative CHF who died shortly after heart transplantation. Images show examples of mild (left) and severe (right)
medial thickening. Reproduced from Delgado et al. (30) with permission from John Wiley and Sons. B: histological sections (Russel-Movat pentachrome stains,
scale bars 100 pm) show pulmonary arteries (arrows) with normal intima and media from a control subject (leff), and arterial intima (arrowhead) and media
(arrow) thickening with luminal narrowing in a PH-LHD patient (right). Reproduced from Hunt et al. (66), with permission from the American Physiological
Society. C: medial wall thickness of pulmonary arteries in 17 patients with CHF correlate with pulmonary vascular resistance (PVR). Based on data from Delgado
et al. (30).
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Patofyziologie vzniku plicni hypertenze u onemocnéni levého srdce

LH D % e HF and valvular heart disease lead to elevated ‘ m

filling pressure associated with stiff LA and
functional MR.

» Elevated endothelin-1 and reduced NO,
Pulmonary vascular remodeling. Chronic

P H pulmonary disease might aggravate
pulmonary vascular injury and lead to an
increase in PVR.

* Increase RV afterload,
R H D RV dysfunction and
right-sided HF
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Plicni hypertenze u onemocneéni levého srdce

PH-LHD IpcPH CpcPH
mPAP, mm Hg* >20 >20
PCWP/LVEDP, mm Hg >15 >15
PVR, Wood unit e °
TPG, mmHgt <12 >12
DPG, mm Hgt <7 >7

DPG (diastolic pressure gradient) = rozdil mezi dPAP a PCWP
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Plicni hypertenze u onemocneéni levého srdce — cévni remodelace

LV systolic dysfunction
LV diastolic dysfunction

Management of Pulmonary Hypertension in Left Heart Disease

Francesca Macera, MD**; Jean-Luc Vachiéry, MD*

Increased left atrial pressure

* Vasoconstriction: Due to endothelial function
impairment, there is an imbalance between nitric
oxide (NO) production (vasodilation) and endothelin-1 T p———
pathway (vasoconstriction), with the result of arteriolar Rilmonary vesauatis
vasoconstriction. *

* Vascular remodeling: Inflammatory stimuli, and perhaps

genetic predisposition,® lead to changes in vascular

wall structure. This is characterized by thickening of
extracellular matrix, collagen deposition, leucocytes
infiltration, and arteriolar intima-medial hypertrophy, which
together determine the reduction in pulmonary vascular
bed and the rise in small vessels pulmonary resistance.

Profound pulmonary artery remodeling

Minimal pulmonary artery remodeling (medial hypertrophy and intimal thickening)

Isolated post-capillary PH Combined pre- and post-capillary PH
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PH u LHD - cévni remodelace a rozvoj dysfunkce PK a progndza

Variable degree of pulmonary congestion, vasoconstriction, vascular remodelling
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PH u LHD - prognosticky vyznam dysfunkce pravé komory

Prognostic Importance of the Right Ventricular Sa: P <0.001
Function Assessed by Doppler Tissue Imaging
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PH a dysfunkce PK u pokrocilého HF a jejich konsekvence

Souhrn Doporucenych postupt
Evropské kardiologické spolecnosti pro diagnostiku
a lé¢bu srdecniho selhani z roku 2021

(Summary of 2021 ESC Guidelines for the diagnosis and treatment of heart failure)

MUNI et
MED

Tabulka 11 - Transplantace srdce: indikace a kontraindikace
Indikace
Pokrocilé srdecni selhani
Z4dna jind moznost, kromé& LVAD jako most k transplantaci (BTT)
Kontraindikace
Aktivni infekce
Zavazné onemocnéni perifernich tepen nebo cerebrovaskularni nemoc

Farmakologicky ireverzibilni plicni hypertenze (mlze byt zvézena
LVAD, aby zvrétila plicni vaskularni rezistenci, nasledné reevaluace)

Malignita se Spatnou prognézou (musi byt spoluprace s onkologem
ke stratifikaci rizika vzhledem k progresi nadoru nebo rekurence,
kterou zvysuje uzivani imunosuprese)

Ireverzibilni jaterni dysfunkce (cirh6za) nebo ireverzibilni ledvinna
dysfunkce (clearence kreatininu < 30 ml/min/1,73 m?). Lze zvazit
kombinovanou transplantaci srdce-jatra nebo srdce-ledvina.

Systémové onemocnéni s multiorganovym postizenim
Jiné zavazné komorbidity se $patnou prognézou
Pfedtransplantacni BMI > 35 kg/m?

Soucasné uzivani alkoholu nebo drog

Psychosocialni nestabilita, ktera po transplantaci brani fadnému
sledovani a intenzivnimu terapeutickému rezimu

Nedostatecna socialni podpora ke zvladnuti compliance
v ambulantni péci

CorVasa 2022;64:121-162.
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PH a dysfunkce PK u pokrocilého HF a jejich konsekvence

Tabulka 11 - Transplantace srdce: indikace a kontraindikace

Souhrn Doporucenych postupt Indikace
Evropské kardiologické spolecnosti pro diagnostiku Pokrotilé srdecni selhn
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LVAD, aby zvrétila plicni vaskularni rezistenci, nasledné reevaluace)

Farmakologicky ireverzibilni plicni hypertenze (mize byt zvazena
LVAD, aby zvrétila plicni vaskuldrni rezistenci, nasledné reevaluace)

Ireverzibilni jaterni dysfunkce (cirh6za) nebo ireverzibilni ledvinna
dysfunkce (clearence kreatininu < 30 ml/min/1,73 m?). Lze zvazit
kombinovanou transplantaci srdce-jatra nebo srdce-ledvina.

Systémové onemocnéni s multiorganovym postizenim
Jiné zavazné komorbidity se $patnou prognézou
Pfedtransplantacni BMI > 35 kg/m?

Soucasné uzivani alkoholu nebo drog

Psychosocialni nestabilita, ktera po transplantaci brani fadnému
sledovani a intenzivnimu terapeutickému rezimu

Nedostatecna socialni podpora ke zvladnuti compliance
v ambulantni péci

CorVasa 2022;64:121-162.
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PH a dysfunkce PK u pokrocilého HF a jejich konsekvence

Souhrn Doporucenych postupt
Evropské kardiologické spolecnosti pro diagnostiku
a lé¢bu srdecniho selhani z roku 2021

(Summary of 2021 ESC Guidelines for the diagnosis and treatment of heart failure)

Tabulka 23 - Kontraindikace transplantace srdce

Absolutni

Tabulka 11 - Transplantace srdce: indikace a kontraindikace
Indikace
Pokrocilé srdecni selhani
Z4dna jind moznost, kromé& LVAD jako most k transplantaci (BTT)
Kontraindikace
Aktivni infekce
Zavazné onemocnéni perifernich tepen nebo cerebrovaskularni nemoc

Farmakologicky ireverzibilni plicni hypertenze (mlze byt zvézena
LVAD, aby zvrétila plicni vaskularni rezistenci, nasledné reevaluace)

Malignita nebo jiné zavainé onemocnéni se $patno
prognoézou

Farmakologicky ireverzibilni plicni hypertenze (mize byt zvazena
LVAD, aby zvrétila plicni vaskuldrni rezistenci, nasledné reevaluace)

Chronicka infekce bez mozZnosti eradikace

Wysoka fixovana plicni arterialni hypertenze (PVR > 3,5 W,
PVR = (MAP — PCWP) / CO, TPG > 15 mm Hg, systolicky tlak
v plicnici > 60 mm Hg)

Masarykova univerzita
Lékarska fakulta

MU
MED

Ireverzibilni jaterni dysfunkce (cirh6za) nebo ireverzibilni ledvinna
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PH a dysfunkce PK u pokrocilého HF a jejich konsekvence

Souhrn Doporucenych postupt
Evropské kardiologické spolecnosti pro diagnostiku
a lé¢bu srdecniho selhani z roku 2021

(Summary of 2021 ESC Guidelines for the diagnosis and treatment of heart failure)

Tabulka 23 - Kontraindikace transplantace srdce

Absolutni

Tabulka 11 - Transplantace srdce: indikace a kontraindikace
Indikace
Pokrocilé srdecni selhani
Z4dna jind moznost, kromé& LVAD jako most k transplantaci (BTT)
Kontraindikace
Aktivni infekce
Zavazné onemocnéni perifernich tepen nebo cerebrovaskularni nemoc

Farmakologicky ireverzibilni plicni hypertenze (mlze byt zvézena
LVAD, aby zvrétila plicni vaskularni rezistenci, nasledné reevaluace)

Malignita nebo jiné zavainé onemocnéni se Spatnou
prognoézou

Farmakologicky ireverzibilni plicni hypertenze (mize byt zvazena
LVAD, aby zvrétila plicni vaskuldrni rezistenci, nasledné reevaluace)

Chronicka infekce bez mozZnosti eradikace

Wysoka fixovana plicni arterialni hypertenze (PVR > 3,5 W,
PVR = (MAP — POWF) / CO, TPG > 15 mm Hag, systolicky tlak
v plicnici > 60 mm Hg)

Masarykova univerzita
Lékarska fakulta
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Ireverzibilni jaterni dysfunkce (cirh6za) nebo ireverzibilni ledvinna
dysfunkce (clearence kreatininu < 30 ml/min/1,73 m?). Lze zvazit
kombinovanou transplantaci srdce-jatra nebo srdce-ledvina.

Systémové onemocnéni s multiorganovym postifF= -

Jiné zavazné komorbidity se $patnou progndzo Brldge o Use C_’f M_CS (usually LVAD) to |m_p_rove en_d-organ
. o : candidacy function in order to make an ineligible patient

Predtransplantacni BMI > 35 kg/m (BTC) eligible for heart transplantation.

Soucasné uzivani alkoholu nebo drog

Psychosocialni nestabilita, ktera po transplan
ledovani a intenzivnimu terapeutickému raa

Nedostatecna soi
v ambulantni péci

adnuti compliance
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U SV. ANNY



Dysfunkce PK u nemocnych s pokrocilym HF a LVAD

Tabulka 10 - Pacienti potencidlné vhodni k implantaci levostranné
srdecni podpory

Pacienti s pretrvavanim zavaznych symptomu navzdory optimalni
farmakologické a pfistrojové 1é¢bé, bez zavazné dysfunkce pravé
komory a/nebo zavazné trikuspidalni regurgitace se stabilnim
psychosocialnim zazemim a absenci hlavnich kontraindikaci,* ktefi
maji alespon jeden z nasledujicich stava:

* EF LK < 25 % a intolerance zatéze pro srdecni selhani nebo pfi
2atézi je pVO, < 12 ml/kg/min nebo < 50 % predikované hodnoty.

* > 3 hospitalizace pro srdecni selhani v poslednich 12 mésicich bez
zjistitelné vyvolévajici priciny.
* Zavislost na inotropnich latkach nebo kratkodobé mechanické podpore.

* Progresivni organova dysfunkce (zhorseni renélnich a/nebo
hepatalnich funkci, typ Il plicni hypertenze, kardialni kachexie)
diky snizené perfuzi, a nikoliv kvdli neadekvatné nizkému
komorovému plnicimu tlaku (PCWP > 20 mm Hg a STK < 90 mm Hg
nebo Cl < 2 [/min/m?).

IVI U I\I Masarykova univerzita Cor Vasa 2022;641 21-162.
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Methods We reviewed the records of 258 LVAD patients in our institution. Patients with elevated mean pulmonary S 4 - A.fteri —— =

artery pressure (mPAP > 25 mmHg) and elevated pulmonary vascular resistance (PVR >3 Wood units)
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MPAP (mmHg)
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were included in the study. Patients were divided into two groups based on their baseline PVR (PVR = 3-5 Ol
Wood units (WU) vs. PVR > 5 WU). The groups were studied for the changes in their pulmonary haemo- o S ! : '
dynamics after the placement of LVAD. =3 J —
T T T T T T T T
Before LVAD placement After LVAD placement

mPAP (mmHg) 40 (6) 43 (7) 0.13 23 (9) 22 (6) 0.47

PW (mmHg) 26 (5) 25 (7) 0.53 12 (7) 11 (7) 0.74

TPG (mmHg) 14 (3) 18 (5) 0.001 11 @ 10 (5) 0.52

PVR (Wood Unit) 3.8 (0.5) 6.3 (1.2) <0.001 2.2 (0.8) 22 (1) 0.94
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were included in the study. Patients were divided into two groups based on their baseline PVR (PVR = 3-5 t H
Wood units (WU) vs. PVR > 5 WU). The groups were studied for the changes in their pulmonary haemo- o p—— H : i
dynamics after the placement of LVAD. - —_— - -
Before LVAD placement After LVAD placement
PVR 3-5 group  PVR >5 group p-Value  PVR 3-5group  PVR >5 group p-Value
mPAP (mmHg) 40 (6) 43 (7) 0.13 23 (9) 22 (6) 0.47
PW (mmHg) 26 (5) 25 (7) 0.53 12.(7) 11 (7) 0.74
TPG (mmHg) 14 (3) 18 (5) 0.001 11 4) 10 (5) 0.52
PVR (Wood Unit) 3.8 (0.5) 6.3 (1.2) <0.001 2.2 (0.8) 2.2 (1) 0.94
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LVAD a plicni hypertenze

Left Ventricular Assist Devices In
Pulmonary Hypertension Group 2 With
Significantly Elevated Pulmonary Vascular
Resistance: A Bridge To Cure

(r=0.87, p < 0.001)

Drop in PVR after LVAD placement (WU)

o ° o g
T T T T T T T
3 4 5 6 7 8 9
Baseline PYR (WU) Months
Conclusions Left ventricular assist devices can reverse pulmonary hypertension WHO Group 2 with significantly

elevated PVR; this effect is not dependent on the baseline PVR, and is maintained up to one year post
cardiac transplantation.
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Zavery

PH na podkladé onemocnéni levého srdce je nejcastéjsSim typem PH

Lécba tohoto typu PH je zameérena na lécbu zakladniho onemocnéni - tedy
HF

Jeji diferencialni diagnostika s ostatnimi typy PH je zasadni kvuli odliSnym
léCcebnym moznostem; matouci situaci je pritomnost PH pri HFpEF
Pritomnost PH, zejména typu CpcPH a zejména je-li spojena s dysfunkci
PK, je negativhim prognostickym markerem
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Zavery

Tzv. ,fixovana“ prekapilarni komponenta PH je kontraindikaci HTx

Tuto ,fixovanou” prekapilarni komponentu lze normalizovat implantaci
LVAD

Dysfunkce pravé komory je kontraindikaci implantace LVAD

Pecliva monitorace hemodynamickych parametru a spravné nacasovani

jednotlivych terapeutickych kroku je zasadnim predpokladem tspésné
lécby!
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Dékuji za pozornost!
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