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Srdecni selhani z hemodynamického pohledu

Srdce je pumpa ktera vytvari tlak a prutok (objem za ¢as)

Ztrata aktivniho myokardu
Pokles kontraltility (ESPVR), pokles tepového objemu, vzestup LVEDP, posun PV kfivky doprava
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Projevem dysfunkce srdce je pokles srde¢niho vydeje
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Snizeny srdecni vydej je pfi ChSS distribuovan jinak

Blood flow (ml/min)

Redistribuce srdecniho vydeje pfi srde€cnim selhani
neurohumoralni aktivace
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Hemodynamika ChSS v klidu a pri zatéezi

Klidova hemodynamika je u

kompenzovaného selhani skoro normaini ChSS se demaskuje pri zatézi
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Vyznam hemodynamického vysetreni pri ChSS

Potvrzeni dg ve spornych pripadech (hlavné pfi EF LK > 60%)

PokrocCilost srdec¢niho selhani — prognéza, naCasovani dalsi IéCby

Kvantifikace a typizace plicni hypertenze

fixovana plicni vaskularni rezistence > 4 w.j. = KI Tx pro riziko selhani PK §tépu

Charakterizace typu selhani

izolované levostranné (po extenzivnim IM)
izolované pravostranné (pfi PAH, cor pulmonale)

v iwv s v

planovani dalsi IeéCby: TX, LVAD, BiVAD, konz. terapie



Tlak v pravé sini — velmi silny prediktor prognozy
u pacientt s pokrocilym ChSS

ESCAPE trial (Evalulation Study of CHF and PA catheterization Effectiveness)

151 pacientt s pokroCilym ChSS

RAP (final) per S mmHg

RAP (baseline) capped at13 per 5 mmHg
PA mean (final) per 5 mmHg

PA mean (baseline) per 5 mmHg
PCWP (final) per S mmHg

PCWP (baseline) per 5 mmHg
Final PCWP 220

Final Cl per0.2 L/min/m2
Baseline Cl per 0.2 L/min/m2
Baseline sodium per 10 mEq/L
Baseline BUN per 10 mg/dL
Baseline systolic BP per 10 mmHg
Baseline ACE inhibitor

COPD
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1 2 4
Hazard ratio

Cooper LB, J Card Fail 2016; 22:182-89

Tlak v pravé sini je integruje projevy selhani obou komor



Srdce pracuje jako jeden funkéni celek
a pravou stranu srdce nelze ignorovat
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spolecné IV septum

zvysSeny tlak v pravé sini a snizeny vydej — dusledek dysfunkce P i L srdce

funkce komor se navzajem ovliviuji
systolicka a diastolicka interdepedence
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Cim se lisi prava komora od levé ?

Prava komora Leva komora
Geometrie komplexni elipsoid
Koronarni perfuze systolicko-diastolicka diastolicka
Typ prace objemova pumpa tlakové-objemova pumpa
Schopnost hypertrofie mala vysoka
Toleruje pretizeni jen objemové tlakové i objemové
vyrazné vyssi citlivost PK na tlakové pretizeni plocha Frank-Starlingova krivka v PK
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jak zvysit praci selhavajici PK ? Dilatace PK jen minimalné zvysi praci

snizit afterload
Braunwald’s Heart Disease 1984; p. 1573



Prava komora zavisi na funkci levé komory
(ale ne obracené) v dusledku systolické interdepence

Left component of left pressure Left component of right pressure
15mm Hg

mmmmm ha -experimentalni elektricka (nikoliv mechanicka)
izolace PK a LK u psa
LV pacing
[ o
Smm Hg

-- stimulace LK vedla k udrzeni funkce PK

75mm Hg . Right component of right pressure

Right component of left pressure

RV pacing - stimulace PK neméla zadny efekt na funkci LK

u.m

p— [ —————

400 M8 400 ms

Damiano, AJP 1991

systolicka interdependence

IV septum vykonava 40% prace pravé komory
Sikmo orientovana vlakna pres PK a LK

vzestup tlaku v aorté primo zvysuje funkci PK
pokles afterloadu LK (pfi LVAD) vede k snizeni prace PK

Belenkie |, Circ 1995: 92: 546-554 VS



Diastolicka ventrikularni interdependence

ACUTE BV DISTENSION

Normal Heart Right Ventricular Volume Overload
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Dilatace pravé komory zvysuje end-diastolicky tlak levé komory



Je vubec prava komora zapotrebi ?
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Bez pravé komory lze zit: Fontanovska cirkulace

Korekce vrozené hypoplazie pravé komory €i plicnice

Fontanova operace - vyrazeni pravé komory

kavo-pulmonani spojeni
obéh zcela zavisly na funkci levé komory

Dlouhodobé preziti bez PK mozné, ale
nizka kardiovaskularni vykonnost pfi zatézi (PK zlepSuje funkci LK)

PVR <2 wu

100 Cl > 2.5 I/min/m?2
S [ '_IZQ_
E v 80+
= 3
£ ﬁ 60+
_3 L PVR > 2 wu
g E‘ 404 Cl < 2.5 I/min/m?
L =
L 204
P=0.007 Egbe AC, Circ HF 2017
0 L 1 | | | |
0 2 4 6 8 10
Years

Je-li zdravé levé srdce a plicni cévy- PK neni potreba
Problémy zacinaji pri vzestupu PVR nebo tlaku v levé sini



Selhani pravé komory v dlsledku levostranné dysfunkce

1.0

HFpEF, normal RV

snizena funkce PK + PH

0.8 -
je spojena s 4.3 vySSim rizikem umrti

0.6 +

” Rizikové faktory pro rozvoj RVD

HFpEF,

RV dysfunction
0.2 (FAC < 35%) P = 0.0001
X218 Fibrilace sini

Melenovsky V. EHJ 2014, 35: 3452-62

0.0 - T r T Trikuspidalni insuficience

Dlouhotrvajici plicni hypertenze

0 500 1000 1500 2000 Days
Cm T e Postizeni myokardu PK (kardiomyopatie)

u pacientti s nemocnym levym srdcem (jakykoliv typ ChSS) nebo zvysenou
plicni cévni rezistenci (PAH) je funkce PK hlavnim faktorem dlouhodobého preziti




Biventrikularni selhani se projevi
chronickou zilni hypertenzi a kongesci

Dusledky kongesce

symptomy (nékdy)
rehospitalizace

Left heart
dysfunction

Right heart
dysfunction

jaterni dysfunkce

cardiorenalni syndrom

constraint
.
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Drazner M, NEJM 2001 345; 574-581

Other causes:
NSAIDs, ACEI,
ARBs, contrast



Biventrikularni selhani a kachexie

10 P < 0.0001
Log-Rank test
X =705

0.8 7
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0.27] — cachexia only (n=28)
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== both (n=50)
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» kard. kachexie: pokles vahy 2 6 % za 6 mésicl
(BMI mtize byt jeSté normalni)

- velmi silny negativni prognosticky faktor

» souvisi s dysfunkci pravé komory
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Melenovsky V, JACC 2013; 62 (18): 1660-70



Funkce PK hraje vyznamnou roli u pacient
s mechanickou podporou LK (LVAD)

1 otacek
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Efekt zmén otacek LVAD na funci pravé a levé komory Wang Y, PLOS One 2014, 9 (1): e85234

LVAD zvySuje praci PK

Tlakova zatéz PK |
Objemova zatéz 1

Méné vyhodna pozice IV septa
Dilatace PK, 1 Tri R

Houston BA, JHLT 2017



Pravostranné selhani po LVAD ma spatnou prognozu

Vliv €asného selhani PK a preziti po implantaci LVAD: INTERMACS 5th report

Adult Primary Continuous Flow LVADs & BIVADs, DT and BTT, n = 5436
Implants:June 2006 — June 2012
Survival by RHF Risk Factors

100
90
80
70

Low n = 3906; Deaths= 734

Moderate (ascies of

= 60 RAP > 18 or bilirubin >=2)
= ‘ . n = 1385; Deaths = 327
g 50 Severe (BIVAD) n = 145, ‘ T
w Deaths = 59 : s
&2 40

30

20 Overall p < 0.0001

10 Event: Death (censored at transplant and recovery)

0! N 1 ) 1 : 1 2 | 2 | ) 1 ) | 2 |
0 6 12 18 24 30 36 42 48

Months post implant Kirklin JK, JHLT 2013

Pacienti s tézkou dysfunkci PK, vyznamnou trikusp. regurgitaci a jsou Kl k implantaci LVAD

| pres tuto selekci, 10-20% pacientti po LVAD rozvine selhani PK s Spatnou prognézou



Echokardiografie — hodnoceni funkce PK a rizika RVF

rozméry a geometrie PK fractional area change — FAC%
tézka RV dysfunkce: <20%
4y . Riziko RVF: - .

2 'RV/LV Edd > 0.75
! & RVD1/RVD3 > 0.6
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Odhad rizika selhani PK po LVAD ?
hemodynamické parametry
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No RVF RVF No RVF RVF No RVF RVF
AUC SE Sensitivity Specificity PPV NPV
(95% CI)
PAPj 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
=il (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 konsekutivnich CF-LVAD
pacientl, Tufts Boston.

24% mélo RVF po LVAD
(inotropy = 14 dni nebo RVAD).
Nejlepsi prediktor RVF:

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

PASP, PAR, TPG:
Nepredikuje RVF po LVAD !

Morine KJ, J Card Fail 2016



Zavery

Srdce je pumpa - dysfunkce srdce ma primarné hemodynamické nasledky,
vSe ostatni nasleduje

Srdce funguje jako celek, septum pfispiva az z 40% k praci PK

S pokrocilosti levostranného srdecniho selhani narusta vyznam pravé komory:
- posledni ochrana pred biventrikularnim selhanim a organovou dysfunkci

LVVAD zvySuje naroky na praci PK; rozvoj pravostranného selhani po LVAD je spojen
S nepriznivou progndzou
U pacientu s ChSS a tézkou dysfunkci PK je implantace LVAD rizikova/neschudna

nutnost rozvoje biventrikularnich systému dlouhodobé MSP



Dékuji za pozornost

vojtech.melenovsky@ikem.cz



Prava komora zavisi na funkci levé komory
(ale ne obracené) v dusledku systolické interdepence

Left component of left pressure Left component of right pressure
15mm Hg

125 Hg -experimentalni elektricka (nikoliv mechanicka)
izolace PK a LK u psa
LV pacing
- stimulace LK vedla k udrzeni funkce PK

o - stimulace PK neméla zadny efekt na funkci LK

75mm Hg . Right component of right pressure

Right component of left pressure

RV pacing

p— [ —————

400 M8 400 ms

Damiano, AJP 1991

Ferran Poveda et al. JIMG 2012;5:754-755

IV septum vykonava 40% prace pravé komory
Sikmo orientovana vlakna pres PK a LK

systolicka interdependence

vzestup tlaku v aorté primo zvysuje funkci PK
pokles afterloadu LK (pri LVAD) vede k snizeni prace PK

Belenkie I, Circ 1995: 92: 546-554



Srdce z hemodynamického pohledu
Srdce je pumpa ktera vytvari tlak a pratok (objem za ¢as)

- ESPVR, Ees, kontraktilita
(b)

Ventricular
Pressure

Vo

Ventricular Volume

Patofyziologicka definice srdec¢niho selhani

Stav, kdy srdce neni schopno pumpovat do téla
dostatek krve k pokryti metabolickych naroka,

a nebo k své praci vyzaduje zvyseny plnici tlak.
Braunwald s Heart Disease, 8th Ed, p. 509



RAP

RAP (or CVP)

>15 mmHg (RHF after LVAD)?3-201

Right-to-left
discordance of
filling pressures

RAP:PCWP

>0.63 (RHF after LVAD)’®
>(0.86 (RHF in acute MI)2°2

PA pulsatility (PASP—PADP)/RAP <1.0 (RHF in acute MI)*%
index <1.85 (RHF after LVAD)?*
RV stroke work (MPAP-CVP)xSVI <0.25-0.30 mmHg-L/'m? (RHF
index after LVAD)y**2%

PVR (MPAP-PCWP)/CO >3.6 WU (RHF after LVAD)?®

PA compliance

SV/(PASP-PADP)

<2.5 mL/mmHg (RHF in chronic
HF, RV-PA coupling in PAH)?.15

Konstam M, RVF AHA statement 2018
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Systémové zmeny hemodynamiky pri srdecnim selhani

Pokles srdecCniho vydeje
Vzestup systeémoveé vaskularni rezistence
Vzestup plniciho tlaku LK a pravé komory (ltak v prave a levé sini)
Plicni hypertenze (izolovana potkapilarni — ipc PH,
u 1/3 kombinovana postpapilarni PH cpc PH)
Diky adaptacnin mechanismim a medikaci nemusi byt zmény v klidu napadné
Demaskovani pfi zatezi -
Delta CO pfi zatezi = hlavni determinant VO2 a tolerance zatéze

HORMONES AND HEMODYNAMICS
IN HEART FAILURE

RoeerT W. Schrier, M.D.,
AND WiLLiam T. Agranam, M.D.

NEJM 1999
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Plicni vaskulopatie nebo onemovneéni levéeho srdce

event-free survival
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Pulmonary artery pressure
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Problémy zacCinaji pfi vzestupu PVR nebo tlaku v levé sini

PK - nocledni linie obranv nred meacetnanim



Exciting zpravy z posledni doby ?

Everyone:
"Sky's the lImit"

Elon Musk:
Hold my beer




Srdecni selhani z hemodynamického pohledu

Ztrata aktivniho myokardu

Pokles kontraltility (ESPVR), pokles tepového objemu, vzestup diastolického tlaku, posun PV kfivky doprava
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Pokles srde¢niho vydeje

zvySena sympaticka aktivita

neurohumoralni aktivace — volumexpanze

progredujici remodalce srdce
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Dusledky RVF na osud pacientu po LVAD

Table 13.3 Patients potentially eligible for
implantation of a left ventricular assist device

Patients with >2 months of severe symptoms despite optimal

medical and device therapy and more than one of the following: Téika’ dySfunkce PK SpOIU S sznamnou trikUSpi(
LVEF <25% and, if measured, peak VO, <12 mL/kg/min. Je implantace LVAD neschidna pro vysoké rizike

23 HF hospitalizations in previous 12 months without an obvious
precipitating cause.

Dependence on i.v.inotropic therapy.

Progressive end-organ dysfunction (worsening renal and/or hepatic
function) due to reduced perfusion and not to inadequate ventricular filling
pressure (PCWP >20 mmHg and SBP <80-90 mmHg or CI <2 L/min/m?).

Absence of severe right ventricular dysfunction together with severe

I o Wang Y, PLOS One 2014, 9 (1): e85234
tricuspid regurgitation.

Right heart failure following LVAD implantation: must have documented evidence of elevated CVP plus manifestations of volume overload.

Documented elevated central venous pressure via: Manifestations of elevated central venous pressure:

1. Direct measurement of CVP or RAP > 16 mmHg via Swan- 1. Peripheral edema

Ganz catheter or right heart catheterization + 2. Presence of ascites or palpable hepatomegaly

2. Dilated IVC without inspiratory collapse by ultrasound 3. Laboratory evidence of worsening congestion via elevated
3. Elevated JVD at least half way up neck while sitting upright total bilirubin or serum creatinine

Once the diagnosis of post-operative right heart failure is made, severity can be characterized via the following criteria:

Mild Moderate Severe

RHF requiring IV inotropes or Persistent RHF requiring IV inotropes or Persistent RHF requiring IV inotropes or
vasodilators and/or iNO used for < 7 -vasodilators and/or iNO used for > 7 vasodilators and/or iNO used for >14
days post-implantation days post-implantation but < 14 days days post-implantation or implantation

post-implantation of MCS device for RV support at any time 'rdu)




Neurohumoralni odpoveé a snizeny srdecni vydej pri srde€nim selhani
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Je viubec zapotiebi prava komora ?

Korekce vrozené hypoplazie pravé komory ¢€i plicnice

Fontanova operace - vyrazeni pravé komory

kavo-pulmonani spojeni
obéh zcela zavisly na funkci levé komory

nizka kardiovaskularni vykonnost pfi zatézi - PK zlepSuje funkci LK

Mean +SD
Aortic coarctation — | f— 287£104
Tetralogy of Fallot —{ 1} 255+9.1
VvSD — | | — 234189
Mustard-operation — T  }— 233174
Valvular disease S D N 27+76 —_ 100 q—|h_‘_‘._| |
Ebsteins anomaly — T+ 208142 £ E 80 " ] SE—
Pulmonary atresia —{ 1 20.1+6.5 o
Fontan-operation — 1 19.8£58 e I 4
ASD (late closure) — 1 19.2£6.2 E'm 601
ccTGA — I — 18.6£69 Sw
Complex Anatomy — 1 F 14647 $ % 40+
Eisenmenger — 1T} 11.5+36 L ©
ANOVA P<0.0001 O 204
5 10 15 20 25 30 35 40 P=0.007
peak VO, (ml/kg/min) 0 T T T T T
(Circulation. 2005;112:828-835.) 0 2 4 6 8 10

Jsou-li zce la zdravé plicni cévy a levé srdce: PK neni potreba



Derivation and Validation of a Novel Right-Sided Heart
Failure Model After Implantation of Continuous Flow
Left Ventricular Assist Devices

The EUROMACS (European Registry for Patients with Mechanical Circulatory Support)
Right-Sided Heart Failure Risk Score

Table 6. European Registry for Patients with Mechanical Circulatory Support Multivariable Model for Right-
Sided Heart Failure Derived From the Derivation Cohort

%2 Value
Variables OR Lower 95% Cl Upper 95% ClI (x°=56.9) Coefficients Score
Preoperative model
RA/PCWP >0.54 2.075 1.383 3.112 12.441 0.730 2
Hemaoglobin <10 g/dL 1.611 1.037 2.502 4.506 0.477 1
Multiple intravenous inotropes 3.197 1.851 5.524 17.355 1.162 2.5
INTERMACS dlass 1-3 2.903 1.723 4.893 16.014 1.066 2
Severe RV dysfunction® 2.055 1.183 3.57 6.534 0.720 2
Postoperative RHF model after adding CPB time
RA/PCWP >0.54 2.151 1.412 3.278 12.699 0.766 1
Hemoglobin <10 g/dL 2.609 1.544 4.409 12.839 0.959 1.5
Multiple intravenous inotropes 3.013 1.712 5.302 14.635 1.103 2
INTERMACS Class 1-3 3.393 1.946 5.915 18.561 1.222 2
Severe RV dysfunction® 2.099 1.193 3.694 6.618 0.742 1
CPB time >100 min 2.032 1.296 3.184 9.562 0.709 1




Neurohumoralni odpoveé a snizeny srdecni vydej pri srde€nim selhani
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Hypervolémie je pri¢inou i dusledkem
poruchy funkce ledvin pri ChSS

P 1.0+
RS
0]
> 087 No elevated
2 0.7 jugular venous pressure
=
@ 061
3 05 _,
T 04 P<0.001
£ 034 R
> 0.2+ Elevated jugular 11% of all
w 0.14 Venous pressure
4 0.0 ! . . . . -
0 250 500 750 1000 1250 1500
1 JVP u ambulantnich ChSS pacientt: o 37 %
ey . . , Y . < Days itment, n=2479
vysSsSim rizikem umrti na srdeéni selhani 1=
(po adjustaci na ostatni RF, v€etné CKD) Drazner M, NEJM 2001 345: 574-581

Absence dusnosti # kardialni kompenzace !!
Chronicka hypervolémie zabiji

Kongesce pri ChSS je odpovédna za

symptomy
organovou dysfunkci (jatra, ledviny)
kachexii

renospitalizace



Hemodynamic derangements in HFrEF:
a progression

Normal Stage B HF Stage C HF Stage D HF
(ASLVD) NYHA IIIl NYHA IV
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LV volume
Borlaug BA, unpublished




Popis funkce srdce z hemodynamického pohledu

Hlavni funkce srdce — generovani tlaku a objemu; popis pressure-volume kfivkami

PV kiivky levé komory pfi
zménach naplné srdce

E End-systolic PV relationship
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Prava a leva komora: co maji spolecné ?

CASE 5216 B CASE 5216
A LEFT COMPONENT OF LEFT PRESSURE LEFT COMPONENT OF RIGHT PRESSURE
125mm Hg 15mm Hg
0= )
75mm Hg 4 RIGHT COMPONENT OF LEFT PRESSURE 15mm Hg RIGHT COMPONENT OF RIGHT FHESSURE
u et p——
———] 0

Mezikomoroveé septum

IV septum vykonava 40% prace pravé komory
Sikmo orientovana vlakna pres PK a LK

systolicka interdependence

IVS
vzestup prace PK pfi systémoveé hypertenzi (a opacné)


http://www.google.cz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiu1-HTv8TQAhVCiRoKHbAgB_IQjRwIBw&url=http://www.sciencedirect.com/science/article/pii/S1443950613001728&bvm=bv.139782543,d.bGs&psig=AFQjCNG5OE4bbOM6XTCHLd6-AW8vhBmZVg&ust=1480183537776954

Plicni vaskulopatie nebo onemovneéni levéeho srdce

A B
T - P < 0.0001 The effect of pulmonary hypertension
s Log-Rank test on right ventricular function
< X2 =44.0
(] -
g 98 b " ' Controls, r?=0.0004
E - §
3 06 S
S5 .04 ,
L0 i
0.47] gi %
4 a 02 -
== no RVD (n=86) =
0.2 = mildRVD (n=112) 14
| — moderate RVD (n=154) 0.0 ' HFTEIF- e 0'0.85
- severe RVD (n=56) iy 0 20 40 60
o0 1r r r - r— 1 -1 -1 1 Pulmonary artery pressure
0 200 400 600 800 1000 1200 1400

mean, mmHg

Dysfunkce pravé komory je terapeuticky cil jak zabranit progresi selhani

redukce afterloadu spec. terapie
predukce preloadu — TVR clip
redukce distenze — perikard



Echokardiografické parametry spojené s rizikem RV selhani

RVAd=25.5 cm? . &% RVAs=18.2 cm?

RV FAC < XXX %
RVD 1



Prava a leva komora: co maji spolecné ?

Perikard
Normal Heart Right Ventricular Volume Overload DiastOIiCké interdependence
Flattened septum
' /
, dilatace PK se prenasi na perikard
b ,
plocheé IV septum
RV v SR = komprese levé komory
,. pL

Compressed
D-shape LV

t

Increased
Pericardial Constraint

Mezikomoroveé septum

septum vykonava 40% prace pravé komory
Sikmo orientovana vlakna pres PK a LK

systolicka interdependence

IVS
vzestup prace PK pfi systémoveé hypertenzi (a opacné)


http://www.google.cz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiu1-HTv8TQAhVCiRoKHbAgB_IQjRwIBw&url=http://www.sciencedirect.com/science/article/pii/S1443950613001728&bvm=bv.139782543,d.bGs&psig=AFQjCNG5OE4bbOM6XTCHLd6-AW8vhBmZVg&ust=1480183537776954

ProC€ dochazi pri ChSS k vzestupu CVP?

-,efekt dysfuncéni pumpy” -
snizena funkce celého srdce jako pumpy
sama o sobé podminuje akumulaci tekutiny

é
&
&

¢

A4

Katz AM: Heart Failure 2nd Ed.

- zvySeny tonus zil — venokonstrikce,
dusledek sympatické aktivace, | NO, 1 ANG Il

- expanze cirkulujiciho objemu krve
- retence Na a vody v ledvinach
dusledek aktivace RAAS — 0 30% u HF



Table 1 Interagency Registry for Mechanically Assisted Circulatory Support Definition of Right Ventricular Failure

RVF definition

Severity Scale
Mild

Moderate

Severe

Severe-Acute

Symptoms or findings of persistent RVF characterized by both of the following:

* Elevated CWP documented by:
o Right atrial pressure =16 mm Hg on right heart catheterization
o Significantly dilated inferior vena cava with no inspiratory variation on echocardiography
o Elevated jugular venous pressure

= Manifestations of elevated CVP characterized by:
o Peripheral edema (=2+)
o Ascites or hepatomegaly on exam or diagnostic imaging
o Laboratory evidence of worsening hepatic (total bilirubin =2.0 mg/dl) or renal dysfunctiee

(creatinine = 2.0 mg/dL) STATE OF ART

Patient meets both criteria for RVF plus:

® Post-implant inotropes, inhaled nitric oxide or intravenous vasodilators not continued beyone - -
post-op day 7 after VAD implant Rl ght ventn":UI

AND assist devices

* No inotropes continued beyond post-op Day 7 after VAD implant

Patient meets both criteria for RVF plus: i
» Post-implant inotropes, inhaled nitric oxide or intravenous vasodilators continued beyond Brent C. Lampert, DU’

post-op Day 7 and up to post-op Day 14 after VAD implant
Patient meets both criteria for RVF plus:
» CVP or right atrial pressure = 16 mm Hg

AND

* Prolonged post-implant inotropes, inhaled nitric oxide or intravenous vasodilators continued
beyond post-op Day 14 after VAD implant
Patient meets both criteria for RVF plus:
= CVP or right atrial pressure = 16 mmHg

AND
= Need for right ventricular assist device at any time after VAD implant

OR
= Death during VAD implants hospitalization with RVF as primary cause

CVP. rentral wennus nressure: BYF. rinht wentricolar failure: VAN wentricular assist device.



Figure 2 Anatomic and physiologic changes after LVAS implantation. (A-left panel) Before LVAS implant, right ventricular (RV)
function is predominately dependent on RV septal/longitudinal motion (solid, vertical larger arrows, la), with less contribution from the RV
free wall (smaller, horizontal arrow, la). The oblique shared fiber orientation and twisting motion of left ventricle (LV) contributes
significantly to septal motion (twisting black lines, 2a) and RV function (3a). (B-right panel) After LVAS implant, LV twist and septal
function are reduced (smaller gray lines, 2b), in part due to loss of pericardial restraint or effects of bypass. The RV becomes more dependent
on the transverse motion of RV free wall for overall function (larger, horizontal line, 1b). However, in the setting of clevated afterload and/or
chest wall adherence (5b), the RV free wall may not be able to compensate effectively for the loss of septal/longitudinal function (horizontal
line is therefore dashed, 1b). LV preload and afterload are reduced by the new LVAS system (4b). Unloading the LV results in a septal shift,
increased RV preload and decreased RV contractility, as seen on the pressure—volume loops (3b). The location of the centrifugal (intrathoracic)
or axial (intra-abdominal) flow pumps may also influence the LV twist/septal contribution, thereby reducing overall RV function (6b).



Co definuje srdecni selhani ?

Symptomy
Objektivni nalez
Poruchou funkce srdce (snizeny CO, zvySeny plnici tlak)

+

Neurohumoralni aktivace

Hospitalizace pro srdecni selhani, Spatna prognoza

EF LK ani echokardiograficky nalez diastolické dysfunkce # srdecni selhani !



Definice srdec¢niho selhani
syndrom - soubor klinickych znamek a priznaku
primarni pri¢inou je dysfunkce srdce

v klinickém obrazu a patofyziologii se vSak uplatriuje i dysfunkce
dalSich organu (ledviny, endokrinni systém, cévy)

- ne vSichni pacienti s dysfunkci srdce maji srde€ni selhani

Patofyziologicka definice

Stav, kdy srdce neni schopno pumpovat do téla
dostatek krve k pokryti metabolickych naroku,
a nebo k sve praci vyzaduje zvyseny plnici tlak.

Braunwald s Heart Disease, 8th Ed, p. 509




Vzestup plniciho tlaku zvysuje srdecni vydej
Frank-Starlingliv mechanismus

Frank-Starling autoregulace myokardu kompenzuje vychylky plnéni (dychani, aktivita)
Sympaticka stimulace (béh) zvySuje kontraktilitu

Pfi srdeCnim selhani se F-S uplathuje, CasteCné kompenzuje snizenou kontraktilitu, ale kfivky jsou plosSi

Family of Starling curves

Normal-exercise

Running I Normal-rest

Contraclile state
of myocardium

Heart failure

Ventricular performance

~ Fatal myocardial
depression

Ventricular end-diastolic volume
I ¢ (myocardial stretch) > |



http://clinicalgate.com/cardiovascular-physiology/

Je viubec zapotiebi prava komora ?

Korekce vrozené hypoplazie pravé komory ¢€i plicnice

Fontanova operace - vyrazeni pravé komory

kavo-pulmonani spojeni
obéh zcela zavisly na funkci levé komory

nizka kardiovaskularni vykonnost pfi zatézi - PK zlepSuje funkci LK

Mean +SD
Aortic coarctation ] | f— 287£104
Tetralogy of Fallot —{ 1} 255+9.1
vsD — | — 23489
Mustard-operation — T  }— 23374 100
Valvular disease S D N 27+76 —_ q—|h_‘_‘._| |
Ebsteins anomaly — T+ 208142 £ E 80 " ] SE—
Pulmonary atresia —{ 1 20.1+6.5 o
Fontan-operation — 1 19.8£58 e I 4
ASD (late closure) — 1 19.2£6.2 E'm 601
ccTGA — I — 18.6£69 Sw
Complex Anatomy — 1 K 146+47 E E 404
Eisenmenger — 1T} 11.5+36 L S
' | ‘ . 'ANOVA 'P-f-0,0UO‘I ‘ E 204 1 00 .
5 10 15 20 25 30 35 40 P=0.007 3 i E
o peak VO, (ml/kg/min) 0 . = &~ 80-
(Circulation. 2005;112:828-835.) 0 2 o Q
&5
Jsou-li zce la zdravé plicni cévy a levé srdce: PK neni potreba 5 ‘s 60
(1




Progresivni remodelace srdce pfri systolickém srde¢nim selhani

Compensatory

/
s Mechanisms
2 ° ) S progresi ChSS dochazi k poklesu EF LK
60 % - ~ . . ,
o a dilataci levé komory

(ekcentrické hypertrofie pfi objemovém pretizeni)

g
2
5
3
~

Seco ndary

Damage normalni enddiastolicky primér LK: < 60 mm

Ejection Fraction

20 % Mirna dilatace = vyuziti Frank-Starling mechanimu

Time (yrs) —
Asymptomatic ——» Symptomatic

Vyrazna dilatace: pokles mechanické ucinnosti kontrakce

Laplaceuv effekt — polomér
(zakfiveni) koule

urCuje jak efektivné se
napéti stény méni na tlak

Zmenseni dilatace srdce = pfiznivy efekt |€Cby



Abnormality myokardu pri ChSS

Ztréta kardiomyocytﬁ Sniiené kontl‘akt“ita
Apoptéza (genetické KMP, overload) Porucha sprazeni mezi excitaci a kotnrakci (EC coupling)
Nekr6za (ICHS) ! Snizena senzitivita myofilament k Ca2+
Snizena
energeticka
ucinnost
spotreba O,/prace
Fenotyp
selhavajiciho Re-expresse
myokardu fetalnich forem
genl
o B-myosin isoforma
Elektricka Down-regulace FA oxidace
nestabilita
Zpomaleni vedeni Snizena
fe[;i"[‘)try Zmén odpovidavost
S y .
L na sympatickou
Extracell._llarm stimulaci
matrix

down-regulace
fibroza B1 adrenergniho receptoru



Hodnoceni funkce pravého srdce

rozméry PK

frakéni zména plochy (fractional area change — FAC%)
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Hodnoceni funkce pravého srdce

Pravostranna katetrizace

MRI

Right venricular elastance (Ees)
End-systolic pressure-volume relationship slope
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Stroke Volume
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End Systolic Pressure
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200- Ees=3.66 mmHg/ml

HFrEF
Ees = 0.54 mmHg/ml

..........
.........
e

/. AEa=
- vy -08 mmHg/mi

.
.......
-----------------

N
A

| 1 I
150 200 250
Left Ventricular Volume (ml)



Priciny pravostranného selhani

| RV Contractility

RV infarction
Right-sided
cardiomyopathy
Perioperative RV injury

Severe sepsis
* Post-cardiac
«_ transplantation

Adult congenital heart
disease

Tricuspid < Pulmonary embolism

regurgitation e Left-sided

Pulmonic T cardiomyopathy

regurgitation N I i / Pulmonic stenosis /
Pericardial diseas¢
Positive pressure/
ventilation P
Left-sided valyular
disease /

N § ) Pulmonary

. - hypertension

Volume Pressure
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Circulation. 2014;129:1033-1044



LV pressure (mmHg)
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Popis funkce srdce z hemodynamického pohledu

Hlavni funkce srdce — generovani tlaku a objemu
popis pressure-volume kfivkami
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K ¢emu je dobra prava komora ?

Exercise Intolerance in Adult Congenital Heart Disease
Comparative Severity, Correlates, and Prognostic Implication

Mean + SD

Aortic coarctation — | }—— 28.7+104
Tetralogy of Fallot — | — 255+9.1
VSD — | P 234+8.9
Mustard-operation — | — 233+74
Valvular disease — | —r 227+76
Ebsteins anomaly — T 208+4.2
Pulmonary atresia — | — 20.1+6.5
Fontan-operation | e 198458
ASD (late closure) —L 1T 19.2+6.2
ccTGA — | F— 186 6.9
Complex Anatomy — T F 14.6 £4.7
Eisenmenger — 1 _}— 11.5+3.6

ANOVA P<0.0001

5 10 15 20 25 30 35 40
peak VO, (ml/kg/min)
Prava komora zvysSuje kardiovaskularni vykonnost pri zatezi

(zlepSeni plnéni LK)
(Circulation. 2005;112:828-835.)



