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Pulmonary Arterial Hypertension

Prava komora u PAH |
An afterload mismatch - increased RV RV pressure overload
afterload, driven by increased PVR, leads to right |

heart failure.

4 RVWall Stress

+ At an early stage, the RV adapts to the increased
afterload to preserve stroke volume (homeometric / ‘
_@Mmmnkba = . <
« VycCerpani kompenzacnich mechanismu prave komory (PK) s naslednym
pravostrannym srdecnim selhanim je vedouci pfi¢ina Umrti u pacientd s PAH.

« Funkce PK (adaptace na zvysSeny afterload, zachovani funkce a CO) determinuje
funkCni status a klinicky priibéh onemocnéni.

- Zachovani/zlepSeni funkce PK jako zasadni terapeuticky cil.

o Incontrast, maladapted ventricies usualy are / v/
characterized by uncoupling of the RV to the
pulmonary circulation

Dilatation and failure ’ Arrhythmias ‘
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D cContinuum of Right Heart Adaptation and
Molecular Targets

Right Heart Phenotype Molecular/Histology

Myriam Amsallem et al. 7 Am Coll Cardiol HF2018; 6:891-903.
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Rizikova stratifikace u PAH

Stanoveni Vyber Monitorace Nacasovani

; optimalni terapeutické eskalace
prognozy terapie odpovédi terapie

Table 18 Variables used to calculate the

Survival %

204 ——— Lowrisk

Intermediate risk
High risk

T T T T T T
0 1 2 3 4 5
Time since PAH diagnosis years




Multimodalni hodnoceni

Demografie

zadny izolovany prognosticky faktor neposkytuje
dostatecnou diagnostickou a prognostickou informaci Komorbidity

Etiologie

nutnost pravidelné komplexni reevaluace
pritomnost znamek klinického zhorseni oproti Dynamika
minulé vizité —
je pripadné klinické zhorseni zplsobeno hedues
progresi PAH nebo jinym konkomitantnim
onemocnéenim
funkce pravé komory - stabilita a adekvatnost B Hemodyna-

e
dosazeni stavu spojeného s dobrou

dlouhodobou prognodzou (kritéria nizkého
rizika)

Funkéni
klasifikace

Multimodalni

Funkce pravé
komory




THE PRESENT AND FUTURE

JAGC STATE-OF-THE-ART REVIEW

Co je standardem meéreni V-A couplingu? ..o o

of the Right Ventricle

JACC State-of-the-Art Review

— Javier Sanz, MD,"" Damin Sinchez-Quintana, MD, Pu, Eduardo Bossone, MD, PuD," Harm 1. Bogaard, MD, Pu
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Sanz, J. et al. J Am Coll Cardiol. 2019;73(12):1463-82.
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Pomer TAPSE/PASP

significant marker of ventriuloarterial coupling
index of in vivo RV shortening in the longitudinal axis versus developed force in patients with HF
non-invasive, indirect measurement of RV contractile function and RV-pulmonary arterial coupling
validated against the ratio of end-systolic to arterial elastances (Ees/Ea)
directly compared with P-V loop measures of ventriculoarterial coupling (invasively measured)

validated as an important clinical and prognostic parameter in patients
with heart failure with and without pulmonary hypertension
with combined post- and pre-capillary PH (even after adjusting for other echocardiographic or
hemodynamic prognostic indicators)

promising echocardiographic parameter derived from routinely measured indices, fully applicable on
the daily basis routine, with variation coefficient for intra and interobserver agreements is about 1%

Cut-off value:
0.55 mm/mmHg - probability of PH
0.32 mm/mmHg - low-risk status in patients with PAH
0.19 mm/mmHg - high mortality risk in patients with PAH
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Log-rank p < 0.001
TAPSE/PASP tertile

i — Low —+— censored
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B 0.8 ! High +— censored
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JAMA

JAMA Cardiol. 2019 Nov; 4(11): 11121121

Cardiology

View Article )

PMCID: PMCE751783

[A] RV function

RV-PA coupling

Published online 2019 Sep 18. doi: 10.1001/jamacardio 2019 3345 PMID: 31532457
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Pericardial effusion

Perikardialni vypotek

100 3.
- nejéast&ji uvadény echokardiograficky prognosticky faktor 0 B
u PAH _—
%’ Effusion
- zplsoben zvysenim tlaku v PS, ktery omezuje vendzni a v
lymfatickou drenaz myokardu - odraz diastolické
dysfunkce PK ]
a7 40-50 % pt. s t&zkou PAH e 1 2z s+
- korelace s progndzou, toleranci z&téZe, hemodynamickou o
zavaznosti

100 ¢

« znamka pokrocilého onemocnéni

80 4

« CAVE jing etiologie perikardialniho vypotku (pacienti se
systémovym onemocnénim pojiva)

- No effusion

40 4
Effusion

20

Freedom from composite endpoint (%)

Years
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Journal of the American College of Cardiology Vol. 39, No. 7, 2002 o ) . )
© 2001 o g o e P ol o Ry Table 3. Results of Univariable Proportional Hazards Modeling: Hazard Ratios,

95% Confidence Intervals and p Values for Echocardiographic Variables

Erimary Felmonary Hypertonsion Death Composite End Point

Echocardiographic Predictors of Adverse HR (9% CI)  pValue  HR(95%CI)  p Value
Outcomes in anary Pulmonary H}’PCITCHSIOH RV end-diastolic area index (5 em®m)  1.34 (0.90-1.98) 0.148 1.26 (0.95-1.66) 0.110
Ronald J. Raymond, MD,* Alan L. Hinderliter, MD,* Park W. Willis, IV, MD,* David Ralph, MD, RV % area change (10%) 0.70 (0.39-1.25) 0.225 0.86 (0.57-1.28) 0.454
Edgar J. Caldwell, MD,# William Williams, MD# Neil A. Ettinger, MD,§ Nicholas S. Hill, MD,|| RA area index (5 cm?/m) 1.54(1.13-2.10) 0.005 1.33 (1.06-1.66) 0.012
Warren R. Summer, MD,¥ Bennett de Boisblanc, MD,¥ Todd Schwartz, MS# Gary Koch, PHD,# . PR
Linda M. Clayton, PHARM D," Maria M. Jobsis, BA,* James W. Crow, PHD, Walker Long, MD,$# Systolic eccentricity index (0.5 U) 141 (0.94-2.13) 0.09 1.20 (0.86-1.68) 0.286
o e P Dty P picen e Hioy Eirars Diastolic eccentricity index (0.5 U) 139 (0.97-2.00) 0.074  145(1.12-186)  0.004
Chapel Hill, Research Triangle Park and Durbam, North Carolina; Seattle, Washington; Portland, Maine; Pericardial Fﬂ:usmn (Y/N) 3.89 (1.49-10.14) 0.003 2.08 (1.12-3.86) 0.017
St. Louis, Missouri; Providence, Rhode Island: and New Orleans, Louisana TR/RA ratio (0.2 U) 1.24 (0.75-2.06) 0.400 1.37 (0.96-1.97) 0.080

Maximum TR velocity (0.5 m/s) 0.90 (0.62-1.31) 0.591 1.00 (0.77-1.30)  0.981
Table 2. Baseline Echocardiographic Variables for the Study Right atrial size Pericardlal sffusion Ecoentricity index

Population and Normal Controls

Patients Normal Controls N Aol < i Eccontrcy ndex < medien

RV end-diastolic area 21251 (n=75) 10.0 =04 (n =35) g w AA size > median £ z

index (cm?/m) - i t
RV 9 area change (%) 186 =81(n=75) 41.5%+12(n=35) T K °
RA area index (cm?/m) 19.9 * 6.6 (n = 78) 9.1 = 1.7 (n = 35)
Systolic eccentricity index 1.7+04(n=77) 1.01 =0.01(n = 35) I S P S R s
Diastolic eccentricity index 1.9 =0.5(n=77) 1.00 = 0.01 (n = 35) Years
Pericardial effusion (%) 42 (n=79) 0 (n = 40)
TR/RA ratio 0.28 =0.17 (n = 78) 0.04 = 0.05 (n = 40) £ z z
Maximum TR 42 *0.6(n=70) Not measured % % %

velocity (m/s) g H i
Data for continuous variables are presented as mean = 5D, and values for pericardial §§ ,§ g
effusion are expressed as the percent of subjects with a significant effusion. E

RA = right atrial; RV = right ventricular; TR = tricuspid regurgitation. 2 E g

S5




Plocha prave siné

- dilatace pravé siné je dlsledkem chronického zvyseni tlakd v PK a z né&j vyplyvajici dysfunkce PK
s postupnym narlstem plnicich tlakd, tj. tlakl v pravé sini

« ke zvyseni tlak( v pravé sini prispiva také trikuspidalni regurgitace

Table 12 Recommendations for the echocardiographic assessment of RA size

« apikalni 4-dutinova projekce

« end-systola
plocha PS maximalni
(méreni od linie trikuspidalniho
anulu ke stropu PS, tedy mimo
oblast mimo Tri chlopni a anulem)

 patologické hodnoty plochy
> 18 cm?

Lang RM et al. J Am Soc Echocardiogr 2015 Jan;28(1):1-39.e14.

Parameter and method

Echocardiographic imaging

Advantages

Limitations

Linear dimensions.

The minor axis of the right atrium
should be measured in the apical
four-chamber view as the
distance between the lateral RA
wall and interatrial septum, at the
midatrial level defined by half of
RA long axis

Area.

Measured in the apical four-
chamber view at end-systole, on
the frame just prior to tricuspid
valve opening, by tracing the RA
blood-tissue interface, excluding
the area under the tricuspid valve
annulus.

KARDIOVASKULARN[ CENTRUM

2D-guided linear measurements

2D view
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« Easy to obtain
« Established normal values

« Single dimension only
o Assumes that RA enlargement

is symmetrical

¢ View dependent

« More representative of actual .
RA size than linear dimensions
» Established normal values .

Lékariska fakulta
Univerzity Palackého
v Olomouci

Need of a dedicated view to
avoid RA foreshortening
Assumes a symmetrical shape
of the cavity

View dependent
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prognosis among pulmonary arterial e N — T
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and meta-analysis e > el et mmn e
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Figure 2 Fores;plotoomparinglheuna:‘ljmted HRs of RAA/ Figure 3 Forest ;Iot comparing the :Jnad]:med HRs of RAA/
RAAI for all-cause mortality pooled from included studies. RAAI for the composite point pooled from included studies.
e e T m—
Events (n) HR (95% Cl) . . . .
Changing  All-cause Composite Composite » Twelve studies with a 1085 patients with PAH (mean follow-up
T T S— T —— T T 7T Patients with PAH with enlarged RAA/RAAI were associated
Murata et af”’ 185 Pericm® NA 19 NA 1.20 (1.06 to 1.34) Wlth poor pr09n05|s'
Stepnowskaetal” 29:11(died)vs 19:6  Perlom’ 9 NA 108(102101.14) NA « The risk of all-cause mortality in patients with PAH was

found to statistically increase by 50% for every 5-unit increase
in RAA/RAAI (HR 1.50, 95%CI 1.28 to 1.75)
Kawamukai et ™ 18.0+8.0 (with events)vs  Per1cm®  NA 18 NA 0.97 (0.90 t0 1.02)

19.8:6.9 (without events) + The risk of the composite endpoint significantly increased by
53% for every 5-unit increase in RAA/RAAI (HR 1.53, 95%CI
1.23 to 1.89, p<0.001).

|§

Raymondeta™  19.9:66 Per5cm’ 20 41 154(1.13102.10)  1.33(1.06 to 1.66)

Haddad et a”® NA PerScm’ NA 27 NA 1.81(1.44 10 2.28)

Amsallemetal™ 121247 Perd.7cm’ NA 88 NA 1.37 (1.20 to 1.57)
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Recommendations for Cardiac Chamber
Quantification by Echocardiography in Adults:

- - y Y 4
An Update from the American Society of
o n g I u I n a n I u n Ce Echocardiography and the European Association

of Cardiovascular Imaging

Echocardiographic imaging 1

RV longitudinal systolic function
TAPSE

Tricuspid annular plane systolic excursion (TAPSE) reflects longitudinal
shortening of the RV. TAPSE is measured in the A4C by placing an M-mode
cursor on the lateral tricuspid annulus and measuring the peak distance
travelled by this reference point during systole. A greater distance travelled
during systole implies greater RV systolic function, with the normal reference
limit being a TAPSE of >1.7 cm.

The primary limitation of TAPSE is that it only represents one component of RV
motion within one single segment of RV myocardium. The RV may be frankly
dysfunctional despite relatively preserved TAPSE, as in some cases of severe
pulmonary arterial hypertension. Alternatively, the RV function may be globally
preserved despite significantly reduced TAPSE, as often seen after cardiac
surgery. In healthy individuals, TAPSE correlates with RV size.

Two common sources of error with TAPSE are:

1. Not placing the M-mode cursor parallel to the plane of longitudinal motion, which results in angle-dependent
underestimation of TAPSE.

2. Incorrectly measuring the magnitude of displacement from the M-mode image.

Lang RM, Badano LP, Mor-Avi V, et al. Recommendations for cardiac chamber quantification by echocardiography in Lékatska fakulta | INTERNT KLINIKA
adults: an update from the American Society of Echocardiography and the European Association of Cardiovascular - PLEXNI W V Univerzity Palackého kARDIOLOGICKA
Imaging. ) Am Soc Echocardiogr. 2015;28(1):1. KARDIOVASKULARNI CENTRUM v Olomouci FAKULTN NEMOCNICE OLOMOLC




T0.25

Tricuspid annular velocity reflects the longitudinal velocity of the tricuspid annulus during
systole.

S’ is measured in the A4C by placing a tissue Doppler cursor on the lateral tricuspid annulus and
measuring the peak velocity of this reference point during systole. Care should be taken to measure
the peak of the ejection waveform and not the earlier isovolumetric contraction waveform.

A greater velocity during systole implies greater RV systolic function, with the normal reference
limit being an S’ of 29.5 cm/s. Both pulsed tissue Doppler and color-coded tissue Doppler can be
used to measure S, although the color-coded method yields mean velocities that are usually slightly
lower.

The advantages and limitations are the same as TAPSE:

1. S'is simple to perform and has prognostic data, yet it is angle-dependent and only represents the longitudinal annular
component of RV motion.

2. S’ has been shown to correlate with CMR-derived RVEF and predicts outcomes in patients with pulmonary
hypertension, inferior myocardial infarction, chronic heart failure, and arrhythmogenic RV cardiomyopathy (ARVC).

Lékarska fakulta _
Univerzity Palackého . INTERNI KLIN |‘KA
v Olomouci KARDIOLOGICKA
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adults: an update from the American Society of Echocardiography and the European Association of Cardiovascular P
M|

Lang RM, Badano LP, Mor-Avi V, et al. Recommendations for cardiac chamber quantification by echocardiography in c? @ V
Imaging. ) Am Soc Echocardiogr. 2015;28(1):1. KARDIOVASKULARN| CENTRUM




Survival by TAPSE at baseline

Survival by TAPSE at follow-up

Event-free survival by TAPSE at follow-up

1.00 4 100 { —— 1.00 -
Ll
075 0.75 0.75
050 050 - 050 4
0.25 0.25 0.25 -
TAPSE > 15 TAPSE > 15 0 TAPSE > 15
p=0.012 BSEETE p=0.075 p=0.002
A TAPSE <15 0.00 - s ool TAPSE <15
T T T T T T T T T T T T T T T
0 12 24 36 48 0 12 24 36 48 0 12 24 36 48
months months since midterm visit months since midterm visit
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Frakcni zména plochy PK

Fractional area change (FAC) is the % change in RV area
from diastole to systole, a two-dimensional surrogate for RV

EF, and thereby reflects the systolic function of the inflow and
apical portions of the RV. FAC encompasses longitudinal
shortening as well as radial thickening and the contribution of the

septum.
FAC = [(end-diastolic RV area — end-systolic RV area)/end-diastolic RV area] x 100

The normal reference limit for FAC is 235%.

The primary challenge and main limitation of FAC is the accurate
tracing of the true RV endocardial border.

Compared with TAPSE and S’, FAC was found to correlate best

with the reference standard of CMR-derived RVEF (r=0.80).

1. In substudies from the SAVE and VALIANT trials, 416 and 522 patients with AMI and evidence
of LV dysfunction underwent complete echocardiographic assessment. Four independent
predictors of subsequent all-cause mortality were identified: age, Killip classification, LV
ejection fraction, and FAC; with FAC <35 percent carrying an adjusted hazard ratio of 3.56.

2. In the Multidisciplinary Study of Right Ventricular Dysplasia, FAC was found to be
significantly reduced in probands compared with normal controls. The revised ARVC Task Force
Criteria list FAC £33% as a major diagnostic criterion and FAC 34-40% as a minor criterion

Lékarska fakulta P
Univerzity Palackého | INTERNI KLIN I‘KA
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hodnoti longitudinalni i radialni komponentu kontrakce PK

dobra korelace s EF PK hodnocenou pomoci MR — prognosticky vyznam
nepostihuje podil vytokového traktu PK na celkovou systolickou funkci PK

horsi reproducibilita — obtiznéjsi detekce endokardu

RV global systolic function
FAC Nagesh S. Anavekar
M

A o) B = = c - -
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Figure 2. Relationship between MRI-derived RVEF and echo-derived (A) RVFAC, (B) TFS, and (C) TAM. (n(36).

FAC = (EDA-ESA)/EDA = (23.7-13.9)/23.7 = 41%
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. . i L . . Pulmonary Arterial Hypertension
Table 3. Cox Proportional-Hazards Analysis for Modeling Mortality in Patients with Pulmonary Arterial
Hypertension . . . . .
Ew— P — Echocardiographic and Hemodynamic Predictors of Survival
nivariable sis ultivariable is . . .
y s in Precapillary Pulmonary Hypertension
HR (95% Confidence Interval) PValue HR (95% Confidence Interval) PValue S
even-Year Follow-Up
Women 1.80 (1.20-2.69) 0.004
. Julia Grapsa, MD, PhD: Maria Carmo Pereira Nunes, MD, PhD: Timothy C. Tan, MD, PhD:
Hypertension 0.36 (0.23-0.57) <0.001 Ines Zimbarra Cabrita, PhD: Taryn Coulter, MSc; Benjamin C.F. Smith, MSc: David Dawson, MSc:
LA diameter, mm 0.96 (0.92-0.99) 0.022 J. Simon R. Gibbs, MD: Petros Nihoyannopoulos, MD
E/A ratio 0.39 (0.22-0.69) 0.001
PA dilatation 6.28 (2.57-15.35) <0.001 3.52(1.35-9.19) 0.010
TR velocity, m/s 1.72(1.39-2.13) <0.001 1o
Moderate—severe TR 13.62 (9.48-19.58) <0.001 11.99 (5.15-27.93) <0.001
RV systolic function® 6.42 (3.26-12.65) <0.001 Y
RV dilatation 6.34 (3.22-12.49) <0.001 o8- "
RV FAC, % 0.92 (0.89-0.95) <0.001 0.97 (0.93-0.99) 0.038 )
g . PAH
PEf 3.67 (2.59-5.19) <0.001 1.67 (1.17-2.39) 0.005 b= S
EID 5.74 (3.25-10.13) <0.001 £ CTEPH
Bl 319 (2.41-4.24) <0.001 Ehad
MPI 10.72 (5.89-19.52) <0.001 !. )
Data are expressed as the mean value:-SD or number (percentage) of patients. Cl ndicaes cardiac index; /A rato, mital nflow 2 Log-rank 5; p = 0.021
TAPSE, mm 0.95(0.91-0.99) 0.011  ratio; EID, left ventricular eccentricity index in end diastole; EIS, left ventricular eccentricity index in end systole; FAC, fractional area
RA volume 1.01 (1.004-1.008) YVt R it i gl Mool cotm o o S
IVC diameter, mm 1.05 (0.99-1.10) 007D e e e R SEMR A S ey
IVRT 1.01 " 01-1 02) <0.001 *Normal and mild impairment of RV systolic function compared with moderate and severe dysfunction. Number at risk
: . : ) 572 548 524 500 476 —

PVR 0.90 (0.83-0.98) 0.019 024 205 181 157 133 109 S
RVOT AT, ms 0.99 (0.982-0.999) 0.031 T % 5 = =
Hemodynamic daia Time (months)

RAP, mmHg 1.11(1.07-1.15) <0.001 1.07 (1.03-1.11) 0.001 Figure 3. Kaplan—-Meier Survival for both the groups: cause 1,

PASP, mm Hg 1.01 (1.01-1.02) <0.001 pulmonary arte_rial hypertensive patients (PAI-_|); cause 2, chronic

PR, dyn/s-per cm 1.33(1.27-1.39) <0.001 110 (1.05-1.16) <0.001 thromboembolic pulmonary hypertensive patients (CTEPH).

Kaplan-Meier plots for 4 echocardiographic indices.
Cl, /min per m? 0.16 (0.13-0.21) <0.001 0.32 (0.24-0.43) <0.001
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Strain PK

2D strain imaging is defined as the % change in myocardial
deformation (RV longitudinal shortening). Strain is currently
measured principally by the speckle-tracking (non-angle-
dependent) approach.

Potential pitfalls include technical challenges in image acquisition
and analysis (need for high frame rates, high signal-to-

noise, experienced observers for reproducible measurements).
Contemporary speckle-tracking algorithms have enhanced
reproducibility and are beginning to yield clinically relevant

observations:

1. In alarge cohort of 575 patients with pulmonary arterial hypertension, free wall longitudinal
strain by 2D speckle tracking was predictive of functional capacity and 18-month mortality.

2. In 200 patients with heart failure and seemingly normal RV systolic function (TAPSE >16
mm), a substantial proportion of patients was found to have abnormal RV free wall strain
indicative of subclinical RV dysfunction, which was in turn predictive of death and
hospitalization.

3. To identify signs of RV infarction in patients presenting with acute myocardial infarction, RV
free wall strain was superior to conventional echocardiographic parameters.

The normal reference limit for 2DS of the RV free wall is -
23%/-20%.
Loy
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@ E SC European Heart Joumnal - Cardiovascular Imaging (2019) 20, 475-484

European Society doi:10,1093/ehiciljey120 Relative reduction Hazard Ratio Hazard Ratio
of Cardiology Author of RVLS (%) log{Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Murata et al. 2016 5% 0.04879 0.04342 25.8% 1.05 [0.96, 1.14] #
Giusca et al. 2012 6% 0.19885 0.14434  12.6% 1.22[0.92, 1.62] -
. . . Unluetal. 2016 6% 0.20701 0.08515 19.9% 1.23[1.04,1.45] -
Prognostlc value of rlght ventricular Moceri et al. 2015 12% 0.13976 009892  18.0% 1.15[0.95,1.40] -
o . . _ o » da Costaet al. 2011 13% 1.53902 067132 1.0% 4.66[1.25,17.37]
long|tud|nal strain in patients with pu[monary Fine etal. 2011 26% 023902 010343 174%  127(1.04,156] b
Parketal.2011 31% 0.75142 0.26639 54% 2.12[1.26,3.57) i,
hypertension: a systematic review and
Total (95% CI) 100%  1.22[1.07,1.40] ¢

meta-an aly5| S Heterogenity: Tau?= 0.02; Chi? = 15.47, df = 6 (P = 0.02); 2= 61%

0.05 0.2 1 5 20

Test for overall effect: Z = 2.94 (P = 0.003) )
Reduced risk Increased risk

Hugo G. Hulshof', Thijs M.H. Eijsvogels"?, Geert Kleinnibbelink'?,
Avrie P. van Dijkz, Keith P. Georgez, David L. Oxboroughz, and Figure 2 Forrest plot summarizing the effect of a (relative) reduction of RVLS on a combined endpoint of mortality and PH-related events in PH
Dick H.). Thijssen’?* patients. The red squares present the weighted effect size and the black lines the 95% Cls. The size of the red squares indicate the weight of the study.

. . . 0 Relative reduction Hazard Ratio Hazard Ratio

. Author f RVLS (%) log{Hazard Ratio] SE___ Weight IV, Random, 95% CI 1V, Random, 95% Cl

Eleven studies; 1169 patients with PH (67% e e e T

— - Haeck et al. 2012 19% 122378 053577 11.9% 3.40[1.19,9.72]
fema Ie’ 0 ' 6 3 b 8 yea r's f0| IOW u p) b Kessel, van et al. 2016 19% 145861 069022 7.6%  430[1.11,1663]

- - - Parket al.2015 31% 0.73716 035059 23.3% 2.09(1.05,4.15) ——
combined endpoint (mortality and PH- Sachdevetal. 201 . osms  omus 3% 2000106378 L -—
related eventS) - hlg her risk with a Total (95% ) 100%  2.96[2.00,4.38] <>

Heterogenity: Tau?= 0.05; Chi? = 5.27, df = 4 (P = 0.26); /" =24% 50.05 Oél l§ 20:

relative reduction of RVLS of 19% [HR S Reduced ik icreasd s
1 . 22’ 950/0 CO nf'dence inte rval (CI) 1 . 07_ Figure 3 Forrest plot summarising the effect of a (relative) reduction of RVLS on all-cause mortality in PH patients. The red squares present the

weighted effect size and the black lines the 95% Cls. The size of the red squares indicate the weight of the study. The black diamond presents the

1 . 40] mean weighted HR.

all-cause mortality - higher risk with a
relative reduction of RVLS of 22% [HR
2.96, 95% CI 2.00—4.38 ]
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Unlque Abnorma"tles in nght VentrICUIar LongItUdlnaI Straln in SyStemlc Table 2. Conventional Two-Dimensional Echocardiographic Parameters and Speckle-Based Strain Parameters
Sclerosis Patients for Systemic Sclerosis Patients and Non-Systemic Sclerosis Controls

Monica Mukherjee =1, Shang-En Chung, Von Khue Ton, Ryan J. Tedford, Laura K. Hummers, Fredrick M. Wigley, Theodore P. Abraham,
and Ami A. Shah

Parameter Scleroderma (n=138) Controls (n=40) P Value Normal Values

Originally published 7 Jun 2016 | hitps-/fdoiorg/10.1161/CIRCIMAGING. 115.003792 | Circulation: Cardiovascular Imaging. 2016;9 .
Conventional 2D measures

LV ejection fraction, % 565163 62.945.9 0.0001* ELCLA
Abstract
B I( d Mitral Ef/A 1.1+0.38 1.44022 0.96 1.2840.25%
acKkground—
Cardiac involvement in systemic sclerosis (scleroderma [SSc]) adversely affects long-term prognosis, often remaining RsenialElEy kS DLlE o HEs
undetectable despite close clinical examination and 2-dimensional echocardiographic monitoring. Speckle-derived strain
of the right ventricle (RV) was utilized to detect occult abnormalities in regional and global contractility in S5c patients. BRI 4094109 5107 0002 *
TAPSE, 2.16£0.47, N=107 2.25:0.40, N=38 0307 1.6%
Methods and Results— e * * ;
A total of 138 S5c patients with technically adequate echocardiograms was studied and compared with 40 age- and PVR, Wood Units 1.48+0.45 1244026 0.002* >3
sex-matched healthy non-SSc controls. Standard assessment of RV chamber function included tricuspid annular plane
systolic excursion and fractional area change. RV longitudinal systolic speckle-derived strain was assessed in the basal, ~ RvSP.mmHg S 225 O =E*

mid, and apical free wall Tricuspid annular plane systolic excursion was not different between groups (P=0307)
Although fractional area change was lower in SSc patients than in controls (mean, 48 9 versus 55, £=0.002), the mean
fractional area change was still within the normal range (=35). In contrast, RV longitudinal systolic speckle-derived strain

Strain parameters

Basal RVLSS, % -32.24135 -23.3+4.5 0.0001" —-25+6%2
measures were significantly different between groups, both globally (-20.4% versus -17.7%; P=0.005) and regionally:
they were decreased in the apex (-8.5% versus —17.1%: P<0.0001) and mid segments (-12.4% versus -20.9%:; Midventricular RVLSS, % 124475 -20.9432 <0.0001* 2745
P=0.0001), and increased in the base (-32 2% versus —23 3%; P=0.0001) for the 55c group. The regional difference in
the base compared with the apex was significantly greater for S5c than for controls (P<0.0001 for interaction). The Apical RVLSS. % ~85467 -17.1+41 <0.0001 ~2416%
differences observed in regional strain between SSc and control were unchanged after adjusting for RV systolic
Global RVLSS, % -177:58 -20.4£2.4 0.005* ~26+42
pressure.
Conclusions— All parameters presented as mean+SD. Normal values based on American Society of Echocardiography
Guidelines'151% and reference values of RV strain?? are provided to distinguish between statistically significant and
Speckle-derived strain reveals a heterogenous pattern of regional heart strain in 55c that is not detected by clinically significant differences. FAC indicates fractional area change; LV, left ventricle; RV, right ventricle; RVLSS,
conventional measures of function, suggestive of occl II BM I;D:iﬂ&ﬁid aldisease right ventricular longitudinal systolic strain; RVSP, right ventricular systolic pressure; TAPSE, tricuspid annular plane
systolic excursion: and PVR. pulmonary vascular resistance
d Monica Mukherjee. Circulation: Cardiovascular Imaging. Unique Abnormalities in Right Q? Lékatska fakulta . INTERNT KLINIKA
Ventricular Longitudinal Strain in Systemic Sclerosis Patients, Volume: 9, Issue: 6, DOI: e Univerzity Palackého KARDIOLOGICKA
(10.1161/CIRCIMAGING.115.003792) KARDIOVASKULARNI CENTRUM v Qe O T T TR




Right Ventricular Dysfunction in Systemic Sclerosis—Associated
Pulmonary Arterial Hypertension

Ryan J. Tedford =, James O. Mudd, Reda E. Girgis, Stephen C. Mathai, Ari L. Zaiman, Traci Housten-Harris, Danielle Boyce,
Benjamin W. Kelemen, Anita C. Bacher, Ami A. Shah, Laura K. Hummers, Fredrick M. Wigley, Stuart D. Russell, Rajeev Saggar,
Rajan Saggar, W. Lowell Maughan, Paul M. Hassoun, and David A. Kass

Originally published 24 Jun 2013 | https://dei.org/10.1161/CIRCHEARTFAILURE. 112.000008 | Circulation: Heart Failure, 2013;6:053-863

Other version(s) of this article -

Abstract

Background—

Systemic sclerosis—associated pulmonary artery hypertension (SScPAH) has a worse prognosis compared with
idiopathic pulmonary arterial hypertension (IPAH), with a median survival of 3 years after diagnosis often caused by
right ventricular (RW) failure. We tested whether SScPAH or systemic sclerosis—related pulmonary hypertension with
interstitial lung disease imposes a greater pulmonary vascular load than IPAH and leads to worse RV contractile
function.

Methods and Results—

We analyzed pulmonary artery pressures and mean flow in 282 patients with pulmonary hypertension (166 SScPAH, 49
systemic sclerosis—related pulmonary hypertension with interstitial lung disease, and 67 IPAH). An inverse relation
between pulmonary resistance and compliance was similar for all 3 groups, with a near constant resistancexcompliance
product. RV pressure—volume loops were measured in a subset, IPAH (n=5) and 5SScPAH (n=7), as well as SSc without
PH (n=T) to derive contractile indexes (end-systolic elastance [E..] and preload recruitable stroke work [M.,]), measures
of RV load (arterial elastance [E.]), and RV pulmonary artery coupling (E.-/E.). RV afterload was similar in SScPAH and
IPAH (pulmonary vascular resistance=7.0+4 5 versus 7.9+4 3 Wood units; E.=0.9+0.4 versus 1.2+0.5 mm Hg/mL;
pulmonary arterial compliance=2.4+1.5 versus 1.7+1.1 mL/mm Hg; P=0.3 for each). Although SScPAH did not have
greater vascular stiffening compared with IPAH, RV contractility was more depressed (E..=0.8+0.3 versus 2.3+1.1,

P<0.01; M.,=21+11 versus 4516, P=0.01), with differential RV-PA uncoupling (E../E.=1.0+0.5 versus 2.1+1.0; P=0.03).

This ratio was higher in SSc without PH (E../E.=2 3+1 2; P=0 02 versus SScPAH).

Conclusions—

RV dysfunction is worse in SScPAH compared with IPAH at similar afterload, and may be because of intrinsic systolic
function rather than enhanced pulmonary vascular resistive and pulsatile loading.
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Right ventricular (RV) pressure—volume loops in 6 patients, 3 with (A) idiopathic
pulmonary arterial hypertension (IPAH) and 3 with (B) systemic sclerosis—associated
pulmonary artery hypertension (SScPAH).

Steady-state loops (left) in both cohorts show RV pressure rising throughout
ejection and peaking at end-systole, consistent with increased RV afterload from
PAH. The black dot identifies the end-systolic pressure—volume point, and the
dashed line mean loop width (stroke volume).

E, was determined by the ratio of end-systolic pressure to SV. In the loops
generated during Valsalva maneuver (right), the data are all shifted upward
because of the rise in intrathoracic pressure, but while this is held, phase 2 of the
Valsalva maneuver results in a beat-to-beat decline in filling volume, various PV
relations including the end-systolic pressure—volume relationship (black line). The
slope is end-systolic elastance (E).
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Reverzni remodelace PK
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Figure 6 Event-free survival of patients with right heart reverse

remodeling (green line: echo score, 4-4.5) compared with patients
without right heart reverse remodeling (blue line: echo score, < 4):
94%, 94%, and 94% vs 75%. 55%, and 24% after 1, 3, and 5 years
of follow-up, respectively, from the 1-year re-evaluation (p =
0.0001).
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Figure 7 Event-free survival of patients with right heart reverse

remodeling (green line) compared with patients without night heart
reverse remodeling RHRR (blue line), defined by the presence of
the upper tertile of all 3 echo parameters: 88%, 83%. and 83% vs
76, 55%, and 23% after 1, 3, and 5 years of follow-up,
respectively, from the |-year reevaluation (p = 0.001).

decrease in RV enddiastolic area (RVEDA) [-2,45 cm? (sensitivity 93 %; specificity 40 %)], right atrial
(RA) area [-1.30 cm? (sensitivity 75 %,; specificity 63 %)], and left ventricular systolic eccentricity
index (LV-EIs) [-0.12 (sensitivity 88 %; specificity 44 %)]
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FEATURED PAPERS

Prognostic relevance of right heart reverse remodeling
in idiopathic pulmonary arterial hypertension

Badagliacca, MD, F
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Progressive Right Ventricular Dysfunction
in Patients With Pulmonary Arterial
Hypertension Responding to Therapy
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Martijn W. Heymans, PUD Harm-Jan Bogaard, MD, PuD,"§ Anco Booastra, MD, Pub,*

Koen M. J. Marques, MD, PUD Nico Westerhof, PuD,"f Anton Vonk-Noordegrasf, MD, PuD"
Amsterdam, the Netheriands. and Richmend. Virginia

A B

1000 Changes in PVR Changes in RVEF
p=0927 404 . p <0.001
3 !
¥ ®
S 00 o
g.-llllll
-204
su'vlwora llnn-ﬂ;'vhrm
1\ 4057 ® Survivors
A Non-survivors
e
°
% 2 A e
Changes in L, o .
RVEF % @ oA Ao &
A d'A
e oA o‘A
Y R =0.330
J ¢ 1 T 1
-1000 -500 0 500 1000
i »
N 7

Changes in PVR
dyne.s.cm®



Lécba PAH v dobé umrti
VSichni pacienti (7 = 487) NYHA IV* pacienti (7 = 135)

*Mezi pacienty vySetrenymi <6
mésicl pred imrtim (n =
308), 135 (43.8%) bylo ve
funkc¢ni tfidé NYHA/WHO 1V.

55.9% 67.4%
i.v./Ss.C. I.v./s.C.
prostanoidy prostanoidy 3.7%

ez PAH

5 70/ terapie

Bez PAH terapie

V dobé umrti souvisejiciho s PAH :
+ U vsech pacientt, témér polovina (44.1%) neuzivalo parenteralni prostanoidy
+ U NYHA/WHO 1V pacienttl, témér tretina (32.6%) neuzivalo parenteralni prostanoidy

Farber HW, et al. J Heart Lung Transplant 2013; 32:1114-22. q\? Lkl el il _
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Podil pacientd l1écenych jednotlivymi tfidami specifickych lIékl PAH v dobé randomizace
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COMPERA. Annual report: Prospective registry of newly initiated therapies for pulmonary hypertension 2014.
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Prostanoids But Not Oral Therapies Improve Right Ventricular 3 o o 000
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RVOT AT <105 ms N X <I8 mm
notch’ Diastole Systole S' <9.5 cmls

RVOT acceleration time of
pulmonary ejection <|05 ms
mid-systolic ‘notch’ indicative of
pre-capillary PH

0 End-systolic

Reduced right ventricular
fractional area change (<35%);
four-chamber view

_';eak TRV

>2.8 m/s

Increased systolic peak tricuspid
regurgitation velocity (peak TRV);
measured with continuous

wave Doppler

Enlarged right atrial area
(>18 cm?);
four-chamber view

Decreased peak systolic (S')
velocity of tricuspid annulus
(<9.5 ecm/s) measured with
tissue Doppler

Decreased tricuspid annular
plane systolic excursion (TAPSE)
measured with M-Mode (<18 mm)

e Estimated RAP o

{ IVC Collapse* eRAP
<2l cm >50% 3 (0-5)
>2.1 em >50% 8 (5-10)

ak TRV >2.1 cm <50% 15 (10-20)

| A

>28 m/s
Estimation of systolic pulmonary Presence of pericardial effusion;
artery pressure (sPAP); four-chamber view;

sPAP =TR pressure gradient +
estimated RAP

parasternal short-axis view;
other views (e.g. subcostal view)
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2022 ESC/ERS Guidelines for the diagnosis
of hypertension

2022 ESC/ERS Guidelines for the diagnosis and
treatment of pulmonary hypertension

Developed by the task force for the diagnosis and treatment of
pulmonary hypertension of the European Society of Cardiology

(ESC) nnd the European Respiratory Society (ERS).

Endorsed by the International Society for Heart and Lung

Transplantation (ISHLT) and the European Reference

on rare respiratory diseases (ERN-LUNG).
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area ratio >1.0
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Flattening of the Early diastolic
interventricular pulmonary
septum (LVEI =>1.1 in regurgitation

systole and/or diastole)  velocity >2.2 m/s
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TAPSE/sPAP ratio PA diameter >AR
<0.55 mm/mmHg diameter

PA diameter
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Supplementary data

pulmonary hypectemion of the furcpean Socty of Cardology
(£5C) and the European Respwratory Society (ERS).
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C: Inferior vena
cava and RA

IVC diameter

=21 mm with
decreased inspiratory
collapse (<50% with
a sniff or <20% with
quiet inspiration)

RA area (end-systole)
>18 cm?
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VyCerpani kompenzacnich mechanism{ pravé komory (PK) s naslednym
pravostrannym srde¢nim selhanim je vedouci pfi¢ina Umrti u pacientl s PAH.
Funkce PK (adaptace na zvyseny afterload, zachovani funkce a CO) determinuje
funkéni status a klinicky pribéh onemocnéni.

Multimodalitni hodnoceni morfologie a funkce pravé komory je dllezitou soucasti
kazdého echokardiografického vysSetreni.

Dysfunkce PK je u SScPAH ve srovnani s iPAH pri identickém afterloadu horsi a
mze byt zplsobena spise vlastni systolickou funkci nez zvySenou rezistenci
plicnich cév a pulzatilnim zatizenim. Tato zjiSténi naznacuji klinicky silentni
dysfunkci myokardu PK, ktera mdze predchazet manifestni PAH a md{ze slouzit
jako dllezity cil pro specifickou Iécbu. ,
Zachovani/zlepSeni funkce PK jako zasadni terapeuticky cil. ¥4
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