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Pravá komora u PAH
• An afterload mismatch - increased RV 

afterload, driven by increased PVR, leads to right 
heart failure.

• At an early stage, the RV adapts to the increased 
afterload to preserve stroke volume (homeometric
adaptation), followed by an heterometric 
adaptation when the latter gets 
exhausted, characterized by increased filling 
pressures, progressive RV dilation, and hypertrophy
in order to reduce wall tension (Laplace’s 
law), leading to eccentric hypertrophy and right 
heart failure (maladaptive RV). 

• Adapted ventricles usually have preserved
ventriculo-arterial coupling - a condition that 
occurs when the right ventricular function is adapted 
to the pulmonary vascular load so that energy 
transfer is most efficient. 

• In contrast, maladapted ventricles usually are 
characterized by uncoupling of the RV to the
pulmonary circulation

• Vyčerpání kompenzačních mechanismů pravé komory (PK) s následným 
pravostranným srdečním selháním je vedoucí příčina úmrtí u pacientů s PAH.

• Funkce PK (adaptace na zvýšený afterload, zachování funkce a CO) determinuje 
funkční status a klinický průběh onemocnění.

• Zachování/zlepšení funkce PK jako zásadní terapeutický cíl.

Vonk-Noordegraaf A et al. JA Am Coll Cardiol 2013; Vol. 62, No. 25, Suppl D; D22–33;

Miotti C et al. J Clin Med 2021, 10, 619.



Myriam Amsallem et al. J Am Coll Cardiol HF 2018; 6:891-903.
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Multimodální hodnocení

žádný izolovaný prognostický faktor neposkytuje 
dostatečnou diagnostickou a prognostickou informaci

nutnost pravidelné komplexní reevaluace

přítomnost známek klinického zhoršení oproti 
minulé vizitě

je případné klinické zhoršení způsobeno 
progresí PAH nebo jiným konkomitantním
onemocněním

funkce pravé komory – stabilita a adekvátnost

dosažení stavu spojeného s dobrou 
dlouhodobou prognózou (kritéria nízkého 
rizika)
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Co je standardem měření V-A couplingu?

= RV Ees/PA Ea



Tello K. Circulation: Cardiovascular Imaging. Validation of the Tricuspid Annular Plane Systolic Excursion/Systolic Pulmonary Artery Pressure Ratio for 
the Assessment of Right Ventricular-Arterial Coupling in Severe Pulmonary Hypertension, Volume: 12, Issue: 9, DOI: 
(10.1161/CIRCIMAGING.119.009047) 



Poměr TAPSE/PASP

Tello K et al. Int J Cardiol . 2018 Sep 1;266:229-235.

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



Tello K et al. Int J Cardiol 2018
290 patients with PAH

associated with hemodynamics and functional class

independently associated with overal mortality
(even after adjusting for other echocardiographic
or hemodynamic prognostic indicators)

Tello K et al. Circ Cardiovasc Imaging 2019
52 patients with PAH and CTEPH

TAPSE/PASP correlated with Ees/Ea and end-diastolic elastance

TAPSE/PASP <0.31 mm/mm Hg 

significantly worse prognosis

discriminated RV-arterial uncoupling (Ees/Ea <0.805) - sensitivity: 87.5%; specificity: 75.9%





Perikardiální výpotek

• nejčastěji uváděný echokardiografický prognostický faktor 
u PAH

• způsoben zvýšením tlaku v PS, který omezuje venózní a 
lymfatickou drenáž myokardu  - odraz diastolické 
dysfunkce PK

• až 40-50 % pt. s těžkou PAH

• korelace s prognózou, tolerancí zátěže, hemodynamickou
závažností

• známka pokročilého onemocnění

• CAVE jiná etiologie perikardiálního výpotku (pacienti se 
systémovým onemocněním pojiva)

Raymond RJ et al. J Am Coll Cardiol 2002 Apr 3;39(7):1214-9



Raymond RJ et al. J Am Coll Cardiol 2002 Apr 3;39(7):1214-9



• dilatace pravé síně je důsledkem chronického zvýšení tlaků v PK a z něj vyplývající dysfunkce PK
s postupným nárůstem plnících tlaků, tj. tlaků v pravé síni

• ke zvýšení tlaků v pravé síni přispívá také trikuspidální regurgitace

• apikální 4-dutinová projekce

• end-systola
plocha PS maximální 
(měření od linie trikuspidálního 
anulu ke stropu PS, tedy mimo 
oblast mimo Tri chlopní a anulem)

• patologické hodnoty plochy
> 18 cm2

Plocha pravé síně

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



• Twelve studies with a 1085 patients with PAH (mean follow-up 
time 9.2 months - 5.0 years)

• Patients with PAH with enlarged RAA/RAAI were associated 
with poor prognosis. 

• 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)

• 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).

Liu K et al. BMJ Open 2020 Sep 22;10(9):e031316



Lang RM, Badano LP, Mor-Avi V, et al. Recommendations for cardiac chamber quantification by echocardiography in 
adults: an update from the American Society of Echocardiography and the European Association of Cardiovascular 
Imaging. J Am Soc Echocardiogr. 2015;28(1):1.

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.

Longitudinální funkce PK



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 ≥9.5 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).

Lang RM, Badano LP, Mor-Avi V, et al. Recommendations for cardiac chamber quantification by echocardiography in 
adults: an update from the American Society of Echocardiography and the European Association of Cardiovascular 
Imaging. J Am Soc Echocardiogr. 2015;28(1):1.



Ghio S et al. Open Heart 2016 May 9;3(1):e000408.

Forfia PR et al. Am J Respir Crit Care Med 2006 Nov 1;174(9):1034-41.



Lang RM, Badano LP, Mor-Avi V, et al. Recommendations for cardiac chamber quantification by echocardiography in 
adults: an update from the American Society of Echocardiography and the European Association of Cardiovascular 
Imaging. J Am Soc Echocardiogr. 2015;28(1):1.

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 ≥35%. 
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

Frakční změna plochy PK



hodnotí longitudinální i radiální komponentu kontrakce PK

dobrá korelace s EF PK hodnocenou pomocí MR – prognostický význam

nepostihuje podíl výtokového traktu PK na celkovou systolickou funkci PK

horší reproducibilita – obtížnější detekce endokardu

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

Anavekar NS et al. Echocardiography 2007 May;24(5):452-6.



Grapsa J et al. Circ Cardiovasc Imaging 2015 Jun;8(6):e002107



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 a large 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%. 

Strain PK



Eleven studies; 1169 patients with PH (67% 
female, 0.6–3.8 years follow-up). 

combined endpoint (mortality and PH-
related events) - higher risk with a 

relative reduction of RVLS of 19% [HR 
1.22, 95% confidence interval (CI) 1.07–
1.40]

all-cause mortality - higher risk with a 
relative reduction of RVLS of 22% [HR 
2.96, 95% CI 2.00–4.38 ]



Monica Mukherjee. Circulation: Cardiovascular Imaging. Unique Abnormalities in Right 
Ventricular Longitudinal Strain in Systemic Sclerosis Patients, Volume: 9, Issue: 6, DOI: 
(10.1161/CIRCIMAGING.115.003792) 



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). 
Ea 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 (Ees).



decrease in RV enddiastolic area (RVEDA) [-2,45 cm2 (sensitivity 93 %; specificity 40 %)], right atrial 
(RA) area [-1.30 cm2 (sensitivity 75 %; specificity 63 %)], and left ventricular systolic eccentricity 
index (LV-EIs) [-0.12 (sensitivity 88 %; specificity 44 %)]

Reverzní remodelace PK





Farber HW, et al. J Heart Lung Transplant  2013; 32:1114-22.

NYHA IV* pacienti (n = 135)

28.9%
Jiná PAH 
terapie

67.4%
i.v./s.c.

prostanoidy 3.7%
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terapie

55.9%
i.v./s.c.

prostanoidy

38.4%
Jiná PAH 
terapie

5.7%
Bez PAH terapie

Všichni pacienti (n = 487)

V době úmrtí souvisejícího s PAH :

• U všech pacientů, téměř polovina (44.1%) neužívalo parenterální prostanoidy

• U NYHA/WHO IV pacientů, téměř třetina (32.6%) neužívalo parenterální prostanoidy

*Mezi pacienty vyšetřenými <6 
měsíců před úmrtím (n = 
308), 135 (43.8%) bylo ve 

funkční třídě NYHA/WHO IV.

Léčba PAH v době úmrtí



Podíl pacientů léčených jednotlivými třídami specifických léků PAH v době randomizace

COMPERA. Annual report: Prospective registry of newly initiated therapies for pulmonary hypertension 2014.
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HR, heart rate; PAH, pulmonary arterial hypertension; PAP, pulmonary arterial pressure; RAP, right atrial pressure; 
RHC, right heart catheterisation; RV, right ventricle; RVSWI, right ventricular stroke work index
Brittain et al. JACC Heart Fail. 2013;1:300-307







Závěry

1. Vyčerpání kompenzačních mechanismů pravé komory (PK) s následným 
pravostranným srdečním selháním je vedoucí příčina úmrtí u pacientů s PAH.

2. Funkce PK (adaptace na zvýšený afterload, zachování funkce a CO) determinuje 
funkční status a klinický průběh onemocnění.

3. Multimodalitní hodnocení morfologie a funkce pravé komory je důležitou součástí 
každého echokardiografického vyšetření. 

4. Dysfunkce PK je u SScPAH ve srovnání s iPAH při identickém afterloadu horší a 
může být způsobena spíše vlastní systolickou funkcí než zvýšenou rezistencí 
plicních cév a pulzatilním zatížením. Tato zjištění naznačují klinicky silentní
dysfunkci myokardu PK, která může předcházet manifestní PAH a může sloužit 
jako důležitý cíl pro specifickou léčbu.

5. Zachování/zlepšení funkce PK jako zásadní terapeutický cíl.



FAKULTNÍ NEMOCNICE OLOMOUC


