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DiagnosticDiagnostic algorithmalgorithmalgorithmalgorithm in in dyspneadyspnea



ClassificationClassification
GROUP 1 Pulmonary arterial hypertension

GROUP 2 PH associated with left heart

GROUP 3 PH associated with lung diseases

GROUP 4 PH associated with pulmonary

GROUP 5 PH with unclear and/or multifactorial

ClassificationClassification of PHof PH
hypertension (PAH)

heart disease

diseases and/or hypoxia

pulmonary artery obstructions

multifactorial mechanisms

Humbert M. et al. European Heart Journal, 2022;43:3618–



PulmonaryPulmonary arterialarterial
hypertensionhypertension??

Imaging: General University Hospital, 
Prague, CZ

5 m/s 100 mmHg



Imaging: General University Hospital, 
Prague, CZ



Imaging: General University Hospital, 
Prague, CZ



LeftLeft heartheart phenotypephenotype

Imaging: General University Hospital, 
Prague, CZ

phenotypephenotype



RestrictiveRestrictive
cardiomyopathycardiomyopathy

Imaging: General University Hospital, 
Prague, CZ



DIRECT DIRECT ASSESSMENTASSESSMENT
PRESSUREPRESSURE

ASSESSMENTASSESSMENT OF OF PULMONARYPULMONARY



2.8 m/s2.8 m/s
=
31 mmHg



PASP vs. TRVPASP vs. TRV

Considering the inaccuracies in estimating RAP 
amplification of measurement errors by using derived variables, these 
guidelines recommend using the peak TRV (and not the estimated 
sPAP) as the key variable for assigning the echocardiographic 
probability of PH. probability of PH. 

A peak TRV >2.8 m/s may suggest PH
absence of PH cannot be reliably determined by TRV alone.

Lowering the TRV threshold in view of the revised 
haemodynamic definition of PH is not supported 

PASP vs. TRVPASP vs. TRV

inaccuracies in estimating RAP and the 
amplification of measurement errors by using derived variables, these 

recommend using the peak TRV (and not the estimated 
as the key variable for assigning the echocardiographic 

A peak TRV >2.8 m/s may suggest PH; however, the presence or 
absence of PH cannot be reliably determined by TRV alone.

Lowering the TRV threshold in view of the revised 
definition of PH is not supported by available data



ESTIMATESESTIMATES OF OF PULMONARYPULMONARY
PRESSURESPRESSURES FROMFROM TRICUSPIDTRICUSPID
REGURGITANTREGURGITANT JETJET

PULMONARYPULMONARY
TRICUSPIDTRICUSPID





62 pts explored by RHC, echo and RHC within 24 hours

In the absence of pulmonary 

RVSP = (RV

explored by RHC, echo and RHC within 24 hours

In the absence of pulmonary 
stenosis:

RVSP = PASP

Yock P., et al, Circulation 1984,70: 657

RVSP = PASP

RVSP = (RV-RA max-gradient) + RAP

RAP ~ (JVP + 5cm )/1.3 (mmHg)



65 pts with different PAH types

Echo and Cath
(Johns Hopkins University, Baltimore, Maryland

Accuracy of Doppler Accuracy of Doppler 
Hemodynamic Assessment of Hemodynamic Assessment of 

r = 0.66

types, PAMP 41 ± 15 mmHg,                                                  

Cath within 1 hour
Johns Hopkins University, Baltimore, Maryland)

95% confidence int:
+ 39 mmHg  - 40 mmHg

Accuracy of Doppler Accuracy of Doppler Echo Echo in thein the
Hemodynamic Assessment of Hemodynamic Assessment of PHPH

Fisher MC., et al, Am J Resp Crit Care Med 2009,179: 615



CathCath vsvs Echo data Echo data 
n= 72, RHC n= 72, RHC –– ECHO < 7 ECHO < 7 
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Echo data Echo data 
ECHO < 7 ECHO < 7 daysdays

r = 0.66, p < 0.001
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CathCath vsvs Echo data Echo data 
n= 72, RHC n= 72, RHC –– ECHO < 7 ECHO < 7 
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Echo data Echo data 
ECHO < 7 ECHO < 7 daysdays
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Poor delineation of TRPoor delineation of TR

PG max 50,5 mmHg

Poor delineation of TRPoor delineation of TR

PG max 50,5 mmHg

PG max 68 mmHg

Imaging: General University Hospital, Prague, CZ



PostextrasystolicPostextrasystolicPostextrasystolicPostextrasystolic contractionscontractions

Imaging: General University Hospital, Prague, CZ



Potential pitfalls Potential pitfalls –– postextrasystolic contractionspostextrasystolic contractionspostextrasystolic contractionspostextrasystolic contractions

Imaging: General University Hospital, Prague, CZ



RespiratoryRespiratory

Inspiration

RespiratoryRespiratory variabilityvariability

Exspiration

Imaging: General University Hospital, Prague, CZ



Spatial orientation of the RT jetSpatial orientation of the RT jetSpatial orientation of the RT jetSpatial orientation of the RT jet

Imaging: General University Hospital, Prague, CZ



Angle dependenceAngle dependence

PGmax = 17 mmHG

: 
General University 

, Prague, CZ

Angle dependenceAngle dependence

PGmax = 26 mmHG



MeanMean PAP PAP estimationestimation

MPAP  = PGmean

estimationestimation

mean + RAPestimate
Imaging: General University Hospital, Prague, CZ



SECONDARYSECONDARY METHODSMETHODS
OF OF PULMONARYPULMONARY HYPERTENSIONHYPERTENSION

METHODSMETHODS FORFOR DETECTIONDETECTION
HYPERTENSIONHYPERTENSION



TypicalTypical characteristicscharacteristics of of 
RV RV phenotypephenotype

ShortShort accelerationacceleration timetime withwith
notchingnotching

Imaging: General University Hospital, Prague, CZ

Humbert M. et al. Eur Heart J. 2022;43:3618–3731

Type I

Type II

Type III



ACT respiratoryrespiratory variations



PAP estimates from pulmonary

Early diastolic 
pulmonary 
regurgitation 
velocity velocity 
>2.2 m/s*
(20 mmHg)

*Humbert M. et al. Eur Heart J. 2022;43:3618–3731

pulmonary regurgitation

Imaging: General University Hospital, Prague, CZ



Pulmonary regurgitation pitfalls Pulmonary regurgitation pitfalls 

Imaging: General University Hospital, Prague, CZ



RIGHTRIGHT ATRIALATRIAL PRESSUREPRESSUREPRESSUREPRESSURE



Vena cava diameter

Normal RAP

Elevated RAP

Imaging: General University Hospital, Prague, CZ

diameter and collapsibility

Inferior Vena Cava



RA pressure

3 (0-5) mmHg

VCI diam.          21

ASE/EAE 2010ASE/EAE 2010
RV filling pressures based on VCI RV filling pressures based on VCI 

assessmentsassessments

Collapse > 50%

Secondary parameters

- RV restrictive filling

- E/Et > 6

- D wave dominance in HV 

RA pressure

8 mmHg 15 (10-20) mmHg

 21 > > 21



ASE/EAE 2010ASE/EAE 2010
RV filling pressures based on VCI RV filling pressures based on VCI 

assessmentsassessments

< 50% ≥  50 %

D wave dominance in HV 
Imaging: General University Hospital, Prague, CZ





INDIRECTINDIRECT SIGNSSIGNS OF OF 
HYPERTENSIONHYPERTENSION

OF OF PULMONARYPULMONARY



STRUCTURALSTRUCTURAL CHANGESCHANGESCHANGESCHANGES



TypicalTypical characteristicscharacteristics
LargeLarge RV, RV, compressedcompressed IVS, IVS, 

Humbert M. et al. Eur Heart J. 2022;43:3618–3731

characteristicscharacteristics of RV of RV phenotypephenotype
IVS, IVS, smallersmaller leftleft atrialatrial sizesize

Imaging: General University Hospital, Prague, CZ



TypicalTypical
characteristicscharacteristics

phenotypephenotype
DD--shapeshape

Flattening of the 
interventricular septum 
(LVEI >1.1 in systole 
and/or diastole)

Humbert M. et al. Eur Heart J. 2022;43:3618–3731

TypicalTypical
characteristicscharacteristics of RV of RV 

phenotypephenotype
shapeshape

Imaging: General University Hospital, Prague, CZ



TypicalTypical characteristicscharacteristics
RV > LV, apex RV > LV, apex 

Humbert M. et al. Eur Heart J. 2022;43:3618–3731

characteristicscharacteristics of RV of RV phenotypephenotype
RV > LV, apex RV > LV, apex formedformed by RVby RV

Imaging: General University Hospital, Prague, CZ



PulmonaryPulmonary arteryartery

PA diameter >AR diameter*
PA diameter >25 mm*

*Humbert M. et al. Eur Heart J. 2022;43:3618–3731

arteryartery dilatationdilatation

Imaging: General University Hospital, Prague, CZ



FUNCTIONALFUNCTIONAL CHANGESCHANGESCHANGESCHANGES



TypicalTypical characteristicscharacteristics
RV more RV more oftenoften

Humbert M. et al. Eur Heart J. 2022;43:3618–3731

characteristicscharacteristics of RV of RV phenotypephenotype
oftenoften dysfunctionaldysfunctional

Imaging: General University Hospital, Prague, CZ



Imaging: General University Hospital, Prague, CZ



AngleAngle dependence of TAPSEdependence of TAPSEdependence of TAPSEdependence of TAPSE

Imaging: General University Hospital, Prague, CZ



TDI TDI –– systolicsystolic velocityvelocity

Humbert M. et al. Eur Heart J. 2022;43:3618–3731

velocityvelocity of TR of TR annulusannulus

Imaging: General University Hospital, Prague, CZ



AngleAngle--dependence of dependence of annularannularannularannular motionmotion velocitiesvelocities



EDA

RV Systolic

Fractional Area 

FAC = (EDA
Imaging: General University Hospital, Prague, CZ

Humbert M. et al. Eur Heart J. 2022;43:3618–3731

ESA

Systolic Function

Area Change

FAC = (EDA-ESA)/EDA x 100
FAC ≥ 35% 



FractionalFractional area area 

Imaging: General University Hospital, Prague, CZ

area area changechange



RightRight ventricularventricular
strainstrain

Sachdev A et al. Chest. 2011 Jun;139(6):1299
Imaging: General University Hospital, Prague, CZ



Ventricular end-systole                
(the greatest RA volume

Right atrial dilatation:

area > 18 cm2

transverse diameter >

RightRight atrialatrial

transverse diameter >

long diameter >

Humbert M. et al. Eur Heart J. 2022;43:3618–3731

systole                
volume)

> 44 mm

atrialatrial dilatationdilatation

> 44 mm

> 53 mm



TypicalTypical characteristicscharacteristics
RV RV phenotypephenotype

ImpairedImpaired RV RV 
pericardialpericardial

Humbert M. et al. Eur Heart J.

characteristicscharacteristics of of 
phenotypephenotype

RV RV fillingfilling and and 
pericardialpericardial effusioneffusion

Humbert M. et al. Eur Heart J. 2022;43:3618–3731

Imaging: 
General 
University 
Hospital, 
Prague, CZ



New mantra?New mantra?
TAPSE/sPAP ratio <0.55 mm/mmHg

5 m/s 100 mmHg

*Humbert M. et al. Eur Heart J. 2022;43:3618–3731

New mantra?New mantra?
TAPSE/sPAP ratio <0.55 mm/mmHg*

TAPSE / sPAP = 0,08

Imaging: General University Hospital, Prague, CZ



TAPSE/TAPSE/sPAPsPAP as a as a surrogatesurrogate
RV/PA RV/PA couplingcoupling

52 patients with PAH or CTEPH

single-beat RV P/V loops – measuring

TAPSE/PASP - independent predictor of 
(multivariate OR: 18.6; 95% CI, 0.8-96.1; P=0.08).

TAPSE/PASP cutoff of 0.31 mm/mm Hg 
(sensitivity: 87.5% and specificity: 75.9%) 
discriminated RV-arterial uncoupling (Ees
<0.805).

Patients with TAPSE/PASP <0.31 mm/mm Hg 
had a significantly worse prognosis than those 
with higher TAPSE/PASP.

Tello K e tal. Circ Cardiovasc Imaging. 2019 Sep;12(9):e009047
Tello K et al. Int J Cardiol. 2018 Sep 1;266:229-235.

surrogatesurrogate of of 

Ees/Ea

independent predictor of Ees/Ea
96.1; P=0.08).

TAPSE/PASP cutoff of 0.31 mm/mm Hg 
(sensitivity: 87.5% and specificity: 75.9%) 

Ees/Ea

TAPSE/PASP <0.31 mm/mm Hg 
had a significantly worse prognosis than those 

. 2019 Sep;12(9):e009047



PrognosticPrognostic stratificationstratification

Humbert M. et al. Eur Heart J. 2022;43:3618–3731
K et al. Int J Cardiol. 2018 Sep 1;266:229-235.

stratificationstratification basedbased on echoon echo



WHATWHAT SHOULDSHOULD WEWE CONSIDERCONSIDER
OUTSIDEOUTSIDE OF OF THETHE RIGHTRIGHT

CONSIDERCONSIDER
RIGHTRIGHT HEARTHEART??



TypicalTypical characteristicscharacteristics
SmallerSmaller leftleft

To separate between 
group 2 PH and 
other forms of PH, 
and to assess the 
likelihood of left likelihood of left 
ventricle (LV) 
diastolic dysfunction, 
LA size and signs of 
LV hypertrophy 
should always be 
measured*

*Humbert M. et al. Eur Heart J. 2022;43:3618–3731

characteristicscharacteristics of RV of RV phenotypephenotype
leftleft atrialatrial sizesize

Imaging: General University Hospital, Prague, CZ



TypicalTypical characteristicscharacteristics
FillingFilling patternpattern of of impairedimpaired

and Doppler 
echocardiographic 

Imaging: General University Hospital, Prague, CZ

echocardiographic 
signs (e.g. E/A 
ratio, E/E′) should 
be assessed*

*Humbert M. et al. Eur Heart J. 2022;43:3618–3731

characteristicscharacteristics of RV of RV phenotypephenotype
impairedimpaired relaxationrelaxation

3731



STRESS STRESS ECHOCARDIOGRAPHYECHOCARDIOGRAPHYECHOCARDIOGRAPHYECHOCARDIOGRAPHY



Stress RHC Stress RHC –– PAWP ≥ 25 mmHgPAWP ≥ 25 mmHg

55 subjects with exercise-induced
PAPM < 25 mmHg and PAWP < 15 mmHg 
Exercise rise in PAWP > 25 mmHg = HF

NCD= non-cardiac dyspnea

PAWP ≥ 25 mmHgPAWP ≥ 25 mmHg

induced dyspnea, 
PAPM < 25 mmHg and PAWP < 15 mmHg at rest, normal BNP

in PAWP > 25 mmHg = HF-pEF

Borlaug BA et al. Circulation: Heart Failure. 2010;3:588-595



Stress Stress echocardiographyechocardiography

E/e´ ratio at peak stress ≥15 

tricuspid regurgitation (TR) velocity at peak stress

McDonagh T, Metra M, et al. Eur 
echokardiografie, v Linhart et al. Vyšetřovací metody v kardiologii, 

echocardiographyechocardiography

tricuspid regurgitation (TR) velocity at peak stress >3.4 m/s

T, Metra M, et al. Eur Heart J 2021; Hlubocká, Marek, Zátěžová 
echokardiografie, v Linhart et al. Vyšetřovací metody v kardiologii, Maxdorf 2021



WHENWHEN RHC RHC SHOULDSHOULDSHOULDSHOULD BEBE CONSIDEREDCONSIDERED



Probability of PH Probability of PH duedue to to 
Feature PH-LHD unlikely

<60 years

Obesity, hypertension, 
dyslipidaemia, glucose
intolerance/diabetes

No factors

Presence of known LHD No

Previous cardiac intervention No

fibrillation Nofibrillation No

Structural LHD No

Normal or signs of RV strain

Echocardiography No LA dilation
E/e′ <13

CPET High VE/VCO2 slope
No EOV

No left heart abnormalities

exercise oscillatory ventilation (EOV)
ventricular hypertrophy (LVH)

to to leftleft heartheart diseasedisease (LHD)(LHD)
Intermediate probability PH-LHD likely
60–70 years >70 years

1–2 factors >2 factors

Yes Yes

No Yes

Paroxysmal Permanent/persistentParoxysmal Permanent/persistent

No Present

Mild LVH LBBB or LVH

No LA dilation
Grade <2 mitral flow

LA dilation (LAVI >34 mL/m2)
LVH
Grade >2 mitral flow

Elevated VE/VCO2 slope
EOV

Mildly elevated VE/VCO2 slope
EOV

LVH
LA dilation (strain or LA/RA >1)

Humbert M. et al. European Heart Journal, 2022;43:3618–3731



WhoWho maymay benefit benefit 
PAH / CTEPH?

PH in lung disease
HF-pEF

PAH
CTEPH

Precapillary Postcapillary
Combined

Precapillary

Yes – if in doubt
confirm the diagnosis

Yes – to confirm the
diagnosis + lead the Rx

benefit benefit fromfrom RHCRHC
PAH / CTEPH?

disease?
pEF ?

HF-rEF

Postcapillary ?
Combined?

Precapillary ?

Postcapillary

doubt - to 
diagnosis

Yes – if HTx is considered

Imaging: General University Hospital, Prague, CZ



ConclusionsConclusions

• In most cases echocardiography is able to accurately 
identify patients with PH

• The degree of PH may be over or underestimated due to 
technical pitfalls

• New Guidelines do not change
echocardiography

• TRV is the preferred measurement

• TAPSE/sPAP – stressed out as 
measure (? thresholds, validation

ConclusionsConclusions

In most cases echocardiography is able to accurately 

The degree of PH may be over or underestimated due to 

change the position of 

measurement

out as an important prognostic
validation, error in the table)


