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Normal pulmonary artery pressures
PAPsys <30mmHg
PAPdiast <15mmHg
PAPmean <20mmHg 

PHT Definition

PHT
PAPsys >30mmHg
PAPmean>20mmHg
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20-30mmHg

Risk inflection point 
RVSP >30mmHg



No LHD
Concurrent LHD (LVEF <55%, 

Mitral E:E’ prime > 12.0, LA volume index 
>34 ml/m2 OR Mitral valve mean gradient 
>5mmHg).

Risk inflection point 
RVSP >30mmHg

Pre- and post-capillary





8,036

5,412
~40%









Right heart catheterisation “gold-standard”

• Pulmonary artery pressure (PAP)

• Pulmonary capillary wedge 

pressure (PCWP) = LAP

• Trans-pulmonary gradient

• TPG = PAPmean-PCWP

• Pulmonary vascular resistance 

PVR = TPG/Cardiac Output

Normal <2.0 Wood Units

Pulmonary Hemodynamics

TPG <12mmHg

PCWP<15

15-30

4-12

___
<20





Echocardiography
PA Catheter in a Box

Echocardiography as a 

Noninvasive Swan-Ganz 

Catheter
Jae K. Oh, MD

Circulation 2005;111;3192-3194



Echo assessment of Right heart pressures

RAP

RVSP

mPAP

PAEDP

LAP  -

“Wedge” -

PCWP



Echo assessment of Right heart pressures
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Echo PHT 
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How do I interpret a high RVSP?

Need to determine 

nature & likely 

underlying cause to 

determine appropriate 

treatment 

How can the Echo 

derived data help me 

decide?



Hemodynamic definitions ESC/ERS





Pre-capillary Pulmonary Hypertension

Obstructed arterial tree
Very high PAP

Low LAP

High PVR/TPG
HIGH↑↑

LOW↓↓

High TPG



Obstructed venous efflux from 
lungs to LA

High LAP

High PAP

Normal TPG 
▪ (+/- “Out-of-proportion” or “Mixed Pre/Post”)

HIGH↑↑

HIGH↑↑

Normal 
TPG

FULL

Post-capillary Pulmonary Hypertension



ePLAR – The echocardiographic Pulmonary to LA Ratio

ePLAR =    TRVmax

Mitral E/e'
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ePLAR – conceptual framework
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TR < 2.9m/s
LAA <= 22 cm2
E/e' <= 12
Mean mitral grad <=5mmHg
Peak AoV <= 2m/s
IVS thickness <=11mm
AR PHT <> 200-400ms

ePLAR - 16356 Normals

=
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ePLAR Validation

(n =133)

Post-cap  vs Popn normal p<0.005
Pre-cap  vs Popn normal p<0.005
Pre-cap vs post-cap p<0.001
Post-cap vs LHF p=ns
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TRVmax 3.3+/-0.7m/s

E/e' 22.7+/-13.9
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Post-capillary (left heart) PHT
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PHT secondary to LHD

ePLAR =   TRVmax

Mitral E/e'

= 4.2 ÷ 27 = 0.15 m/s
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PHT secondary to LHD
Pre-capillary  

PHT

LHF with N PAP

Post-capillary PHT

Normal

61/18 
Mean 
30
mmHg

19mmHg

TPG
11mmHg
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Precapillary PHT

Eur Heart J, ehac237, https://doi.org/10.1093/eurheartj/ehac237

Group 1

https://doi.org/10.1093/eurheartj/ehac237


Precapillary PHT

Eur Heart J, ehac237, https://doi.org/10.1093/eurheartj/ehac237

Group 1

https://doi.org/10.1093/eurheartj/ehac237


Pre Capillary PAH

E/e' = 8

TRVmax 
= 3.6m/s

ePLAR =   TRVmax
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Pre Capillary PAH Rx 1 month
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Pre Capillary PAH Rx 1 year

E/e' = 7.6
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Other Pre-capillary conditions

Eur Heart J, ehac237, https://doi.org/10.1093/eurheartj/ehac237
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Group 3 Lung disease



Group 4 CTEPH



Systemic Sclerosis

(Scleroderma)



What about RV Strain?

RV GLS
6 segment

RV FWS
3 segment



RV FW Strain - Prediction of Survival in PH 

Sachdev, et al. Chest 2011:139;1299-1309

• N=80 PH patients, retrospective VVI strain



RV FW Strain - Prediction of Survival in PH 

Sachdev, et al. Chest 2011:139;1299-1309



RV FW Strain - Prediction of Survival in PH 

All-cause mortality Time free of cardiac events or PH 
medical intervention

Fine NM et al Circ Cardiovasc Imaging 2013; 6: 711-21



RV FW strain in treated patients with PPH 

Hardegree EL, Kane GC et al Am J Cardiol 2013; 111: 143-148

Free wall strain at follow up 
and prognosis

<-12.5%

>-12.5%

Improved free wall strain at follow up 
and prognosis

Correlated with symptom improvement and BNP

< -5%

> -5%

50 patients – pre and 6/12 post PPH Rx



Increased PVR with anatomical remodelling 

and narrowing of pulmonary vessels  

Increased RV contractility 

and RV hypertrophy 

RV enlargement, increased HR

Mismached contractility 

and afterload

RV dysfunction

& failure

Chronic RV afterload 

increase

RV PA coupling 

preserved

RV PA uncoupling

RV failure

Pulmonary hypertension 
“iceberg”

Todaro et al, Am J Cardiovasc Dis 2020;10(4):272-283



Ees – slope of end-systolic pressure as 

measure of RV contractility(elastance)

Ea – measure of arterial load

Todaro et al, Am J Cardiovasc Dis 2020;10(4):272-283

Normal Subject

Normal RV volume

Normal Arterial Load

Normal RV contractility

Ees/Ea = 2

Early PH

Normal RV volume

Increased Arterial Load

Increased RV contractility

Ees/Ea = 2

Advanced PH

Increasing RV volume + HR

Increasing Arterial Load

Decreasing RV 

contractility/elastance

Ees/Ea = 1.2

Concept of RV-PA coupling



RV-PA Coupling : Ratio of TAPSE/PASP

RVSP

RV-PA 

coupling

TAPSE/PASP

>0.31 mm/mmHg

(Ees/Ea >0.8)

Sens 87.5%

Spec 76%

RV-PA   

un-coupling

TAPSE/PASP

<0.31 mm/mmHg

(Ees/Ea <0.8)

Sens 87.5%

Spec 76%

Tello et al, Circ Cardiovasc Imaging, 2019;12.

Normal TAPSE/PASP  >0.55mm/mmHg



Invasive vs Non-Invasive RV-PA Coupling assessment

RV Afterload RV function RV-PA Coupling

Invasive 

(RHC)

mPAP 50mmHg

PVR 7WU

CO 5.7L/min

RAP 5mmHg

Preserved

CO 2.5L/min

RAP 20mmHg

Not Preserved

Non-Invasive PASP 60mmHg

RVOT notching

RVOT AccTime

<100ms

pPTT 130msec

TAPSE 24mm

TAPSE/PASP 0.4

S` 14cm/s

FAC 55%

RVFWS 28%

Preserved

TAPSE 16mm

TAPSE/PASP 0.26

S` 9cm/s

FAC 35-40%

RVFWS 17%

Not preserved

Todaro et al, Am J Cardiovasc Dis 2020;10(4):272-283



Assessment of Pulmonary Hypertension

• RVSP/TRVmax is 

the universal entry 

level test 

• IVC for RAP

• E/e’ for LAP

• RV FWS

• TAPSE/PASP

Differentiating pre and 

post capillary HTN 

important for guiding 

therapy

• ePLAR and other 

algorithms

• “Left heart” PHT

• “Non-left heart” PHT

Big data and new guidelines emphasise lower thresholds and earlier 

intervention to prevent progression and improve prognosis
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