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Definition: where do we stand today

16/7/2020

Galie N et al, Eur Heart J 2015
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Mandate of PH diagnosis
❑ We are not diagnosing our PH any earlier than we were 20 years ago,
therefore
1. We are either not increasing awareness or
2. We are not following our existing screening/diagnostic algorithms or
3. The algorithms are inadequate to achieve earlier diagnosis
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The symptoms are non-specific, leading to a
great delay in diagnosis
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Rich A et al. Ann Intern Med. 1987;107:216-223.
Badesch DB et al. Chest. 2010;137:376-387.
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The disease is characterized by a
pre-symptomatic phase

Resting PAH only occurs after an
enormous proportion (roughly
50–70%) of the pulmonary
vascular bed is lost and PVR and
PAP rise, so that when a
diagnosis of PAH is made, by
definition, the PVD is far
advanced.
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Ann Am Thorac Soc Vol 11, Supplement 3, pp S178–S185, Apr 2014
DOI: 10.1513/AnnalsATS.201312-443LD
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Registry data suggest PAH is often advanced
when diagnosed

*REVEAL enrollment

was completed in December 2009, with all patients followed for 5 years.
REVEAL was funded and sponsored by Actelion Pharmaceuticals US, Inc.
NIH: National Institutes of Health; PAH: pulmonary arterial hypertension; PHC: Pulmonary Hypertension Connection; REVEAL: Registry to EValuate Early And Long-term PAH Disease Management; REVEAL FCCRegistry
to EValuate Early And Long-term PAH Disease Manage
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Adapted from Frost AE et al. Chest. 2011;139:128-137.
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WHO-FC at the time of diagnosis is different if a
screening program is used

Proportion of patients in each World Health Organization functional class (WHO-FC) at the time of
pulmonary arterial hypertension-associated systemic sclerosis (PAH-SSc) in a) routine practice and b)
when detected as part of a screening programme
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Humbert Μ et al, Eur Respir Rev 2012
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Definition and purpose of screening
Screening is the systematic use of a test, or tests, in at-risk individuals to
identify disease before symptom onset

➢ Which individual?
➢ Which tools?
➢ Which goal?
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➢ Subjects in high risk groups, asymptomatic
➢ Non-invasive, reproducible, high sensitivity-specificity
➢ Early access to therapy and follow-up
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Updated diagnostic algorithm of PH outside
the PH expert centre
High risk patients:
➢Connective tissue
disease
➢Congenital heart
disease
➢HIV
➢Portopulmonary
hypertension
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Frost A et al., Eur Respir
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Screening for high risk populations
• HIV: Screen for PAH in HIV patients with symptoms or with more than one risk
factor for HIV-PAH.
• Portal hypertension: Echocardiographic screening is recommended in all patients.
If a tricuspid regurgitant jet of >3.4 m/s or RA/RV enlargement or RV dysfunction
is found, then further evaluation with RHC and referral to PH expert centre is
recommended.
• Genetic counselling of all idiopathic, anorexiant and familial PAH patients and
first-generation asymptomatic family members of patients with known genetic
mutations. Subsequent evaluations for PAH should be offered (e.g. CPET and TTE),
in mutation-positive individuals. Lifelong risk of developing disease in 14% of male
and 42% of female carriers in asymptomatic carriers. Need for annual screening
with echo
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Frost A et al., Eur Respir
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Screening Recommendations for patients with SSc
For patients with SSc and SSc spectrum with uncorrected DLCO <80% of predicted
Annual screening should be considered.
➢ The appropriate screening tools include:
➢ 2015 ESC/ERS recommendations for TTE
➢ DETECT or
➢ FVC/DLCO ratio >1.6 (assuming none-to-mild interstitial lung disease) and >2-fold
upper limit of normal of NT-proBNP.
➢ If any of these screening tests are positive, these patients should be referred for RHC.

For those with uncorrected DLCO ⩾80% of predicted
➢Screening may be considered with TTE.
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Frost A et al., Eur Respir
12J 2019

Screening recommendations for the CHD
• PAH screening in the CHD population should be
undertaken in subgroup 2 and, importantly,
subgroup 4.
• Post-operative PAH screening in subgroup 4
should include clinical, echo and ECG screening 3–
6 months after correction and then throughout
their planned long-term cardiological follow-up.

• Annual screening should be planned for corrected
patients who presented with increased baseline
PVR or with combinations of other predisposing
factors.
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Frost A et al., Eur Respir
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Updated diagnostic algorithm of PH outside
the PH expert centre
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Frost A et al., Eur Respir
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Echo as a diagnostic and screening tool
Role of TR velocity
Peak tricuspid
regurgitation velocity
(m/s)
≤ 2.8 or not measurable
≤ 2.8 or not measurable
2.9 - 3.4
2.9 – 3.4
> 3.4

Presence of other
echo ‘PH signs’

Echocardiographic
probability of PH

No
Yes
No
Yes
Not required

Low
Intermediate
High

Galie N. et al, Eur Respir J 2015 & Eur Heart J 2016

Updated diagnostic algorithm of PH outside
Pre-test probability of LHD phenotype
the PH expert centre

In patients with an intermediate probability, invasive characterization may be performed in patients with
risk factors for PAH (e.g. systemic sclerosis), CTEPH or in cases of unexplained dyspnoea.
Vachiéry JL et al. Eur Resp J 2019
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Frost A et al., Eur Respir
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Updated diagnostic algorithm of PH outside
the PH expert centre
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Frost A et al., Eur Respir
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Frost A et al., Eur Respir
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Take home messages
❑The diagnosis of PH is made with RHC and up to today there is
no other available diagnostic tool to substitute RHC
❑Echocardiography is a valuable tool providing information on
diagnosis, differential diagnosis and prognosis of PH
❑Early identification of high risk patients and their referral in
expert centers is of crucial importance as time matters in the
course of the disease
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AHEPA Hospital, Aristotle University of Thessaloniki
Pulmonary Hypertension and Congenital Heart Disease Unit

Thank you!
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Novel diagnostic modalities for PH
❑ V/Q single photon emission CT (SPECT)
❑ Dual-energy CT (DECT): pulmonary perfusion

CTEPH

❑ Functional magnetic resonance imaging: ventilation
❑ Parametric mapping in CMR (T1 mapping)
❑ CMR-derived right ventricular strain

❑ Pulmonary artery 4D flow imaging
❑ IVUS and OCT
❑ Machine learning

Subclinical RV
dysfunction
Early diagnosis

❑ Future biomarkers (volatile exhaled gases, exhaled NO fraction and NOx derivates)
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Frost A et al. Eur Respir J 2019
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Future directions in genomics
❑PAH biobank (www.pahbiobank.org)

❑BRIDGE project (www.bridgestudy.medschl.cam.ac.uk)
❑PVDOMICS project in US NIH
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Simonneau G et al., Eur Respir J 2019
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PH hemodynamic definitions
❑ A mean PAP > 20 mmHg should be considered as upper normal values
▪ It is not defining a disease but it is only abnormal increase of PAP

❑ An acceptable definition of the pre-capillary pulmonary hypertension could
be:

mPAP>20mmHg, PAWP<15mmHg and PVR>3WU
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Simonneau G et al., Eur Respir J 2019
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Proposal for fluid loading test
❑ A PAWP ≤ 15 mmHg continues to define pPH
❑ In patients with PAWP between 13 and 15 mmHg and
high/intermediate probability of PH HFpEF, a fluid loading
challenge should be considered with 500 ml saline over 5
minutes
❑ A PAWP of > 18 mmHg immediately after fluid administration
is considered abnormal
❑ However, how this should impact management is unknown
❑ If PAH specific therapies are initiated in patients with
“abnormal” response, caution should be exercised, including
close monitoring response and side effects.
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6th World Symposium on Pulmonary Hypertension, Nice, France 2018
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Existing delay in the diagnosis of PAH in SSc

At PAH diagnosis, >85% of patients with SSc are already in advanced
stages of the disease ( (WHO) functional classes III and IV )

n=78

Dyspnea functional class at diagnosis
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Hachulla E. Chest 2009; 136: 1211

CHEST 2018; 154(4):862-871
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Need for early detection but also for early referral
Of 140 patients referred with a mean age of 56 years
• 61% had disease classified as WHO-FC class III or IV.

• Of the ones with a definite diagnosis before referral, 33%
received a misdiagnosis.
• Of the 38 patients who underwent catheterization of the right
side alone, 14 (37%) received a different diagnosis after
undergoing the procedure; of the 21 patients who underwent
catheterization of both sides of the heart, 11 (52%) received
a different diagnosis after undergoing the procedure
• Forty-two patients (30%) had started receiving PAH-specific
medications before referral, with 24 of the prescriptions
(57%) contrary to published guidelines.
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Deano RC et al, JAMA Intern Med, 2013
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Echo as a diagnostic and screening tool

Galie N. et al, Eur Respir J 2015 & Eur Heart J 2016

