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Pulmonary Arterial Hypertension
Definition

mPAP >25 mmHg
+
PCWP, LAP, or LVEDP ≤15 mmHg
+
PVR >3 Wood Units



Diagnosis and assessment of PH 







Role of CMR in PH guidelines 

• Accurate and reproducible in the assessment of RV size, morphology and function
• Non-invasive assessment of blood flow, SV, CO, pulmonary arterial dispensibility, RV 

mass
• LGE
• Diagnosis of CHD
• MRA for the diagnosis of CTEPH
• Prognostic information in pts PAH at baseline and follow up
• Identifying RV failure prior to the development of clinical features



Structural RA/RV changes in PAH



Is it more than just nice images? 

Cardiac MRI in PH



CMR is Versatile
“able to be adapted to many different functions” 

• What are the sequences showing
• What can I expect as a clinician  

Flow mappingFunction-cineAnatomical images
Contrast angiography

Late gadolinium 

Different sequences/techniques for different clinical questions



MR - Tissue characterisation 

CMR: Excellent tissue characterisation 

→differentiation of  blood-myocardium



• Patient referrals 
– with established diagnosis
– Requiring clarification
– With unknown aetiology
– With other indication for MRI scan (left heart 

disease/ARVC?)
–

Confirming the diagnosis- providing 
prognostic information



Essential CMR Protocol in PHT

1-Anatomical images

2-Cine images 

3-Flow studies

4-MR angiography

• Late gadolinium

• STIR-T2

• 3D noncontrast volumetric 
acquisition

research

• Tagging, feature tracking

• 4D flow

• Myocardial DTI

• 3D Late gadolinium

• Perfusion

• RV T1 mapping



Static anatomical images

Black blood and  white blood

RV, PA size, vascular connections



• Assessment of RV and LV

Volumetric analysis with no geometric assumptions

• Pulmonary arteries

• Shunts, ASD

Cine Images 



CMR - Large field of view and unlimited image planes

• Large FoV

Heart + thorax + vessels

• Unlimited image planes



CMR in PAH- Functional evaluation

• Assessment of 
– ventricular volumes
– RA/RV Morphologic characteristics 

(RV shape and dilatation, RVH, RA 
enlargement, flattening of the IVS, 
TR) 

– RV mass and function
– Pulmonary arteries (size and 

pulsalitility)



RV -cine

• Reproducible 
assessment of RV 
volume, function 
and mass

• Assessment of 
RWMA

• Increased RVEDV 
and RVESV, 
decreased RVSV 
and RVCO, 
decreased RVEF

• Treatment 
failure/mortality



Ventricular Volumetric analysis



Maceira AM et al. Eur Heart J (2006) 27, 2879-2888

RV Volumes and function; normal ranges (95% CI) 
indexed for BSA



PAH – prognosis CMR

Studies by Vonk-Noordegraaf Group



Cine - pulmonary arteries 

• Cines main and branch PAs • expansibility



Late gadolinium enhancement

Ventricular insertion point LGE

Bradlow et al., Circulation CV 2010

• indicative of increased 
mechanical

stress in these areas; 
• Elevated RVSP -> tissue 

abnormalities (fibrosis, 
myocardial disarray, 
and inflammation).

• systolic pulmonary 
pressure is the only 
tool that may help 
predict LGE

Am J Cardiol 2007;100(4):731–735. 



LGE in PH

Bradlow et al. Journal of Cardiovascular 
Magnetic Resonance 2012, 14:6



Contrast MR angiography



3D SSFP angiography

from S Babu-Narayan





PAH -essential CMR

Thorax anatomy

Cardiac output:
PA flow
Ao flow
Qp/Qs

~30 mins

• Confirmation of diagnosis
• Exclusion of shunts
• Prognostic markers

Ventricular Long axis cines
PA cines, transaxial cines 

SAX cines,
Ventricular Vols
and EF 

Atrial SAX rule out ASD



64years old female
Significantly dilated RV/RA
Mild TR
Dilated MPA and PA branches 
(MPA 34mm, RPA 26mm, LPA 31mm)
Pulmonary and Cardiac sarcoid
Secundum ASD (Qp:Qs 2.08)
LGE positive



Research 



Radiology 2007;243:70-79



Radiology 2007;243:70-79



Pulmonary artery stiffness

Bradlow et al. Journal of Cardiovascular 
Magnetic Resonance 2012, 14:6



Pulmonary artery flow profiles

4D flow mapping

NormalPAH

Reiter. Cir CV Imaging 2008



• Characteristics of PH
• vortex flow 

formation
• wall shear stress
• correlation with 

mPAP

Future directions-4Dflow

Odagiri K et al. Springer plus 2016;5:1071
Hideki et al, CVIA 2018;2(2): 85-96



Pros and cons of CMR
• Gold  standard for RV ventricular size , function and mass
• Superior image quality (no limitations to acoustic windows and body habitus)
• Ver y low inter-observer variability
• Anatomic and functional assessment of PAs (size, pulsaliility)
• Tissue characterization
• No radiation

• Long scanning time 
• Claustrophobia
• Motion and arrhythmia artefacts
• Breath holding
• Cost
• Nephrogenic systemic fibrosis in patients with severely 

impaired renal function
• Ferromagnetic materials and devices 



Key messages

• Multimodality imaging is essential for 
diagnosis and management of patients with 
PH

• CMR is gold standard for assessment of RV 
size, function and mass

• CMR provides important information for 
diagnosis, classification and follow up of 
patients with PAH



Thank you very much


