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Imaging in Heart Failure 

• Establish the diagnosis 

• Assess etiology 

• Determine prognosis 

• Guide treatment 



Imaging in Heart Failure 

• Structural abnormalities 

• Function (systolic, diastolic, myocardial etc) 

• Viability / ischaemia 

• Scarring / fibrosis / inflitration  



Imaging in Heart Failure 

• Echo 

• Cardiac MRI 

• Nuclear Imaging 

 



Echo 

• “Ancient” technique 

• Versatility 

• Readily available 

• Safe 

• Lower cost 

• But relatively high variability  



 



M-mode vs 2D 

 



LV wall thickness and geometry 

 



LV EF (ejection fraction) 

• Most commonly (and firstly) asked question 
by both physicians and patients 

• A “number” that provides a general 
impression how “good” or “bad” one’s heart 
is – “easy to understand” 

• Important for cardiologists to determine 
timing of intervention (e.g. CRT-P/D, valvular 
surgery in severe lesions) 



Volume and EF assessment 

 



Volume and EF assessment 

 



LVEF vs Cardiac Output 

• CO = HR x SV 

• EF (%) = SV / LV end diastolic volume 

• Assuming that no significant mitral 
regurgitation 

• CO = HR x (EF (%) x LV end diastolic volume) 

 

 

 



3D full volume acqusition 







Diastolic function:  
Mitral inflow pattern 

Aurigemma GP. NEJM. 2004;351:1097-105. 

E = early filling 

A = atrial contraction 





Pseudonormal (grade 2) vs Normal 

Valsalva – decrease preload and 
convert the mitral inflow into 
“abnormal relaxation pattern” 
 
Pulmonary hypertension usually 
present 



Diagnosis of LV diastolic dysfunction in 
patients with normal LV EF 

J Am Soc Echocardiogr 2016;29:277-314 



Estimation of LV filling pressure/diastolic 
function grading in patient with depressed LVEF 

or myocardial disease 

J Am Soc Echocardiogr 2016;29:277-314 



RV Geometry 

• The shape of the right ventricle is complex  

• In contrast to the ellipsoidal shape of the left 
ventricle, the right ventricle is triangular when 
viewed longitudinally and is crescent shaped 
when viewed transversally.  

• Its complex shape is difficult to model 
geometrically as opposed to the left ventricle, 
which explains the difficulty to assess right 
ventricular volumes and function by 
echocardiography 

 



Tricuspid Annular Plane Systolic 
Excursion (TAPSE) 

   M-mode cursor passed through the tricuspid lateral annulus 
in a four-chamber view and measuring the amount of 
longitudinal displacement of the annulus at peak-systole 

 Abnormal < 16 mm 
 

http://www.wikiecho.org/w/images/e/ea/Rv-systolic-3.JPG


Systolic Excursion velocity (S’) 

• Utilize Tissue Doppler Imaging of tricuspid 
annulus movement during systole 

• Abnormal < 10 cm/sec 

http://www.wikiecho.org/w/images/e/ec/Rv-systolic-6.JPG


RV Myocardial Performance Index 



Fractional Area Change 

• Resemble “Simpons method” for LVEF 
• Abnormal: < 35% change in area 

http://www.wikiecho.org/w/images/d/d7/Rv-systolic-2.JPG


 



 



Pitfalls 

• However, all the above method only provide 
indirect clues to estimate RV systolic function 

• RV ejection fraction is difficult to be estimated 
from 2D Echo due to its complex geometry 

• 3D Echo may provide new insight on 
volumetric assessment of RV 



Stage A HF – can we detect 
subclinical abnormalities? 



Example: Oncology treatment side 
effects on CV system 

 



Long term incidence of CV disease in 
treated patients 

 



Early detection 

 

10-15% reduction in GLS (compared with 
baseline) – predictive of cardiotoxicity 



Limitation of traditional 2D Echo 

• LVEF  
– only tells you the “change of cavity” as end result  

– no information regarding the myocardial fiber 
contractile function 

 

• Wall motion assessment  
– effect of “tethering” by adjacent normal segment 

– Appeared akinetic on 2D with 25% - 100% 
thickness myocardial injury / infarct 

 



Myocardial Deformation 

Subepicardium : helically left-handed direction 
Mid layer: run circumferentially 
Subendocardium:  helically right-handed direction 



Same LVEF, looks different? 



Strain and Strain Rate 



Speckle Tracking Tissue doppler 
derived 





A. Normal 
B. LAD infarct 
C. LCx infarct 
D. Non-ischaemic CMP 

Myocardial infaction 



A. Normal athlete 
B. Hypertensive heart 
C. Hypertrophic 

cardiomyopathy 
D. Apical variant HCM 

Cardiomyopathies 



Amyloid heart disease 

Apical sparing pattern 



Ischaemic CMP 

• Perfusion abnormalities 

• Viability 

• Guide decision on revascularization 



Exercise vs pharmacological stress Echo 



Stress Echo Interpretation 



Stress Echo – other parameters 

• Change in diastolic function  

• Change in RSVP 

• Change in LV chamber size 

• Change in haemodynamics in valvular disease 

– “mild MS” at rest with exertional symptoms 

– “LFLG severe AS” 



Cardiac MRI 

• Structure and function assessment 

• Stress perfusion for ischameia 

• Late Gandolinium Enhancement (LGE) 

– Differentating ischaemic vs non-ischaemic cause 

– Ischaemic – almost always involvement 
subendocardium or even transmural, 
corresponding to coronary artery territory 



LGE – transmural extent of infarct  

Kim, Raymond J., et al. "The use of contrast-enhanced magnetic resonance imaging to identify 
reversible myocardial dysfunction." New England Journal of Medicine 343.20 (2000): 1445-1453. 



LGE – transmural extent of infarct  

Kim, Raymond J., et al. "The use of contrast-enhanced magnetic resonance imaging to identify 
reversible myocardial dysfunction." New England Journal of Medicine 343.20 (2000): 1445-1453. 

Can be used to predict whether or 
not regions of myocardial 
dysfunction will improve after 
revascularization. 



LGE 

• Predict response to CRT – transmural necrosis 
at inferolateral wall may do worse 

• Predict arrhythima risk base on extent of 
scarring 



Tissue characterization 

• Native T1 – non-contrast 

• Extracellular volume (ECV) 

• T2: acute inflammation, edema, infarct 

• T2* 



Native T1 mapping 

• Parametric mapping 

• A more recent development in  
myocardial tissue characterisation 

 

• Diffuse myocardial fibrosis - ↑ T1 
values 

• Non-specific  

– any pathology resulting in 
edema/fibrosis/other depositional 
disease 

• Values applicable to local setup only 

 



 

• Similar principle to T1 mapping 

• T2 relaxation time altered by 
water content 

• Detect myocardial edema in 
different diseases 

• “Area-at-risk” myocardium 
 

T2 mapping 



Fig. 3 Acute chest pain syndromes algorithm using multi-parametric tissue characterisation. ECV denotes extra-cellular 

volume, LGE Late Gadolinium Enhancement, and MVO microvascular obstruction. .  

*This holds true for classical type 1 Takotsubo Cardiomyopathy 

Haaf et al. Journal of Cardiovascular Magnetic Resonance (2016) 18:89 



Ferreira et al. Journal of 
Cardiovascular Magnetic Resonance 
2014 16 (Suppl 1) :P215 

 



Haaf et al. Journal of Cardiovascular Magnetic Resonance (2016) 18:89 

T1 mapping and ECV in clinical practice 



Nuclear imaging for ischaemia 

• Thallium-201 or technietium-99m 

• Exercise or pharmacological stress 

• Evaluate ischaemia, infarction and viability 

• Prior studies suggest excellent negative 
predictive values but poor positive predictive 
values 

• Ischaemic CMP shows more extensive, diffuse 
and severe perfusion defects than NICM, but a 
noteworthy degree of overlap exists 

 





How to Image Cardiac Amyloidosis, Volume: 7, Issue: 3, 

Pages: 552-562, DOI: (10.1161/CIRCIMAGING.113.001396)  

- direct amyloid imaging agents (I-123–
labeled serum amyloid P component), 

- bone imaging agents (Tc-99m 
pyrophosphate or Tc-99m 3,3-
diphosphono-1,2-propanodicarboxylic 
acid [DPD]) 

- agents to image cardiac sympathetic 
innervation (I-123 
metaiodobenzylguanidine)  

Nuclear imaging for cardiac amyloidosis 



Cardiac Failure Review, 2016;2(1):27–34 



Imaging in Heart Failure 

• Echo continues to be the method of choice for its 
availability, cost and usefulness, it provides most 
of the information required for the management 
and follow up of HF patients and it has been 
enhanced with the development of 3DE and 
strain.  

• Cardiac MRI and nuclear imaging are alternative 
for ischaemia or viability assessment 

• Cardiac MRI is excellent in tissue characterization 
to differentiate different types of 
cardiomyopathies  


