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Role of imaging in current ESC guidelines

Left atrial size



AP linear dimension should 

not be used as the sole 

measure of  LA size

When assessing the LA size and remodeling,

the measurement of  LA volume is recommended

Care should be taken to avoid foreshortening of  the 

LA, because the longitudinal axes of  the LV and LA 

frequently lie in different planes

Single-plane apical 4CH indexed LA volumes are 1 to 

2 mL/m2 smaller than apical 2CH volumes







Is left atrial size the sole hallmark of AF?

A large proportion of patients who develop AF do not have an enlarged LA by the LAVmax

[Pagola J, González-Alujas T, Flores A, et al. Left atria strain is a surrogate marker for detection

of atrial fibrillation in cryptogenic strokes. Stroke 2014;45:e164–6]

More than one-third of AF patients do not have enlarged LA, and for paroxysmal AF, this
proportion is even higher (52%).

[ENGAGE AF-TIMI 48, Echocardiographic Study Investigators. Left atrial structure

and function in atrial fibrillation: ENGAGE AF-TIMI 48. Eur Heart J 2014;35:1457–65]
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Can risk of new-onset AF be predicted by imaging features of organ damage?

Can risk of stroke in AF patients be better predicted by imaging features of organ

damage?

Can imaging features of organ damage better clarify cause of criptogenetic stroke?



The Copenhagen City Heart Study

Olsen FJ,  JACC Cardiovasc Imag 2018

1951 pts

Median follow-up 11 yrs

184 (9.5%) new-onset AF

• whether LAVmin and LAEF are superior predictors of AF compared with

LAVmax

• whether these measures add prognostic value beyond clinical risk score models

• whether these measures could predict incident AF in participants with

structurally normal LA (LAVmax<34 ml/m2)

• whether hypertension modifies the relationship between LA measures and risk of

AF



The Copenhagen City Heart Study

Olsen FJ,  JACC Cardiovasc Imag 2018

In the subgroup of  normotensive pts, LA functional measures can even

predict AF in individuals with structurally normal LA 

(defined as LAVmax<34 ml/m2)



Function beyond size

Reservoir for pulmonary 

venous return during 

ventricular systole

Conduit for pulmonary 

venous return during 

early ventricular diastole

Booster pump that augments 

ventricular filling during late 

ventricular diastole

Reservoir function is 

influenced by descent of  the 

LV base during systole and 

by LV end-systolic volume.

Conduit function is closely 

related to LV relaxation and 

compliance.

Atrial booster pump function 

is dependent on the degree 

of  venous return (atrial pre-

load) and LV end-diastolic 

pressures (atrial afterload)

Frank-Starling law



Function beyond size



Left atrial strain



Left atrial strain in Atrial Fibrillation

Normal Atrial fibrillation



Left Atrial Dysfunction in the Pathogenesis of Cryptogenic 

Stroke: Novel Insights from Speckle-Tracking Echo

Leong DP, J Am Soc Echo 2016



Mechanical remodeling correlates with electrical 

remodeling of LA

Chen Y, Int J Cardiovasc Im 2018

40 pts with 

paroxysmal 

AF

LV group 

(bipolar voltage 

< 0.5 mV)

Non-LV group 

(bipolar voltage 

> 0.5 mV)



A paradigm shift in the pathophysiology of AF: 

the atrial cardiomyopathy



Atrial fibrosis is the hallmark of structural LA 

remodeling in AF

Marrouche NF, JAMA 2014



Atrial fibrosis is the hallmark of structural LA 

remodeling in AF

Marrouche NF, JAMA 2014

Hypertrophic 

cardiomyopathy

Ischemic heart 

disease



Atrial fibrosis predicts new-onset AF

Quail M, J Cardiovasc Magn Res 2019



Association of LA Fibrosis Detected by DE-CMR 

and the Risk of Stroke in Patients With AF

Daccarett M, JACC 2011



Kuppahally SS, Circ Cardiovasc Imaging. 2010

LA strain in patients with paroxysmal and persistent 

AF relates to LA fibrosis detected at MR

55 pts with paroxysmal or persistent AF. 16 (29%) were on AF during Echo and MR

Neither the extent of  fibrosis nor the degree of  reduction in strain was influenced by 

age, sex, severity of  mitral regurgitation, or history of  hypertension, suggesting that the 

changes may be primarily due to AF.

No correlation between E/E’ LV filling pressure and LA strain/fibrosis



Increased epicardial fat thickness in AF



Haemers P, Eur Heart J 2017

AF is associated with the fibrotic remodelling of adipose 

tissue in the subepicardium of human and sheep atria



Mahajan R, JACC Clin Electrophysiology 2018

Electroanatomical Remodeling of the

Atria in Obesity



Take-home messages





How can imaging enter AF work-flow?

•Decreased left atrial

longitudinal strain

•Left atrial

fibrosis/fibro-fatty

replacement

•LAA PW velocity < 20 

cm/s

Modified from Calenda BW, 
Nature Reviews/Cardiology 2016



Inoue YY, J Am Heart Assoc 2015

Quantitative Tissue-Tracking CMR of Left Atrial

Deformation and the Risk of Stroke in Patients With AF



Atrial deformation predicts the maintenance 

of sinus rhythm after catheter ablation of AF

Schneider C, Eur Heart J 2008



Atrial deformation predicts the maintenance 

of sinus rhythm after catheter ablation of AF

Schneider C, Eur Heart J 2008



Marrouche NF, JAMA 2014

Association of Atrial Tissue Fibrosis Identified by 

DE-MRI with AF Catheter Ablation 

The DECAAF Study

The overall HR was 1.06 

(95%CI, 1.03-1.09; 

p<.001) per 1% increase

in atrial fibrosis*

*[adjusted for age, sex, 

hypertension, congestive 

HF, mitral valve disease, 

diabetes, type of AF 

(paroxysmal vs persistent), 

LA volume, LV EF, and 

participating center]

1.15 (95% CI, 1.06-1.25)

1.02 (95% CI, 0.97-1.06)



• LA strain is load dependent and influenced by LV function. It has been proposed that

instead of focusing on the reservoir function, authors should look more carefully at the

booster pump function.

• The reduction in LV filling pressures reduces but rarely normalizes LA volumes.

There seems to be a strong association between reduction in LV filling pressure and

improvement in LA function as indicated by the improvement in LA strain

• LA strain is a predictor of atrial fibrillation occurrence and recurrence, and its value

seems to be associated with thromboembolic risk. Larger randomized studies are

needed to confirm the association with thromboembolic risk and to assess whether LA

strain can be used to risk-stratify patients



We must remember to treat the patient and 

not the disease or the echocardiogram 
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Male, 59 yrs old, hypertensive



Male, 60 yrs old, significant LVH due to untreated systemic arterial hypertension

Aprile 2017

Courtesy of  dott. F. Pennestrì

Dicembre 2018



Female, 82 yrs old, Non-ST elevation MI (sept.2017), 3 vessel disease, hypertension, dyslipidemia

Courtesy of  dott. F. Pennestrì

71 ml

56 ml

50 ml



Time Delay Between Electrical and Mechanical 

Activation of the LA (PA-TDI) predicts new-onset 

AF and Ablation Efficacy

• Patients who presented with AF during follow-up had longer PA-TDI duration than

patients who remained in sinus rhythm (172 ± 25 ms vs. 150 ± 20 ms; p <0.001).

Prolonged PA-TDI was independently associated with new-onset AF (odds ratio:

1.37; p < 0.027).

•PA-TDI has also been correlated with the efficacy of radiofrequency catheter

ablation: patients with longer PA-TDI had higher risk of AF recurrences at follow-up

(odds ratio: 1.04; p < 0.001)



Tops LF, JACC 2011

Left Atrial Strain Predicts Reverse Remodeling

After Catheter Ablation for Atrial Fibrillation




