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Structural remodelling refers to the development of atrial fibrosis, as well as to alterations in atrial size and cellular
ultrastructure. The latter includes myolysis, the development of glycogen accumulation, altered Connexin

expression, subcellular changes, and sinus rhythm (SR) alterations.

atrial conduction structural remodeling fibrosis Connexins

| 1. Left Atrial Size and Strain

Atrial dilatation’s relationship to the incidence of AF was first described in mitral valve disease patients [l. Twenty
years later, another study showed that a LA diameter above 45 mm would predict AF recurrence over the 6 months
following cardioversion in patients with valve disease or septal hypertrophy [, Left atrial enlargement was
established as an independent risk factor of AF in two large prospective trials B4, Animal models of acute atrial
dilatation in both isolated hearts and in situ showed a decrease in the atrial refractory period B, On the other
hand, no change @ or even prolongation of atrial refractoriness was reported elsewhere IR, All of them found an

increment in the inducibility and persistence of AF, though.

A change in atrial structure and function is the background of atrial remodelling, which results in left atrial
enlargement LU On the other hand, conditions such as hypertension, structural, and valve heart disease may
also induce similar changes in atrial anatomy or function because of an increase in LA pressure and/or volume.
Atrial remodelling provides the substrate for AF episodes to be triggered, which results in a vicious circle of further

atrial remodelling as a consequence 12[13],

It is well established that LA diameter is an independent predictor of AF recurrence post-PVI 24l Although used
widely, the LA anterior—posterior diameter is not the most accurate index of its “true” size 13, Left atrial
enlargement occurs in an asymmetric way and is mainly oriented in the superior—inferior and medial-lateral
directions 28, In a study assessing LA volume by computed tomography, it was found to be related to the outcome
of RF ablation, whereas the echo-derived LA anterior—posterior diameter was not 4. Cardiac MRI is a more
accurate modality compared to echo in order to assess LA volume and is also being used to assess the arrhythmic
substrate in regard to catheter ablation (8. Patients with AF have larger LA volumes, as assessed by MRI,
compared to those with SR (2220 On the contrary, those with “lone AF” have similar LA volumes to healthy

individuals 21, Additionally, persistent versus paroxysmal AF is related to higher LA volumes 22,
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Atrial contractile dysfunction, as assessed by echocardiography, is correlated with the duration of AF. After a 2-
week period of AF and restoration of SR, 24 h was the time for the recovery of atrial contractile function. On the
other hand, it took more than 1 month for recovery, while AF lasted more than 6 weeks (231124 A new atrial
thrombus can be formed after cardioversion or even several days or weeks later (23] Thus, the time needed for a
full recovery of atrial contraction after the restoration of SR may affect the occurrence of thromboembolic events
28] |t is not clear what mechanisms are involved in post-fibrillatory contractile dysfunction. Initially, it was thought
that electrical cardioversion caused “atrial stunning” (23] put soon it was revealed that, even after the

pharmacological and spontaneous restoration of SR, the atrial contractile function was depressed [27128],

In another animal model of AF 23 changes in atrial contractility, as expressed by a reduction of the atrial work
index and a shift in atrial electrical properties with a shortening of the atrial effective refractory period, followed the
exact same time course. It is known that the main cellular mechanism of electrical remodelling is the reduction of
the L-type Ca?* inward current (Ic) BY. As a result, it is thought that this reduction of I, induced the atrial
contractile dysfunction noted during the first 5 days of AF. Interestingly, after the restoration of SR, atrial contractility
recovered completely within 3 days. An increase in compliance and the diameter of the atrium was noted early,
during the first days of AF, following the same time course as the loss of contractility, and were fully reversible
within two days of SR. Loss of atrial contractility is one of the mechanisms of atrial dilatation during prolonged AF,
while the stretch of the atrial wall might lead to the elongation of the collagen fibers. Cellular hypertrophy and

possible synthesis of new collagen fibers may also contribute as well 31,

LA reservoir strain, as a surrogate of LA compliance, is a predictor of AF-related outcomes, including stroke 321231,
In a study with 1361 patients, impaired LA function, as measured by reduced LA reservoir strain and higher
echocardiography-derived total atrial conduction time (PA-TDI duration) at the time of AF diagnosis, was shown to
be related to stroke in addition to CHA,DS,-VASc scoring 24, Both LA volume and function in “lone AF” are
predictors of cardiovascular events, including cerebral infarction or haemorrhage, hospitalization, and death [33I28],
In addition, LA deformation imaging has proved as a more robust factor of prognostication for cardiovascular
outcomes, including thromboembolic events, and demonstrates the LA substrate properties more accurately than
morphological parameters such as LA volume and LA ejection fraction B8IBZIE8] Finally, atrial fibrosis appears to be

common in IAB, and LA strain is associated with both partial and advanced IAB 3.

| 2. Total Atrial Conduction Time (PA-TDI Duration)

Total atrial conduction time (PA-TDI duration) is an echocardiography-derived parameter that reflects LA electrical
and structural changes. By obtaining a Tissue-Doppler Imaging (TDI) tracing of the lateral LA wall just below the
mitral annulus level in the apical 4-chamber view, PA-TDI duration is calculated by measuring the time interval from
the P-wave onset on the ECG to the peak of the A-wave (Figure 1). This is the time needed for the atrial
depolarization to occur and result in active atrial contraction, as assessed with TDI. Thus, PA-TDI duration

represents a more complete measure of the extent of atrial remodelling than other indices 231,
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Figure 1. Measurement of the echocardiography-derived total atrial conduction time (PA-TDI duration) between the
onset of the atrial electrical activation (P wave on ECG) and the peak of atrial mechanical contraction (A’ wave on

TDI). LA: left atrium, TDI: tissue Doppler imaging.

The correlation between PA-TDI duration and the degree of right atrial appendage fibrosis was presented by Miller
et al. in a histological validation study 2%, PA-TDI duration was also shown to be affected by factors known to play
a significant role in atrial remodelling, such as age, hypertension, increased body mass index, valvular disease, the
presence of diastolic dysfunction, and sleep apnoea (2!, Additionally, it was found to be inversely related to LA
reservoir strain, a marker of reduced LA compliance 1. A prolonged PA-TDI duration was associated with a larger
LA volume index and a reduced LA reservoir strain 42, |t is an independent predictor of newly diagnosed AF 3]
AF incidence after cardiac surgery 24l AF recurrence after electrical cardioversion 42, and catheter ablation, and it
provides higher accuracy compared to LA volume €. In a prospective study of anticoagulant-naive patients who
were free of AF episodes following successful catheter ablation, prolonged PA-TDI duration was associated with an
increased incidence of stroke and improved CHA>DS»-VASc score performance 47, Another study demonstrated
an independent association of PA-TDI duration with new-onset AF in hypertrophic cardiomyopathy patients, apart
from other factors, such as LA dilatation and decreased LA reservoir strain 28, Lastly, a good agreement between
PA-TDI duration and total atrial conduction time obtained with an electrophysiological study was demonstrated by

Erdem et al. in a study of healthy individuals 49,
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