
Send Orders for Reprints to reprints@benthamscience.ae 

 Current Cardiology Reviews, 2017, 13, 263-273 263 

REVIEW ARTICLE 

  1573-403X/17 $58.00+.00  © 2017 Bentham Science Publishers 

Bayes Syndrome and Imaging Techniques 

Iván Hernandez-Betancor1, María Manuela Izquierdo-Gómez1, Javier García-Niebla2, Ignacio 
Laynez-Cerdeña1, Martín Jesús García-González1, Barragan-Acea, A.1, Jose Luis Irribarren-
Sarriá3, Juan José Jimenez-Rivera3 and Juan Lacalzada-Almeida*,1 

1Departamento de Cardiología, Hospital Universitario de Canarias, San Cristóbal de La Laguna, Tenerife, España; 
2Centro de Salud Valle del Golfo, Servicios Sanitarios del Área de Salud de El Hierro, Frontera-El Hierro, Santa Cruz 
de Tenerife, Tenerife, España; 3Departamento de Unidad de Cuidados Intensivos, Hospital Universitario de Canarias, 
San Cristóbal de La Laguna, Tenerife, España 

 

A R T I C L E  H I S T O R Y 

 
Received: May 22, 2017 
Revised: June 23, 2017 
Accepted: July 03, 2017 
 
 
DOI: 
10.2174/1573403X13666170713122600 
 

Abstract: Background: Interatrial block (IAB) is due to disruption in the Bachmann region (BR). 
According to whether interatrial electrical conduction is delayed or completely blocked through the 
BR, it can be classified as IAB of first, second or third degree. On the surface electrocardiogram, a P 
wave ≥ 120 ms (partial IAB) is observed or associated to the prolongation of the P wave with a 
biphasic (positive / negative) morphology in the inferior leads (advanced IAB). Bayes syndrome is 
defined as an advanced IAB associated with atrial arrhythmia, more specifically atrial fibrillation.  
Objective and Conclusion: The purpose of this review is to describe the latest evidence about an 
entity considered an anatomical and electrical substrate with its own name, which may be a predictor 
of supraventricular arrhythmia and cardioembolic cerebrovascular accidents, as well as the role of 
new imaging techniques, such as echocardiographic strain and cardiac magnetic resonance imaging, 
in characterizing atrial alterations associated with this syndrome and generally in the study of anat-
omy and atrial function. 

Keywords: Bayes syndrome, interatrial block, atrial remodeling, atrial fibrosis, atrial fibrillation, echocardiography, speckle-
tracking echocardiography, cardiac magnetic resonance, Bachmann  region, interatrial conduction delay. 

1. INTRODUCTION 

 The theory of a possible specialized atrial conduction 
tissue was first described by Lewis et al. in 1914. The first 
case of interatrial block (IAB) was described by Bachmann 
in 1941 [1], who recognized the importance of the P wave 
width on the electrocardiogram, around 25 years after de-
scribing the anatomy of the Bachmann's region [2]. Dr. 
Bayés de Luna was the first to provide an adequate descrip-
tion of the interatrial conduction blockade in 1979, classify-
ing them into interatrial and intra-auricular blocks, and sug-
gested separating IAB into two categories: a) partial, where 
there would be a delay in the conduction of the Bachmann's 
region but most of the right-to-left conduction still occurs at 
an auricular ceiling level; and b) advanced where there is a 
total block of Bachmann's region and the conduction towards 
the left atrium (LA) occurs from the lower part of the right 
atrium with a caudocranial retrograde direction mainly 
through the coronary sinus, and to a lesser extent through the 
fossa ovallis [3]. In recognition of the work in the compre-
hension of the IAB [4] and the association of these with  
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supraventricular arrhythmias, this association was named 
Bayés Syndrome [5]. 
 Atrial fibrosis increases the size of the extracellular ma-
trix [6], which can affect inter and intra-auricular conduction 
generating different degrees of blockade [7-10]. This fibrosis 
can be detected by imaging techniques [11], so these imag-
ing techniques could predict and help identifying the etio-
logic substrate of patients with Bayés Syndrome. 
 The objective of this review is to update this underdiag-
nosed entity and demonstrate its importance in daily clinical 
practice as well as to demonstrate the utility of imaging 
techniques in the diagnosis of Bayés Syndrome. 

2. METHODS 

 A non-systematic review of the literature was performed, 
using PubMed as the main search engine. The keywords 
used were interatrial block, interatrial conduction, interatrial 
conduction delay, Bachmann region; atrial fibrillation, atrial 
remodelling, speckle-tracking echocardiography, Bayés 
Syndrome and cardiac magnetic resonance. The articles in-
cluded in this review were selected by the authors as the 
most significant. 
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3. ANATOMICAL AND ELECTRICAL CONSIDERA-
TIONS 

 The cardiac conduction system begins at the sinoatrial 
node level, which is considered to be the pacemaker respon-
sible for the initiation of action potentials, which are led 
from this area of the right atrium through three different in-
ternodal pathways to the atrioventricular node. Although 
they are not really pathways, but rather bundles that allow 
faster internodal conduction and are the so-called anterior 
conduction bundles or Bachmann's region, middle or 
Wenckebach bundle and posterior or Thorel's bundle (Fig. 1) 
[12]. As mentioned above, most of the atrial conduction oc-
curs through the Bachmann's region and to a lesser extent 
through the coronary sinus (10-15% of the impulses) or the 
fossa ovallis (5-10% of the impulses) [13] and even through 
fibres subsequently located in the vicinity of the right pul-
monary veins. 

 

 
Fig. (1). Conduction of the action potentials from their generation 
at the sinoatrial node through the right atrium to the atrioventricular 
node via the three internodal pathways. The transmission of the 
impulse from the right atrium to the left atrium occurs, mostly, 
through the Bachmann's region. 

 Bachmann's region is a stripe-like nerve structure con-
taining myocardial fibres that cross from the subepicardium 
and from the end of the terminal ridge, in front of the supe-
rior vena cava, and connects them at the level of the upper 
interauricular groove. The upper edge is somewhat longer 
than the lower edge, giving it a trapezoidal shape [14]. The 
Bachmann's region is considered to be an ultra-fast pathway 
of interauricular activation, which can reach a conduction 
velocity of approximately 177 cm/s [15, 16]. The effective 
refractory period of the Bachmann's region is also longer 
than the rest of the right and left atrial (LA) myocardium, so 
that the bundle can be blocked especially when the neigh-
bouring atrial tissue is still ready to be activated, which 
could represent a potential substrate for the generation of 
atrial arrhythmias by re-entry phenomenon, but also by 
automatism (in the case of flutter and atrial fibrillation (AF)). 
 The IAB is caused by conduction damage in the Bach-
mann's region. The classification adopted in the 2012 Con-
sensus document divides the IAB into the first (partial) IAB, 
where the electrical impulse is conducted with right atrial 
delay to the left but following the normal path of propaga-
tion. From the electrocardiographic point of view, a bimodal 
P wave of duration greater than or equal to 120 ms can be 
observed, especially in the inferior side derivations (II, III, 
aVF); second-degree IAB (atrial aberrancy), where, similarly 
to blockages occurring at the level of atrioventricular con-
duction, sinoatrial union or intraventricular level, a transient 
appearance block may occur at the atrial level that could be 
related with changes or not in heart rate, and even after the 
compensatory pauses generated by extrasystoles (Chung's 
phenomenon) [17]. Electrocardiography is represented by the 
temporal appearance of a first or third degree IAB [18, 19], 
constituting a true atrial aberrancy; and finally, in third grade 
IAB (advanced). In this latter type of block, the electrical 
impulse is blocked at the level of Bachmann's region and the 
depolarization of the LA occurs caudally-cranially from the 
lower right atrium (coronary sinus and, to a lesser extent,  
fossa ovallis). The electrocardiographic pattern of this disor-
der results in a P wave greater than or equal to 120 ms with 
biphasic type morphology +/- in the inferior (II, III and 
AVF) leads (Fig. 2). 

 
Fig. (2). Normal interatrial conduction (A), partial interatrial block (B) and advanced (C) with electrocardiographic tracings. 
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 The advanced IAB is a clinically important and under 
recognized entity and has been shown to be associated with 
the development of supraventricular arrhythmias [20]. It is 
often associated with LA growth. The duration of the P wave 
itself is more a criterion of IAB than of LA growth, which 
helps in the diagnosis of the latter when it is associated with 
other electrocardiographic criteria. LA growth causes pro-
longed interatrial conduction time due to the elongation of 
the fibres composing the Bachmann's region [21]. This delay 
is due to the increase in the distance that the action potential 
has to travel rather than a blocking of the Bachmann's re-
gion. In the lower leads, biphasic P waves can be observed 
but without the terminal negative deflection observed in the 
third degree IAB. In the presence of advanced atrial growth, 
P wave in V1 has a marked negative component that is 
higher than the positive (+/-). This situation does not occur 
in the presence of IAB without LA growth [22]. 
 Prevalence of IAB is difficult to establish, due in part to 
the fact that it is an underdiagnosed entity and because there 
are discrepancies in the data published to date, which is 
mainly due to three factors: 1) studies published before the 
consensus of 2012 showed a cut off point for the 110 ms 
wave instead of the correct 120 ms, 2) many studies used 
only the II lead of the electrocardiogram, or that derivation 
where P-wave had greater amplitude, instead of making a 
correct measurement so that we must choose the derivation 
where P-wave starts and the derivation where P ends as a last 
measurement, which does not have to correspond to the deri-
vation that was chosen for the start of the P-wave and 3) P-
wave measurement methods vary from one study to another 
(automatic, manual or semiautomatic). The prevalence de-
pends mainly on age and associated cardiac pathology, 
showing figures of around 5.4% in people under 20 years of 
age up to 60% in patients over 50 years of age [23-27]. This 
increase in the prevalence is probably due to the increase in 
the degree of fibrosis and fatty infiltration that occurs with 
aging and this can impair the conduction at the auricular 
level [7, 8, 28]. With aging, it not only increases the age of 
the population but also the prevalence of cardiovascular dis-
ease increases, greatly affecting the heart and, specifically, 
the specialized cardiac conduction system [29]. Because of 
the improvement in cardiovascular therapeutics, the survival 
of patients increases, so that a large percentage of them may 
develop an IAB during the course of their disease [30]. 
 The fact that the prevalence of IAB increases with age 
[24, 31-36], as with AF59-60, is likely to be related to the de-
gree of atrial fibrosis [37]. 
 Within the elderly population, it has been shown that the 
frequency of IAB increases in the different age groups, so 
that in septuagenarians the prevalence of this disorder is 
around 40% [27, 38] and about 50% in octogenarians [36]. In 
the ARIC (Atherosclerosis Risk in Communities) study, there 
was an incidence, in the general population, of IAB of 2.3 
cases per 1000 people-year [39, 40]. 
 As with AF and IAB, the presence of atrial origin extra-
systoles is increased with age and atrial extrasystoles at a 
number greater than 100/day has been shown to be associ-
ated with an increased risk of AF [41]. It has also been 
shown that the incidence of this type of extra-systole is 
greater in patients with IAB than in those who present a 

normal P wave duration, and they are also more frequent in 
patients with advanced IAB when compared with patients 
with partial IAB [27]. 
 It has been observed that the prevalence of IAB also de-
pends on the underlying cardiac pathology, so a prevalence 
of around 1% has been reported in patients with structural 
disease including various valvular heart diseases [39]. It has 
been shown that in patients with mitral insufficiency, there 
are higher rates of IAB and AF compared to those that show 
a P wave of normal duration [27]. 
 Most recently, Alenxander B et al. showed that an effec-
tive cardiac resynchronization therapy (CRT) –biventricular 
pacing of at least 92% over the course of a minimum of 1 
year- facilitates a positive reverse atrial electrical remodel-
ling, manifested as a reduce P wave duration and this would 
help to decrease the percentage of patients with advanced 
IAB [42]. 
 Previous studies have demonstrated a higher prevalence 
of advanced IAB in patients with heart failure and coronary 
artery disease of ischemic origin. Sadiq et al. [43], found the 
presence of advanced IAB in up to 38% of patients with 
heart failure undergoing resynchronization therapy. Álvarez-
García et al. [44], have described the presence of advanced 
IAB in 17% of patients admitted for heart failure and main-
tained sinus rhythm. He found that in this type of patients the 
presence of partial IAB was extremely high, around 64%, 
compared with 18% who presented normal duration of the P 
wave. In patients who were to undergo coronary revasculari-
zation surgery with a mean age of 65 years, Conde et al. [45] 
have shown an IAB prevalence of 36% (22% partial and 
14% advanced). 
 Alexander B et al. showed association between extent 
coronary artery disease and higher incidence of IAB and they 
comment in this article that fibrosis is the end result of a va-
riety of cardiac process, including ischemia, which share 
common molecular profibrotic pathways and this could be 
result in impaired atrial conduction and, generate, thus, IAB. 
Also, in the same way, they showed higher prevalence of 
new-onset atrial fibrillation in patients with IAB after non-
ST-segment elevation myocardial infarction (NSTEMI) [46]. 

4. IAB AND SUPRAVENTRICULAR ARRHYTHMIAS 

 IAB has been consistently associated with supraventricu-
lar arrhythmias, especially with AF [20, 47]. Bayés de Luna 
et al. showed a higher incidence of supraventricular tachyar-
rhythmias in the group of patients with advanced IAB and 
LA growth over those patients who only showed LA growth 
or LA growth with partial IAB [20]. A progression of parox-
ysmal to permanent AF has been demonstrated in patients 
with a longer P wave duration [45]. 
 The mechanism by which supraventricular tachyarrhyth-
mias can be induced in the context of IAB has been demon-
strated following Rensma et al. study, which showed that 
changes in the wavelength of the atrial impulse were in-
versely proportional to the onset of tachyarrhythmias [48, 
49]. In the same study, it was observed that the ectopic beats 
had a shorter wavelength depending on the degree of prema-
turity. Given the context of a fixed IAB and retrograde con-
duction, variations in the refractory period and the conduc-
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tion velocity of the atrial myocardium constitute a possible 
substrate for the induction and maintenance of supraven-
tricular arrhythmias. 

5. IAB AND OTHER ASSOCIATIONS 

 LA growth associated with poor contractile capacity in 
the setting of an IAB predisposes to thrombus formation and 
subsequent thromboembolism [50, 51]. Other studies have 
corroborated the association of IAB with the presence of 
neurological events of ischemic origin [52, 53]. 
 Apiyasawat et al. showed a higher incidence of IAB in 
patients with evidence of myocardial ischemia undergoing 
stress echocardiography [54].  
 Patients with sleep apnea-hypopnea syndrome show a 
higher prevalence of arrhythmias, especially supraventricular 
arrhythmias [55]. More recently, there has been a statistically 
significant association between duration and dispersion [56] 
of the P wave of the IAB with apnea severity based on the 
apnea-hypopnea index [57-59]. This could be the result of 
atrial remodelling caused by the pathophysiological mecha-
nisms of this syndrome such as pulmonary hypertension, 
systemic hypertension, volume overload at the atrial level, 
etc. acting as a substrate for the generation and maintenance 
of supraventricular arrhythmias. 
 Delayed atrial conduction may also be associated with 
other etiologies such as systemic inflammatory diseases or 
infectious diseases [60]. It has been shown that the atrial 
tissue of diabetic patients undergoes a persistent oxidative 
stress process when compared to non-diabetic patients, 
which may play a potential role in delaying atrial conduction 
[61]. In addition, there are diseases that can directly affect 
Bachmann's region such as ostium secundum atrial septal 
defect, interatrial septal lymphoma, septal hypertrophy or 
amyloidosis that may prolong the duration of interatrial con-
duction [62-64]. A fixed and dynamic elongation of the fi-
bres responsible for atrial conduction in situations of hyper-
volemia and cardiac valve diseases can damage the atrial 
conduction system and generate IAB. 

6. IAB AND IMAGE TECHNIQUES 

 The Bachmann's region may be affected by the fibrosis 
process, which is a process not circumscribed to this region, 
but broader and in which the LA is involved. It is for this 
reason that the determination of the degree of atrial fibrosis 
with current imaging techniques, fundamentally transtho-
racic echocardiography (TTE) and cardiac magnetic reso-
nance (CMR), will allow the characterization of the patient 
affected by IAB and Bayés Syndrome. 
 Atrial fibrosis could be defined as a significant increase 
in the presence of collagen fibres in atrial myocardial tissue. 
The myocardium is a complex tissue composed of several 
cell types, some of them are myocardial tissue cells (cardio-
myocytes, fibroblasts, endothelial cells and smooth muscle 
cells) but there are also cells that migrate to the myocardium, 
such as lymphocytes, plasma cells, mast cells or macro-
phages. 
 These cells that migrate to the myocardium interact with 
their own cells both in physiological conditions and in patho-

logical conditions [65, 66]. Of all of them, fibroblasts repre-
sent the largest proportion of myocardial cells, approxi-
mately two-thirds [67]. Under disease conditions, myofibro-
blasts exist in the myocardial interstice and, together with 
fibroblasts, they are involved in the synthesis and excessive 
deposition of extracellular matrix [68-70], although it has 
subsequently been demonstrated that this process of fibrino-
genesis is mainly responsible for the fibroblasts of the atrial 
myocardium rather than myofibroblasts [6]. 
 Globally, the extracellular matrix constitutes a complex 
network that is arranged around the different cell types, pro-
viding a mechanical support not only to the cellular compo-
nent, but also to the blood vessels and nerve fibres. Thus, 
distributing the mechanical forces throughout the entire 
myocardial tissue allowing the transmission of mechanical 
and chemical signals to the cells and electrically separating 
the atria from the ventricles, facilitates the adequate trans-
mission of the electrical impulse between the two atria [71]. 
Therefore, the increase in the size of the extracellular matrix, 
at the level of the atrial interstice, would favour the slowing 
of the impulse and with this the appearance of different de-
grees of IAB. 
 Atrial fibrosis generates an increase in the rigidity of the 
cardiac wall, resulting in a deterioration of the cardiac func-
tion and, consequently, affecting the conduction of the nerve 
impulse [72], thus increasing the risk of IAB development. 
 In animal models, atrial fibrosis has been shown to cause 
slowing of the conduction of the nerve impulse due to an 
impaired coupling between the myocytes, leading to a 
greater heterogeneity [73], and may favour the appearance of 
different degrees of IAB. 

7. ECHOCARDIOGRAPHY 

 LA can be assessed anatomically and functionally by 
TTE. More recently, new techniques such as speckle track-
ing echocardiography have been added, thus assessing the 
deformity of the atrial wall, facilitating the knowledge not 
only of anatomical changes but also of functional changes, 
which, in turn, are related to atrial fibrosis observed in pa-
tients with IAB. 
 The size of the LA is a consistent predictor of cardiovas-
cular morbidity and mortality. The anteroposterior diameter 
measured in M-Mode or in 2D mode is not a useful enough 
tool to represent the true dimension of LA, hence it is rec-
ommended to measure its volume following both the ellip-
soid and Simpson method in the 4 and 2-chambers views 
[74]. The LA passive volume assessment includes the meas-
urement of the volume prior to atrial contraction, the mini-
mum LA volume measured with the closure of the mitral 
valve at end diastole and the maximum LA volume that is 
measured just before the opening of the mitral valve at end 
systole. However, volume assessment in the LA active phase 
is obtained by measuring atrial reservoir volume (calculated 
as the difference between LA maximum and minimum vol-
umes), the volume during the passive emptying phase (calcu-
lated as the difference between atrial volume and volume 
before atrial contraction) and volume during atrial contrac-
tion (calculated as the difference between the pre-contraction 
volume and the minimum volume). 
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 Tissue Doppler Imaging (TDI) was the first echocardio-
graphic technique used to assess atrial function. However, it 
is limited by its low reproducibility, because it is angle-
dependent, because of the presence of artefacts in the signal 
and because it is unable to obtain information about the most 
curved portion of the atrium at the auricular ceiling. TDI is 
widely independent of the potential translational effects gen-
erated by adjacent myocardial segments. The techniques of 
strain, strain rate and speckle tracking may, however, over-
come these limitations [72, 75, 76] and are capable of ade-
quately quantifying regional myocardial function. In addi-
tion, because of atrial fibrosis and consequent reduction of 
atrial compliance, it damages the atrial reservoir function, 
these new techniques allow the detection of this damage, 
even before the onset of atrial dilation occurs. 
 The dilation of LA has been one of the first objectives 
that were proposed to assess the LA function and the altera-
tion of its structure, which could predict the onset of su-
praventricular arrhythmias so that a higher atrial volume 
would associate a greater tendency to degenerate in su-

praventricular arrhythmias, especially AF in elderly patients 
[77]. In particular, the first independent parameter associated 
with the risk of AF was the difference between the maximum 
and the lowest LA volume [78]. However, these studies 
showed wide interoperative variability and a low-moderate 
predictive capacity (Fig. 3). 
 Atrial fibrosis is generated as a consequence of a com-
plex process among factors such as age, different structural 
heart diseases, LA growth that occurs in diabetic patients, 
hypertensive patients, patients with heart failure or with mi-
tral valvulopathy, electrical alterations, endothelial dysfunc-
tion, atrial inflammation, diverse neurohormonal alterations 
or genetic predisposition [79] and, all this, induces a slow 
and progressive process of auricular remodelling [80] which 
can condition the appearance of electrical disorders between 
the muscular fibres as dispersion of the conduction favour-
ing, thus, the phenomenon of re-entry and the perpetuation 
of arrhythmias [81]. 
 Transthoracic tissue Doppler echocardiography technique 
can be assess the atrial electromechanical delay (EMD) and 

 
Fig. (3). Electrocardiogram, strain and strain rate of a patient with advanced IAB. In patients with advanced IAB there is a decrease in strain 
and strain rate in the contraction (white arrow) and reservoir (yellow arrow) phases as well as dispersion at the confluence of the deformity 
peaks between the different segments. 
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P-wave dispersion. Both processes are damaged in various 
pathological inflammatory conditions and, given this, we 
could establish a correlation between Bayés Syndrome be-
cause these inflammatory conditions, also, can be etiologies 
of this syndrome. 
 EMD has been defined as the temporal interval between 
the onset of cardiac electrical activity and myocardial con-
traction [82]. It can be easily quantified by transthoracic tis-
sue Doppler echocardiopgraphy, so that atrial EMD is de-
fined as temporal interval between onset P wave on ECG and 
onset of tele-diastolic wave (A’) (expression of LA mechani-
cal activation). Quintana et al. [83] evaluated LA electrome-
chanical coupling through tissue velocity echocardiography 
by determining several intervals: 

- Temporal interval between onset P-wave on surface 
ECG to the onset atrial contraction (A’-wave) from 
the lateral mitral annulus (lateral PA). 

- Temporal interval between onset P-wave to the on-
set atrial contraction (A’-wave) from the septal mi-
tral annulus (septal PA). 

- Temporal interval between onset P-wave to the on-
set atrial contraction (A’-wave) from right ventricu-
lar tricuspid annulus (tricuspid PA). 

 Give these intervals, we can define [72]: 
- Inter-atrial EMD as the difference between lateral 

PA and tricuspid PA (lateral PA – tricuspid PA). 
- Intra-atrial EMD as the difference between septal 

PA and tricuspid PA (septal PA – tricuspid PA). 
- Intra-left atrial EMD as the difference between lat-

eral PA and septal PA (lateral PA – septal PA). 
 Also, we obtain other temporal intervals that are interest-
ing to identify patients with IAB, such as [84, 85]: 

- Atrial-Ventricular (AV) time interval, measure from 
the onset of the atrial contraction (A’-wave), when the 
tissue velocity curve leaves the baseline, to its termina-
tion at the point returns to the baseline, at the onset of 
ventricular isovolumic contraction (IVC). Thus, the 
AV interval corresponds to atrial contraction time. 
With TDI onset of systole is characterized by motion 
of the myocardium toward the apex, resulting in third, 
positive tissue velocity curve. This curve has 2 peaks: 
the first, close to the onset of systole and of low ampli-
tude, corresponded to the IVC, and the second, of 
higher velocity and longer duration (S), represents the 
ventricular myocardial motion during ejection. 

 Any pathological process impairing atrial conduction 
may result in re-entrant atrial arrhythmias [81]. Atrial con-
ductions disorders are frequents in elderly subjects and/or 
those with structural heart diseases, mainly mitral valve dis-
eases, hypertension, dilated cardiomyopathy [86-89].  
 P-wave dispersion is an ECG index believed to reflect 
heterogeneous atrial conduction by detecting abnormal atrial 
conduction with ECG leads of different orientation. The ex-
act mechanism of P-wave dispersion is not well known, but 
it is thought that structural and electrophysiological changes 
in the atrial myocardium caused by changing the chemical 

composition of the proteins presents in cell membrane struc-
ture. Furthermore, extracellular protein deposition and inter-
stitial fibrosis of myocardium can cause prolongation of P-
wave dispersion by forming heterogeneity in atrial conduc-
tion velocity and atrial refractoriness [85]. 
 From the point of clinician view, the EMD temporal in-
tervals through TDI and Speckle-Tracking techniques can be 
help to identify patients at greater risk of developing IAB, 
and, thus, we are aware of appearance Bayes Syndrome in 
these special subjects. 
 The longitudinal deformation of the LA is an excellent 
parameter for the evaluation of the atrial function, especially 
if it is evaluated when the peak of elongation or maximum 
compliance occurs and is represented by a positive increase 
of the strain or strain rate value in healthy individuals and is 
diminished in patients with AF and atrial fibrosis [90]. When 
there is sinus rhythm, the speckle-tracking technique is able 
to identify a positive peak strain value that is identified with 
the reservoir phase during ventricular systole (Fig. 4, panel 
A), which is related, directly, with atrial compliance, and a 
negative peak value related to atrial contraction (Fig. 4, panel 
A). The strain rate during the left ventricular diastole has two 
peak negative values, the first one corresponds to the passive 
filling phase of the left ventricle (Fig. 4, panel B) and the 
second with the contractile function of the LA (Fig. 4, panel 
B). In the case of atrial fibrosis, there is a decrease in atrial 
compliance, causing a deterioration of the atrial reservoir 
function and consequently a reduced value of the strain (Fig. 
4, panel C). 
 It has recently been demonstrated by a speckle-tracking 
LA analysis in patients with severe mitral regurgitation who 
underwent valve surgery a further reduction of the value of 
atrial longitudinal strain directly proportional to the degree 
of atrial fibrosis [91], which may be related to the higher 
frequency of IAB observed in this type of patients. In this 
study the peak value of the longitudinal strain was shown as 
the best parameter of those that were assessed to demonstrate 
LA fibrosis with an area under the curve of 0.89 [92]. This 
study demonstrated the existence of new parameters to 
evaluate atrial function, based on speckle-tracking tech-
niques, more sensitive than the methods previously consid-
ered, which were limited to assess the size and atrial function 
using simple TTE to detect the consequences of atrial fibro-
sis. Therefore, the analysis of strain and strain rates using 
speckle-tracking may involve a non-invasive method of 
measuring the degree of atrial fibrosis and identify with them 
the patients at higher risk of developing IAB. 
 LA electromechanical coupling can be non-invasively 
evaluated through 2D speckle-tracking echocardiography by 
measuring the time from onset of the P-wave to the negative 
peak of the global longitudinal strain curve (Fig. 5) [72]. 
 Of the aforementioned and similarly to what happens in 
AF, although to a much lesser extent, in the case of IAB as a 
consequence of atrial fibrosis, part of the atrial contribution 
to the ventricular filling is lost. This, in the case of FA, has 
been demonstrated using pulsed Doppler techniques [93] by 
measuring the peak velocities of the early filling wave (E) 
and the atrial filling wave (A). Through these parameters, the 
percentage of atrial contribution to left ventricular filling can 
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be calculated by dividing the velocity-time curve of the A 
wave, between the total diastolic velocity-time curve of the 
mitral pulsed Doppler in diastole. This percentage has a 
lower percentage numeric value in the immediacy of a satis-
factory electrical cardioversion and increases as the days that 
remain in sinus rhythm [94] pass and improve the contractile 
function of LA. As mentioned previously, and from a theo-
retical point of view, in patients with extensive fibrosis, there 
is an alteration of the atrial diastolic function so that the 
pressures rises at the level of LA and this increases the ten-
sion exerted on LA wall, thus generating a stimulus to gen-
erate fibrosis, so that the A wave of pulsed Doppler can also 
be affected by altering the percentage of atrial contribution to 
ventricular filling, although this requires studies to corrobo-
rate it. 

8. MAGNETIC RESONANCE 

 Cardiac-Magnetic Resonance (CMR) allows an excellent 
evaluation not only of ventricular volumes, parietal thick-

ness, systolic function of both ventricles or valvular function, 
but, through the administration of gadolinium and the so-
called "sequences of delayed myocardial enhancement" al-
lows to detect areas of fibrosis which may have prognostic 
value. The gadolinium behaves like a marker of the intersti-
tial space, so that in the healthy myocardium the interstitial 
space is very small, due to the great compaction of the sar-
comeres, accumulating little contrast. Instead, any situation 
that increases the interstitial space, such as fibrosis, will  
increase the concentration of gadolinium per unit of tissue 
volume. 
 The importance of adequately detecting myocardial fi-
brosis has led to the development of new imaging modalities 
such as the so-called T1 study of myocardial mapping. In 
order to obtain this type of sequence, a brief apnea of about 
10 seconds is required, which allows the calculation of myo-
cardial T1 relaxation time, which is directly related to the 
presence of diffuse myocardial fibrosis. This technique 
makes it possible to detect the presence of fibrosis even be-

 
Fig. (4). A, Overall longitudinal strain at the level of the left atrium of a healthy person. In sinus rhythm, a positive peak value corresponding 
to the reservoir phase (yellow arrow) and a negative peak value related to atrial contraction (pink arrow) is observed. B. Overall longitudinal 
stratification in a healthy person. During the left ventricular diastole, two peaks can be identified, the first corresponds to early passive filling 
(red arrow) and the second to the pump function of the left atrium (green arrow). C. The reduction of the atrial compliance causes a deterio-
ration of the reservoir function, with a reduction of the strain value (orange arrow). 
 

 
Fig. (5). Global left atrial (LA) longitudinal strain (A) and detail of global LA longitudinal strain during contractile phase (B) showing and 
electromechanical delay, measured from the onset of the P-wave to the negative peak of the curve (time interval depicted between the two 
red dotted lines). 
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fore there is evident structural damage. However, the cost, 
the high level of experience and the limited availability of 
the technique limits its use in the daily clinical setting. 
 Today, one of the main indications for CMR is the identi-
fication of myocardial fibrosis by late myocardial enhance-
ment. Myocardial fibrosis in the left ventricle is shown as a 
hyper-intense area, while healthy areas appear as hypo-
intense or null areas (Fig. 6). 

 

 
Fig. (6). Cardiac magnetic resonance with gadolinium. It shows a 
hyper-intense area in the territory corresponding to the anterior 
descending artery with transmural affection indicating degree of 
fibrosis at this level. 
 
 The first study of atrial evaluation by CMR consisted of 
measures of atrial volumes [95, 96]. Depending on the de-
gree of fibrosis in the atrial wall, a new classification has 

been proposed, developed from imaging techniques such as 
CMR and TTE using LA strain technique, dividing patients 
into four large groups [97]: Utah I (less than or equal to 5% 
delayed enhancement  in the atrial myocardium), Utah II 
(between 5 and 20%), Utah III (between 20 and 35%) and 
Utah IV (greater than 35%), so that patients with a higher 
degree of fibrosis, lower atrial strain, and therefore, with a 
higher degree of Utah, have been shown to be more likely to 
have persistent and/or recurrent supraventricular arrhythmias 
after cardiac ablation (Fig. 7). Therefore, the integration of 
the Utah classification and the LA strain may provide a more 
customised approach in daily clinical practice to identify 
those patients who are more susceptible to arrhythmogenic 
development. 
 CMR has been considered as the gold-standard imaging 
technique for the diagnosis of fibrotic tissue at a ventricular 
level [98]. The two main steps to analyse atrial fibrosis by 
CMR are, on the one hand, the division of the anatomical 
structures of the atrial myocardium, which is developed 
manually and, therefore, consumes a significant part of the 
analysis time. On the other hand, the detection of areas of 
fibrosis inside the atrial walls. The inclusion of fatty tissue or 
extra-auricular tissues may lead to an erroneous diagnosis of 
fibrotic scarring. The assessment of atrial fibrosis by means 
of CMR has several associated difficulties such as atrial wall 
thinness (1-2 mm) and limited resolution coupled with the 
unpredictable shape of the LA wall. Fibrotic changes are 
seen as fine areas of delayed enhancement at the level of the 
atrial wall (Fig. 8). 
 The main clinical application of CMR involves the non-
invasive evaluation of the degree of atrial fibrosis and the 
prediction of the risk of recurrence of AF after ablation. A 
large amount of fibrosis, and therefore, gadolinium deposi-
tion in the ablation zone, represents a zone of isolation of the 
focus of AF and is therefore associated with a lower degree 
of recurrence of the arrhythmia [99]. 

 
Fig. (7). The black triangle represents the degree of fibrosis according to the Utah classification. The dark grey triangle represents the degree 
of atrial longitudinal strain according to the Utah classification and the light grey triangle represents the probability of recurrence of atrial 
fibrillation according to the Utah classification. 
 

 
Fig. (8). Cardiac magnetic resonance image of a patient with ischemic cardiomyopathy showing left atrial dilation with late contrast uptake 
and hyper-intense fine areas along the atrial wall in relation to atrial fibrosis (arrows). 
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 More recently, a technique based on the T1 mapping se-
quence and the quantification of the extracellular volume 
fraction of LA has been proposed. The relaxation time T1 of 
the posterior wall of LA is shorter in patients with AF than in 
the controls. On the other hand, it is well known that there is 
an inverse linear relationship between left ventricular late 
lavage time in T1 sequences and the amount of myocardial 
fibrosis [100, 101], so it has been suggested that this value 
may be related to the degree of LA fibrosis. However, the 
above statement comes from preliminary studies that need 
further confirmation taking into account the limitations of 
the T1 technique in terms of safety and reproducibility. 
 The possibility of detecting fibrosis by means of late con-
trast uptake with CMR is controversial, since a study should 
be carried out to analyse this technique with regard to the 
gold technique such as the histological study, which is very 
difficult to perform in humans. 
 More recently, Benito E. et al. have shown the associa-
tion between advanced IAB and atrial fibrosis in both atria 
detected by late gadolinium enhacement CMR, explaining 
the abnormal atrial activation. Overall, this publication 
demonstrates non-invasively method to detect atrial fibrosis 
and this is a key factor in explaining the ECG pattern of ad-
vanced IAB [102]. 
 CMR, like TEE, helps to identify areas of fibrosis at the 
LA level that can prolong conduction at the interatrial level 
and allow identification of patients at increased risk of de-
veloping IAB and possible supraventricular arrhythmias. 

9. LIMITATIONS 

 The main limitations of these imaging techniques are, in 
the case of the TTE, in the wide variability in cut-off points 
for the global strain values of LA [54], to which is added the 
fact that each company, with its software, uses different al-
gorithms. There are also no validation studies to categorize 
atrial deformity since strain techniques were initially devel-
oped to assess ventricular function. It is more difficult to 
adequately assess the thin atrial wall through speckle-
tracking. A possible solution to this would be the standardi-
zation of strain measurements by the different companies in 
charge of it [103]. 
 As for CMR and the uptake of gadolinium delayed en-
hancement for the detection of fibrosis, there is a limitation 
that should be corroborated by anatomopathological studies, 
which is difficult to perform in humans. There is also poor 
inter- and intra-operative reproducibility when it comes to 
assessing fibrosis by CMR, which is partly related to the 
absence of standardized protocols when acquiring and proc-
essing images, since their visual evaluation is quite depend-
ent operator, besides having a wide inter-observer variability. 
All this could be reduced with new software, new techno-
logical advances and improved resolution of CMR equip-
ment that will allow more automatic processing of images. 
Until then it is essential to develop standardized protocols 
that allow a uniform assessment of the acquisition and proc-
essing of images [9]. 
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