Cerebral Emholism Beyond Atrial
Fibrillation: Interatrial Block

Ahstract

This paper is devoted to conditions that imply a risk for cerebral embolism beyond atrial
Sibrillation (AF). We focus on advanced interatrial block (LAB) and its relationship with stroke
in elderly patients with no documented arrhythmias. Advanced IAB is manifested in the surface
electrocardiogram (ECG) as a P-wave duration >120 ms plus biphasic morphology (positive
and negative deflection) in leads I, III, and aVF. Several data suggest that AF is not necessarily
the leading cause of stroke, but rather a risk factor. In fact, a high stroke risk has been described
even in the absence of AF in patients with high CHA DS, VASc-score (Congestive Heart failure,
hypertension, Age 275 years [doubled], Diabetes, Stroke [doubled], Vascular disease, Age 65-74
years, Sex category [female sex]). Moreover, excessive atrial ectopy and short atrial runs also
increase stroke risk. Some of the previously mentioned stroke risk factors in patients without
documented arrbythmias might be combined to determine thrombotic risk. That risk is particularly
high in elderly patients with advanced IAB, structural heart disease, CHA,DS,-VASc score 23,
and frequent ambient atrial arrhythmias. Systematic screening for advanced IAB in elderly
patients can be performed with a simple surface ECG. Advanced IAB is a risk marker of stroke.

Keywords: Stroke; Anticoagulation; Atrial Fibrillation; Risk Factor; ECG; Interatrial Block

CMI2020; 14(1): 51-59
bttp://dx.doi.org/10.7175/cmi.v14il1.1462

INTRODUCTION

Interatrial block (IAB) is a cardiac rhythm
dysfunction first described in 1941 [1] that
leads to abnormal activation of left atrium
[2], atrial fibrosis, atrial fibrillation (AF),and
stroke. In this review, we focus on advanced
IAB as a significant cause of stroke, regard-
less of the presence of AF. Several data sug-
gest that AF is not necessarily the leading
cause of stroke but rather a risk factor. In
fact, a high stroke risk has been described
in patients with high CHA,DS,VASc-score
(Congestive Heart failure, hypertension,
Age 275 years [doubled], Diabetes, Stroke
[doubled], Vascular disease, Age 65-74 years,
Sex category [female sex]) irrespective of the
presence of AF [3,4].

'The scope of this review paper is to de-
scribe advanced IAB as a risk marker of

ischemic stroke. The study and knowledge of
advanced IAB and its clinical consequences
should be compulsory among physicians
dealing with cardiovascular prevention, and
systematic screening for advanced IAB in
elderly patients can be done with a simple
surface electrocardiogram (ECG). Advanced
IAB is a risk marker of stroke and has many
similarities with AF [5,6].

ISSUE DESCRIPTION: DEFINITION,
MECHANISM, CLASSIFICATION
AND DIAGNOSIS

IAB is a cardiac rhythm disorder that
represents a delay of conduction between
right and left atria [7]. In healthy subjects,

left atrial activation occurs mainly antero-
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Normal

Slow conduction in Bachmann’s bundle

Partial IRB

Bachmann’s bundle block

Advanced IAB

Figure 1. Atrial
activation in: A: healthy
subjects; B: with partial
interatrial block (LAB);
C: with advanced IAB.

Figure 2. Examples

of normal P-wawve,
partial interatrial block
(IAB), and advanced
IAB. Adapted with
permission from
Martinez-Sellés et al.

[15].

superior via Bachmann region. Impaired
conduction in that region is generally the .
electrophysiological substrate for IAB. It has
been classified in partial IAB (P-wave of 120
milliseconds or more) and advanced IAB
(P-wave of 120 milliseconds or more and
biphasic [positive and negative deflection]
morphology in II, III, and aVF). Advanced
IAB refers to complete conduction block at
Bachmann region with the subsequent shift-
ing of left atrial activation to posteroinferior
connections with a retrograde caudocranial
activation [8].

Atrial activation in healthy subjects and
those with partial and advanced IAB is rep-
resented in Figure 1.

These concepts have been accepted in a
consensus paper [8] and their characteris-
tics follow:

e partial IAB (first-degree IAB):

P-wave of 120 milliseconds or more
is usually positive bimodal (P-wave is
made up of two components, both posi-
tive), especially visible in leads I, II, or
III. P-wave morphology in V1 is often
negative (the vector moves away from
the surface electrode, which results in
a negative deflection);

the P-wave has a normal electrical axis;

left atrial enlargement is common [9].
'The wide and bimodal P-wave usually
described in surface electrocardiogram
(ECG) when there is left atrial enlarge-
ment is due to IAB rather than atrial
enlargement;

it has been related to AF and global and

cardiovascular mortality [10];
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* advanced IAB (third-degree IAB):

e P-wave duration of 120 milliseconds
or more, usually positive in I and aVL,
biphasic (positive and negative deflec-
tion) in II, ITI, and aVF and often in
V1-V2;

* itisavery specific (90%) [11] but insen-
sitive marker of left atrial enlargement;

e it is associated with supraventricular
arrythmias, especially in patients with
structural heart disease [12];

¢ second-degree IAB [13]:

* it may occur transiently;

* P-wave morphology is changing (nor-
mal to IAB pattern; partial to ad-
vanced).

However, some advanced IAB do not per-
fectly comply with all the diagnosis criteria
and is defined as atypical advanced IAB [14].
It can be atypical due to changes in P-wave
morphology or due to changes in P-wave
duration:

e atypical advanced IAB due to changes in

P-wave morphology;

* type I: the terminal component of the
P-wave (P-wave is made up of two
components) in lead II is flat rather
than negative. Biphasic (positive and
negative deflection) morphology in

III and aVF;

e type II: the terminal component of the
P-wave in II is biphasic (positive and
negative deflection);

type I1I: the first component of the P-
wave is flat in III and aVF;

e atypical advanced IAB due to changes in
P-wave duration: P-wave <120 ms bipha-
sic (positive and negative deflection) in II,

III, and aVE.

DIAGNOSIS

'The clinical diagnosis is based on the sur-
face ECG (Figure 2).
It is necessary to take into account that:
1. the ECG pattern may appear transient-
ly and may change to more advanced
forms;

2. the ECG pattern may appear without
structural heart disease, although it may
coexist;

3. the ECG pattern can be reproduced ex-
perimentally.
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To perform a good measurement of the
P-wave duration, it is important to define
the interval between the earliest detection of
the P-wave in any lead of the frontal plane
and the lead were the end of the P-wave
is detected. Other methods to detect the
presence of IAB are the vectocardiogram,
and invasive/noninvasive electro-mapping

techniques [16,17].

EPIDEMIOLOGY: IAB AND AGE

The prevalence of advanced and partial
IAB is 1% and 9.7% respectively in the
general population, and they are both as-
sociated with increased risk of AF [18]. Its
prevalence increases with age, reaching a
prevalence of 26% (advanced IAB) and
20.1% (partial IAB) in subjects aged 2100
years [15]. In the Atherosclerosis Risk in
Communities (ARIC) study, only 0.5% of
patients had advanced IAB at baseline
(mean age 54 years * 5.8), but 1.6% devel-
oped advanced IAB during the mean 6-year
follow-up. Incidence for advanced IAB was
of 2.3 per 1000 persons-year [19]. Ageing
is associated with a progressive increase in
the degree of atrial fibrosis and modifica-
tion in the cardiac conduction system,
which led to IAB. AF, atrial premature beats
and runs of atrial arrhythmias are also as-
sociated with age and with IAB [20]. Prev-
alence of advanced IAB in the general
population according to age is shown in
Figure 3.

100

Figure 3. Prevalence of
advanced interatrial
block (IAB) in the
general population
according fo age.
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PATHOPHYSIOLOGY,
SUPRAVENTRICULAR
ARRHYTHMIAS AND STROKE RISK

The presence of advanced IAB indicates a
delayed and abnormal left atrium activation
with abnormal contraction against a closed
mitral valve, thus increasing left atrial pres-
sure, wall stress, and left atrium enlargement.
Left atrial enlargement may contribute to
left ventricular diastolic dysfunction and
increase left ventricular filling pressures.
Moreover, atrial remodelling leads to pro-
gressive atrial fibrosis [21,22], which also is
associated with ageing, and contributes to
atrial dysfunction. Atrial fibrosis and func-
tion have been studied with speckle tracking
echocardiography, reporting a decrease in
the absolute value of the strain rate during
atrial booster pump function and early res-
ervoir period [23].In cardiac magnetic reso-
nance, a late gadolinium enhancement of the
upper part of the septum involving Bach-
mann’s bundle has been reported, describ-
ing the association between IAB and atrial
fibrosis [24]. This may result in endothelial
dysfunction, with a hypercoagulable state
comparable to that present in AF [25] and
a stagnant and sluggish left atrium favoring
the appearance of stasis-induced thrombosis,
especially in the left atrial appendage, even in
the absence of supraventricular arrhythmias.

Some studies suggest that patients with
high CHA, DS VASc-score have a high
stroke risk irrespective of the presence of AF
[3,4]. Tischer et al. [3] found that, in patients
with score CHA,DS VASc-score >5, the
prevalence of stroke was high irrespective of
AF. Other authors also suggested that the
risk of stroke is high, even in the absence
of documented arrhythmias, particularly in
the presence of arrhythmic symptoms [4],
previous myocardial infarction [26], or heart
failure [27]. These data support the notion
that AF is a risk factor for ischemic stroke,
but not necessarily the direct cause of it.
Furthermore, the causality of the associa-
tion AF-ischemic stroke is questioned by the
reported lack of temporal relation between
stroke events and AF paroxysms or atrial
high-rate episodes detected by implantable
loop recorders or devices [28-34].

Also, an association between advanced
IAB and supraventricular arrhythmias and
poor left atrium contractility has been re-
ported. This is called Bayes’ Syndrome [35].
'This association may be explained by atrial
fibrosis and left atrium enlargement. Also,

Cerebral Embolism Beyond Atrial Fibrillation: Interatrial Block

this could be due to re-entry, as conduc-
tion disturbances increase refractory period
dispersion. Finally, IAB is associated with
premature atrial beats probably due to ab-
normal left atrium activation facilitating the
initiation of re-entry and AF. Atrial ectopy
is also a predictor of AF [36]. Excessive su-
praventricular ectopic activity (defined as
the presence of either 230 premature atrial
contractions/hour daily or any runs of 220
premature atrial contractions) is associated
with an increased risk of ischemic stroke
[25]. Even premature atrial contractions
detected on the routine screening electro-
cardiogram are associated with an increased
risk of ischemic stroke [37,38].

IAB IN SPECIFIC CARDIAC
CONDITIONS

IAB and Tako-Tsuho Syndrome

The prevalence of IAB in Tako-Tsubo
syndrome is about 30% and has been inde-
pendently associated with a poor progno-
sis. ECG from 246 patients included in the
Spanish multicenter REgistry of TAKOt-
subo syndrome (RETAKO) showed that
61% of them had normal P-wave, while 24%
had partial IAB, 7% AF, and 5% advanced
IAB. Patients with advanced IAB were older.
'The primary endpoint was a composite end-
point of all-cause mortality and hospital
readmission and was significantly higher in
patients with AF or advanced IAB (33% and
31% respectively). Survival free from mor-
tality, Tako-Tsubo syndrome recurrence, and
hospitalization were significantly lower in

patients with AF or advanced IAB [39,40].

IAB and Coronary Artery Disease

In patients with acute ST-segment eleva-
tion myocardial infarction (STEMI), IAB
was also associated with poor prognosis, but
that was not an independent association, as
the effect was mainly related to age [41].
In 972 consecutive patients with STEMI
and sinus rhythm at discharge, P-wave was
normal in 72.8%, 21.3% had partial IAB,
and 5,9% had advanced IAB. Patients with
advanced TAB were older and had more
hypertension. During a mean follow-up of
49.6 + 24.9 months, 11.7% of patients died,
6.8% presented AF, and 2.9% had a stroke.
However, multivariable Cox analysis did
not show an independent association be-
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tween IAB and prognosis. Although they
found higher all-cause mortality, this was 100
due to age.

The IFFANIAM study (Impacto de la
Fragilidad y el estado Funcional en el Anciano
con Infarto Agudo de Miocardio sometido a an-
gioplastia primaria) is a Spanish multicenter
registry conducted to assess the prognostic
role of frailty and other ageing-related vari-
ables in patients with STEMI aged 75 years
or older. 254 patients were included, 86.6%
were in sinus rhythm. From them, 16.8%
had partial IAB and 15.5% advanced IAB.
Patients with advanced IAB were older and a
the degree of IAB and the prevalence of hy- Normal P-wave Partial IAB Advanced IAB AF/flutter
pertension, previous stroke and the number
of different chronic treatments had a linear
association. They did not observe significant

Dementia (%)

differences regarding comorbidity, func-  |AB and Dementia Figure 4. Prevalence
tional status, nutritional risk, and cognitive of dementia in the
status according to interatrial conduction. "The association of AF with mild cogni- | registry Scientific

They also found a trend to linear associa- tive impairment and dementia is already | Characterization of the
tion between the degree of IAB and mor- unquestionable [46]. The pathophysiologi- Centennial Heart (4C)
tality [42]. cal mechanisms that justify this association based on the presence

TAB was related to coronary artery disease  1ave not been fully clarified, but they are and type ofinz‘emz‘ri.a /
y y . . . block (IAB) and atrial
probably multifactorial. These mechanisms

in a recent analysis of 322 patients. 31.7% I i fibrillation (AF)/atrial
and 6.5% of them had partial IAB and ad-  include the most obvious, such as symptom- flutter (flutter).

vanced IAB, respectively. The incidence of ~ati¢ ischemic stroke and silent cerebral in-
new-onset AF was 10.6% [43]. farcts/micro-infarcts [47], to cerebral hem-

orrhages and cerebral hypoperfusion due to
hemodynamic alterations. In fact, reductions
in cardiac output and decreases in diastolic
The prospective observational “Bayes’ cerebral arterial flow might play a role [48].
Syndrome-HF” study included 1050 pa- In the case of advanced IAB, the associa-
tients with heart failure. 464 patients in si-  tion seems to be very similar. In the study
nus rhythm and with a measurable P-wave  Scientific Characterization of the Centen-
were analyzed. 20.5% and 23.5% of them nial Heart—Caracterizacion Cientifica del
had partial and advanced IAB, respectively. ~ Corazon del Centenario (4C) [18], the prev-
Advanced IAB was independently associ- alence of dementia increased progressively
ated with new-onset AF (HR 2.71 CI[1.61-  from normal P-wave, partial IAB, advanced
4.56],P < 0.001),ischemic stroke (HR 3.02  IAB, and AF (Figure 4).
[1.07-8.53], P = 0.04), and a composite of  'This independent association is probably
both (HR 2.42 [1.41-4.15],P < 0.001) [44]. mainly due to silent cerebral infarctions, al-
though other factors such as chronic cerebral
IAB and Transcatheter Aortic Valve hypoperfusion may a.lso play a ro%e.’[his ad-
Implant (TAVI) vanced IAB—dementla‘L relatlo.n.shlp suggests
the need for systematic cognitive screening
Aortic stenosis is the most frequent valve  in patients with advanced IAB. Besides, the
disease in the elderly and TAVI is becom- presence of advanced IAB should also be
ing the standard therapy in symptomatic  ruled out in patients with cognitive dysfunc-
patients. One of the main side effects are  tion.
conduction disturbances. No study has an-
alyzed the association and the requirement
of a permanent pacemaker in this context. TREATMENT
The Baseline Interatrial block and Trans-
catheter aortic valve implantation (BIT) Patients with advanced IAB and previous
registry will study the influence of previous  episodes of documented AF (Bayés syn-
IAB on the need for permanent pacemaker  drome) should be treated like other patients
after TAVI [45]. with a history of AF. In terms of strategy,

IAB and Heart Failure
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the presence of advanced IAB is an indepen-
dent predictor of recurrence of AF, which
in some cases can tip the balance towards
frequency control.

Patients with advanced IAB without pre-
vious episodes of documented AF also have
an increased risk of stroke, particularly in
the presence of other risk factors such as
advanced age, diabetes, hypertension, and
structural heart disease. However, at this
time, we do not have clinical trials that sup-
port the use of anticoagulants in the absence
of documented AF.Therefore, it is crucial to
carry out monitoring to look for AF episodes
that can support anticoagulation in these
patients [49,50]. We suggest ECG in every
consultation and 24-hour ECG monitor-
ing to detect AF episodes. We believe that
it would be desirable to carry out a random-
ized study, with one arm of a direct-acting
oral anticoagulant and another with a pla-
cebo, in patients with advanced IAB who
also have other previously mentioned risk

factors [51-53].

FUTURE PERSPECTIVES
The BAYES registry [6] is a prospective,

multicentre, international, and observational
registry that has been conducted at 35 cen-
tres with 3-year follow-up. Patients 70 years
or older with structural heart disease and
sinus rhythm were involved. The registry
included 3 similar-size groups of patients:
patients with normal P-wave, patients with
partial IAB, and patients with advanced

Key Points

Cerebral Embolism Beyond Atrial Fibrillation: Interatrial Block

IAB. Clinical follow-up was carried out by
local investigators and visits were planned at
6,12, 18, 24, and 36 months. The primary
endpoints were: an AF episode longer than
5 minutes and documented in any ECG re-
cording and ischemic stroke. Other second-
ary endpoints as the initiation of anticoagu-
lation, cognitive impairment, and all-cause
mortality were reported. This registry results
are about to be published and will contribute
to assessing the influence of these 3 factors,
opening the door to perform, for the first
time, a clinical trial comparing anticoagula-
tion with placebo, to try to change the pres-
ent paradigm that makes AF necessary to
prescribe anticoagulation to these patients.

A better knowledge of IAB, a separate en-
tity from left atrial enlargement [54] that is
associated with AF and stroke [55,56], is es-
sential to clarify the correct future approach
in these patients. Also, the influence of other
P-wave indexes in the prognosis should be
taken into consideration in the decision-
making process.

CONCLUSION

Even in the absence of documented ar-
rhythmias, the risk of stroke is high in elderly
patients with advanced IAB, particularly if
they also have high CHA DS,VASc-score
and excessive atrial ectopy. These 3 variables
should be included in the assessment of
stroke risk in advanced-age patients. Future
clinical trials will help elucidate whether
anticoagulation is needed in these patients.

o he risk of stroke is high in elderly patients with advanced LAB
* CHA,DS ~VASc-score should be assessed in these patients, although AF is not present

o Screening for supraventricular arrhythmias should also be considered

* I4B, CHA,DS -VASc-score, and supraventricular arrhythmias should be included in the

assessment of stroke risk in elderly

e It is essential fo assess future studies if anticoagulation is needed
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