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Abstract

Echocardiography plays a longstanding and vital role in the management of atrial fibrillation (AF). Advances in
2D imaging, Doppler echocardiography and strain imaging have all contributed to major progress in AF treat-
ment. Echocardiographically measured left atrial (LA) volume is a powerful predictor of maintenance of sinus
rhythm following cardioversion as well as risk of thrombus formation and thromboembolism. Doppler derived
parameters of atrial mechanical function including atrial ejection force provide related prognostic information.
Transesophageal echocardiocardiograpy (TEE) guided cardioversion of AF allows for rapid conversion to sinus
rhythm without prolonged oral anticoagulation, and TEE serves as a useful tool during catheter ablation of AF
and atrial flutter. Newer measures derived from speckle tracking offer great promise in further improving the

care of patients with AF.

Introduction

Almost since its clinical introduction 50 years ago,
echocardiography has played a vital role in the
management of atrial fibrillation (AF). That role
continues to expand as advances in both echo-
cardiographic technology and arrhythmia treat-
ment combine synergistically. The revolution in
catheter based treatment of AF has increased the
demand for more precise imaging from a vari-
ety of modalities, including transthoracic (TTE),
transesophageal (TEE), Doppler echocardiogra-
phy and speckle tracking. Increased precision in
assessment of left atrial (LA) anatomy and func-
tion made possible by advances in these mo-
dalities has enhanced our understanding of the
natural history of AF, and has provided supe-
rior tools for assessment of treatment efficacy. In
the following pages, we undertake to review the

many contributions of echocardiography to AF
management and to highlight recent advances
in echocardiographic imaging relevant to the
management of this most common arrhythmia.

Estimation of LA size in the setting of AF

Quantification of atrial volumes using digitized
images has produced major advances in our un-
derstanding of the relationship between LA size
and both short and long-term outcome in patients
with AF. LA volume may be estimated by several
techniques.! The simplest but least accurate for-
mula for calculation of LA volume assumes the
chamber takes the shape of a sphere and cubes it
along 3 axes using the AP dimension; LA-Cube
= 4/3 m(APDimension/2”2 This method’s major
drawback is the inherent inaccuracy of the sphe-
ricity assumption, as well as the reality that any
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Figure 1a: The anteroposterior dimension (D1) obtained in
the parasternal long axis view is used for the ellipsoidal esti-
mation of left atrial (LA) volume.

error in AP dimension will be multiplied 3-fold.
An alternative ellipsoid model uses the LA M-
mode AP dimension from the parasternal long
axis view (D1), the LA minor diameter in the
long axis view (D2), and the length of the LA
from roof to the center of the closed mitral valve
at end systole from the apical four-chamber view
as (41/3)(L/2)(D1/2)(D2/2) (Figures la and 1b).

Both of these methods have largely been sup-
planted by either the area-length method?® or the
biplane method of discs (Simpson’s rule). The
area-length method assumes an ellipsoidal shape
to the LA and consequently applies the formula
for calculation of an ellipse by measuring the LA
area in the 4-chamber and in the 2-chamber views;

LA volume(area-length) = (0.85 * LA area(4 cham-
ber) * LA area(2 chamber))/Shortest LA length

The area-length method’s inherent disadvantage
is its primary assumption of LA three-dimension-
al (3D) shape. For dilated or otherwise deformed
LA, the method may either over or underestimate
true LA volume.

Calculation of LA volume using Simpson’s rule,
now available on most sonographs and off line
analysis systems, represents the current gold stan-
dard for LA volume measurement (Figures 2a and
2b).* The method’s advantages are analogous to
those appreciated for left ventricular (LV) volume
estimation, as its accuracy does not depend upon

Figure 1b: The LA minor dimension (D2) and LA length
from the roof of the atrium length (D3) obtained in the api-
cal 4-chamber view complete the 3 axes required for the cal-
culation; (47/3) (L/2)(D1/2)(D2/2)

geometry or symmetry of 3 dimensional LA
shape. In contrast to the primary limitation to LV
biplane measurements (inadequate endocardial
visualization), poor blood tissue interface defini-
tion is less common given the thin walled nature
of the LA. Although correlation between LA di-
mension and LA volume indexed for body sur-
face area (LAVI) is significant (r=0.69, p<0.001),
LAVl is increased in nearly 60% of patients with
normal LA dimension.’ For patients in sinus
rhythm, LA volumes can be measured through-
out the cardiac cycle, and systolic and diastolic
volumes can be subtracted for calculation of LA
emptying volume.®

In the setting of AF, increased LA size represents
both cause and consequence. In longitudinal
studies, increased LA dimension is an important
predictor of risk for the development for AF.”®
Subsequently, both right atrial (RA) and LA size
increase once AF occurs.’ The increase in biatrial
size is progressive and is directly related to AF
duration.” Conversely, both RA and LA size de-
cline within hours following cardioversion and
maintenance of sinus rhythm." The decline con-
tinues to progress for up to 8 months (if sinus
rhythm is maintained)."”” Patients who convert
spontaneously enjoy a faster rate of reduction in
LA dimension compared to those who require
either electrical or chemical cardioversion.?

Studies investigating the relation between LA
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Figure 2a: LA volume calculated using the method of discs
(Simpson’s rule) in the apical 4-chamber view. The calcula-
tion is performed using automated software.

size and the ability to maintain long term resto-
ration of sinus rhythm following cardioversion
have produced discrepant results. Several studies
have reported reduced rates of maintenance of si-
nus rhythm in patients with LA anteroposterior
dimension >45 mm.'*'® Other observers have re-
ported no relation between any echocardiograph-
ic descriptor of LA size'”" or any cutoff point pre-
dictive of long term success post cardioversion.”
Studies representing both sides of this issue have
often been limited by small sample size, heteroge-
neous populations and short term follow-up. In
the largest (411 patients) and most recent study
to date, patients maintaining sinus rhythm for at
least 6 months had significantly smaller LA vol-
umes (31.4 ml/m?) than those who did not main-
tain sinus rhythm (39.7 ml/m?).?' Although the RA
has not been studied as extensively, changes in
RA size and function pre and post cardioversion
appear to parallel those observed in the LA %12

Although 2D guided M-mode measurement of
LA dimension has provided important clini-
cal and prognostic information, the correla-
tion between calculated LA volume and LA di-
mension is relatively poor,” and LA volume
has been shown to be superior to the older
measurement .2* LAVI has emerged as a pow-
erful predictor of outcome in a wide variety of
settings including heart failure,”* myocardial
infarction,” and ischemic stroke.”® In a large
(n=1655) prospective series, LAVI emerged as a
highly significant predictor of the development
new AF.” In patients with lone AF, increased

Figure 2b: LA volume calculated using the method of discs
(Simpson’s rule) in the apical 2-chamber view. The biplane
measurement is calculated using the diameters from both
views to calculate the volume of each disc and then sum-
ming the volumes together.

LAVI predicts a higher frequency of adverse car-
diac events.®

Functional Measures of LA Function Pre
and Post Cardioversion

Interrogation of diastolic flow through the mitral
valve using spectral Doppler provides a powerful
measure of LA passive and mechanical function.
Following cardioversion from AF, the presence of
a p wave on the surface electrocardiogram dem-
onstrates the return of atrial electrical activity.
Return of atrial mechanical function, however,
as demonstrated by the transmitral (and trans-
tricuspid) time velocity integral (VTI) produced
by atrial contraction (A wave) is often delayed.*
The rate of return of atrial mechanical function
is dependent on both the duration of AF prior to
cardioversion®* and the mode of cardioversion.*
Biochemical function, as demonstrated by the
progressive return of plasma atrial naturetic pep-
tide, reappears coincident with A wave return.®
Although initial A wave velocities post cardiover-
sion are not predictive of long term success,’
lack of A wave progression, and peak transmit-
tal A wave velocity at 24 hours in patients who
maintain sinus rhythm are higher compared to
those return to AF post cardioversion.”

Atrial ejection force describes the force gener-
ated by the contracting atrium in terms of clas-
sical mechanics; force=mass x acceleration.® The
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mass of blood ejected by the LA is calculated as
the product of blood volume ejected during the
acceleration phase x blood density (p). The blood
volume ejected during the acceleration phase is
calculated as %2 the time velocity integral of the A
wave x the mitral valve annular diameter, and ac-
celeration is calculated as the 1st derivative of the
change in A wave velocity, dA/dt, again during
the acceleration phase. Combining the two vari-
ables cancels out the time factor and simplifies to:

Atrial ejection force= 0.5 (mitral valve area) (peak
A wave velocity )

In a fashion analogous to peak A wave velocity,
recovery and magnitude of atrial ejection force is
a predictor of long term maintenance of normal
sinus rhythm.*

For patients in AF, LA appendage (LAA) flow
measured by transesophageaal echocardiogra-
phy (TEE) guided pulse Doppler interrogation at
the mouth of the LAA is a powerful predictor of
both thromboembolic risk and rhythm outcome.
The pattern produced by the LAA flow in AF dif-
fers distinctly from that seen in sinus rhythm; the
characteristic 4 phase pattern of appendage fill-
ing and contraction (Figure 3a)* is replaced by
an irregular chaotic series of waves of varying ve-
locity (Figure 3b). As LAA function deteriorates,
the morphology of the flow velocity becomes less
distinct and peak velocity declines markedly (Fig-
ure 3c). Decreased mean LAA flow velocity (<40
cm/sec) is strongly correlated with a high fre-
quency of spontaneous echo contrast,*’ increased
incidence of LAA thrombus** and subsequent
clinical thromboembolism.* Reduced LAA flow
velocity (<20 cm/sec) is also a significant negative
predictor of maintenance of sinus rhythm follow-
ing cardioversion.** TTE has also been reported
to be a useful modality for evaluation of LAA ap-
pendage size and function.* However, the utility
of TTE for identification of AF patients who can
be safely cardioverted without prolonged antico-
agulation is unknown.

TEE Guided Cardioversion of AF and Its Role in
Catheter Ablation

Since the first report of the use of TEE for identi-
fication of LAA thrombi in patients with AF, TEE

guided cardioversion has endured as a thera-
peutic strategy for converting patients with AF
(and atrial flutter) to sinus rhythm without the
use of prolonged pre-cardioversion anticoagu-
lation. Compared to the gold standard of open
surgical visualization, the sensitivity of TEE for
detection of LA thrombi is 100%, and the speci-
ficity is 99%.**° To date, four prospective trials
have documented an equivalent incidence of
clinical thromboembolism following a negative
TEE for thrombus, compared with the tradition-
al approach of 4 weeks of therapeutic warfarin
anticoagulation (International Normalized Ratio
2-3) (Table 1).>**” In addition, TEE guided cardio-
version is associated with a reduced incidence
of bleeding, * is cost effective,® and may be as-
sociated with an interval dependent improve-
ment in the frequency of long term suppression
of AF post cardioversion.” The efficacy of the
technique depends crucially upon the use of
anticoagulation (INR 2-3) in the peri-cardiover-
sion and post-cardioversion period. Data dem-
onstrate more impaired LAA ejection velocity
post electrical, chemical and even spontaneous
cardioversion. The majority of clinical throm-
boembolic events following a TEE negative for
thrombus have occurred either in the setting of
subtherapeutic anticoagulation or in the absence
of anticoagulation altogether. Anectodal reports
have also demonstrated apparent dissociation of
function between the body of the LA (in sinus
rhythm) and the LAA (in mechanical AF).® Ad-
ministration of echo contrast has been reported
to improve accuracy for LAA thrombus detec-
tion (Figures 4a and 4b).®!

Although prospective data validating TEE for
exclusion of LAA thrombi prior to catheter abla-
tion are somewhat limited,** the technique has
gained wide acceptance for that purpose.®%
Whether TEE is required for exclusion of throm-
bi in lower risk patients remains controversial,®
as several observers have reported an incidence
of LAA thrombi of <1.5% in patients with a
CHADS, score <1,%%while Others have reported
a small but persistent incidence of thrombi even
in the presence of therapeutic anticoagulation.®
TEE is also commonly employed in combination
with alternate imaging modalities for identifica-
tion of pulmonary vein anatomy and location,
and for determination of pulmonary vein steno-
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Figure 3a: The pulse spectral Doppler appearance of LA ap-
pendage (LAA) flow during sinus rhythm (Reprinted with
permission from Silverman DI and Manning W], The Com-
plete Guide to Echocardiography. Jones & Bartlett Learning

2001; Sudbury MA)

sis post procedure.” 3D TEE provides an impor-
tant tool for catheter placement during transeptal
puncture, especially in the presence of structural
abnormalities not readily detected by convention-
al radiographic imaging techniques™”!

Measures of LA Function Derived from Tissue
Doppler Imaging and Speckle Tracking

The application of techniques for measurement of
atrial strain provides a novel technique for assess-
ment of the relation between LA function and AF
in a variety of settings. Strain describes the rate
of myocardial deformation as the ratio of the dif-
ference in shortening of a particular segment to
its initial length; L-LO/LO where LO =initial length
and L=shortened length (Figure 5a). Systolic strain
is thus by convention a negative value, as is its 1st
derivative with respect to time, strain rate. Peak
systolic strain can be calculated for any desired
length and at any location along the blood tissue
interface. While measurement of atrial strain and
strain rate are still in their earliest phases, several
intriguing findings have already been reported.
Compared to LAA flow velocities, reduced atrial
myocardial velocity, strain and strain rate are su-
perior predictors of persistence of sinus rhythm
after cardioversion.**”* Increased LA strain is also
predictive of long term success post catheter ab-
lation of AF”> and long term reduction in atrial
volume post procedure.” Post cardioversion, atri-
al strain rate increases for up to 30 days and is cor-
related with increasing A wave velocity ().

Figure 3b: LAA flow during atrial fibrillation. Flow veloci-
ties in this example are normal (>40 cm/sec).

Echocardiographic Predictors of Thrombo-
embolism in AF

While the average annual stroke risk for unanti-
coagulated patients in AF approximates

5%,”® individual risk varies greatly. In addition
to well described clinical factors,”” a number of
echocardiographic variables have endured as
consistent predictors of increased risk for throm-
boembolism. Reduced left ventricular ejection
fraction (LVEF) (<85%) is considered such a
powerful factor that its presence is an indication
for anticoagulation regardless of other factors.*
Mitral regurgitation appears to be protective®(
TEE parameters of increased clinical thrombo-
embolic risk**”* and mortality® include sponta-
neous echo contrast, decreased LAA fibrillatory
wave velocity and LA thrombus (Figure 6), and
complex aortic plaque.

Figure 3c:. LAA flow velocities are marked reduced in this
example.
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Although no single echocardiographic variable
discriminates between the presence and absence
of LAA thrombus, increased LA volume index,
especially in combination with reduced LVEF
is associated with increased frequency of LAA
thrombus formation at every level of CHADS,
score.” Conversely, in low risk patients (CHADS,
score <1) a normal LVEF and normal LAVIare
associated with the near absence of LAA throm-
bus.*” We have observed similar results in a se-
ries of patients with AF and CHADS, score <1, in
which LAVI is significantly increased compared
to age and sex matched controls (unpublished
data). Atrial strain is reduced in patients with AF
and previous stroke compared to stroke free con-
trols® and decreased LA strain is associated with
increased stroke risk as determined by CHADS,
scores.®

In summary echocardiography in all its manifes-
tations plays an irreplaceable role in the manage-
ment and prognosis of patients with AF. As it has
in the past, we expect future advances in echocar-
diography will continue to strengthen this endur-
ing partnership between imaging and arrhythmia.

Table 1
Study (%) (n) of Patients Enrolled
Manning(54) 223
Stoddard(56) 206
Seidl(57) 719*
Klein(55) 619*
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Figure 5. Atrial strain mapped using speckle tracking.
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The initial positive deflection immediately following the QRS
complex (arrow 1) represents expansion of atrial volume in
systole (the reservoir phase). The gradual decline in strain
from its peak value (arrow 2) represents the steady decline in
LA volume in diastole (the conduit phase). The late sharp neg-
ative deflection just after the p wave (arrow 3) represents LA
contraction. In this example there is clearly synchrony of atrial
contraction. The dotted line in the middle of the strain graph
line represents strain averaged across all points.
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