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Summary

Background: Transesophageal echocardiography (TEE) is
the method of choice for evaluating both anatomy and func-
tion of left atrial appendage (LAA). In contrast, conventional
transthoracic echocardiography (TTE) does not result inim-
agesof sufficient quality toexplore LAA.

Hypothesis: The aim of this study was to evaluate the po-
tentia role of TTE with harmonic frequency imaging (HFI)
for assessing LAA normal anatomy and function.

Methods: The study group comprised 25 patients, (9 men,
16 women, mean age 51 years, range 20-82). The TTE as-
sessment of LAA both in fundamental frequency imaging
(FFI) and HFI was performed using the apical two-chamber
view; the longitudinal two-chamber view was used for TEE
assessment of LAA. According toimagequality, imageswere
categorized into three classes: A: good quality, B: sufficient
quality, C: poor quality.

Results: Transthoracic echocardiography corventiona im-
aging alowed sufficient LAA visudization (class B) in only
5 of 25 patients (20%); the HFI resulted in adequate LAA vi-
sudization in 23 of 25 patients (92%). |mages were of good
quality (classA) in 18 of 23 patientsand of sufficient quality
(classB) in5 of 23 patients. Transesophageal echocardiogra-
phy achieved good quality imagesin 24 of 25 patients (96%).
Average LAA maximum area determined by HFI and TEE
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was3.46+ 1.17 and 3.59+ 1.16 c?, respectively; LAA mini-
mum areawas 1.81 + 0.98 and 1.77 + 0.97 cm?, respectively.
Percent LAA areachangewas51 + 16.5and 50.9 + 16% with
HFI and TEE, respectively. Statistica analysis showed no dif-
ference between the data obtai ned with the two methods.

Conclusions: The results suggest that HFl TTE may bea
useful tool for theexploration of LAA.

Key wor ds: transesophageal echocardiography, transthoracic
harmonicimaging, |eft atrial appendage

Introduction

Transesophageal echocardiography (TEE) isthemethod of
choicefor evauating both anatomy and function of eft atrial
appendage (LAA),1 and in particular for detecting the pres-
ence of thrombi. In contrast, in the vast majority of patients
conventional transthoracic echocardiography (TTE) infunda:
mental frequency imaging (FFI) does not result in images of
sufficient quality toexplore LAA.12

Due to the improved signal-to-noise ratio, harmonic fre-
quency imaging (HFI) hasthe potential for abetter definition
of cardiac structures compared with FFl two-dimensional
(2-D) echocardiography.13-17 However, HFI hasnot yet been
widely validated for investigation of LAA.

The aim of this study was to evauate the potentia role of
TTEwith HFI for ng LAA normal anatomy and func-
tion. Theresultswere compared with thoseobtained with TEE.

Methods

The study group comprised 25 patients (9 men, 16 women,
mean ageof 51 years, range 20-82). Seventeen patients (68%)
were in sinus rhythm and 8 (32%) in atrid fibrillation (AF).
Indications for TEE were search for possible intracardiac
thrombi in patientswith cerebral ischemia(n=11); evduation
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of atrial septa defect (n = 4); congenital or acquired valvular
disease (n=7); aortic dissection (n = 1). In two patientsTEE
was performed aseval uation before cardioversion.

Echocardiographicimageswere obtained usng acommer-
cid equipment (Generd ElectricsVingmed System Five, Hor-
ten, Norway). Fundamenta frequency imaging was obtained
at 2.5-3.25 MHz, whereas HFI was obtai ned with ultrasound
wavestransmitteda 1.7 MHz and received at 3.4 MHz. Trans
esophagea echocardiography studieswereperformedusinga
5 MHz mechanica multiplanetransducer.

Transthoracic echocardiography assessment of LAA, both
in FFl and in HFI, was performed using the apica two-cham-
ber view (Fig. 1A) with the patient inthe left lateral position.
Thelongitudinal two-chamber view a mid-esophagedl level
wasused for TEE LAA study (Fig. 1B). According totheim-
agequdity, echocardiographic examinationswere categorized
by consensus of two readers into three classes. good quality
(class A), sufficient quality (class B), poor quality (class C).
The following parameters were determined for LAA: maxi-
mum area, minimum area, and % area change. Each parame-
ter was cal culated by two expert independent observers. For
patients in sinus rhythm, the mean value of each parameter
was obtai ned from three consecutive cycles, whilefor patients
in AF the mean value was obtained from six consecutive cy-
cles. The LAA end-systolic area, measured at theend of the T
wave onthe el ectrocardiogram (ECG), was considered asthe
maximum area. The end-diastolic area, measured smultane-
oudy withthe R wave of the ECG, was considered asthemin-
imum area. The % area change was calculated as follows.
(maximum area— minimum area)/maximum area.

Dataare expressed asmean + standard deviation (SD) and
compared by one-way analysisof variance (ANOVA) for re-
peated measures. |f the normality test failed, the nonpara-
metric Kruskal-Wallistest was performed. A two-tailed test
valueof p<0.05wasconsidered statistically significant.

(A)

Resaults

Conventiond transthoracic imaging alowed a sufficient
LAA visudization (classB) inonly 5 of 25 patients(20%). In
theremaining 20 patients, the fundamental frequency images
were too poor to allow LAA measurements (class C). The
harmonic imaging resulted in adequate LAA visudizationin
23 of 25 patients (92%); good quality images (classA) were
obtained in 18 of 25 patients, sufficient quality images(class
B) in 5 of 25 patients, and poor quality images (classC) in 2
patientsonly. Transesophageal echocardiography permitted a
good quality (classA) LAA visualizationin 24 of 25 patients
(96%), whereas only 1 patient had class C images. Concord-
ance between the two readers was 100% for TEE, 84% for
conventional TTE, and 92%for HFI-TTE.

Mean LAA maximum areadetermined by HFl and TEE
was 3.46 + 1.17 and 3.59 + 1.16 cm?, respectively. The
LAA minimum areawas 1.81 + 0.98 and 1.77 + 0.97 cm?,
respectively.

TheLAA areachangewas51 + 16.5% withHFI-TTE and
50.9 + 16% with TEE. Stetistical anaysis showed no differ-
ence between data obtai ned with thetwo methods (Tablel).

Discussion

Our resultsdemongtratethat LAA anatomic and functional
parameters obtained with HFI do not differ from those mea-
sured with TEE. Thissuggeststhat transthoracic echocardio-
gramwith HFl isagood tool for LAA exploration.

Themain purpose of our research on HFl wasthefunction-
al study of LAA rather than the detection of thrombi, since
noneof our patientsshowed athrombotic massat TEE. Onthe
other hand, TEE continuesto play an outstanding rolein the
search for thrombi, also because LAA is often plurilobated,

Fic.1 (A) Transthoracic echocardiogram in harmonic frequency imaging recorded from the apical two-chamber view. (B) Transesophageal
echocardiogram of the same patient recorded from the longitudinal two-chamber view. LA = left atrium, LAA = |eft atrial appendage, LV =

left ventricle.
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TaBLE | Meanvalue+ standard deviation of |eft atrial appendage
maximum area, minimum area, and % change determined by trans-
thoracic and transesophageal echocardiography

TTE TEE pVdue
Maximumarea(cm?) 3.46+1.17 359+1.16 0.9
Minimumarea(cm?)  1.81+0.98 177+0.97 05
Areachange (%) 51+165 509+ 16 0.6

Abbreviations: TTE =transthoracic echocardiography with harmon-
icimaging, TEE = Transesophagea echocardiography

sothat it must beexplored on severa planes, agoal that canbe
achieved only with multiplane TEE.28 Accordingly, TEE has
been proposed as a screening method for patientswith AF as
candidatesfor cardioversion. Transthoracic echocardiograph-
icimaging has been markedly improved by HFI, which ame-
liorates visudization not only of theleft ventricular endocar-
dia bordersbut of any cardiac structure. In the evaluation of
LAA, HFI TTE has shown agood sengitivity and specificity
for assessment of LAA function and detection of thromibi 192
Although some authors have reported agood relationship
between LAA pulsed wave (PW) Doppler flow dataobtained
with TTE and those measured with TEE,2! 22 we did not use
PW Doppler to evaluate LAA flow. This is because we ob-
served that transthoracic echo does not permit an optimal
alignment of the Doppler beam with the LAA flow, and also
becausewall artifacts hamper PW Doppler flow curves.

Conclusion

Our results suggest that TTE with second harmonic imag-
ingissuitablefor thefunctiona exploration of theLAA. The
main present application of thistechnique could be monitoring
of postcardioversion atrial stunning, aimed at the management
of anticoagulant treatment. Further studieswith larger groups
of patientswill better assessthe role of transthoracic evaua-
tionof LAA.
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