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ABSTRACT

Objective: The aim of this study was to assess the predictive value of the left atrial volume index (LAVI) in electrical cardioversion (ECV) and
observe the recurrence rate of atrial fibrillation (AF) after a successful ECV in patients with non-valvular atrial fibrillation.

Method: This study was designed as a diagnostic accuracy and prospective cohort study. Eighty patients (mean age 62+12 years; 52.5% female)
were enrolled in study. LAVl was measured using the area-length method and the indexed body surface area. Patients in whom the sinus rhythm
(SR) was established following the ECV were assessed according to the clinical and electrocardiography (ECG) findings at the first month and
grouped as those with continued SR or recurrent AF. The Student’s t, Mann-Whitney U, Fisher’s exact, Chi-square tests, ROC and logistic regres-
sion analyses were used for statistical analysis.

Results: Subsequent to the ECV, SR was achieved in 62.5% (n=50) of the patients. In those where SR was established, the AP-Lad (4.32+0.62 vs.
4.77+0.4 cm/p=0.002) and LAVI (35.3+11.5 vs. 53.1+10.1 mL/m2/p<0.001) values were observed to be lower. ECV success was found to be associ-
ated only with the LAVI (OR:1.122, 95%Cl: 1.058-1.191, p<0.001). The AUC was found as 0.892+0.041 for the LAVI (95% CI:0.075-0.285, p<0.001).
During the controls at the end of the 15t month, SR was maintained in 72% (n=36) of the successful ECV group. Among the patients with main-
tained SR, the antero-posterior left atrial dimension (4.17+0.62 vs. 4.72+0.5 ¢cm/p=0.004) and LAVI (30.8+6.2 vs. 46.8+13.9 mL/m2/p<0.001) values
were also observed to be lower. Only the LAVI was found to be associated with the recurrence of the AF (OR:1.355, 95% Cl: 1.154-1.591, p<0.001).
The AUC was found as 0.950+0.029 for the LAVI (95% CI:0.063-0.313, p=0.003)

Conclusion: Lower LAVI values before the ECV are strong and independent predictors of the success of the ECV and the maintenance of SR
after a successful ECV. (Anadolu Kardiyol Derg 2013; 13: 18-25)
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OZET

Amag: Calismamizin amaci, valviiler olmayan atriyal fibrilasyonlu (AF) hastalarda, sol atriyum voliim indeksi (SAVI) ile elektif elektriksel kardiyoversiyon
(EKV) basarisi ve basarill EKV sonrasi erken dénem AF tekrari arasindaki iligkiyi arastirmaktir.

Yontem: Bu aragtirma tanisal ve ileriye doniik kohort bir ¢calisma olarak tasarlandi. Calismamiza toplam 80 hasta (ortalama yas 6212 yil, %52.5 kadin)
alind1. Sol atriyal voliim alan-uzunluk yéntemi ile belirlendi, viicut-yiizey alanina béliinerek SAVI hesaplandi. Hastalar dncelikle EKV'nin sonucuna gére
siniis ritmi (SR)-AF olarak ve EKV sonrasi SR saglananlar kendi i¢erisinde 1. ay klinik ve elektrokardiyografi (EKG) bulgularina gére SR devam edenler
ve AF gelisenler olarak ayrildi. Student's t, Mann-Whitney U, Fisher's exact, Chi-square testleri, ROC ve lojistik regresyon analizleri istatistiksel
degerlendirme igin kullanildi.
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Bulgular: EKV sonrasi hastalarin %62.5'inde (n=50) SR saglandi. SR saglananlarda OA-SAG (4.32+0.62-4.77:+0.4 cm/p=0.002) ve SAVI (35.3+11.5-53.1x10.1
mL/m?%/p<0.001) degerleri daha diisiik bulundu. Regresyon analizinde EKV basarisi sadece SAVI ile ilikili bulundu (OR:1.122, %95 Cl:1.058-1.191, p<0.001).
SAVi igin egri altinda kalan alan 0.892+0.041 bulundu (%95 CI:0.075-0.285, p<0.001). Birinci ay kontrollerinde basarili EKV grubunun %72’inde (n=36) SR
devam etmekteydi. SR devam edenlerde 6n-arka-sol atriyal gap (4.17+0.62-4.72+0.5 cm/p=0.004) ve SAVi (30.8+6.2-46.8+13.9 mL/m%/p<0.001) degerleri
diisiik bulundu. Regresyon analizinde AF rekiirrensi ile sadece SAVI ilikili bulundu (OR: 1.355, %95 CI:1.154-1.591, p<0.001). SAVI iin egri altinda kalan

alan 0.950+0.029 bulundu (%95 CI:0.063-0.313, p=0.003).

Sonug: Bu calismanin sonuglar, EKV planlanan valviiler olmayan AFli hastalarda diisiik SAVi degerlerinin EKV bagarisini ve AF rekiirrensini tahmin
etmede gii¢lii ve bagimsiz bir belirleyici olabilecegini gostermektedir. (Anadolu Kardiyol Derg 2013; 13: 18-25)
Anahtar kelimeler: Atriyal fibrilasyon, kardiyoversiyon, sol atriyum voliim indeksi, regresyon analizi, tanisal dogruluk, 6zgiilliik, duyarhlik

Introduction

External transthoracic synchronized electrical cardioversion
(ECV) is a simple, safe and highly successful technique used for
the restoration of the sinus rhythm in patients with AF. The initial
success of ECV has been reported as 50-90% in previous stud-
ies. However, 60% of the patients are reported to experience a
recurrence of AF within three to six months, with the highest
number of recurrences observed in the first two months (1).
Understanding the factors relevant to the recurrence of AF after
ECV may lead to better management strategies and a better
selection of the patients for ECV. Many investigators have tried
to find out the factors influencing the recurrence of AF after ECV,
and various potential predictors have been reported including
the age, underlying heart disease, duration of AF, cardiovascular
risk factors and the size of the left atrium (LA) (2).

The relationship among the size of the LA, success of the CV
and the recurrence of the AF has been investigated in various
studies using the antero-posterior left atrial dimension (AP-LAd)
measurement method (3, 4). In a limited number of studies
where patients in which a sinus rhythm (SR) was established
following a successful electrical or medical cardioversion were
evaluated together, the link between the recurrence of the AF
and LAVI has been shown to be stronger than the relationship
between AF and AP-LAd. However, the relationship of these
values with the established SR and the subsequent recurrence
of AF in patients who have solely undergone ECV have not been
studied in detail (5).

The aim of our study is to evaluate of the efficiency of the
LAVI measurement performed before the cardioversion in pre-
dicting the success of the ECV and the recurrence of the AF
subsequent to the procedure in patients with nonvalvular atrial
fibrillation for longer than a week, in which an electrical cardio-
version is planned.

Methods

Study design
This study was designed as a study on diagnostic accuracy
performed on prospective cohort of patients with AF.

Study population
A total of 110 consecutive patients over the age of 18 who
presented to the cardiology clinic of Akdeniz University Faculty

of Medicine between August 2010 and May 2011 and were diag-
nosed with nonvalvular persistent AF based on the patient his-
tory, physical examination and electrocardiography (ECG) find-
ings; and were found to be eligible for an elective ECV procedure
have been enrolled in the study.

Patients with a history of other atrial arrhythmias, congenital
heart disease, moderate to severe valvular heart disease (valvu-
lar regurgitation was assessed semiquantitatively by the color
Doppler method and valvular stenosis was assessed by Doppler
analysis) (6), mechanical or bioprosthetic heart valves, ejection
fraction <45%, decompensated heart failure, permanent pace-
maker, history of electrical or medical cardioversion, history of
cerebrovascular events, thyroid dysfunction, individuals with
systemic or metabolic diseases that could adversely affect the
cardiac structure and functions, and those who were diagnosed
with and treated for acute coronary syndrome within the last 3
months were excluded from the study. In addition, patients who
had undergone surgical procedures due to cardiac reasons
within last 6 months and non-cardiac reasons within the last 3
months were also excluded from the study. Finally, patients in
which a thrombus or grade 4 spontaneous echo-contrast (SEC)
was detected in the LA or LA appendage during the transesoph-
ageal echocardiography performed before the electrical cardio-
version were excluded from the study.

The enrolled patients were grouped according to the dura-
tion of the AF as those who had AF for less than 3 months and
those who had AF for a longer period.

Clinical examinations

The clinical and demographic data of all the patients were
recorded before the echocardiographic evaluation. Clinical data
including age, sex, height, weight, hypertension (in the physical
examination, patients with a systolic blood pressure value of
>140 and diastolic blood pressure value of >90 mmHg after aver-
aging three separate blood pressure measurements taken at 10
minute intervals, as well as patients receiving antihypertensive
treatment, were accepted as hypertensive), diabetes mellitus
(patients who were already diagnosed with diabetes mellitus
and under treatment, or those with a fasting blood sugar level
>126 mg/dL or HbA1c >6.5%), coronary artery disease (those
under suspicion of CAD according to the patient history, physi-
cal examination, ECG, echocardiography findings and those with
angiographically proven coronary artery disease), medications
and duration of the AF were recorded for each patient. Duration
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of the AF was defined as the time from the onset of the AF docu-
mented by an ECG until the time of enroliment in the study. The
body mass index (BMI) and body surface area (BSA) values
were calculated based on the anthropometric measures.

Echocardiographic measurements

Two-dimensional transthoracic (TTE) and transesophageal
(TOE) echocardiographic examinations were carried out in all
patients before the ECV. Echocardiography was performed in the
left lateral decubitus position with the GE-Vingmed Vivid 7 sys-
tem (GE-Vingmed Ultrasound AS, Horten, Norway) ultrasound
device and a 3S-RS (3.5 MHz) probe. The TOE was performed
with the same ultrasound device using a 5 MHz multiphase
probe. The examinations were performed by an experienced
cardiologist blinded to the patients’ clinical and demographic
characteristics. The echocardiographic data evaluated in the
study were determined by calculating the arithmetic mean of 5
consecutive cycles.

Images were obtained from the parasternal long axis and
apical position using the 2D, M-Mode and Doppler echocardio-
graphic techniques. The 2D and M-mode echocardiographic
examinations were performed according to the guidelines of
American Society of Echocardiography for the evaluation of the
left ventricle wall thickness, systolic and diastolic dimension, left
atrial dimension, and the calculation of the values based on the
related functions. The left ventricular ejection fraction was cal-
culated according to the Teicholtz formula based on the dia-
stolic and systolic diameters of the left ventricle. LV mass was
determined by the Devereux Formula and indexed body surface
area (7). The LA volume was determined using the biplane area-
length method after measuring the area and the long axis length
of the LA at ventricular end-systole in the apical 4-chamber (A1)
and 2-chamber (A2) views. The LA volume was then calculated
according to the following formula: (0.85XA1XA2)/L. The LA vol-
ume index was defined after the correction for BSA (8).

Electrical cardioversion

Before the ECV was performed, the procedure and its risks
were explained to all the patients. After this information, verbal
and written consent was obtained from all the patients express-
ing their acceptance of the procedure. The study was approved
by the local ethics committee of Akdeniz University.

In our study, the ECV procedure was performed by a cardi-
ologist blinded to the demographic, clinical, and echocardio-
graphic data of the patients. Intravenous unfractionated heparin
was administered to all the patients before the cardioversion
under monitoring of a target activated partial thromboplastin
time (aPTT) of 1.5-2 times the normal rate for 24 hours. The elec-
tive ECV cardioversion procedure was performed routinely.
Briefly, an experienced anesthesiologist applied general anes-
thesia with intravenous midazolam (0.05 mg/kg) for the DC car-
dioversion while the patients were constantly monitored. Shocks
were administered using a monophasic defibrillator (Hewlett
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Packard Codemaster). Paddles were placed in the second right
intercostal space and laterally on the left side along the midaxil-
lary line. External monophasic DC shocks were applied by an
experienced cardiologist, starting with 200 Joules (J) and fol-
lowed by 300J and 360J. The procedure was discontinued upon
failure to achieve a sinus rhythm (SR) despite two shocks on the
highest energy level (360J). Those patients in which SR was
achieved and maintained for 24 hours following the procedure
without recurrence of AF were accepted as successful cases of
ECV. Patients in which no SR was achieved, or those in which AF
returned within the first 24 hours after the ECV in spite of the
initial SR were accepted as unsuccessful cases of cardioversion.

Clinical follow-up

Patients with maintained SR subsequent to a successful ECV
were prescribed coumadin for 6 weeks in order to achieve an INR
of 2 to 3. Following the successful electrical cardioversion, the
selection of the antiarrhythmic therapy to prevent the recurrence
of AF, and the upstream therapy [angiotensin converting enzyme
inhibitor (ACEl)/angiotensin receptor blocker (ARB), statins, spi-
ronolactone, omega-3 polyunsaturated fatty acids (PUFA)] were
left at the physician’s discretion that performed the ECV. Patients
with SR following the ECV were divided into two groups as those
with continued SR and those with recurrent AF based on their
ECG taken during their control at the 15t month. The evaluation of
the patients at the end of the 15t month was carried out by the
same cardiologist who was blinded to the clinical and echocardio-
graphic data of the patients before the ECV.

Study endpoints

The primary endpoint of our study was the investigation of
the relationship between the LAVI and the success of the ECV
and the recurrence of the AF following the ECV. The secondary
endpoint was the comparison of the efficiency of LAVI and
AP-LAd in terms of the clinical results.

Statistical analysis

Data were analysed using the SPSS 18.0 (SPSS Inc., Chicago,
USA) and MedCalc version 12.2.10 (Mariakerke, Belgium) soft-
ware. Descriptive statistics like frequency distribution, mean
value and standard deviation were used to define the sample.
We used Student's t-test for the continuous variables with nor-
mal distribution, while the Mann-Whitney U-test was employed
for the continuous variables outside the normal distribution
between the ECV success and the recurrence risk of the atrial
fibrillation groups. Fisher’s exact test or the Chi-square test was
applied to compare the influence of the categorical variables on
the success of the ECV and the recurrence risk of the AF. As a
result of the univariate analyses, the variables related to the ECV
success and AF recurrence have been specified. Multiple logis-
tic regression analyses were employed to find out the factors
affecting the ECV success and the recurrence risk of the AF
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AP-LAd and LAVI parameters used to assess the ECV success
and predict the recurrence risk of AF were compared in terms
of the area under the receiver operating characteristic (ROC)
curve. We conducted the ROC curve analysis to determine the
cut -off point, and the sensitivities and specificities for LAVI and
AP-LAd. We used the method by DelLong et al. (9) for the com-
parison of the ROC curves. All tests were two sided and a result
of p<0.05 was considered as significant.

Results

Among the patients enrolled in this study on ECV, 15 did not
undergo the ECV because of the detection of a thrombus and/or
grade 4 SEC in the left atrial appendage during the transesopha-
geal echocardiography performed in preparation for the proce-
dure. The remaining 95 patients were applied the ECV and 15
among them were left out of the evaluation since they carried
exclusion criteria like thyroid dysfunction (n=4), moderate to
severe valvular heart disease (n=6), EF<45% (n=3), or a previous
cardioversion (n=2). Among the 80 patients who were included
in the evaluation, the mean age was 62+12 (25 to 82) and 52.5%
(n=52) were female.

Electrical cardioversion outcomes

SR was achieved in 62.5% (n=50) of the patients following the
ECV, whereas the AF continued in 37.5% (n=30). When the demo-
graphic, clinical and echocardiographic data of the groups were
evaluated, the age (p=0.015), LAVI (p<0.001) and AP-LAd (p=0.002)
values were observed to be lower in the patients where SR was
achieved. On the other hand, the number of the individuals with
a duration of the AF below 3 months was higher in the same
group (p=0.041). The demographic, clinical and echocardiograph-
ic data of the groups are presented in Table 1. The mean energy
level for a successful ECV was 261.14+26.64J (minimum: 200,
maximum: 305, median: 250). A moderate correlation was
observed between the LAVI and the energy level required for a
successful ECV (r: 0.597 p<0.001).

In the multiple logistic regression analysis carried out with
the model based on the parameters related to ECV success, only
the relationship with LAVI was observed to be prevalent. Each 1
ml/m2 increase in the LAVI was found to be related with a 13%
decrease in the success of the ECV independently from the
other parameters (p<0.001). The results of the regression analy-
sis where the related factors of cardioversion success are
evaluated are presented in Table 2.

When the AP-LAd and LAVI, which are parameters used to
predict the success of cardioversion, were compared in the ROC
analysis, the area under the curve was found as 0.892+0.041 for
the LAVI (p<0.001) and 0.712+0.058 for the AP-LAd (p=0.002). The
distinguishing LAVI value in predicting cardioversion success
was found as 40.5 ml/m2 (sensitivity: 97%, specificity: 88%),
while the AP-LAd value was 46.5mm (sensitivity: 73%, specifici-
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Table 1. Clinical, demographic, and echocardiographic variables of
patients according to electrical cardioversion results

Demographic and Sinus rhythm | Atrial fibrillation p

clinical variables (n=50) (n=30)

Age, years 59.54+12.9 66.5+8.3 0.015b
61(25-82) 69 (50-78)

Women, n (%) 24 (48) 18 (60) 0.298¢

BMI, kg/m? 28.2+5.06 28.1+3.66 06190

27.38 (18.52-43.7) | 28.63 (20.02-35.76)

HT, n (%) 33 (66) 22(73.3) 0.493¢

DM, n (%) 13(26) 9(30) 0.698¢

CAD, n (%) 9(18) 1(33) 0.081d

AF duration<3 months 34(73.9) 12 (40) 0.014c

ACE/ARB, n (%) 26 (59.1) 24 (66.7) 0.486¢

Beta-blocker, n (%) 24 (48) 15 (50) 0.862¢

Statin, n (%) 3(6) 4(13) 0.261d

Echocardiographic variables

LVDD, cm 4.73+0.54 4.82+0.61 0.5052

LVSD, cm 3.15+0.45 3.27+0.58 0.3162

EE % 60.4+7.4 59.1+84 0.427b
62 (45-72) 60 (45-76)

LVMI, gr/m2 119.3+ 33.3 121.5+36.6 0.968b

140 (62-215) 170 (66-238)

AP-LAd, cm 4.32+0.62 4.77+0.4 0.002b
35(3-5.4) 49(3.6-5.8)

LAVI, mL/m? 35.3+11.5 53.1£10.1 <0.001b
38(21-78) 51(28-72)

Data are presented as number (percentage), meansstandard deviation and median (mini-

mum-maximum) values

a- independent samples t-test, b- Mann-Whitney U test, c- Pearson Chi-Square test,

d- Fischer Exact test

ACE/ARB - angiotensin converting enzyme inhibitor/angiotensin Il receptor blocker, AF - atrial

fibrillation, AP-LAd - anterior - posterior left atrial diameter, BMI - body mass index, CAD -

coronary artery disease, DM - diabetes mellitus, EF - ejection fraction, HT - hypertension, LAVI

- left atrial volume index, LVDD - left ventricular diastolic diameter, LVMI - left ventricular mass

index, LVSD - left ventricular systolic diameter

Table 2. Predictors of the electrical cardioversion success: multiple
logistic regression analysis

Parameters B OR 95% ClI p

Age 0.029 1.030 0.968-1.096 0.353

AP-LAd 0.021 1.021 0.900-1.158 0.746

LAVI 0.116 1.122 1.058-1.191 <0.001

AP-LAd-anterior - posterior left atrial diameter, Cl - confidence interval, LAVI - left atri-

al volume index, OR - odds ratio

ty: 63%). The sensitivity and specificity of the LAVI in predicting
the success of ECV was found to be higher than the AP-LAd
(p<0.001). The comparison of the AP-LAd diameter and the LAVI
through the ROC analysis in terms of predicting the success of
the ECV is presented in Figure 1A.



22

Table 3. Demographic, clinical and echocardiographic variables of
patients with successful electrical cardioversion according to their

Akdemir et al.
Left atrial volume index and AF

electrocardiography result 1 month after cardioversion

Demographic and Sinus rhythm | Atrial fibrillation p
clinical variables (n=36) (n=14)
Age, years 57.2£13.7 65.6+8.6 0.037a
Women, n (%) 14 (39) 10(71) 0.039¢
BMI, kg/m? 27.1+4.1 31.116.2 0.0470
245(18.52-39.79) | 28.6 (26.04-43.7)
HT, n (%) 23 (63) 10(71) 0.746d
DM, n (%) 9(25) 4(29) 0.999¢
CAD, n (%) 7(19) 2(14) 0.999d
AF duration<3 months 25 (69) 9(64) 0.746¢
Energy level, J 256.22+27.91 273.78+£18.39 0.0340
245 (200-305) 265 (250-287)
ACE/ARB, n (%) 21(58) 5(36) 0.151¢
Beta -blocker, n (%) 19 (52) 5(36) 0.278¢
Statin, n (%) 3(8) 0(0) 0.265¢
Echocardiographic variables
LVDD, cm 4.65+0.54 4.94+0.52 0.0882
LVDD, cm 3.1:0.44 3.27+0.49 0.2502
EF, % 61.4+6.6 58+8.9 0.1840
60 (45-72) 59 (45-69)
LVMI, gr/m2 111.5+28.8 139.5+36.6 0.0062
AP-LAd, cm 4.17+0.62 4.72+0.5 0.0042
LAVI, mL/m?2 30.8+6.2 46.8+13.9 <0.0010
34 (21-54) 49 (35-78)
Data are presented as number(percentage), meanzstandard deviation and median (mini-
mum-maximum) values
a- independent samples t-test, b- Mann-Whitney U test, c- Pearson Chi-Square test,
d- Fischer Exact test
ACE/ARB - angiotensin converting enzyme inhibitor/angiotensin Il receptor blocker, AF
- atrial fibrillation, AP-LAd-anterior - posterior left atrial diameter, BMI - body mass
index, CAD - coronary artery disease, DM - diabetes mellitus, EF - ejection fraction, HT
- hypertension, LAVI - left atrial volume index, LVDD - left ventricular diastolic diameter,
LVMI - left ventricular mass index, LVSD - left ventricular systolic diameter

Table 4. Predictors of AF recurrence: The multiple logistic regression
analysis results

Parameter B OR 95%CI p

Age 0.066 1.069 0.971-1.176 0.175
Sex 0.638 0.528 0.099-2.814 0.455
BMI 0.165 1.180 0.936-1.487 0.162
LVMI 0.010 0.010 0.963-1.018 0.485
AP-LAd 0.044 1.045 0.852-1.281 0.673
LAVI 0.304 1.355 1.154-1.591 <0.001

AF - atrial fibrillation, AP-LAd-anterior - posterior left atrial diameter, BMI - body mass
index, Cl - confidence interval, LAVI - left atrial volume index, LVMI - left ventricular
mass index, OR - odds ratio

The outcomes at the first month

According to the control ECGs performed at the end of the
first month, among the patients in which SR was achieved, AF
was observed to recur in 28% (n=14), while the SR continued in
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62% (n=36). When the demographic, clinical and echocardio-
graphic data of the groups are evaluated, the age (p=0.037),
female sex (p=0.039), and the BMI (p=0.047), LVMI (p=0.006),
AP-LAd (p=0.004), and LAVI (p<0.001) values were observed to
be higher in the group where AF was observed to recur. For the
antiarrhythmic therapy, 28% (n=14) of the patients with SR were
prescribed amiodarone and 72% (n=36) were given propafe-
none. No difference was observed between amiodarone and
propafenone in relation to the recurrence of AF (p>0.05). At the
end of the first month, no difference was observed in terms of
the ACE/ARB use between the patients in which SR was main-
tained, and in which the AF recurred (p=0.151). In the group
where AF was observed to recur, the energy level required to
achieve SR during the CV was higher than those where SR was
maintained (p=0.034). The demographic, clinical and echocardio-
graphic data of the groups are presented in Table 3.

In the multiple logistic regression analysis carried out after
the formation of the model based on the parameters related to
AF recurrence, only the relationship with LAVI was observed to
be prevalent. Each 1 ml/m2 increase in the LAVl was found to be
related with a 35% increase in the risk for the recurrence of the
AF independently from the other parameters (p<0.001). The
results of the regression analysis where the related factors of
AF recurrence are evaluated are presented in Table 4.

When the AP-LAd and LAVI - the parameters used to predict
the risk for the recurrence of the AF - were compared in the ROC
analysis, the area under the curve was found as 0.950+0.029 for
the LAVI (p<0.001) and 0.762+0.076 for the AP-LAd (p=0.004). The
distinguishing LAVI value in predicting the risk for the recur-
rence of the AF was found as 36 ml/m2 (sensitivity: 100%, speci-
ficity: 82.5%), while the AP-LAd value was 41mm (sensitivity:
90%, specificity: 50%). The sensitivity and specificity of the LAVI
in predicting the risk for the recurrence of the AF was found to
be higher than the AP-LAd (p<0.003). The comparison of the
AP-LAd diameter and the LAVI through the ROC analysis in terms
of predicting the risk for the recurrence of the AF is presented
in Figure 1B.

Discussion

In our study, ECV success was observed to diminish at LAVI
values over 40 mL/m2, and an increase of TmL/m2 in LAVI spe-
cifically lowered the success of the ECV by 12%. The rate of
recurrence of the AF following a successful ECV especially
increases in LAVI values over 36mL/m2, and every 1mL/m?2
increase in the LAVI was found to increase the recurrence risk
of the AF by 35%. When the LAVI and AP-LAd were evaluated
together with the other parameters related to AF in our study,
only LAVI was observed to be associated with ECV success and
AF recurrence.

External cardioversion is a safe and effective treatment
modality in AF. In the present study, the overall success of ECV
in restoring AF to SR in our centre was 62.5%, although AF
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Figure 1. A-ROC curves generated to compare AP-LAd and LAVI as predictors of a successful electrical cardioversion B- ROC curves generated
to compare AP-LAd and LAVI as predictors of atrial fibrillation recurrence after the successful electrical cardioversion
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recurred in 28% of the patients in which SR was initially
achieved after the ECV. There are various clinical investigations
focusing on the predictors of ECV success and AF recurrence.
Several clinical parameters have been reported to be relevant to
the ECV success and the recurrence of AF (2, 3, 10, 11). In our
study, when the parameters of age, female sex, BMI and LVMI
were individually evaluated, they were observed to be associ-
ated with the ECV success and/or the recurrence of AF after a
successful ECV. Various clinical and echocardiographic studies
have suggested that any diastolic dysfunction accompanying
these parameters may affect the LA structure and function in a
way to lead to atrial fibrillation and the recurrence of AF after
the cardioversion (12-14).

The echocardiographically determined LA size is known to
be closely associated with the development of AF, and the LA
size has been reported to be an independent predictor of the
sinus rhythm restoration after the cardioversion (15, 16). The
moderate correlation observed between the LAVI and the ener-
gy level required for a successful ECV in our study, as well as the
higher risk for the recurrence of the AF during the follow-up of
the patients in which higher energy levels were needed in order
to achieve the sinus rhythm, point to a relationship between the
LAVI and the electrical instability.

The M-mode antero-posterior LA diameter, which is a unidi-
mensional measure of the LA size, was shown to be related to
the clinical risk factors predicting the ECV success and AF

recurrence. However, since the LA is anteriorly constrained by
the aortic root (and to some extent, the right ventricular outflow
tract) and posteriorly by the relatively rigid tracheal bifurcation,
LA enlargement often occurs in the superior-inferior or medial-
lateral axis (17). Consequently, smaller increments of the
M-mode LA dimension are associated with greater changes in
the LA volume, especially for larger atria. Therefore, the changes
in AP diameter may not be proportionate to - and often underes-
timate - the changes in other LA dimensions (18). The most
recent recommendations for echocardiographic chamber quan-
tification indicate that LA and LAVI provide an accurate mea-
surement of the asymmetrical remodeling of the LA chamber.
These parameters are increased in patients with AF and are
also important predictors of the cardiovascular outcome, includ-
ing the occurrence of AF. This supports the concept that LAVI is
a hallmark of atrial remodeling (19).

LA remodeling refers to a time-dependent adaptive regula-
tion of the cardiac myocytes in order to maintain homeostasis
against external ‘stressors’. The type, extent and reversibility of
atrial remodeling depend on the strength and duration of the
exposure to the stressors (20). The most common stressor of
atrial myocytes includes the duration of the AF. A long duration
of AF causes atrial dilatation, enabling formation of more re-
entry wavelets. Fibrosis and inflammation of the atrial myocar-
dium slow down the interatrial conduction velocity, and this
result in persistent and recurrent AF The duration of the AF has
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most consistently been found to correlate with a lower success
rate and the recurrence of the AF (21). When the results of our
study are evaluated in terms of the duration of the AF, the ECV
success and the recurrence of the AF following a successful
ECV; higher rates of success following an ECV were observed
together with lower recurrence rates of AF in the patients who
had AF for less than 3 months. These results support similar
studies suggesting that a shorter duration of AF is a determinant
of the ECV success and the subsequent maintenance of the SR
(1,22, 23).

While there are no studies focusing solely on the associa-
tion between the LAVI and CV in the literature, a limited number
of studies have evaluated the relationship between the LAVI and
the recurrence of AF after a successful CV (in patients who
underwent both medical and electrical cardioversion) (24). In
two separate studies by Marchese et al., (19, 25) patients who
had undergone successful CV procedures were followed up for
one year. Although the LAVI values of those with maintained SR
were similar to our results, the LAVI in the patients in which AF
recurred was observed to be lower in our study. Also, the risk of
developing AF accompanying each TmL/m2 increase in the LAVI
was found to be higher in our study.

The duration of AF prior to the CV reported in the study by
Marchese et al. (25) is shorter than the duration in our study
population. Since approximately 50-60% of our patients had AF
for 3 months or longer, the higher LAVI values observed espe-
cially in the group where AF recurred may be associated with
the longer duration of AF before the CV. Also, the different
method we used to measure the LAVI in comparison to the other
2 studies and the characteristics of the patient population may
have led to the difference in the LAVI values. The observation
that LAVI came to the forefront as the most important parameter
in predicting the clinical results in all three studies in spite of the
different LAVI results points out that LAVI is a significant param-
eter predicting the success of the CV and the maintenance of
the SR to be used in the selection of the patients independently
from the CV method to be applied.

LAVI gave superior results to the clinical risk factors in pre-
dicting the ECV success and the recurrence of AF probably
because LA remodeling represents the final and macroscopic
result of the sum of each single clinical predictor. Although later
guidelines for the management of AF mention the LA size
assessment just in terms of M-mode AP dimension, the results
obtained from our study point out that LAVl measured prior to
the ECV is a more sensitive parameter than AP-LAd in predicting
the ECV success and the early recurrence of AF after the ECV.

Study limitations

The relatively small total study population is the main limita-
tion of this study. However, we think that the clear difference
between the groups renders our results sufficiently valid.
Secondly, because of the short duration of the follow-up period,
we cannot conclude that our results can be projected to longer
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follow-up periods. Patients did not have continuous ECG moni-
toring for the recurrence of AF after the cardioversion. Instead,
the ECG’s were performed at the times of clinic follow-up and as
clinically indicated. It is possible that transient asymptomatic
episodes of AF were missed. We would expect such episodes to
be uncommon, given that we excluded patients with paroxysmal
AF and all patients required ECV to establish the sinus rhythm at
study entry. Since the main target of our study was to evaluate
the relationship of the LA dimensions with the clinical results,
the relationship among the CHADS score, the success of the
ECV and recurrence of the AF has not been taken into consider-
ation. The association among the administered medication, the
success of the ECV and the recurrence of AF has not been
assessed in our study since the small number of the patients
could present a statistical limitation.

Conclusion

The present study demonstrates that LAVI is a significant
and independent predictor of the success of ECV, as well as the
recurrence of the AF after a successful ECV. LAVI is superior to
AP-LAd, because it allows a more accurate assessment of the
asymmetric remodeling of the LA. These findings may make the
LAVI measurement a useful, non-invasive and simple method in
the selection of the patients who should undergo elective ECV
for nonvalvular AF. Larger prospective studies are needed to
establish the utility of LAVI in the management of AF with ECV.

Conflict of interest: None declared.
Peer-review: Externally peer-reviewed.

Authorship contribution: Concept - R.E.A., B.A,; Design -
A.A;Supervision - C.E.,I.D.; Materials - D.C., PT; Data Collection&/
or Processing - A.A,, B.A,, S.K., AY,; Analysis&/or Interpretation-
R.E.A., B.A; Literature Search - S.K., A.Y.; Writing - R.E.A.; Critical
Reviews - i.D,, C.E.

References

1. Kuppahally SS, Foster E, Shoor S, Steimle AE. Short-term and long-
term success of electrical cardioversion in atrial fibrillation in
managed care system. Int Arch Med 2009; 2: 39. [CrossRef]

2. Frick M, Frykman V, Jensen-Urstad M, Ostergren J, Rosenqvist M.
Factors predicting success rate and recurrence of atrial fibrillation
after first electrical cardioversion in patients with persistent atrial
fibrillation. Clin Cardiol 2001; 24: 238-44. [CrossRef]

3. Van Gelder IC, Crijns HJ, Van Gilst WH, Verwer R, Lie KI. Prediction
of uneventful cardioversion and maintenance of sinus rhythm from
direct-current electrical cardioversion of chronic atrial fibrillation
and flutter. Am J Cardiol 1991; 68: 41-6. [CrossRef]

4. Brodsky MA, Allen BJ, Capparelli EV, Luckett CR, Morton R, Henry
WL. Factors determining maintenance of sinus rhythm after
chronic atrial fibrillation with left atrial dilatation. Am J Cardiol
1989;63:1065-8. [CrossRef]


 http://dx.doi.org/10.1186/1755-7682-2-39 
http://dx.doi.org/10.1002/clc.4960240313
http://dx.doi.org/10.1016/0002-9149(91)90707-R
http://dx.doi.org/10.1016/0002-9149(89)90079-9

Anadolu Kardiyol Derg
2013; 13: 18-25

Wang YC, Lin LC, Lin MS, Lai LP Hwang JJ, Tseng YZ, et al.
Identification of good responders to rhythm control of paroxysmal
and persistent atrial fibrillation by transthoracic and
transesophageal echocardiography. Cardiology 2005; 104: 202-9.
[CrossRef]

Vahanian A, Baumgartner H, Bax J, Butchart E, Dion R, Filippatos
G, et al. Guidelines on the management of valvular heart disease:
The Task Force on the Management of Valvular Heart Disease of
the European Society of Cardiology; ESC Committee for Practice
Guidelines Eur Heart J 2007;28:230-68.

Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E,
Pellikka PA, et al. Chamber Quantification Writing Group; American
Society of Echocardiography's Guidelines and Standards
Committee; European Association of Echocardiography.
Recommendations for chamber quantification: a report from the
American Society of Echocardiography's Guidelines and Standards
Committee and the Chamber Quantification Writing Group,
developed in conjunction with the European Association of
Echocardiography, a branch of the European Society of Cardiology.
J Am Soc Echocardiogr 2005;18:1440-63. [CrossRef]

Khoo CW, Krishnamoorthy S, Lim HS, Lip GY. Assessment of left
atrial volume: a focus on echocardiographic methods and clinical
implications. Clin Res Cardiol 2011;100:97-105. [CrossRef]
Delong ER, DeLong DM, Clarke-Pearson DL. Comparing areas under
two or more correlated receiver operating characteristics curves: a
nonparamentric approach. Biometrics 1988; 44: 837-45. [CrossRef]
Kosior DA, Szulc M, Opolski G, Torbicki A, Rabczenko D. Long-term
sinus rhythm maintenance after cardioversion of persistent atrial
fibrillation: is the treatment's success predictable? Heart Vessels
2006;21:375-81. [CrossRef]

Raitt MH, Volgman AS, Zoble RG, Charbonneau L, Padder FA,
0'Hara GE, et al. AFFIRM Investigators. Prediction of the recurrence
of atrial fibrillation after cardioversion in the Atrial Fibrillation
Follow-up Investigation of Rhythm Management (AFFIRM) study.
Am Heart J 2006;151:390-6. [CrossRef]

Osranek M, Bursi F Bailey KR, Grossardt BR, Brown RD Jr,
Kopecky SL, et al. Left atrial volume predicts cardiovascular events
in patients originally diagnosed with lone atrial fibrillation: three-
decade follow-up. Eur Heart J 2005; 26: 2556-61. [CrossRef]
Tedrow UB, Conen D, Ridker PM, Cook NR, Koplan BA, Manson JE,
et al. The long- and short-term impact of elevated body mass index
on the risk of new atrial fibrillation the WHS (women's health
study). J Am Coll Cardiol 2010; 55: 2319-27. [CrossRef]

14.

20.

21.

22.

23.

24

25.

Akdemir et al.
Left atrial volume index and AF

25

Gerdts E, Oikarinen L, Palmieri V, Otterstad JE, Wachtell K, Boman
K, et al. Correlates of left atrial size in hypertensive patients
with left ventricular hypertrophy: the Losartan Intervention For
Endpoint Reduction in Hypertension (LIFE) Study. Hypertension
2002; 39:739-43. [CrossRef]

Toh N, Kanzaki H, Nakatani S, Ohara T, Kim J, Kusano KEF, et al. Left
atrial volume combined with atrial pump function identifies
hypertensive patients with a history of paroxysmal atrial fibrillation.
Hypertension 2010; 55: 1150-6. [CrossRef]

Rodrigues AC, Scannavacca MI, Caldas MA, Hotta VT, Pisani C,
Sosa EA, et al. Left atrial function after ablation for paroxysmal
atrial fibrillation. Am J Cardiol 2009; 103: 395-8. [CrossRef]
Lemire F, Tajik AJ, Hagler DJ. Asymmetric left atrial enlargement; an
echocardiographic observation. Chest 1976; 69:779-81. [CrossRef]
Lester SJ, Ryan EW, Schiller NB, Foster E. Best method in clinical
practice and in research studies to determine left atrial size. Am J
Cardiol 1999; 84: 829-32. [CrossRef]

Marchese P, Bursi F, Delle Donne G, Malavasi V, Casali E, Barbieri
A, et al. Indexed left atrial volume predicts the recurrence of non-
valvular atrial fibrillation after successful cardioversion. Eur J
Echocardiogr 2011;12:214-21[CrossRef]

Casaclang-Verzosa G, Gersh BJ, Tsang TS. Structural and functional
remodeling of the left atrium: clinical and therapeutic implications
for atrial fibrillation. J Am Coll Cardiol 2008; 51: 1-11. [CrossRef]
Sopher SM, Camm AJ. Atrial fibrillation: maintenance of sinus rhythm
versus rate control. Am J Cardiol 1996;77:24A-37A. [CrossRef]
ijkgi]n B, Yigit Z, Kiiglikoglu MS, Mutlu H, Sansoy V, Giizelsoy D, et
al. Predictors for maintenance of sinus rhythm after cardioversion
in patients with nonvalvular atrial fibrillation. Echocardiography
2002; 19: 351-7. [CrossRef]

Pisters R, Nieuwlaat R, Prins MH, Le Heuzey JY, Maggioni AP
Camm AJ, et al; the Euro Heart Survey. Clinical correlates of
immediate success and outcome at 1-year follow-up of real-world
cardioversion of atrial fibrillation: the Euro Heart Survey. Europace
2012;14:666-74. [CrossRef]

Kim YH, Lee SC, Her AY, Kim HJ, Choi JO, Shin DH, et al.
Preoperative left atrial volume index is a predictor of successful
sinus rhythm restoration and maintenance after the maze
operation. J Thorac Cardiovasc Surg 2007; 134: 448-53. [CrossRef]
Marchese P Malavasi V, Rossi L, Nikolskaya N, Donne GD,
Becirovic M, et al. Indexed left atrial volume is superior to left
atrial diameter in predicting nonvalvular atrial fibrillation
recurrence after successful cardioversion: a prospective study.
Echocardiography 2011; 29:276-84. [CrossRef]


http://dx.doi.org/10.1159/000088174
http://dx.doi.org/10.1016/j.echo.2005.10.005
http://dx.doi.org/10.1007/s00392-010-0222-y
http://dx.doi.org/10.2307/2531595
http://dx.doi.org/10.1007/s00380-006-0915-3
http://dx.doi.org/10.1016/j.ahj.2005.03.019
http://dx.doi.org/10.1093/eurheartj/ehi483
http://dx.doi.org/10.1016/j.jacc.2010.02.029
http://dx.doi.org/10.1161/hy0302.105683
http://dx.doi.org/10.1161/HYPERTENSIONAHA.109.137760
http://dx.doi.org/10.1016/j.amjcard.2008.09.094
http://dx.doi.org/10.1378/chest.69.6.779
http://dx.doi.org/10.1016/S0002-9149(99)00446-4
http://dx.doi.org/10.1093/ejechocard/jeq176
http://dx.doi.org/10.1016/j.jacc.2007.09.026
http://dx.doi.org/10.1016/S0002-9149(97)89115-1
http://dx.doi.org/10.1046/j.1540-8175.2002.00351.x
http://dx.doi.org/10.1093/europace/eur406
http://dx.doi.org/10.1016/j.jtcvs.2007.02.031
http://dx.doi.org/10.1111/j.1540-8175.2011.01580.x



