
T he echocardiographic method of au-
tomatic boundary detection (ABD)
provides a direct measurement of

the area and the estimated volume of the
left atrium in real time. The results are de-
picted as a waveform, allowing observation
of the changes in the measurements at each
time point in the cardiac cycle. The method
has been used for the evaluation of the func-
tion of both the left ventricle and the left atri-
um.1 In particular, studying left atrial func-
tion is of practical importance in various clin-
ical conditions, among which is the phase

following the cardioversion of atrial fibrilla-
tion (AF), an arrhythmia responsible for most
of the admissions to a hospital’s cardiology
department.2

The purpose of this study was to use ABD
to investigate the affect on atrial function of
external and internal electrical cardiover-
sion for idiopathic AF.

Material and methods

The study material comprised 31 patients (16
men, 15 women, mean age 48 ± 6.5 years)
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Introduction: The aim of this study was to evaluate the validity of an echocardiographic method of automatic
boundary detection (ABD) in the assessment of the degree of atrial dysfunction in patients who had under-
gone external or internal cardioversion for idiopathic atrial fibrillation.
Methods: The study population included 31 patients (mean age 48 ± 6.5 years) with idiopathic atrial fibrilla-
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groups to assess the following functional indices for both the left and the right atrium: a) total fractional
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traction (¢3) and d) index of % atrial expansion (¢4).
Results: All patients in both groups were successfully cardioverted (100%, p: NS). Post-cardioversion in-
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was found between left atrial function as assessed by ABD and the mean energy in joules delivered through
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However, no relevant correlations were found for the right atrium (p:NS). 
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delivered during internal cardioversion, the greater the degree of left atrial dysfunction observed.
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with idiopathic AF. The duration of AF was 6.9 ± 7.9
weeks. All patients had been taking anticoagulants for
at least 4 weeks prior to cardioversion (INR: 2.5-3.5)
and none had an intra-chamber thrombus on the tran-
soesophageal echocardiographic examination carried
out on the day before cardioversion. No patient had a
history of thromboembolism. 

The patients were randomised into two groups:
Group 1 (14 patients), where internal cardioversion was
applied, and Group 2 (17 patients), where external car-
dioversion was used for restoration of sinus rhythm. In-
ternal, low-energy cardioversion was applied using the
“Alert” method, which involves a single-catheter elec-
trode system whose electrodes are placed in the lower
right atrium and the left pulmonary artery, guided by a
Swan-Ganz balloon catheter. Successful cardioversion
using this method required a mean energy of 8.03 ±
3.13 J.

External cardioversion in the 17 patients of Group 2
involved the transthoracic application of a monophasic
shock. In 3 of these patients cardioversion was achieved
with the application of 200 J, while in the remaining 14 a
200 J shock was unsuccessful and a further shock with
360 J was necessary for the restoration of sinus rhythm.

In all patients a complete transthoracic echocardio-
graphic study was carried out within the 24 hour peri-
ods both before and after cardioversion, using an HP
Sonos 2500 echocardiograph device. Left and right atri-
al function were assessed using the ABD method, by
two independent and experienced echocardiographers,
within the first 24 hours following cardioversion. No pa-
tient needed to be excluded from the study because of
poor quality imaging or the inability to obtain measure-
ments via ABD.

The ABD method was used to generate a waveform
representing the area of the left and the right atrium.
For the assessment of left atrial function using this
method the following indices were measured from the
transthoracic echocardiographic 4-chamber apical view: 
ñ the total fractional change of atrial area (¢1), equal to

end-systolic minus end-diastolic divided by end-sys-
tolic left atrial area;

ñ the passive change of atrial area (¢2), equal to end-
systolic minus mid-diastolic divided by end-systolic
left atrial area;

ñ the change of atrial area due to atrial contraction
(¢3), equal to mid-diastolic minus end-diastolic di-
vided by mid-diastolic left atrial area, and 

ñ the index of atrial expansion (¢4), equal to end-sys-
tolic minus end-diastolic divided by end-diastolic
left atrial area and expressed as a percentage. 
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Areas were measured in cm2. The end-systolic left
atrial area was calculated at the maximum of the left
atrial curve (descending branch on the ECG) and was
provided automatically by the software of the echocar-
diograph. The end-diastolic left atrial area was calcu-
lated from the curve at the peak of the QRS on the
ECG, while the mid-diastolic measurement was ob-
tained before atrial systole (before the start of the P
wave).

The same indices were obtained in the same way
for the evaluation of right atrial function.

In every patient each index was calculated by two
independent echocardiographers for each of three suc-
cessive cardiac cycles and the average was used. The in-
terobserver and intraobserver variability were obtained
by applying one way analysis of variance (ANOVA) to
all the index values calculated by both operators for all
31 patients. The within subject coefficient of variation
was calculated in each case, as the ratio of the standard
deviation (the square root of the ratio of the sum of the
sums of the squares around the mean value in each sam-
ple to the degrees of freedom) to the mean value of the
measurements, expressed as a percentage. The interob-
server variability for each index was as follows: ¢1=
4.8%, ¢2=4.7%, ¢3=4.9%, ¢4=4.8%. Intraobserver
variability for one operator was ¢1=4.2%, ¢2=4.3%,
¢3=4.1%, ¢4=4.3%, and for the other operator ¢1=
4.2%, ¢2=4.1%, ¢3=4.2%, ¢4=4.2%.

In the statistical analysis, the ¯2 test was used for
comparison of conversion rates between groups. Stu-
dent’s t-test was used for comparing the mean values of
the various indices of atrial function between groups.
Pearson’s correlation coefficient was used to analyse
the functional indices derived following cardioversion.
A p value <0.05 was the criterion of statistical signifi-
cance.

Results

As Table 1 shows, there were no differences between
Groups 1 and 2 as regards age, duration of AF or echo-
cardiographic variables (p:NS). Internal cardioversion
was successful in all patients of Group 1 (14, 100%) and
external cardioversion was successful in all of Group 2
(17, 100%) (p:NS).

Table 2 shows the values of the indices of left atri-
al function derived using ABD after cardioversion in
the 2 groups and Table 3 shows the same indices for
the right atrium. There was no significant relationship
between these indices for the left or right atrium and
the cardioversion method employed (p:NS). 



In Group 1 there was a negative correlation be-
tween the values of the left atrial functional indices de-
rived using ABD and the mean energy required for suc-
cessful internal cardioversion. Specifically, the correla-
tions were as follows: ¢1, r=-0.64 p=0.01; ¢2, r=-0.55
p=0.04; ¢3, r=-0.67 p=0.01; ¢4, r=-0.55 p=0.04. How-
ever, no such significant correlations were found for
the right atrium (¢1, r=-0.037 p=0.871; ¢2, r=-0.08
p=0.69; ¢3, r=-0.14 p=0.52; ¢4, r=-0.06 p=0.77). 

No attempt was made to perform a similar analy-
sis in Group 2, since only 3 patients were successfully
cardioverted using a 200 J shock, whereas the remain-
ing 14 required 360 J.

Discussion

Atrial function is a complex matter, since the atrium
functions as a reservoir, a conduit and a booster pump
in the different phases of the cardiac cycle.1 Assessment
of atrial function is mainly achieved non-invasively us-
ing various techniques of Doppler echocardiography.
Systolic pulmonary venous flow has been proposed as
an index of left atrial function in its role as a reservoir.3

In addition, the maximum velocity of transmitral flow
and the amount of late filling in relation to total left ven-
tricular filling (filling fraction) have found application as
indices of left atrial function as a booster pump.4,5 How-
ever, these two Doppler indices from the study of
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Table 1. Clinical and echocardiographic variables of patients who underwent internal (Group 1) and external (Group 2) cardioversion.

Group 1 Group 2
(n=14) (n=17) t p

Age (years) 47.41 ± 5.31 48.82 ± 7.21 t=0.6, p=0.55
Duration of AF (weeks) 6.52 ± 8.24 7.12 ± 6.91 t=0.22, p=0.82
PW (cm) 0.95 ± 0.09 0.93 ± 0.06 t=1, p=0.31
IVS (cm) 0.96 ± 0.06 0.94 ± 0.09 t=0.68, p=0.51
EDD (cm) 4.73 ± 0.24 4.71 ± 0.03 t=0.36, p=0.65
ESD (cm) 2.81 ± 0.14 3.92 ± 0.18 t=1.75, p=0.08
EF (%) 58.12 ± 4.41 57.32 ± 3.71 t=0.55, p=0.58
LA (cm) 4.26 ± 0.52 4.23 ± 0.87 t=0.46, p=0.66

AF – Atrial fibrillation, EDD – left ventricular end-diastolic diameter, EF – left ventricular ejection fraction, ESD – left ventricular end-systolic diameter,
IVS – interventricular septum, LA – left atrium, PW – left ventricular posterior wall.

Table 2. Indexes (¢) of left atrial function derived by automatic boundary detection after internal (Group 1) or external (Group 2) car-
dioversion of atrial fibrillation.

¢1 ¢2 ¢3 ¢4

Group 1 (n=14) 0.45 ± 0.23 0.32 ± 0.21 0.21± 0.17 109.71 ± 96.50

Group 2 (n=17) 0.37 ± 0.11 0.22 ± 0.1 0.15 ± 0.04 63.52 ± 32.09

t, p t= 0.81,  p=0.42 t=0.96,  p=0.35 t=0.71, p=0.46 t= 1.03,  p=0.31

Table 3. Indexes (¢) of right atrial function derived by automatic boundary detection after internal (Group 1) or external (Group 2) car-
dioversion of atrial fibrillation.

¢1 ¢2 ¢3 ¢4

Group 1 (n=14) 0.46 ± 0.16 0.32 ± 0.14 0.24± 0.11 111.01 ± 82.02

Group 2 (n=17) 0.40 ± 0.22 0.23 ± 0.15 0.23 ± 0.15 89.00 ± 71.02

t, p t= 0.75,  p=0.45 t=0.91,  p=0.37 t=0.22, p=0.8 t= 0.57,  p=0.57



transmitral flow provide no information regarding
the size of the left atrium or its regional function.
Doppler can also be used to estimate the power of
atrial ejection, if the area of the mitral ring is esti-
mated first. However, this method assesses only the
active contractile state of the left atrium.4-8 One of
the relatively recent echocardiographic techniques is
ABD, which is a practical method for the rapid eval-
uation of the functionality of the atria, providing more
than one index of atrial function.1,3

Assessment of atrial function is of particular impor-
tance in AF since, apart from anything else, it is linked
to thromboembolic complications, which are not rare af-
ter conversion to sinus rhythm. Thromboembolic com-
plications following cardioversion of AF are clearly re-
lated with the existence of atrial stunning.9 Conversion
of AF to sinus rhythm may be achieved with either ex-
ternal or internal electrical cardioversion,10-13 of which
the latter, more recent technique has certain advan-
tages. Among them is the fact that it is unnecessary to
have an anaesthesiologist present to administer anaes-
thesia during the procedure.10 Furthermore, internal
cardioversion is considered to be more effective than ex-
ternal, as we found in the present study. However, it is
not associated with a reduction in the relapse rate to
AF following the restoration of sinus rhythm.7,9 Indeed,
it has been reported that its use entails risks, although
doubt has been cast on this aspect by the multicentre
study of Adraghetti and Scalese.12

In this study we found, using the ABD method
during the first 24 hours after cardioversion of AF,
that the degree of atrial stunning in both the left and
right atrium did not differ significantly whether the
cardioversion was internal or external. Omran et al,14

in a study of 20 patients, measured the velocity of late
transmitral flow and the emptying and filling veloci-
ties of the left atrial appendage, using transthoracic
and transoesophageal echocardiography, respectively,
for the assessment of left atrial and left atrial appendage
function after restoration of AF to sinus rhythm using
internal cardioversion. They obtained similar findings to
ours, in that internal cardioversion caused stunning of
the left atrium and left atrial appendage, which con-
tributed to the appearance of automatic echo-contrast
(prothrombotic state) and later thrombus within the left
atrium. More specifically, during the early period fol-
lowing cardioversion they observed thrombus formation
in one patient in the left atrial appendage, while another
patient suffered a cerebrovascular episode. At first sight
this is a striking finding, given that internal cardiover-
sion uses only a small amount of energy.10 However, it

appears that when these few joules of energy are re-
leased during internal cardioversion they can cause a
significant degree of stunning in the atrial tissue. It is
likely that the endocardial shock creates an electrical
field within the atria that can depress left atrial function
to a similar degree to that seen in external cardiover-
sion. Moreover, the left atrium is sensitive even to the
low quantity of energy supplied in internal cardiover-
sion.14

We found that the degree of left atrial stunning af-
ter internal cardioversion was related to the amount of
energy needed for the restoration of sinus rhythm. This
finding may appear to contradict in some way the hy-
pothesis that AF itself causes left atrial dysfunction,
which persists even after it is converted to sinus rhythm.
The hypothesis is based on the fact that the duration of
AF prior to cardioversion is related with the length of
time the atrium is stunned after sinus rhythm is restored.
Omran et al,14 however, found no correlation between
the degree of left atrial stunning and the total energy de-
livered during cardioversion of AF, although the latter
was not exclusively idiopathic. Furthermore, the re-
searchers used a different internal cardioversion system
with large-surface electrodes (Elecath Inc.) that were
placed in the right atrial appendage and the coronary si-
nus. 

Our finding that internal cardioversion, like external
cardioversion with monophasic shock, causes left atrial
stunning somewhat decreases the value of this method
of converting AF to sinus rhythm, since it is well known
that left atrial stunning is associated with thromboem-
bolic complications.12-15 In addition, our finding that an
increase in the energy supplied during internal cardio-
version increases the degree of left atrial stunning is of
particular interest, in that it could lead to a search for
catheters with new technical characteristics that enable
the successful internal cardioversion of AF while deliv-
ering fewer joules. Boriani et al,13 applying internal car-
dioversion with one catheter in the coronary sinus and
another in the right atrium, found that the use of a lon-
ger coil resulted in a reduction in resistance, a smaller
amount of energy and necessary potential, as well as less
discomfort during the procedure. The energy required
for successful cardioversion decreased from 7.86 ± 4.25
to 6.75 ± 4.25 J.

Data concerning the effect of the conversion of
AF to sinus rhythm on right ventricular function are
scarce in the literature. However, what affects the left
atrium must also affect the right. Atrial myopathy due
to tachycardia and hibernating atrial myocardial tis-
sue are probably related with biatrial stunning.16 Quite
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recently, Omran et al17 studied right atrial function after
internal or external cardioversion of AF. They found
stunning of the right atrium and its appendage follow-
ing both methods of cardioversion. More specifically, in
2 of the 25 patients who participated in the study they
found thrombi within the right atrium which were not
there before cardioversion. It is interesting to note that
the thrombus was located in the fossa ovalis. It seems
likely that the placement of the catheter in the right atri-
um was itself responsible for the thrombus, or that the
electrical energy released from the catheter caused dam-
age to the atrial tissue, leading to thrombus formation.17

As in our own study, these investigators found no differ-
ence in the severity of stunning in relation to whether
the cardioversion was internal or external, as in the
case of the left atrium. In the present study we did not
see an increase in the degree of right atrial stunning
with an increase in the energy delivered during car-
dioversion, as we did in the left atrium. This may have
been due to anatomical differences between the right
and left atria.

Study limitations

The main limitation of this study is the rather small
number of patients. In addition, based on our findings it
is not clear whether atrial function was stunned as a re-
sult of the cardioversion (although this would be ex-
pected), since we do not know what the atrial function
was like before. It would have been better if the atrial
function had been reassessed after 1 and 3 weeks fol-
lowing conversion to sinus rhythm, during its period of
“convalescence”. 

In conclusion, the findings of this study indicate
that: a) although internal cardioversion of idiopathic
AF is more efficient (requiring less energy in joules
delivered), it has the same consequences with respect
to atrial stunning as does external cardioversion with
monophasic shock; b) only in the left atrium does the
degree of stunning reflect the total quantity of energy
used for successful internal cardioversion of idiopath-
ic AF.

Taking into consideration the disadvantages of in-
ternal cardioversion of AF observed in this study and
the fact that external cardioversion can also be per-
formed with biphasic shock, so as to require fewer jou-
les,18 the internal cardioversion method must not only
have no future, but also no present as regards its wide
use. Conversion to sinus rhythm with internal cardio-
version should be considered only when external car-
dioversion fails, or probably in emphysemic or obese
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patients, in patients with a pacemaker or defibrillator or
drug infusion pumps, or when general anaesthesia is
contraindicated.19

References

1. Spencer KT, Mor-Avi V, Gorcsan J, et al: Effects of aging on
left atrial reservoir, conduit, and booster pump function: a
multi-institution acoustic quantification study. Heart 2001;
85: 272-277.

2. Benjamin EJ,  D’Agostino RB, Belanger AJ, Wolf PA, Levy
D: Left atrial size and the risk of stroke and death: the Framing-
ham Heart study. Circulation 1995; 92: 835-841.

3. Nagano R, Masuyama T, Naka M, et al: Contribution of atrial
reservoir function to ventricular filling in hypertensive patients.
Effects of nifedipine administration. Hypertension 1995; 26:
815-819.

4. Wagonen AD, Miller JG, Perez GE: Two dimensional echocar-
diographic automated border detection accuracy reflects changes
in left ventricular volume. J Am Soc Echocardiogr 1993; 6: 482-
489.

5. Oki T, Tabata T, Yamaha H, et al: Assessment of abnormal
left atrial relaxation by transesophageal echocardiography of
pulmonary venous flow velocity. Clin Cardiol 1998; 21: 753-
758.

6. Oli T, Fukuoka N, Iule A, et al: Left atrial systolic perfor-
mance in the presence of elevated left ventricular end-dias-
tolic pressure: evaluation by transesophageal pulsed Doppler
echocardiography of left ventricular inflow and pulmonary
flow velocities. Echocardiography 1996; 13: 23-32.

7. Manning WJ, Leeann DE, Got PJ, et al: Pulsed Doppler eval-
uation of atrial mechanical function after electrical cardio in-
version of atrial fibrillation. J Am Coll Cardiol 1998; 13: 617-
623.

8. Mannig WJ, Silverman DI, Katz S, et al: Atrial ejection force:
a noninvasive assessment of atrial systolic function. J Am Coll
Cardiol 1993; 13: 617-623.

9. Grimm RA, Stewart WJ, Maloney JD, et al: Impact of electrical
cardio version for atria fibrillation on left atrial appendage
function and spontaneous echo contrast: characterization by si-
multaneous transesophageal echocardiography. J Am Coll
Cardiol 1993; 22: 1359-1366.

10. Grijns HJGM: Internal cardioversion as a first-line method of
cardioversion? Europace 2001; 3: 2-3.

11. Levy S, Laurie P, Dolla E, et al: A randomized comparison of
external and internal cardio inversion of persistent atrial fib-
rillation. Circulation 1992; 86: 1415-1420.

12. Andraghetti A, Scalese M: Safety and efficacy of low energy
cardio inversion of 500 patients using two different tech-
niques. Europace 2000; 3: 1415-1451.

13. Boriani G, Biffi M, Gamanini C, et al: Transvenous internal
cardioversion for atrial fibrillation: A randomized compari-
son between catheters with different coil length. Am Heart J
2002; 144: 851-857.

14. Omran H, Jung W, Rabahieh R, et al: Left atrial chamber and
appendage function after internal atrial defibrillation: A
prospective and serial transesophageal echocardiographic
study. J Am Coll Cardiol 1997; 29: 131-138.

15. Fatkin D, Kuchan DL, Thorburn CW, et al: Transesophageal
echocardiography before and during direct current cardio in-



version of atrial fibrillation: evidence for atrial stunning as a
mechanism of thromboembolic complications. J Am Coll
Cardiol 1994; 23:307-316.

16. Khan IA: Transient atrial mechanical dysfunction (stunning)
after cardioinversion of atrial fibrillation and flutter. Am Heart
J 2002; 144: 11-22.

17. Omran H, Jung W, Maccarter D, et al: Right atria thrombi and
depressed right atria appendage function after cardio version of
atria fibrillation. Echocardiography 1999; 16: 245-251.

18. Page RL, Kerber RE, Russel JK, et al: Biphasic versus mo-
nophasic shock waveform for conversion of atrial fibrilla-
tion:  the results of an international  randomized, double-
blind multicenter trial.  J Am Coll Cardiol  2002;  39: 1956-
1963.

19. Ricard Ph, Yaiki K, Rinaldi J:P, Bergonzi M, Saoudi N Car-
dioversion of atrial fibrillation: how and when? Eur Heart J
2003; 5 (suppl H): H40-H44.

Atrial Function

(Hellenic Journal of Cardiology) HJC ñ 77


