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Surgical intervention of atrial fibrillation: a review of development

WANG Zeng-wei(DeparIr-nem of Cardiac Surgery, General Hospital, PLA Shenyang Military Area Command, Shenyang
110016, China)

[ABSTRACT] With the in-depth research on the electrophysiological mechanism of atrial fibrillation( AF) and development of
new mapping and ablation techniques, breakthroughs were frequently achieved in the surgical intervention for atrial fibrillation.
From the complex Cox maze procedure to the left atrial maze procedure and radial maze procedure, the high successful rate and
elimination of trauma have become the objective in the surgical intervention of atrial fibrillation. In this review we summarized

the principle of all kinds of surgical procedures for atrial fibrillation and the application of new ablation technique for radical cure

of AF and the effectiveness evaluation of these treatments.
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* Original article -
Electrophysiologic study of f-wave amplitude in chronic atrial fibrillation
associated with rheumatic heart disease

LI-Li*, JIA Bao-cheng, ZHANG Bao-ren, WANG Zeng-wei, ZHU Jia-lin (Department of Cardiothoracic Surgery,Changhai
Hospital, Second Military Medical University, Shanghai 200433,China)

[ABSTRACT] Objective; To investigate the electrophysiologic characteristics ol f-wave amplitude and to evaluate its role in
development and persistence of chronic atrial fibrillation (AF) associated with rheumatic heart disease (RHD). Methods: Epi-
cardial mapping was performed in 44 patients with chronic AF ol RHD who underwent heart valve surgery. Ten patients with
supraventricular tachycardia served as the control group. Results: The f-wave amplitude of left atrium (ILA) and middle and low
LA posterior regions were significantly lower than those of the control group. The f-wave amplitudes of the upper, middle and
low sections in LA posterior region were significantly lower than those in right atrium (RA) (P<{0.05). The [-wave ampli-
tudes were compared before and after electrocardioversion in 14 patients with chronic AF. The mean atrial electrogram ampli-
tude during sinus rhythm was significantly higher than that during AF (P<C0. 01). The {-wave amplitude in left appendage was
higher than that in LA posterior region (the upper,middle and the lower part), P<(0. 05. The [-wave amplitude in the upper
section of LA was significantly higher than that in the middle section. The {-wave amplitude in AF group was not correlated to
the diameter or volume ol both atria. Conclusion: There are amplitudes differences between the upper, middle and lower LA,
suggesting that the middle and lower sections of 1.A posterior wall may be the region producing anisotropy and reentrant circle.
[KEY WORDS] rheumatic heart disease;atrial fibrillation; f-wave amplitude;electrophysiology

[Acad J Sec Mil Med Univ,2005,26(2):127-130]

Atrial wave amplitude is related to compound
vector during depolarization of myocardial cells and
membrane potentials. Atrial fibrillation (AF) and
change of electrophysiological characters in atrial
myocytes lead to reentrant circles with different
amplitudes and directions: functional syncytium of
cell depolarization disappears and anisotropy of at-
rial activated wave and broken f-wave appears. F-
wave amplitude is of great significance in elucida-
ting the mechanism of AF. In order to clarify the
role of atrial wave amplitude in producing and
maintaining AF, this study investigated wave am-
plitude of chronic AF in patients with rheumatic
heart disease (RHD),

1 MATERIALS AND METHODS

1.1 Study population The study population con-
sisted of 44 patients [ 15 men and 29 women; mean
age, (42.84+10.50) years, ranging 20-64 years |
with RHD (2-30 years) and symptomatic chronic
AF [(69.2427.9) months, ranging 3 months-10
years |. Seventeen patients had mitral valve le-
sions, 4 had mitral and aortic valve lesions, 10 had
mitral, aortic and tricuspid valve lesions, and 13

had mitral and tricuspid valve lesions. Patients

with atrioventricular pathway or double ways of at-
rioventricular node, who had undergone radiofre-
quency ablation, were chosen as control group {3
men and 7 women; mean age, (35. 7212, 36)
years, ranging 15-52 years]. No patients in control
group had organic heart diseases or induced AF in
routine electrophysiologic examination.

1.2 Epicardial mapping After sternum dissec-
tion and bicaval cannulation, epicardial mapping
was performed before cardiopulmonary bypass.
Button electrodes with a 1 mm interval were su-
tured in the right and left appendages and anterior
wall of the right ventricle. Halo catheters were
used for mapping right and left appendages and
posterior wall of artia with a 1 mm interval-double
electrodes and the distance between each pair of
double electrodes being 7 mm. 16-lead synchronic
map and lead II of body surface ECG were recorded
(voltage 1 to 2.5 mV/cm and paper velocity 50 to

200 mm/s). Electrocardioversion was performed
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after mapping. The atrial wave amplitudes of 14
patients undergoing successful electrocardioversion
and complete recording were compared before and
after electrocardioversion,

1.3 Electrophysiologic examination Antiarrhyth-
mic drugs were discontinued for more than 5 half
life periods before intracardiac electrophysiologic

examination. Catheters with electrodes were

placed in the high right atrium (HRA), His bun-
dle, coronary sinus (CS) and the right ventricular
apex (RVA) by puncturing right venae jugularis
interna and lelt and right venae femoralis. Atrial
regional electric activation of 12 points were recor-
ded during sinus rhythm by ablation electrode on
HRA, the lateral wall of right atrium, posterior
wall of right atrium, superior, middle and inferior
interauricular septum, distal(CSd) , middle(CSm)
and proximal (CSp), then the perimeter, voltage
and atrium activation time were measured, and
HRA. His bundle, CS, RVA, and mapping points
of ablation electrode were recorded (voltage 1
mV/cm and paper velocity 50 to 200 mm/s).

1.4 Analysis of mapped materials Peak ampli-

tudes of the highest A-wave in situ zigzag were
measured during sinus rhythm. Mean value was
calculated for 10 peak amplitudes of A-wave at ran-
dom. F-wave amplitude in AF was chosen in situ
zigzag according to isoelectric line, Mean value was
calculated for 25 peak f-wave amplitudes. Peak
amplitudes of the biggest f-wave in situ zigzag were
chosen at 200 ms interval if the isoelectric line did
not appear, and mean value was calculated for 25
consecutive peak amplitudes of f-wave.

1.5 Statistical processing Values are represented
as ¥ = 5. Variables were compared by matched,

Student ¢ test.
2 RESULTS

2.1 Comparison between f-wave amplitude in AF
group and A-wave in control group There was no
significant difference between f-wave amplitude of
the right atrium(RA) in AF group and A-wave in
the control group. The f-wave amplitudes in mid-
dle and lower LA posterior regions were signifi-
cantly lower than A-wave in the control group

(Tab 1).

Tab1 Comparison of f-wave amplitude between AF group and

control group and between different sites in AF group

(rxs. U/mV)
RA LA
Group 2 - -
Appendage Upper Middle Lower Appendage Upper Middle Lower
AF 44 1,431,105 1.50%£1.037% 1.62+£1.087% 1.55x1.26%% 1.21+£1.32 1.0l+1.0844A 0.68+0.61* L4 0.7740.69% * AL
Control 10 2.21%0.50 1.66+0.18 2,14+0.83 1.64x20.91 1.344+0.92 1.68x+1.08 2.34+1.16 2.08%+1.37
** P<C0.01 vy control group; = P<C0.01 vs appendage of I.LA; &4 P<C0. 05 vus middle part ol .LA;= P<C0,05, =% P<{0.01 vs the same in-

dex of LA. RA:Right atrium; [LA: Lelt artium

2.2 Comparison of f-wave amplitudes at diffferent
places in AF group The f-wave amplitudes of the
upper, middle and lower sections of LA posterior
region were significantly lower than those in the
RA(P<C0.05, P<C0.01)(Tab 1). The f-wave am-
plitudes of the left appendage in AF group were
significantly highér than those of the LA upper,
middle and lower section in LA(P<C0.01). The {-
wave amplitudes of the LA upper section was sig-
nificantly higher than that of the LA middle sec-
tions ( P<C0. 05).

2.3 Comparison of atrial wave amplitudes before

and after electrocardioversion in AF group As Tab

2 shows, the A-wave amplitude during sinus
rhythm was significantly higher than {~wave ampli-
tude during AF in 14 patients (P<C0.01),

2.4 Correlation analysis Diameter of the RA in
AF group was (5. 81+ 1.49) cm and volume was
(79. 14 £ 70. 32) cm®; diameter of the LA was
(7.24+0.89) cm and volme was (216.15+
100. 19) cm®. There was no correlation in different
sites of LA and RA between f-wave amplitudes and

its internal diameter or volume(Tab 3).
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Tab 2 Comparison of f-wave amplitudes with A-wave amplitudes before and after electrocardioversion in AF group

(n=14.x%s5, U/mV)

RA LA
Index - -
Appendage Upper Middle Lower Appendage Upper Middle Lower
f-wave amplitudes belore 1.33%1.04 1.36+0.99 1.2741.35 1.47+1.02 1.62+1.28 0.73x1.01 0.63+0.62 0.82%£0.62
electrocardioversion
A-wave amplitudes alter 2,30+1.45%* 1.91+1.59"* 1.39+0,93** 1.61+£1.22** 1.95+1.56** 1.83%£1.54** 1.74£1.501*" 1.69%£1.34+*

electrocardioversion

¢ * P<C0.01 vs [-wave amplitudes belore electrocardioversion. RA;Right atrium; LA:Lelt atrium

Tab 3 Correlation coelficient between [-wave
amplitudes of different sections of LA and RA and

their corresponding diameters and volumes

) RA LA
Site ra P2 - b P 7a Pa b pPb
Appendage —0.16 0.33 —0.16 0.35 —0.18 0.30 —0.02 0.93
Upper —0.06 0.69 —0.30 0.06 —0.21 0.20 0.05 0.77
Middle 0.05 0.75 0.07 0.66 —0.07 0.65—0.12 0.48
Lower —0.14 0.38 0.02 0.89 —0.02 0.89 —0.17 0.31

2. Internal diameter; ?; Volume

3 DISCUSSION

One of the major characters of AF is the ab-
sence of P wave and a series of fast continuous and
irregular activated waves of the atrium on ECG,
which was called f-wave on ECG. The shape, size,
and interval of f-wave are different in the same
lead. F-wave may be bulky or slender, therefore,
f-wave is called a bulky pattern if f-wave amplitude
is more than 1 mm and a slender pattern if f-wave
amplitude is less than 1 mm. Generally, AF rate is
slow in bulky f-wave while it is fast in slender f-
wave, which can not easily beconverted into sinus
rhythm by quinidine or electrocardioversion. Rec-
ognitio of AF by common ECG can not meet the
need of electrophysiologic study for AF. There are
few studies''!concerning f-wave amplitude by intra-
atrium mapping, and no studies on f-wave ampli-
tude of chronic AF with RHD have been reported.
Sixty-nine patients with auto-captured pacemakers
were tested for myocardial {-wave amplitude during
sinus rhythm, paroxysmal AF and atrial flutter by
Wood et a/'® in 1996 using atrial bipolar pacemak-
ers. They found that A-wave amplitude was
(1.59%1.36) mV during sinus rhythm in 25 pa-
tients with paroxysmal AF, while f-wave ampli-
tude was (0.7720.58) mV (P<(0. 000 1) during
AF rhythm. A-wave amplitude was (1. 81342, 07)

mV during sinus rhythm in 44 patients with atrial

flutter, while f~-wave amplitude was (1.50+1. 81)
mV (P<C0.000 1) during atrial flutter rhythm. F-
wave amplitude during AF and atrial flutter
rhythm was only 20% the A-wave amplitude dur-
ing sinus rhythm, and A-wave amplitude during si-
nus rthythm was correlated with f-wave amplitude
during AF and atrial {lutter rhythm (r values were
0.79 and 0. 94 respectively, both P <C0. 000 1).
This was only one section bipolar mapping of HRA
and the subjects were patients with paroxysmal AF
or atrial flutter, The present study, using 16 leads
synchronized epicardial mapping in 44 patients with
RHD and chronic AF, found that f-wave ampli-
tudes of the LA middle and lower sections were
significantly lower than A-wave in the control
group (P<C0.01) and f-wave amplitudes of the LA
middle and lower sections were significantly lower
than those in right atrium(P<C0. 05). F-wave am-
plitude values of middle and lower section in LA

were (0.68+0, 61) and (0. 771+0. 69) mV. The

" reason for lower amplitude may be related to myo-

cardial anisotropy resulting {from mitral valve path-
ological changes with RHD. F-wave amplitude is
high on mapping electrograms if overall depolarized
vector is high at the same time because f-wave is
the reflection of overall vector. Myocardial bundle
is separated with connective tissue if regional myo-
cardial fibre become degenerative, which then lead
to overall depolarized current with anisotropy and
overall lowered depolarized vector, and last to a
lowered {-wave amplitude. In our series of studies
we found that the f~wave amplitudes of the middle
section in LA posterior region were the lowest and
the effective refractory periods were the shortest
and positively correlated with wavelength index,
which showed that the myocardium is anisotropy

and become reentrant easily. It is notable that A-



