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to Sinus Rhythm
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Atrial fibrillation is undesirable because it reduces
the efficiency of the heart, particularly the diseased
heart (Kory and Meneely, 1951) and gives rise to
systemic or pulmonary embolism in about one-third
of the cases (Goldman, 1960). The recent intro-
duction of the use of the synchronized direct-
current shock (Lown, Amarasingham, and Neuman,
1962) has simplified the restoration of sinus rhythm,
but little is known about the return of the mechanical
activity to the atrium. Bramwell and Jones (1944)
have suggested that an effective left atrial contraction
may be absent in sinus rhythm, and cardiac cathete-
rization studies have shown that the return of a P
wave to the electrocardiogram may not be accom-
panied by the restoration of detectable mechanical
activity to the left atrium (Braunwald, 1964; Logan
et al., 1965). It is important to know if or when
mechanical activity returns to the atrium; its failure
to return may be a cause of continuing disability, and
its delayed return may be associated with late embo-
lism. Left heart catheterization is not a technique
that is suitable for repeated use after conversion.

This paper describes a study of the left atrial
contraction, by a simple bedside technique, in
patients recently converted to sinus rhythm.

SUBJECTS AND METHODS
Fourteen patients were studied. Each had atrial fib-

rillation of at least five years' standing. The cause of
fibrillation was rheumatic valvular heart disease in eight,
atrial septal defect in two, ischaemic heart disease in one,
thyrotoxicosis in two, and in one it was idiopathic.

In 12 patients the displacement curves of the skin
overlying the apex of the left ventricle (ADC) were
recorded simultaneously with a phonocardiogram by the
method previously described by Nixon, Hepburn, and
Ikram (1964). This technique is sufficiently sensitive to
identify the small atrial or "a" wave of healthy subjects
(Fig. 1), and the enlarged "a" wave of heart disease
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(Fig. 2). The relation of this "a" wave to the left atrial
pressure cycle and the electrocardiogram may be seen in
Fig. 3. Records were made daily after conversion until
an "a" wave appeared in the ADC, and in one case at
weekly intervals up to three weeks.

In two patients the pressure pulses from the left and
right atria were recorded through cardiac catheters
introduced before the conversion.
The conversion was carried out during brief general

anaesthesia using the Lown "Cardioverter" (American
Optical Company).

RESULTS
One of the patients studied by cardiac cathet-

erization had idiopathic atrial fibrillation, and an
"a" wave appeared in the left atrial pressure pulse
as soon as sinus rhythm was restored. The other
had chronic rheumatic mitral disease, and an "a"
wave failed to appear on the left atrial pulse, even
though it returned to the right atrial pressure pulse.

Evidence of mechanical left atrial activity, in the
form of an "a" wave on the left ventricular apex
displacement curve (ADC), appeared immediately
after conversion in five of the patients studied by
this method.

In six of the remaining patients the immediate
appearance of a jugular "a" wave signalled the
return of right atrial mechanical activity, but three
to six days passed before the left atrial " a " wave was
detected on the ADC.

In one case the "a" wave failed to return to the
ADC during the observation period of three weeks,
though an "a" wave reappeared immediately on the
jugular venous pulse.
Of the seven patients with delayed return of the

"a" wave, six had chronic rheumatic heart disease
and one had ischaemic heart disease.

DISCUSSION
Before this study was made we had encountered

one patient with cerebral embolism occurring 36
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FIG. 1.-Apex displacement curve (ADC) of the left ventricle in a normal person showing the normal dis-
placement wave due to left atrial contraction ("a" wave). a, atrial contraction wave; 3P, third sound peak:
the portion of the apex displacement curve written at the time of rapid ventricular filling and the third heart
sound; 0, point at which the mitral valve opens; PA, pulmonary area; MA, mitral area; MF, medium
frequency phonocardiogram; LF, low frequency phonocardiogram; 1, first heart sound; 2, second heart

sound; 3, third heart sound; and 4, fourth heart sound.
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FIG. 2.-Apex displacement curve of the left ventricle in a patient with systemic hypertension showing the
pathologically large "a" wave due to powerful atrial systole. Abbreviations as in Fig 1.
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MITRAL INCOMPETENCE

FIG. 3.-Left ventricular apex displacement curve (ADC) in a patient with mitral valve disease showing the
absence of atrial contraction on the ADC and left atrial pressure curve (LAP) when a nodal beat occurs. The

atrial systolic murmur (ASM) is also absent. Abbreviations as in Fig. 1.

hours after conversion from atrial fibrillation to
sinus rhythm, and two patients in whom this
occurred after four days. It is probable that the
embolism occurred when the left atrium began to
contract effectively. In order to minimize the risk
from this complication, we believe that it may be
desirable to continue anticoagulant treatment until
the mechanical activity of the left atrium is detect-
able. The displacemtent curve of the skin over-
lying the apex of the left ventricle appears to be a
suitable bedside technique for detecting the return
of the effective left atrial contraction.

If detectable mechanical activity does not return
after conversion it is probably not worth while to
repeat the shock when the patient relapses into atrial
fibrillation.

It is noteworthy that the delay or failure of
detectable left atrial activity to return after con-
version occurred most frequently in cases of chronic
rheumatic heart disease. This may be the result of
chronic rheumatic disease of the left atrial wall.
The immediate return of "a" waves to the jugular
tracing or the right atrial pressure pulse suggests
that the disease tends to spare the right atrium.
The return of function to, the right atrium may

boost the output of the right ventricle. If left atrial
function does not return simultaneously a dispro-
portion between the enhanced right ventricular
output and the unchanged left ventricular output

may occur. If other circumstances such as the left
atrial pressure and the permeability of the pul-
monary capillaries are of a certain level, this dis-
proportion between the output of the right and left
hearts may cause pulmonary oedema. We suggest
that this mechanism may have been responsible for
the unexpected and unexplained post-conversion
pulmonary oedema encountered by Resnekov and
McDonald (1965).
The failure of mechanical function of the left

atrium in sinus rhythm in chronic rheumatic heart
disease may be a distinct cause of disability, and
Bramwell and Jones (1944) have suggested that it
may even be a cause of death. Mitchell, Gilmore,
and Sarnoff (1962) and Braunwald (1964), have sup-
ported Bramwell and Jones' concept of left atrial
failure.

SUMMARY

The displacement curve of the chest wall over-
lying the apex of the left ventricle has been studied
in 12 patients before and after conversion from atrial
fibrillation to sinus rhythm. In 6 patients the
return of a detectable left atrial contraction was
delayed from three to six days, and in one mech-
anical left atrial activity could not be detected even
after three weeks.

It is suggested that a clot may be discharged from
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the left atrium when it first resumes contraction, and
that anticoagulant treatment should perhaps be con-
tinued until an "a" wave appears on the apex dis-
placement curve. Reference is made to the concept
of left atrial failure with sinus rhythm in chronic
rheumatic heart disease.
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