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Abstract

New onset atrial fibrillation (AF) is the commonest complication after cardiac surgery affecting around
30% of coronary artery bypass graft (CABG) patients, up to 50% of valve surgery patients and as many as
60% of those undergoing combined valve and CABG operations. After cardiac transplantation where the
native pulmonary veins are electrically separated from the donor heart atria the incidence is only 11%.

Introduction

New onset atrial fibrillation (AF) is the common-
est complication after cardiac surgery affect-
ing around 30% of coronary artery bypass graft
(CABQG) patients, up to 50% of valve surgery pa-
tients and as many as 60% of those undergoing
combined valve and CABG operations.! After
cardiac transplantation where the native pulmo-
nary veins are electrically separated from the do-
nor heart atria the incidence is only 11%.> Onset
is typically within 6 days of operation with 15-
20% of episodes spontaneously converting to si-
nus rhythm within 2 hours. Whilst patients are
warned of the possibility of AF the sudden onset
of palpitations, breathlessness or chest pain with
hypotension, invariably causes anxiety. Re-admis-
sion to hospital is common when AF begins after
discharge.

Most surgeons regard transient AF as a benign
event, easily managed and with little impact on
the eventual outcome. Recourse to the literature
suggests otherwise. For any individual AF dou-
bles the risk of stroke, myocardial infarction or re-
nal failure and increases overall mortality by 10%.
Loss of atrial contraction together with a rapid

ventricular rate lowers cardiac output by 20-30%
or more in the presence of a significant post opera-
tive pericardial effusion. Whilst low risk patients
with good left ventricular function tolerate this
insult, those with poor left ventricular function,
pre-existing heart failure and renal or respiratory
impairment may deteriorate rapidly requiring
re-admission to the intensive care unit. An intra-
aortic balloon pump is less effective with a rapid
irregular heart rate and cardioversion may cause
ventricular fibrillation or heart block in a hypoxic
patient. Even uncomplicated AF adds 3-4 days ex-
tra hospital stay with associated costs.*

Irrespective of the risks and economic consequenc-
es by no means all surgical centres employ routine
AF prophylaxis nor do they attempt intra-opera-
tive AF ablation for those with the chronic dys-
rhythmia. As a result some patients are discharged
from hospital without restoring sinus rhythm.
How important is persistent AF in the long term
after cardiac surgery? In 1999 my group showed
that both AF and paced rhythm had an important
negative effect on left ventricular reverse remodel-
ing after aortic valve replacement5. For patients in
sinus rhythm there is a 20-30% fall in left ventricu-
lar mass index over the first post operative year
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caused by regression of hypertrophy. In the suc-
ceeding 3-5 years there is a further 10% reduction
through resolution of interstitial fibrosis. Chronic
AF compromises reverse remodeling resulting in
persistent left ventricular hypertrophy and a more
spherical left ventricular cavity. Does this adverse
physiology influence outcome? In a large series of
carefully anticoagulated mechanical valve replace-
ment patients we found 92% of those discharged
from hospital in sinus rhythm to remain in sinus
rhythm at 10-15 years later.® Similarly all patients
operated whilst in AF remained in AF long term
with important adverse consequences for surviv-
al. After isolated aortic valve replacement 10 year
mortality was 64% for AF patients but only 19%
for those in sinus rhythm (p<0.001). Following
aortic valve replacement with CABG, the equiva-
lent mortality was 83% versus 21% (p <0.001) and
for aortic with mitral valve replacement 80% ver-
sus 18% (p <0.001). Whilst these remarkable differ-
ences partially reflect more advanced cardiac pa-
thology at the time of operation, the adverse long
term effects on ventricular remodeling must also
contribute to the poor outcome.

Many different factors are known to contribute
to the development of post-operative AF [Table
1]. In this Journal Reddy et al. report a retrospec-
tive analysis which identified left atrial volume
index (LAVI) as a sensitive marker for new on-
set AF (44% incidence) after aortic valve replace-
ment with or without CABG. An LAVI of >46¢cc/
m2 predicted post-operative AF with a sensitiv-
ity of 92% and specificity of 77%.” Also predictive
were age, greater severity of aortic stenosis (valve
area) and raised left atrial pressure. In a prospec-
tive study, Osranek et al. had already shown left
atrial volume to correlate with risk of AF after car-
diac surgery.®Roshanali et al. have shown another
echocardiographic parameter, prolonged atrial
electro-mechanical interval through left atrial
conduction delay to have even greater sensitivity
(100%) and specificity (95%) than LAVL? Increased
left atrial size is a feature of mitral valve disease
but also of chronic aortic valve disease and sys-
temic hypertension where increased left ventricu-
lar afterload and increased left atrial wall tension
cause left atrial enlargement. Left atrial volume
correlates with the severity of aortic stenosis."” In
long standing aortic stenosis with very poor left
ventricular function and raised pulmonary artery
pressure, the tricuspid valve becomes regurgitant

and the right atrium also enlarges. This is the situ-
ation with many patients who present for aortic
valve replacement with established AF and a di-
lated remodeled left ventricle which is unlikely to
recover significantly after valve replacement.

It is only worth predicting post operative AF if ef-
fective prophylaxis can ensure prevention. This
objective has been the subject of research efforts
for the last 30 years." Atrial stretch activates extra-
cellular signal-related kinase cascade to stimulate
atrial fibrosis.'? In turn this increases dispersion of
the atrial effective refractory period pre-disposing
to atrial dysrhythmias. Electrical remodelling oc-
curs such that repolarisation is accelerated whilst
the atrial action potential duration and refractory
period are shortened.” This results in the disrup-
tion of the normal de-polarisation/re-polarisation
cycle of atrial cells and sets the stage for atrial fi-
brillation. Even after a short period of AF atrial
contractile function is impaired by electrophysi-
ologic remodelling."* After about 5 days contrac-
tile function is abolished due to a reduction in L-
type calcium currents. After restoration of sinus
rhythm recovery is delayed.” In the meantime
mural thrombus may develop predisposing to
thrombo-embolic events.

Suggested mechanisms for AF must attempt to
explain the delayed onset after surgery. There are
two plausible hypotheses. First is the time frame of
the systemic inflammatory response after cardio-
pulmonary bypass or surgery itself in the case of
off-pump CABG." Polymorphism in the -1749/C
Interleukin 6 (IL-6) promoter gene plays a part in
modulating the inflammatory response to surgery
and high levels of IL-6 and C-Reactive protein
have been linked to development of AF in both
surgical and non-surgical patients.”” Prospective
randomised trials of intravenous corticosteroids
or anti-inflammatory agents have reported a sig-
nificant reduction in post operative AF.! Secondly,
atrial distention may occur during mobilisation of
interstitial fluid accumulated during cardiopul-
monary bypass. Stretch activated ion channels in
atrial myocardium can promote AF and would
provide the link between atrial size and AF in the
2-6 day time frame." Translocation of fluid from
extra-vascular to vascular compartments may re-
duce serum potassium and magnesium levels,
thus providing the setting for dysrhythmia. Mag-
nesium is a co-factor of NA-K adenosine triphos-
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Risk factors for atrial fibrillation after car-

Table 1 .
diac surgery

Advanced age

Left atrial enlargement

Previous AF

Renal failure

Male gender

Hypertension/LV hypertrophy
Congestive heart failure

Chronic obstructive pulmonary disease
Obesity (BSA) and metabolic syndrome
Right coronary artery disease
Withdrawal of beta-blocker or ACE-I

Bicaval cannulation
Pulmonary vein venting
Aortic cross clamp time
Cardiopulmonary bypass time
Systemic hypothermia

Type of operation

Pre-operative:

Intra-operative:

Systemic inflammatory response
Red cell transfusion

Respiratory compromise (hypoxia)
Fluid overload/electrolyte imbalance
Renal impairment

Post-operative:

phatase which regulates the myocardial trans-
membrane sodium and potassium gradients. In
one randomised study magnesium infusion was
found to be superior to Amiodarone for cardio-
version to sinus rhythm."” Intraoperative venting
through the pulmonary veins may act as a trigger
for AF.*

Straightforward post operative pain and anxiety
cause hightened sympathetic tone which may pro-
mote the onset of AF. The European Association
for Cardiothoracic Surgery guidelines for AF pro-
phylaxis recommend beta blockers for all patients
unless contra-indicated by comorbid conditions
when Amiodarone is suggested.”’ The American
Heart Association recommends pre-operative or
early post-operative beta blockers for patients un-
dergoing CABG.” Intravenous administration is
well tolerated after surgery and superior to oral use
because of absorption issues following cardiopul-
monary bypass. The non-selective beta-adrenergic
receptor blocker Sotalol also blocks the delayed
rectifier K+ channel and prolongs the refractory
period and QT interval.® It has been shown to
provide more effective prophylaxis in randomised
trials. Amiodarone at low dose (<3,000 mg) used
in intravenous and oral combination provides ef-
fect prophylaxis for all patients but specifically in
high risk CABG patients with poor left ventricular
function.?** This last group are particularly at risk

for peri-operative stroke. Digoxin does not offer
prophylactic benefit.26

When AF occurs every effort should be made to
restore sinus rhythm before hospital discharge.
Spontaneous correction occurs in many low risk
patients particularly in response to management
of electrolyte imbalance or hypoxia. Immedi-
ate electrical cardioversion is required when AF
causes profound hemodynamic compromise in
high risk patients. A belief that rate control and
anti-coagulation prove satisfactory in the long
term must be challenged given the mortality dif-
ferences for valve replacement patients.® After
discharge a sinus rhythm AF is unusual in the
long term given the physiological benefits of the
surgery.
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