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Arrhythmias after coronary bypass surgery
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SUMMARY Ninety patients undergoing coronary bypass surgery were studied prospectively by bed-
side and subsequent ambulatory electrocardiographic monitoring to investigate the incidence, pos-
sible causes, and prevention of atrial fibrillation. Patients with good left ventricular function were
divided randomly into a control group or groups treated with digoxin or propranolol. In the control
group the incidence of atrial fibrillation was 27% and of significant ventricular extrasystoles 3%.
Propranolol reduced the incidence of atrial fibrillation (14-8%), whereas digoxin had no effect and
increased the incidence of ventricular extrasystoles. Age, sex, severity of symptoms, cardiomegaly,
heart failure, previous myocardial infarction, and number of grafts did not affect the result. The
operative myocardial ischaemic time was related to the occurrence of atrial fibrillation. There was
also a significant relation between atrial fibrillation and bundle branch block. Atrial fibrillation is
common after coronary artery grafting; it may be due to diffuse myocardial ischaemia or
hypothermic injury. The incidence may be reduced by beta blockade.

The risks of cardiac surgery have decreased in the past
decade. The lower mortality, due largely to the lower
incidence of intraoperative myocardial injury,' 2 has
allowed surgical treatment of mildly symptomatic
lesions with a view to improving life expectancy. One
result of this has been that the morbidity of heart
surgery has assumed greater importance. Cardiac
arrhythmias, especially atrial fibrillation, are a com-
mon cause of early morbidity causing discomfort to
the patient and prolonging hospital stay. The aeti-
ology of postoperative atrial fibrillation is not under-
stood; no reliable prophylaxis is known, and treat-
ment is usually aimed at controlling the ventricular
response until reversion to sinus rhythm occurs spon-
taneously.

This investigation of arrhythmias in patients
undergoing coronary artery bypass grafting was car-
ried out to assess their incidence, to identify any
aetiological factors, and to observe the effects of anti-
arrhythmic treatment with digoxin and low doses of
propranolol. Patients with coronary artery disease
were chosen because they represented a homogeneous
group with good left ventricular function. We decided
to study the effect of digoxin because this drug is used
routinely after cardiac surgery in many units in this
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country and of propranolol at a low dose to test the
hypothesis that early postoperative arrhythmias might
be exacerbated by beta blocker withdrawal and pre-
vented by this form of treatment.

Patients and methods

Consecutive patients undergoing elective coronary
artery bypass surgery for angina pectoris were
studied. They were randomly allocated to three
groups: a control group receiving no specific antiar-
rhythmic agent, a group receiving digoxin (0.25 mg
daily), and a group receiving propranolol (15-30 mg a
day according to body weight). Treatment was started
on the morning after operation as soon as the patient
was able to take drugs by mouth. Patients with
preoperative ejection fractions of <0 40 and known
contraindications to either antiarrhythmic drug (for
example, bronchial asthma) were excluded. Patients
with postoperative low cardiac output or continued
assisted ventilation preventing oral drug treatment
were withdrawn.
The preoperative data were acquired from the

patients' records at the time of randomisation, usually
at the cardiology-surgery case conference the week
before. Observations were made on the severity of
symptoms graded according to the New York Heart
Association classification, previous myocardial infarc-
tion, heart size on chestx ray film, left ventricular end
diastolic pressure, left ventricular ejection fraction
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derived from single plane conventional angiography,
and extent of significant coronary artery involvement
(lesions of >50%) on coronary arteriography. All
operations were performed at this hospital using a

method of myocardial protection including systemic
hypothermia, single dose cold cardioplegia, and topi-
cal hypothermia.3 The operiative and postoperative
data were acquired prospectively. Patients were fol-
lowed by normal ward observations, daily electrocar-
diograms for one week, with appropriate recording of
arrhythmias, and 24 hour ambulatory electrocardio-
graphic monitoring on the fourth postoperative day,
which was analysed by a Reynolds Pathfinder analyser
with a trend recorder. Significant atrial fibrillation
was defined as a prolonged period of irregular atrial
tachycardia and significant ventricular arrhythmia as
greater than a mean hourly rate of 120 ventricular
extrasystoles or two or more occurring consecutively.
Groups were compared using the x2 test.

Results

Ninety four consecutive patients who fulfilled the
entry criteria were randomised. Four patients were
withdrawn after operation, as described above.
Ninety patients were entered into the treatment stage
of the study. There were 81 men and nine women

(mean age 54 (range 38-67) years). The distribution of
preoperative and operative factors in each treatment
group are shown in Table 1; there are no significant
differences. The postoperative treatment had no

significant effect on the incidence of atrial fibrillation
(Table 1). To determine the preoperative factors
affecting this arrhythmia the groups were pooled as

shown in Table 2. There was no difference in the

Table 1 Preoperative data and incidence ofpostoperative
arrhythmias in three randomised groups ofpatiens

Groups treated with: Control
VP

Digoxin Propranolol

Preoperative data
Total No of patients 30 27 33
Mean age (yr) 57 54-9 51.8
Male/female 28/2 23/4 30/3
Previous myocardial infarction

(No) 13 12 12
Mean vessel involvement 2-6 2-6 2-4
Mean No of grafts insertedt 2-9 3-1 2-9

Postoperative data
Arrhythmias (No of patients)

Atrial fibrillation 10 4 9
Ventricular extrasystoles 8 3 1*
Bundle branch block 6 2 6

*p<0.0l.
tIncluding grafts to the major divisions and their subdivisions (for
example, left anterior descending and diagonal).
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incidence of atrial fibrillation according to the various
criteria.
The operative data are also detailed in Table 2.

Although there was no relation to the number of
grafts inserted, there was a significant (p<005)
association between the incidence of postoperative
atrial fibrillation and the operative ischaemic time.
The Figure shows the cumulative percentage of
patients having atrial fibrillation as the ischaemic time
prolongs and illustrates the sudden increase in fre-
quency after 50-60 minutes.
Although the postoperative treatment had no

significant effect on the incidence of atrial fibrillation
those patients taking digoxin had more ventricular
extrasystoles (Table 1). The incidence of bundle
branch block was not significantly different in the
three treatment groups, but the overall incidence was
high (15-5%). There was a significant association be-
tween the occurrence of atrial fibrillation and bundle
branch block (Table 2) (p<005).

Table 2 Preoperative and postoperative data in relation to
presence of atrialfibrillation

Total No No with atrial
ofpatients fibrilkation

Preoperative data
Age (yr)
<60 67 15
a_:-60 23 8

Sex
F 9 1
M 81 22

Symptoms (NYHA class)
I 1 0
II 41 8
III 33 14
IV 15 1

Previous myocardial infarction
Yes 37 10
No 53 13

Cardiothoracic ratio
_S(0% 3 2
s<490Yo 87 21

LV end diastolic pressure (mm Hg)
>12 23 8
-12 62 15

Extent of coronary artery disease
Single vessel 8 2
Double vessel 24 4
Triple vessel 58 17

Postoperative data
No of grafts

1 8 1
2 17 5
3 38 6
4 26 11
5 1 0
Significance NS

Ischaemic time (min)
0-55 36 5
>56 54 18
Significance p<0-05

Bundle branch block
With 14 7
Without 76 16
Significance p<0-05
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Figure Cumulative percentage ofincidence ofatrialfibrillation
in relation to myocardial ischaemic time.

Discussion

Disturbances of atrioventricular conduction due to
direct surgical trauma to the conducting tissue are a
well recognised and understandable complication of
aortic valve replacement,4 and surgery for congenital
defects particularly the repair of a ventricular septal
defect.68 Ectopic tachycardias are less easy to under-
stand but seem to be associated with all procedures
involving cardiac arrest. Atrial fibrillation and flutter
are most common with an incidence of 10-300/o,9
which is in agreement with our findings.
Many factors might provoke atrial arrhythmias

after heart surgery. These include pre-existing left
ventricular dysfunction with left atrial hypertension
and dilatation, direct trauma-for example, from the
venous lines-ischaenmic damage, biochemical
changes associated with the use of cardioplegic solu-
tions, and sudden withdrawal of beta blocking
drugs. 0- 2 In recent years the incidence of intra-
operative myocardial injury has decreased, as judged
by enzyme release or ventricular function studies. 13 14

This has been attributed to improvements in myocar-
dial preservation, particularly the change from coro-
nary perfusion to cardioplegia. 13 1 '16 Nevertheless,
whereas in the past decade the incidence of intra-
operative myocardial damage has fallen appreciably,
the incidence of atrial fibrillation has remained high.
This makes the simpler explanations such as direct
trauma to the atria or myocardial injury less likely.
Postoperative metabolic causes, such as electrolyte
imbalance and pericarditis, have also been investi-
gated and appear to have no effect.''7 Furthermore,
in our patients the preoperative factors did not appear
to influence the incidence of atrial fibrillation.
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We cannot assess directly the likelihood of a beta
blocker withdrawal phenomenon because almost all of
our patients were taking beta adrenergic blocking
drugs before operation. It is our experience with
others,'7 however, that postoperative atrial fibrillation
is equally common in patients after aortic valve
replacement who have not received beta blocking
drugs. Moreover, low dose propranolol, which can
abolish this phenomenon, had no significant effect.
Digoxin is a myocardial irritant, and, although it
could have been responsible for provoking either
atrial or ventricular arrhythmias, we found no effect
on the incidence of atrial fibrillation. Although
prophylactic digitalisation after cardiac surgery has
been proposed,'8 '9 our experience indicates that this
is unhelpful and may increase ventricular ectopic
activity. It has been suggested that increased myocar-
dial sensitivity to digoxin after cardiopulmonary
bypass accounts for the occurrence of arrhythmias at
therapeutic digoxin concentrations,20 and this may
have been a factor in our patients who experienced
ventricular arrhythmias. The routine use of digoxin
after cardiac surgery cannot be recommended.

In our study the most important factor determining
the incidence of postoperative atrial fibrillation was
the myocardial ischaemic time. This supports a simi-
lar previous observation.2 There was a notable
increase in the frequency of atrial fibrillation in those
patients whose ischaemic time exceeded 50 minutes.
Although cardioplegia is theoretically safe for
ischaemic times of 120 minutes,2 the relation between
the ischaemic time and the incidence of atrial fibrilla-
tion suggests that the arrhythmia is a response to
myocardial ischaemia. Despite this, the usual markers
of myocardial injury were rarely seen; for example,
the incidence of transmural infarction assessed by the
development of new Q waves was only 2 2%. Such
electrocardiographic changes would, however, be
expected with major damage involving occlusion of a
large vessel. Perhaps atrial arrhythmias result from
more diffuse damage secondary to cardiac arrest and
artificial myocardial protection.

Transient bundle branch block is common after
cold cardioplegic arrest. Right bundle branch block
appears to be benign and may be due to the effects of
the technique.2' Persisting right bundle branch block
or left bundle branch block is less common, carries a
more serious prognosis, and is more likely to be due to
myocardial injury.22 The incidence of right bundle
branch block in our patients (16%) is similar to that in
other studies.2' The association between right bundle
branch block and atrial fibrillation in our series sug-
gests a common aetiology for these abnormalities.
Transient right bundle branch block is associated
with prolongation of the QT interval and J waves
early after heart surgery, and it has been suggested
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that benign bundle branch block may be a consequ-
ence of hypothermia.21 Thus the hypothermia associ-
ated with the cardioplegic solution may be a con-
tributory factor in provoking atrial fibrillation after
heart surgery with preferential damage to the con-
ducting tissue as suggested by animal experiments.
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