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Predicting the risk of atrial fibrillation after coronary
artery bypass surgery

Tapio Hakala' and Antti Hedman?

Atrial fibrillation (AF) isthe most common arrhythmia,
with an incidence of 17-33%, after coronary artery
bypass grafting (CABG) and it increases the cost of
operative treatment. f-Blocker therapy reduces mark-
edly the incidence of postoperative AF. The more
effective preventive methods, e.g. amiodarone therapy
or atrial pacing, are not cost-effective for al the
patients. Thus, identification of patients at high risk of
AF after CABG would be helpful. This review
summarizes the predictors of postoperative AF and
the current methods for risk stratification. In summary,
identification of the patients at high risk of post-
operative AF remains a challenge. The clinical useful-
ness of most of the conventional factors, e.g. age or
history of AF, is low. Even attempts to build logistic
regression models based on the pre- and intraoperative
variables have failed to provide powerful predictors for
postoperative AF after CABG. From the new pre-
dictors, the P-wave duration in signal-averaged ECG
looks promising. Sensitivity and negative predictive
value are high, positive predictive value remains low,
which limits its usefulness. Contrary, even detailed
analysis of standard 12-lead ECG or measure of heart
rate variability has failed to provide useful information
for risk stratification. A new method for risk stratifica-
tion has been developed in our centre. The diagnostic
accuracy of high-rate atrial pacing seems to be suffi-
cient to identify a group of patients to whom
prophylactic treatment could be proactively targeted.
Further experience is, however, warranted to verify
significance of this method in everyday clinica
practice.

Key Words: heart rate variability, postoperative atria
fibrillation, risk stratification, signal-averaged ECG

Atrial fibrillation (AF) is the most common arrhythmia
after coronary artery bypass grafting (CABG). The
reported incidence of AF after CABG varies widely
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depending on the particular definition used, the mode of
postoperative monitoring of the patients, and the
changing profile of the patients undergoing CABG.
Theincidence of post-CABG AF varied between 17 and
33% in the studies that included 300 patients or more
(1-112). Patients undergoing CABG and combined valve
surgery have a higher incidence of postoperative AF
than patients having CABG aone (4, 12). The peak of
AF incidence occurs between days 2 and 4 after the
operation, with less than 10% on the first postoperative
day (6).

AF after CABG is sdlf-limiting in most cases, but,
even when it is uncomplicated, it requires additional
medical treatment and a prolonged hospital stay, and it
consequently increases the costs of operative treatment
(6, 12, 13). In some cases AF can cause haemodynamic
compromise and increase the risk of stroke (4, 14).

Prophylactic medical therapy decreases the incidence
of postoperative AF after CABG. A meta-analysis of 24
randomized, controlled trials demonstrated that therapy
with a -adrenergic blocker decreases the incidence of
AF after CABG by 77% (15). Prophylactic therapy with
amiodarone has been shown to be effective in decreas-
ing the incidence of AF after CABG (16,17). In
addition to medical prevention, atrial pacing may play
a significant role in the prevention of AF after CABG,
especially when combined with medical therapy
(18, 19).

The most effective preventive methods, either med-
ical prevention or preventive pacing strategy, require
additional nursing and medical resources and expense.
Prophylactic treatment to prevent AF with intravenous
amiodarone is not cost-effective if given to al patients
(20). In addition, these treatments may have unfavour-
able side effects. Prophylaxis of the whole patient
population undergoing CABG is not reasonable. |denti-
fication of patientswho would be at high risk of AF after
CABG would be very helpful. Theaim of thisreview is
to summarize the predictors of AF and the current
knowledge how to identify preoperatively or intrao-
peratively the patients at high risk of AF after CABG.

PREOPERATIVE RISK FACTORS

Several demographic or preoperative factors, such as
age, sex, history of previous AF, hypertension, chronic
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obstructive pulmonary disease (COPD), diseased right
coronary artery, use or withdrawal of medication, have
been shown to be risk factors for postoperative AF.

Age

Old age is the most often reported independent risk
factor for post-CABG AF. The incidence of AF after
cardiac surgery increases by at least 50% per 10 years of
increased age (2,5,7,10). Ageing causes cardiac
dilatation, myocardia atrophy, decrease of conduction
tissue, and fibrosis in atria (20, 21). These age-related
changes may be responsible for increased risk of AF
after CABG.

Sex

Men appear morelikely to develop AF after CABG than
women (1, 4-6, 9, 10). Sex differences in ion-channel
expression and hormonal effects on autonomic tone
may explain this difference between genders
(1,6, 7,9, 10). However, data are inconsistent and there
exist conflicting reports in which male gender was not
an independent predictor of AF (3, 4).

History of AF

Preoperative history of AF is a factor which is
consistently associated with AF after CABG. Patients
with a history of AF appear to have the underlying
substrate necessary for the devel opment of AF, and they
are thus susceptible to postoperative AF (3,5, 8). The
exclusion of patients with a history of AF is probably
the reason why preoperative history of AF has not been
found to predict postoperative AF in many studies.

Hypertension

Hypertension has been shown to predict postoperative
AF, and this may be related to increased fibrosis and to
dispersion of atria refractoriness (6-8). However, in
many well-conducted studies involving large numbers
of patients, hypertension has not been found to be an
independent predictor of AF after CABG (1, 3, 10).

Stenosis of the right coronary artery

The blood supply to the right atrium, the sinoatrial node
and the atrioventricular node is mainly conveyed viathe
right coronary artery. Two studies have found that a
total occlusion or severe stenosis of the proximal right
coronary artery is an independent predictor of post-
operative AF (22,23). In other studies, obstructive
disease specifically in the sinoatrial nodal and atrioven-
tricular nodal arteries was more common in patients
developing AF after CABG than in those who remained
in sinus rhythm (SR) (24-26).

COPD
COPD is adso a predictor of AF after cardiac surgery

Scand Cardiovasc J 37

(2,4,7,27). COPD patients have frequent premature
atrial contractions that act as atrigger for the initiation
of AF (2,4,7,27).

Use of digoxin

Some authors have found preoperative use of digoxin as
an independent risk factor for AF after cardiac surgery
(4, 7). Itisapparent that digoxin has been used for heart
failure and less compellingly, for prophylaxis of AF as
well. The use of digoxin is often associated with more
advanced heart disease.

B-Blocking withdrawal effect

When long-term f-blocking medication is abruptly
discontinued, a phenomenon caled f-blocking with-
drawal effect follows. It is characterized by increased
catecholamine concentration in plasma. A withdrawal
effect has been proposed as a possible cause of AF after
cardiac operation when f-blocking medication has been
stopped at the time of surgery (28, 29).

Other factors

Several other factors have been found independently to
predict the risk of AF after CABG: previous congestive
heart failure (5), previous myocardia infarction (10),
resting pulse rate less than 80 bpm (7), precardiopul-
monary heart rate over 100 bpm (5), peripheral vascular
disease (4), smoking (4), three-vessel coronary artery
disease (30), low body mass index (31), left atrial
enlargement (30, 32) and large body surface area (33).

However, none of the above-mentioned factors are
powerful enough to predict postoperative AF after
CABG in any clinically meaningful extent. Thus, we
created retrospectively a logistic regression model to
predict the risk of postoperative AF in data of 3676
consecutive CABG patients in our centre (33). The
model consisted of four preoperative (age, left ventricle
gjection fraction, body surface area, digoxin use) and
one postoperative variable (intra-aortic balloon pump or
inotropic medication during the first 24 h). The dis-
criminate power of the predictive model was not very
good since the area under the receiver operating
characteristic curve was no larger than 0.690. This
suggests that even multifactorial models created from
those risk factors have not enough power for clinical
use.

INTRAOPERATIVE PREDICTORS

In addition to preoperative factors, some intraoperative
factors have been suggested to be able to predict the risk
of postoperative AF after CABG. However, data are not
fully consistent.



Cardioplegia and aortic cross-clamp time

There are conflicting data studies that show that long
cross-clamp time increases the risk of postoperative AF
about the association between aortic cross-clamp time
and postoperative AF. The correlation was found in
some studies (4, 5, 10, 34) but not in others (1, 3, 6). The
type of cardioplegia does not seem to have an effect on
the incidence of postoperative AF (35-37), but in a
recently published study, the total volume of cardio-
plegia was significantly less in patients with AF
compared with patients with SR (38). A strong
correlation was found between the duration of atrial
activity during the cross-clamp time and the incidence
of postoperative AF (39).

Offpump vs on-pump surgery
During the last few years a growing number of coronary
surgeries have been completed without using cardio-
pulmonary perfusion. From the theoretical standpoint,
patients undergoing CABG without cardiopulmonary
bypass (CPB) would not be subject to some precipitat-
ing factors of postoperative AF, i.e. atria ischaemia,
cannulation trauma to the atrium, and CPB itself (40).
There is conflicting information about the incidence of
postoperative AF among patients after off-pump
CABG. Table | presents studies comparing postopera-
tive AF incidence after off-pump and conventional
CABG. Unfortunately most of these studies are retro-
spective and involve only a small number of patients.

Ascione et a. reported a prospective randomized
study of 200 patients, with a postoperative AF incidence
of 49% after conventional CABG, compared with 14%
after off-pump CABG. The incidence of AF after
conventional CABG was very high but the weakness
of the study was that the use of f-blocking medication
was not reported (41).

Despite few prospective studies, there are several
retrospective studies looking at the effect of off-pump
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surgery on incidence of postoperative AF after CABG.
Buffolo et a. reported a retrospective study involving
1067 patients. They aso found the incidence of atria
arrhythmias significantly lower after off-pump CABG
compared with conventional CABG (42). Allen et al.
reported no postoperative arrhythmias in a small group
of patients who underwent single vessel redo off-pump
CABG with the left anterior thoracic artery (43).
Subramanian et a. reported their experience of mini-
mally invasive direct coronary artery bypass grafting
(MIDCABG) (44). They used minithoracotomy, sub-
xiphoid and lateral thoracotomy incisions, and the
incidence of AF was only 8% (14/185 patients). No
difference in the frequency of postoperative AF was
found in asmall case-controlled study after MIDCABG
and conventional CABG (45). Similarly, no significant
difference was found in a study comparing the
incidences of AF after conventional CABG, MIDCABG
and off-pump CABG (OPCABG) (46). In another study
by Siebert et al., no difference was found between the
incidence of AF after on-pump and off-pump CABG
during ICU stay (47). There are aso other negative
studies, which did not reveal any difference in the
incidence of AF after CABG with or without CPB (48—
50). Tamis-Holland et al. compared 208 patients having
MIDCABG or conventional CABG, and they concluded
that the reason for low incidence of AF after MID-
CABG is due to different clinica characteristics of
patients compared with conventional CABG patients
(51). In our opinion, current data suggest that off-pump
surgery does not reduce incidence of postoperative AF
as compared with on-pump surgery.

POSTOPERATIVE PREDICTORS

Some postoperative factors have been found to associ-
ate to postoperative AF after CABG. Postoperative
pneumonia and mechanical ventilation longer than 24 h
have been shown to be independent postoperative

Table I. Studies comparing the incidences of postoperative AF after on-pump and off-pump CABG

Total No. On-pump  Off-pump
Study Ref. no. of patients Type of study AF (%) AF (%) p-Value
Buffolo et a. 1996 (42) 1067 Retrospective, OFF-PUMP-ON-PUMP 12.6 55 <0.05
Allen et a. 1997 (43) 35 Retrospective, only LIMA-LAD REDO 58 0 <0.05
Cohn et al. 1999 (45) 110 Case-control, MIDCAB-CABG 20 24 NS
Saatvedt et al. 1999  (48) 704 Retrospective ON-PUMP-OFF-PUMP 36 37 NS
Ascione et al. 1999 80 Prospective randomized ON-PUMP-OFF-PUMP 38 15 <0.05
Abrey et al. 1999 (49) 781 Retrospective, OFF-PUMP-ON-PUMP 26 12 0.06
Tamis-Holland et . (51) 209 Retrospective, MIDCABG-ON-PUMP 39 23 <0.05 but NSin
2000 multivariate
Ascione et al. 2000  (41) 200 Prospective randomized ON-PUMP-OFF-PUMP 49 14 0.001
Siebert et a. 2000 (46) 87 Retrospective ON-PUMP-OFF-PUMP 27 18 NS
Mueller et al. 2001 (50) 183 Retrospective, only LIMA-LAD 18 22 NS

AF=atriad fibrillation; CABG = coronary artery bypass grafting; LAD =left anterior descending artery; LIMA =left anterior mammarian
artery; MIDCABG = minimally invasive direct coronary artery bypass grafting.
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predictors of AF (6), as well as atrial pacing (5), and
need of postoperative inotropic agents (7). Svedjeholm
and Hakanson found that low postoperative mixed
venous oxygen saturation and the need for postoperative
mechanical circulatory support were independent pre-
dictors of post-CABG AF (8). In addition, ahigh central
venous pressure at the time of admission to intensive
careis predictive of a higher risk of AF (52). We think
that these factors have, however, a minimal clinical
value in selecting patients at high risk of postoperative
AF for targeted preventive measures.

CURRENT METHODS TO PREDICT THE RISK
OF POSTOPERATIVE AF

Signalaveraged P-wave ECG

Recent studies have demonstrated that signal-averaged P-wave ECG
analysis is useful in identifying patients at high risk of developing AF
after cardiac surgery. Specifically, abnormal atrial conduction, defined by
a prolonged filtered P-wave duration in signal-averaged P-wave ECG
analysis, has been shown to be an independent predictor of postoperative
AF (53-58). Table II summarizes the studies of signal-averaged P-wave
ECG analysis in predicting the risk of AF after cardiac surgery. In these
studies the abnormal P-wave duration varied from 122 to 155ms.
Sensitivity of signal-averaged P-wave duration in identifying the patients
who developed AF postoperatively was 68-86%, and specificity was 39—
88%. The positive predictive value and negative predictive value varied
from 34 to 76% and from 83 to 85%, respectively.

The predictive value of the signal-averaged P-wave duration is further
enhanced when it is combined with gection fraction. When P-wave
duration was >140ms and ejection fraction <40% the risk of post-
operative AF was nearly nine times higher compared with the situation
when both were normal (59). Similarly, the combination of P-wave
duration (>155ms) and low serum magnesium concentration
(<0.7mmol) on the first postoperative day increased the positive
predictive value from 37 to 62% (55). When P-wave duration
(>122.3ms) and the presence of right coronary artery lesion were
combined, the positive and negative predictive values were subsequently
81 and 76% (57).

These data seem rather consistent. Especially, when combined with
some other risk factor, signal-averaged P-wave duration might have
clinically significant power to select a subgroup of patients at high risk of
postoperative AF. To these patients it might be, e.g. worthwhile to
administrate postoperative amiodarone. The cost-effectiveness of such
selection and treatment warrants further research.

Standard ECG

There are clearly conflicting data concerning the standard ECG as a tool

Table Il. Comparison of signal-averaged P-wave studies for
predicting the risk of AF after cardiac surgery

P-Duration  Specificity ~Sensitivity

Study N (ms) (%) (%)
Steinberg et a. 1993 130 140 55 77
Klein et al. 1995 45 155 79 69
Hutchinson and 272 140 39 82
Steinberg 1996
Zaman et al. 1997 102 155 45 86
Stafford et a. 1997 201 141 48 73
Aytemir et al. 1999 53 122 88 68
Caravelli et al. 2002 129 135 73 84

N=number of the patients studied; ms=milliseconds, P-
duration = cut-off value of P-wave duration used in the study.
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for predicting the risk of AF after cardiac surgery. Buxton and Josephson
first reported that patients developing AF after CABG had a significantly
longer P-wave duration in the standard ECG (60). In arecently published
study (61), the presence of prolonged P-wave duration (>100 msin lead
11) was an independent predictor of AF with 1.9-fold risk compared with a
P-wave duration of less than 100 ms. The P-wave duration in both the
signa-averaged ECG and in the surface ECG was prolonged in patients
who had AF after CABG (62). In the latter study, asignificant correlation
was found between the P-wave duration in standard ECG and signal-
averaged ECG. In a study published by Aytemir et a., lead Il P-wave
duration and left atrial enlargement in the electrocardiograph were
determined from standard ECG. In multivariate andysis left atria
enlargement (relative risk 2.7-fold) but not the P-wave duration was an
independent predictor of AF after CABG (57). Passman et a. found that
P-wave duration in lead V1 was an independent predictor of AF after
CABG (63). The age-adjusted odds ration (OR) for AF was 2.30 when P-
wavedurationinlead V1 was >110 ms. Tsikouriset a. measured P-wave
dispersion and maximum P-wave duration on the 12-leed ECG
preoperatively and on postoperative days 14 in patients undergoing
open-heart surgery (64). They found that P-wave dispersion is greatest on
days 2 and 3 and the longest atrial conduction time is greatest on day 3
after open-heart surgery, findings that coincide with the time of greatest
risk of AF.

Stafford et al. analysed lead 1| P-wave duration, total P-wave duration,
and P-terminal force in standard ECG. No significant differences were
observed in any of these variables between patients who developed AF
and those who did not after CABG (56). Similarly, no difference was
reported on P-wave duration on standard ECG between the patients with
AF and without AF after CABG in arecently published study (58).

We feel that, at the moment, an analysis of preoperative standard 12-
lead ECG has no clinical value in risk stratification of postoperative AF
after CABG.

Heart rate variability

Two studies have evaluated heart rate variability (HRV) preceding onset
of AF after CABG. Dimmer et a. found that the low frequency/high
frequency (LF/HF) ratio was initidly significantly lower in their AF
group compared with the SR group and it was followed by a significant
increase compared with the initial values in AF patients. This study
showed that changes of autonomic tone rather than autonomic tone itself
were important indicators before AF onset (65). Hogue et al. observed
either lower or higher measures of HRV before AF after CABG, afinding
consistent with divergent autonomic conditions before AF onset. They
thought that in some patients heightened sympathetic tone is present
before AF but in others, either higher vagal tone or dysfunctional
autonomic heart rate control is present before AF onset (66). In order to
find those patients at high risk of AF after CABG, postoperative
assessment of HRV is not feasible. It shows the risk of AF just prior to
its onset, when any prophylactic actions would be too late and,
furthermore, it requires so many resources, that it is practically impossible
to apply clinically.

Two studies evaluated preoperatively therisk of postoperative AF after
CABG with HRV. Frost et a. anadysed HRV of a 24-h preoperative
Holter monitoring performed in 102 CABG patients (67). They calculated
the percentage of successive RR interval differences >6% (vagal index)
and found it significantly lower in patients developing AF while the
overal HRV was the same between AF and SR groups. They concluded
that isolated reduction in the basic vagal modulation causes an autonomic
imbalance in patients prone to develop AF after CABG. Jideus et al. did
not find any difference in preoperative time and frequency domain
variables between the patients who went into AF and those who remained
in SR (68). However, they found that a diminished circadian variation in
HRV before surgery indicated propensity for AF. The above-mentioned
studies were based on the 24-h monitoring of HRV. Long-term measures
of HRV represent responses of cardiac autonomic regulation to
challenges of daily life and a limitation to interpreting these findings is
that these challenges are not controlled, the recordings are not stationary
and the recording conditions cannot be standardized. These standardiza-
tion problems could be solved by using an assessment of short-term HRV.
In addition, in the risk assessment of post-CABG, AF long-term HRV
measurement requires additional resources and, therefore, it is not
clinicaly feasible.



We showed that a short-term preoperative analysis of HRV under
standardized physiological conditions couldn’t reliably identify patients
at high risk of AF after CABG (69). Heart rate, standard deviation of
normal-to-normal RR interval (SDNN) or square root of the mean
squared differences of adjacent RR intervals (RMSSD) did not differ
significantly between AF and SR groups when tested either with
spontaneous or controlled breathing. None of the spectra analysis
measures (total power, very low frequency power, low frequency (LF)
power, and high frequency (HF) power) differed significantly either. In
both groups, heart rate increased and SDNN decreased after tilting
towards the upright position, but there was no statistical difference
between the groups. In power spectral anaysis, total power and all of its
components decreased after tilting up both in AF and SR groups but there
was no statistical difference between the groups. There was no statistical
difference between the groups in LF/HF ratio in any of the differing
conditions.

These current data suggest that preoperative HRV analysis has not any
valuein risk stratification of postoperative AF after CABG.

INTRAOPERATIVE SCREENING TESTS

Intraoperative testing to determine the loca refractory
period of aparticular sitein the atrium is not technically
feasible (70). The value of intraoperative induction of
AF has been studied in 50 patients who underwent
CABG (71). The intraoperative induction of AF with
aternating current had a sensitivity of 94% and a
specificity of 41% for the occurrence of postoperative
atrial arrhythmias. The negative and positive predictive
values of the test were 93 and 47%, respectively.

We developed a new intraoperative high-rate atria
pacing to identify patients at risk of AF after CABG
(72). After cannulation but before initiation of CPB, two
pacing wires were placed on the lateral surface of the
right atrium. Theright atrium was paced with the rate of
200 beats per min for 10s. If that did not induce AF,
high-rate pacing was repeated with the rate of 250 and
300 beats per min. The high-rate atrial pacing test was
performed in 80 patients undergoing CABG. High-rate
atrial pacing induced AF in 27 patients (33.7%). Of the
28 patients who experienced AF during the post-
operative period, 17 patients were inducible in the atrial
pacing test (sensitivity 61%). Of the 52 patients who did
not develop AF postoperatively, 42 patients were not
inducible in the atrial pacing test (specificity 81%).
Positive and negative predictive accuracy of the test
were 63 and 79%, respectively.

In our experience, high-rate atrial pacing during
CABG isasafe, simple and fast method with reasonable
accuracy to predict postoperative AF. Further experi-
ence is, however, warranted to verify usefulness and
cost-effectiveness of this method in targeting measures
to prevent postoperative AF in contemporary CABG
surgery.

CONCLUSIONS

Postoperative use of f-blockers significantly reduces
the incidence of postoperative AF after CABG. How-
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ever, identification of the patients at high risk of
postoperative AF and to whom other prophylactic
measures (amiodarone, atrial pacing) to prevent AF
could be targeted, remains a challenge for modern heart
surgery.

Severd factors, most often advanced age and history
of AF, have been reported to be independent predictors
of AF. However, the positive predictive vaue or
usefulness of those conventional predictors of post-
operative AF in clinical practice has been low. Even
attempts to build logistic regression models based on
the pre- and intraoperative variables have failed to
provide powerful predictors for postoperative AF after
CABG.

Recently, new predictors based on new technology to
analyse ECG or measure HRV have been searched for.
Of those, the prolongation of P-wave duration in signal-
averaged ECG looks promising. It reflects intra-atria
conduction abnormalities and thus, could predict a risk
of postoperative AF. Sensitivity and negative predictive
value are high, but specificity and positive predictive
value remain quite low, which limits its usefulness in
clinical practise. On the other hand, even detailed
analysis of standard 12-lead ECG has failed to provide
useful information for risk stratification. Similarly,
preoperative measurement of short-term HRV has
failed to identify patients at risk of postoperative AF
after CABG, dthough changes in HRV have been
documented shortly before postoperative AF.

A new method to identify the patients at high risk of
postoperative AF has been developed in our centre. The
diagnostic accuracy of high-rate atrial pacing during
operation seems to be sufficient to identify a group of
patients to whom prophylactic treatment could be
proactively targeted. Further experience is, however,
warranted to verify significance of this method in
everyday clinical practice.

REFERENCES

1. Fuller JA, Adams GC, Buxton B. Atrial fibrillation after coronary artery bypass
grafting. Isit disorders of the elderly? J Thorac Cardiovasc Surg 1989; 97: 821—
825.

. Leitch JW, Thomson D, Baird DK, Harris PJ. The importance of age as a

predictor of atrial fibrillation and flutter after coronary artery bypass grafting. J

Thorac Cardiovasc Surg 1990; 100: 338-342.

Hashimoto K, llstrup DM, Schaff HV. Influence of clinical and hemodynamic

variables on risk of supraventricular tachycardia after coronary artery bypass. J

Thorac Cardiovasc Surg 1991; 101: 56-65.

4. Creswell LL, Schuessler RB, Rosenbloom M, Cox JL. Hazards of postoperative

atrial arrhythmias. Ann Thorac Surg 1993; 56: 539-549.

Mathew JP, Parks R, Savino JS, et a. Atrial fibrillation following coronary

artery bypass graft surgery. Predictors, outcomes and resource utilization.
JAMA 1996; 276: 300-306.
6. Aranki SF, Shaw DP, Adams DH, et a. Predictors of atrial fibrillation after
coronary artery surgery. Circulation 1996; 94: 390-397.

7. Almassi GH, Schowalter T, Nicolosi AC, et al. Atrial fibrillation after cardiac
surgery. A major morbid event? Ann Surg 1997; 226: 501-513.

8. Svedjeholm R, Hakanson E. Predictors of atria fibrillation in patients

N

w

o

Scand Cardiovasc J 37



314 T. Hakala and A. Hedman

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

undergoing surgery for ischemic heart disease. Scand Cardiovasc J 2000; 34:
516-521.

Zaman AG, Archbold A, Helft G, Paul EA, Curzen NP, Mills PG. Atria
fibrillation after coronary artery bypass surgery. A model for preoperative risk
stratification. Circulation 2000; 101: 1403-1408.

Mahoney EM, Thompson TD, Veledar E, Williams J, Weintraub WC. Cost-
effectiveness of targeting patients undergoing cardiac surgery for therapy with
intravenous amiodarone to prevent atrial fibrillation. J Am Coll Cardiol 2002;
40: 737-745.

Majahalme S, Kim MH, Bruckman D, Tarkka M, Eagle KA. Atrial fibrillation
after coronary surgery: Comparison between different health care systems. Int J
Cardiol 2002; 82: 209-218.

Creswell LL, Damiano RJ. Postoperative atria fibrillation: An old problem
crying for new solutions. J Thorac Cardiovasc Surg 2001; 21: 638-641.
Borzak S, Tisdale JE, Amin NB, et a. Atrid fibrillation after bypass surgery:
Does the arrhythmia or the characteristics of the patients prolong hospital stay?
Chest 1998; 113: 1489-1491.

Taylor GJ, Malik SA, Colliver JA, et a. Usefulness of atria fibrillation as a
predictor of stroke after isolated coronary artery bypass grafting. Am J Cardiol
1987; 60: 905-907.

Andrews TC, Reimond SC, Berlin JA, Antman EM. Prevention of supraven-
tricular arrhythmias after coronary artery bypass surgery. A meta-analysis of
randomized trias. Circulation 1991; 84(I11): 236-244.

Daoud EG, Strickberger SA, Ching Man K, et a. Preoperative amiodarone as
prophylaxis against atria fibrillation after heart surgery. N Engl J Med 1997
337: 1785-1791.

Guarnieri T, Nolan S, Gottlieb SO, Dudek A, Lowry DR. Intravenous
amiodarone for the prevention of atria fibrillation after open heart surgery:
The Amiodarone Reduction in Coronary Heart (ARCH) trial. JAm Coll Cardiol
1999; 34: 343-347.

Blommaert D, Gonzales M, Mucumbitsi J, et al. Effective prevention of atrial
fibrillation by continuous atrial overdrive pacing after coronary artery bypass
surgery. JAm Coll Cardiol 2000; 35: 1411-1415.

Fan K, Lee KL, Chiu CSW, et a. Effects of biatrial pacing in prevention of
postoperative atria fibrillation after coronary artery bypass surgery. Circulation
2000; 102: 755-760.

Lie JT, Hammond PI. Pathology of the senescent heart: Anatomic observations
on 237 autopsy studies of patients of 90 to 105 years old. Mayo Clin Proc 1988;
63: 552-564.

Kitzman DW, Edwards WD. Age related changes in the anatomy of the normal
human heart. J Gerontol 1990; 45: M33-M39.

Pehkonen E, Honkonen E, Makynen P, Tarkka M. Stenosis of the right coronary
artery and retrograde cardioplegia predispose patients to atrial fibrillation after
coronary artery bypass grafting. Thorac Cardiovasc Surg 1998; 46: 115-120.
De Jong MJ, Morton PG. Predictors of atrial dysrhythmias for patients
undergoing coronary artery bypass grafting. Am J Crit Care 2000; 9: 388-396.
Mendes LA, Connelly GP, McKenney PA, et al. Right coronary artery stenosis:
An independent predictor of atrial fibrillation after coronary artery bypass
surgery. J Am Coll Cardiol 1995; 25: 198-202.

Kolvekar S, D'Souza A, Akhatar P, Reek C, Garrat C, Spyt T. Role of atrial
ischaemiain development of atrial fibrillation following coronary artery bypass
surgery. Eur J Cardiothorac Surg 1997; 11: 70-75.

Al-Shanafey S, DoddsL, Langille D, Ali I, Henteleff H, Dobson R. Nodal vessel
disease as a risk factor for atrial fibrillation after coronary artery bypass graft
surgery. Eur J Cardiothorac Surg 2001; 19: 821-826.

Ad N, Snir E, Vidne BA, Golomb E. Potential preoperative markers for the risk
of developing atria fibrillation after cardiac surgery. Semin Thorac Cardiovasc
Surg 1999; 11: 308-313.

White HD, Antman EM, Glynn MA, et al. Efficacy and safety of timolol for
prevention of supraventricular tachyarrhythmias after coronary artery bypass
surgery. Circulation 1984; 70: 749-784.

Kaman JM, Munawar M, Howes LG, et al. Atrid fibrillation after coronary
artery bypass grafting is associated with sympathetic activation. Ann Thorac
Surg 1995; 60: 1709-1715.

Ducceschi V, Dandrea A, Liccardo B, et a. Perioperative clinical predictors of
atrial fibrillation occurrence following coronary artery surgery. Eur J
Cardiothorac Surg 1999; 16: 435-439.

Jideus L, Blomstrom P, Nilsson L, Stridsberg M, Hansell P, Blomstrom-
Lundqvist C. Tachyarrhythmias and triggering factor for atrial fibrillation after
coronary artery bypass operations. Ann Thorac Surg 2000; 69: 1064—1069.
Hakala T, Hedman A, Turpeinen A, Kettunen R, Vuolteenaho O, Hippelainen
M. Prediction of atrial fibrillation after coronary artery bypass grafting by

Scand Cardiovasc J 37

33.

35.

36.

37.

38.

39.

41.

42.

47.

49.

50.

51.

52.

53.

55,

measuring atrial peptide levels and perioperative atrial dimensions. Eur J
Cardiothorac Surg 2002; 22: 939-943.

HakalaT, Pitkéanen O, Hippeldinen M. Feasibility of predicting therisk of atrial
fibrillation after coronary artery bypass surgery with logistic regression model.
Scand J Surg 2002; 91: 339-344.

Caretta Q, Mercanti CA, De Nardo D, et a. Ventricular conduction defects and
atrial fibrillation after coronary artery bypass grafting. Multivariate analysis of
preoperative, intraoperative and postoperative variables. Eur Heart J 1991; 12:
1107-1111.

Butler J, Chong JL, Rocker GM, Pillai R, Westaby S. Atrial fibrillation after
coronary artery bypass grafting: A comparison of cardioplegia versus
intermittent aortic cross-clamping. Eur J Cardiothorac Surg 1993; 7: 23-25.
Pehkonen EJ, Reinikainen PM, Katgja MJ, Tarkka MR. Rhythm disturbances
after blood and crystalloid cardioplegia in coronary artery bypass grafting.
Scand J Thorac Cardiovasc Surg 1995; 29: 23-28.

The warm heart investigators. Randomized trial of normothermic versus
hypothermic coronary bypass surgery. Lancet 1994; 343: 559-563.

Jideus L, Blomstrom P, Nilsson L, Stridsberg M, Hansell P, Blomstrom-
Lundgvist C. Tachyarrhythmias and triggering factor for atrial fibrillation after
coronary artery bypass operations. Ann Thorac Surg 2000; 69: 1064—1069.
Tchervenkov Cl, Wynands JE, Symes JF, Malcolm 1D, Dobell AR, Morin JE.
Persistent atrial activity during cardioplegic arrest: A possible factor in the
etiology of postoperative supraventricular tachyarrhythmias. Ann Thorac Surg
1983; 36: 437-443.

Creswell LL, Damiano RJ. Postoperative atria fibrillation: An old problem
crying for new solutions. J Thorac Cardiovasc Surg 2001; 21: 638-641.
Ascione R, Caputo M, Cdlori G, Lloyd CT, Underwood MJ, Angelini GD.
Predictors of atria fibrillation after conventional and beating heart coronary
surgery. Circulation 2000; 102: 1530-1535.

Buffolo E, de Andrade JCS, Branco JNR, Teles CA, Aguiar LF, Gomes WJ.
Coronary artery bypass grafting without cardiopulmonary bypass. Ann Thorac
Surg 1996; 61: 63-66.

Allen KB, Matheny RG, Robison RJ, Heimansohn DA, Shaar CJ. Minimally
invasive versus conventiona reoperative coronary artery bypass. Ann Thorac
Surg 1997; 64: 616-622.

Subramanian VA, McCabe JC, Geller CM. Minimally invasive direct coronary
artery bypass grafting: Two year clinical experience. Ann Thorac Surg 1997;
64: 1648-1655.

Cohn WE, Sirois CA, Johnson RG. Atrial fibrillation after minimally invasive
coronary artery bypass grafting: A retrospective, matched study. J Thorac
Cardiovasc Surg 1999; 117: 298-301.

Siebert J, Rogowski J, Jagielak D, Anisimowich L, Lango R, Narkiewich M.
Atrial fibrillation after coronary artery bypass grafting without cardiopulmonary
bypass. Eur J Cardiothorac Surg 2000; 17: 520-523.

Siebert J, Anisimowich L, Lango R, et al. Atrial fibrillation after coronary artery
bypass grafting: Does the type of procedure influence the early postoperative
incidence? Eur J Cardiothorac Surg 2001; 19: 455-459.

Saatvedt K, Fiane AE, Sellevold O, Nordstrand K. Is atrial fibrillation caused by
extracorpored circulation. Ann Thorac Surg 1999; 68: 931-933.

Abrey JE, Reilly J, Salzano RP, Khachane VB, Jekel JF, Clyne CA. Comparison
of frequencies of atrial fibrillation after coronary artery bypass grafting with and
without the use of cardiopulmonary bypass. Am J Cardiol 1999; 83: 775-776.
Mueller XM, Tevaearai HT, Ruchat P, Stumpe F, von Segesser LK. Did the
introduction of a minimally invasive technique change the incidence of atrial
fibrillation after single internal thoracic artery-left anterior descending artery
grafting? J Thorac Cardiovasc Surg 2001; 121: 683-688.

Tamis-Holland JE, Homel P, Durani M, et al. Atrial fibrillation after minimally
invasive direct coronary artery bypass surgery. J Am Coll Cardiol 2000; 36:
1884-1888.

Frost L, Jacobsen CJ, Christiansen EH, et al. Hemodynamic predictors of atrial
fibrillation of flutter after coronary artery bypass grafting. Acta Anaesthesiol
Scand 1995; 39: 690-697.

Steinberg JS, Zelenkofske S, Wong SC, Gelernt M, Sciacca R, Mench E. Value
of the P-wave signal-averaged ECG for predicting atrial fibrillation after cardiac
surgery. Circulation 1993; 88: 2618-2622.

Klein M, Evans SIL, Blumberg S, Cataldo L, Bodenheimer MM. Use of P-
wave-triggered, P-wave signal-averaged electrocardiogram to predict atrial
fibrillation after coronary artery bypass surgery. Am Heart J 1995; 129: 895—
901.

. Zaman AG, Alamgir F, Richens T, Williams R, Rothman MT, Mills PG. The

role of signa averaged P-wave duration and serum magnesium as a combined
predictor of atrial fibrillation after elective coronary artery bypass surgery.
Heart 1997; 77: 527-531.



56.

57.

58.

59.

60.

61.

62.

63.

Stafford PJ, Kolvekar S, Cooper J, et a. Signal averaged P-wave compared with
standard electrocardiography or echocardiography for prediction of atrial
fibrillation after coronary bypass grafting. Heart 1997; 77: 417-422.

Aytemir K, Aksoyek S, Ozer N, Aslamaci S, Oto A. Atrid fibrillation after
coronary artery bypass surgery: P-wave signal averaged ECG, clinical and
angiographic variables in risk assessment. Int J Cardiol 1999; 69: 49-56.
Caravelli P, De Carlo M, Musumeci G, et al. P-wave signal-averaged electro-
cardiogram predicts atrial fibrillation after coronary artery bypass grafting. Ann
Noninvasive Electrocardiol 2002; 7: 198-203.

Hutchinson LA, Steinberg JS. A prospective study of atria fibrillation after
cardiac surgery: Multivariate risk analysis using P wave signal-averaged ECG
and clinical variables. Ann Noninvasive Electrocardiol 1996; 1: 133.

Buxton AE, Josephson ME. The role of P-wave duration as a predictor of
postoperative atrial arrhythmias. Chest 1981; 80: 68-73.

Chang CM, Lee SH, Lu MJ, et d. The role of P-wave in prediction of atrial
fibrillation after coronary artery surgery. Int J Cardiol 1999; 68: 303-308.
Dimmer C, Jordaens L, Gjorgov N, et a. Analysis of the P-wave with signal
averaging to assessrisk of atria fibrillation after coronary artery bypass surgery.
Cardiology 1998; 89: 19-24.

Passman R, Beshai J, Pavri B, Kimmel S. Predicting post-coronary bypass
surgery atria arrhythmias from the preoperative electrocardiogram. Am Heart J
2001; 142: 806-810.

Tsikouris JP, Kluger J, Song J, White M. Changes in P-wave dispersion and P-
wave duration after open heart surgery are associated with the peak incidence of
atrial fibrillation. Heart Lung 2001; 30: 466-471.

65.

66.

67.

68.

69.

70.

71.

72.

Predicting the risk of AF 315

Dimmer C, Tavernier, Gjorgov N, Tavarnier R, Van Nooten G, Clement DL,
Jordaens L. Variations of autonomic tone preceding onset of atrial fibrillation
after coronary artery bypass grafting. Am J Cardiol 1998; 82: 22-25.

Hogue CW, Jr, Domitrovich PP, Stein PK, et a. RR interval dynamics before
atrial fibrillation in patients after coronary artery bypass graft surgery.
Circulation 1998; 98: 429-434.

Frost L, Molgaard H, Christiansen EH, Jacobsen CJ, Allermand H, Thomsen
PEB. Low vaga tone and supraventricular ectopic activity predict atria
fibrillation and flutter after coronary artery bypass grafting. Eur Heart J 1995;
16: 825-831.

Jideus L, Ericson M, Stridsberg M, Nilson L, Blomstrom P, Blomstrom-
Lundgvist C. Diminished circadian variation in heart rate variability before
surgery in patients developing postoperative atria fibrillation. Scand Cardio-
vasc J 2001; 35: 238-244.

Hakala T, Vanninen E, Hedman A, Hippeldinen M. Analysis of heart rate
variability does not identify the patients at risk for atria fibrillation after
coronary artery bypass grafting. Scand Cardiovasc J 2002; 36(3): 167-171.
Cox JL. A perspective on postoperative atrial fibrillation in cardiac operations.
Ann Thorac Surg 1993; 56: 405-409.

Lowe JE, Hendry PJ, Hendrickson SC, Wells R. Intraoperative identification of
cardiac patients at risk to develop postoperative atria fibrillation. Ann Surg
1991; 213: 388-391.

Hakala T, Berg E, Hartikainen JEK, Hippeldinen MJ. Intraoperative high-rate
atrial pacing test as a predictor of atrial fibrillation after coronary artery bypass
surgery. Ann Thorac Surg 2002; 74: 2072-2075.

Scand Cardiovasc J 37



