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Abstract

Objective: Atrial fibrillation is the most common complication after heart surgery. It rarely has a fatal outcome but causes patient
instability, prolongs hospital stay, or even is the reason for perioperative infarction. Although conventional coronary artery bypass grafting
(CABG) with cardiopulmonary bypass has excellent short-term and long-term results, the number of coronary operations on a beating heart
without cardiopulmonary bypass is still growing. To reduce surgical trauma, off-pump coronary artery bypass grafting via sternotomy
(OPCABG) or minimally invasive direct vision coronary artery bypass grafting (MIDCABG) via small thoracotomy are performed. The aim
of this study was to estimate the frequency of atrial fibrillation in patients after myocardial revascularization without cardiopulmonary
bypass. Methods: A retrospective analysis of 48 patients undergoing myocardial revascularization without cardiopulmonary bypass was
performed. Twenty-four patients underwent OPCABG and 24 were operated using the MIDCABG technique. The incidence of cardiac
arrhythmias was analyzed since operation to the fourth postoperative day. Each patient had continuous ECG monitoring with option of
arrhythmia analysis during ICU stay. After discharge from ICU 24-h ECG monitor studies were carried out. Surface 12-lead ECG was
accomplished once a day, and additionally each time symptoms of cardiac arrhythmia occurred. Risk factors of atrial fibrillation were
estimated. Results: Atrial fibrillation occurred in 25% of patients after MIDCABG, in 29% after OPCABG, and in 18% after CABG with
cardiopulmonary bypass. This difference has no statistical significance. Risk factors and incidence of postoperative complications were
comparable in all groups. Conclusions: Atrial fibrillation is a common complication after procedures of myocardial revascularization,
performed with or without cardiopulmonary bypass. The occurrence is not dependent on the type of operation. © 2000 Elsevier Science B.V.
All rights reserved.
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1. Introduction

Atrial fibrillation (AF) is the most common complication
after heart surgery. It is observed after coronary artery
bypass grafting (CABG) (occurrence rate 17-33%) and
after valve surgery (occurrence rate 38—64%). Rarely does
it cause death, but it may lead to instability of the patient,
prolongs the recovery period, and sometimes can be consid-
ered as the reason for perioperative heart infarction.

In the majority of papers analyzing results in coronary
surgery, AF is being shown as the major complication of
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cardiopulmonary bypass [2,3]. However, all the mechan-
isms of supraventricular rhythm disturbances are not
precisely known; there are certain conditions provoking
AF [1-5]. Cardiopulmonary bypass (CPB) and cardioplegia,
being the standard techniques applied in the majority of
CABG operations, can produce some number of complica-
tions. Less-invasive techniques, which are being introduced
presently in clinical practice, are connected with the reduc-
tion of surgical trauma, elimination of cardiopulmonary
bypass, and shorter in-hospital and rehabilitation period.
This leads to the possibility of liberal qualification criteria
for heart operations, giving a chance to more high-risk
patients — those of advanced age, with low left ventricular
ejection fraction, diseases of kidneys, central nervous
system and lungs, and peripheral vascular problems [6—
20]. The less-invasive CABG procedures, on the beating
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Table 1

Clinical data of 87 patients with coronary artery disease, admitted for
CABG with (MIDCABG and OPCABG), or without (CABG) cardiopul-
monary bypass

MIDCABG OPCABG CABG

Number of patients 24 24 39
Male 18 15 29
Female 6 9 10
Age (years) 59.1 =105 589 * 8.6 60 = 7.8
Height (m) 1.70 = 0.08 1.67 = 0.08 1.7 = 0.07
Weight (kg) 770 £ 134 779 =114 804 =129
Body mass index (kg/m?)  26.7 * 4.2 28.1 =42 28.8 = 3.16
Unstable coronary disease 10 11 15
Stable coronary disease 14 13 24
Myocardial infarction 12 16 24
history
Arterial hypertension 13 15 24
Insulin-dependent diabetes 1 5 6
Preoperative paroxysmal 3 4 2
atrial fibrillation
Other preoperative heart- 2 0 0
rhythm abnormalities
Left ventricular ejection 58.7 £ 14 59.4 = 14.5 57 £ 12

fraction

heart without cardiopulmonary bypass, can be performed by
the standard sternotomy approach (off-pump coronary
artery bypass grafting — OPCABG), or by a small antero-
lateral IV-V left intercostal space thoracotomy approach
(minimally invasive direct vision coronary artery bypass
grafting — MIDCABG). Rapid development of surgical
instrumentation, especially of various stabilizing devices,
has allowed wider application of such procedures in patients
with multivascular lesions [7,9-11]. The immobilization
technique is of special importance, influencing the quality
of anastomosis and reducing the early graft occlusion rate
[18]. Good results and the low cost of less-invasive opera-
tions has resulted in the progressive growth of such proce-
dures. The problem of heart rhythm disturbances in patients
after less-invasive, beating-heart CABG procedures appears
infrequently in the literature.

The aim of this study was to evaluate the occurrence of
AF in patients after CABG operations without cardiopul-
monary bypass.

2. Subjects and methods

In the period between October and December 1998, 48
patients with coronary disease were operated on without
CPB, using either OPCABG or MIDCABG techniques,
and 39 patients underwent standard CABG using CPB. Clin-
ical data are shown in Table 1. Some of the AF risk factors,
known from the literature, were found in the analyzed
groups.

The frequency of AF occurrence was analyzed, from
operation time to the fourth postoperative day. It was esti-
mated using a continuous monitoring ECG system (Hewlett

Packard, USA) with the possibility of rhythm disturbances
analysis during the patients’ stay in the ICU. Then, during
first 24 h after leaving the ICU, each patient was monitored
using the Space Lab system (Space Lab, USA).

A 12-lead ECG recording was executed once a day, and
in each case of clinical symptoms of rhythm disturbances.
The analysis took into account every incident of AF lasting
at least 15 min, or requiring medical treatment because of
the patient’s instability. AF occurrence and its risk factors,
known from the literature, were observed during the pre-
and perioperative periods. The influence of AF occurrence
on the length of stay in the ICU was also analyzed.

A Mann—Whitney test was used for statistical analysis of
values expressed in interval scale along with Fisher’s exact
test for nominal data. The continuous variables were
presented as mean * standard deviation.

3. Results

In the group of 87 analyzed patients, 48 were operated
without CPB, 24 using OPCABG, and 24 using MIDCABG.
In 39 patients a standard CABG operation with CBP was
performed. The incidence of AF in two groups operated on
without CPB is shown in Table 2.

The data in Table 3 show a higher incidence of postopera-
tive AF after OPCABG and MIDCABG operations without
CPB (13 out of 48) than after CABG with CBP (7 out of 39).
This difference was not statistically significant. The odds
ratio was 1.7 with 95% confidence interval (0.6-4.8).

The average duration of ICU stay was higher in patients
with postoperative AF (2.1 = 0.9 days) when compared
with those without AF (1.7 = 0.9 days). This difference
was not statistically significant. The data are shown in
Table 4.

Perioperative complications, presented in Table 5, are not
equally distributed among the groups. OPCABG is
connected with only one complication — a transient pneu-
mothorax. Standard CABG with CPB had the largest
number of perioperative complications, but the groups are
too small to draw general conclusions.

No shifts in the level of blood electrolytes were found in
patients either without or with AF. All patients were treated
with B-blocking agents before intervention, and the treat-
ment was continued immediately after operation. The aver-

Table 2
Atrial fibrillation in 48 patients after CABG procedures, performed without
cardiopulmonary bypass

OPCABG MIDCABG
(n=24) (n=24)
Atrial fibrillation in 7 6 P =0.50"
the perioperative
period

 Fisher’s exact test; the difference of mean values is statistically signifi-
cant when P < 0.05.
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Table 3
Atrial fibrillation in 87 patients after CABG procedures, performed with or
without cardiopulmonary bypass (CPB)

OPCABG + CABG with
MIDCABG CPB (n = 39)
(n=48)
Atrial fibrillation in 13 7 P = 0.44*
the perioperative
period

“ Fisher’s exact test; the difference of mean values is statistically signifi-
cant when P < 0.05.

age postoperative ICU stay, calculated for MIDCABG
patients, was longer than in the OPCABG group, due to
one case requiring long ICU treatment.

4. Discussion

Recent developments in cardiac surgery and coronary
surgery have not resulted in a decrease of AF occurrence
in the postoperative period. Modern surgical techniques,
perioperative heart protection methods and intensive care
have enabled surgeons to operate on more patients in
considerably more advanced disease and age. This tendency
can increase the risk of postoperative complications.
Continuous monitoring in ICU departments has also
contributed to more frequent diagnosis of AF, which
appears to be the most frequent postoperative complication.
In spite of the fact that it seldom has serious consequences,
AF deserves special attention, because of its common occur-
rence [2-4].

The average incidence rate of AF in all populations
according to the Framingham study is 1.7%. To a large
degree it is age-dependent, attaining a level from 2 to 4%
among people over 70 years old. In the population of
patients with ischemic heart disease, the incidence reaches
the level of 4.8% among women and 6.2% among men,
depending on the severity of disease.

The range of the postoperative AF incidence-rate, quoted
in the literature, is wide ranging, i.e. from 5% to over 40%.
Results of different investigations can depend on the applied

Table 4
Influence of postoperative atrial fibrillation (AF) on ICU-stay duration
(days) in 87 patients (all coronary procedures are included)

Procedure No postoperative Postoperative
AF AF
CABG + 1.70 £ 0.9 21+12 P=0.16"
OPCABG +
MIDCABG

*Mann-Whitney test. The difference of mean values is statistically
significant when P < 0.05.

monitoring methods. Continuous ECG monitoring showed
AF in 41.3% of patients. Usage of other monitoring methods
lowered the registered number of incidents to about 19.9%
[3].

In our investigations the incidence-rate of AF was 25%
for MIDCABG and 29% for OPCABG patients. Due to the
small population investigated, this difference is not statisti-
cally significant, and univocal conclusions are impossible.
However, our investigation suggests that less-invasive
procedures, carried out without the cardiopulmonary
bypass, do not cause diminution of AF after operation, in
comparison with ‘classical’ CABG procedures. This fact
may create a need for re-analysis of such factors as inade-
quate myocardial protection or hypothermia during cardio-
pulmonary bypass, in evaluating the pathogenesis of
postoperative AF. Rhythm disturbances can depend on elec-
trolyte shifts connected with revascularization, temporary
ischemia, perioperative trauma, epicardial inflammatory
reaction, transient postoperative increase of sympathetic
activity, ‘euthyroid sick syndrome’, or ingesting 3-blockers
before operation.

Most probably, AF risk factors are similar or even iden-
tical for types of operations both with or without cardiopul-
monary bypass. Advanced age as the risk factor of AF has
the best-documented evidence. Structural changes of the
myocardium seen in the elderly, such as progressive fibrosis
and hypertrophy of the myofibrils, are most probably very
important factors [1,3,5].

Other risk-factors can include arterial hypertension and
increased atrial volume. In our analysis of both groups, the
values of arterial pressure and dimensions of the left atrium
did not show any statistically significant differences. Prob-
ably, arterial hypertension in connection with ischemia and
perioperative damage can result, except for AF, in other
rhythm and conductibility disturbances after CABG [3].

The other independent risk factor is male sex. Reports on
this have appeared in the literature. The sex hormones’ role
is believed to be important. However, one should be careful
with such conclusions, since postoperative AF incidence
rate in male patients is only slightly higher [3,5].

The surgical methods applied in both OPCABG and
MIDCABG operations are connected with transient regio-
nal ischemia of the myocardium. Slight elevation of the
cardiac ischemia enzyme-markers in the perioperative
period may be the proof of inadequate myocardial perfu-
sion. Intracoronary shunt devices, used recently by some
surgeons in beating-heart surgery, can provide continuity
of the target-vessel blood flow during coronary graft
anastomosing [19,20]. Prospective studies could eventually
show the influence of this technique on the incidence of
postoperative AF.

Our data suggest that coronary artery grafting procedures
without CPB are connected with a higher incidence of post-
operative AF, and that the presence of this complication
extends the duration of ICU stay. This should be supported
by studies based on larger groups of patients.
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Table 5

Perioperative complications in 87 patients after CABG procedures, performed with and without cardiopulmonary bypass

Type of complication OPCABG MIDCABG CABG with CPB
(n=124) (n=124) (n=39)
Tamponade 0 0 1
Pneumothorax 1 0 3
Postoperative bleeding — reoperation 0 1 0
Subcutaneous emphysema 0 1 0
Hydrothorax 0 1 0
Temporary mental disorder 0 0 1
Delayed wound healing 0 1 1
Respiratory failure 0 0 1
Transient AV block 0 0 1
Postoperative myocardial infarction with 0 0 1

ventricular fibrillation

5. Conclusions

Atrial fibrillation is a common postoperative complica-
tion after procedures of myocardial revascularization,
performed with or without cardiopulmonary bypass.

Our study did not show any statistically significant differ-
ence in the occurrence of AF between groups of patients
after different types of CABG operation.
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Appendix A. Conference discussion

Dr J. Melo (Carnaxide, Portugal): Off-pump surgery didn’t solve the
problem of atrial fibrillation, but in most series, it has reduced the incidence
by half. Why do you keep the same incidence of atrial fibrillation? Is there a
relation with perioperative management?

Dr Anisimowicz: It is very hard to say. As an adjunct to this study, we
have already designed and are carrying out another, comparative, study. So
we are on the way to comparing consecutive pump operations and off-pump
operations, and this data will be published very soon. Our preliminary
findings show that in fact there is no reduction in our material in the off-
pump cases.
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