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Background: Post-operative atrial fibrillation (POAF) is the most common complication encountered after cardiac surgery.
Atrial fibrillation (AF) after cardiac surgery is associated with increased risk of complications, length of stay, and cost of
care. Observational evidence suggests that patients who have undergone previous statin therapy have a lower incidence of
postoperative AF. We tested this observation in a randomized, controlled trial.
Methods and Results: patients undergoing elective cardiac surgery, without previous statin treatment or history of AF, were
enrolled. Patients were randomized to atorvastatin (40 mg/d, n: 25) or placebo (n_±25) starting 7 days before operation. The
primary end point was incidence of postoperative AF; secondary end points were length of stay, major adverse cardiac and
cerebrovascular events, and postoperative C-reactive protein (CRP) variations. Atorvastatin significantly reduced the
incidence of AF versus placebo (36% versus 64%, P=0.048). Accordingly, length of stay was longer in the placebo versus
atorvastatin arm (7.5±1.5) versus (5.5±1.5) days, P=0.04). Peak CRP levels were lower in patients without AF (P=0.04).
Multivariable analysis showed that atorvastatin treatment conferred a 61% reduction in risk of AF, whereas high
postoperative CRP levels were associated with increased risk (P=0.04). The incidence of major adverse cardiac and
cerebrovascular events at 30 days was similar in the 2 arms.
Conclusions: Treatment with atorvastatin 40 mg/d, initiated 7 days before surgery, significantly reduces the incidence of
postoperative AF after elective cardiac surgery and shortens hospital stay. These results may influence pharmacological
therapy before cardiac surgery
Keywords: cardiology, trials, statins, atrial fibrillation.

1 Introduction
Atrial fibrillation (AF) is a common postoperative
complication after coronary artery bypass grafting (CABG),
with a prevalence of 30–45%.(1–4) because of impaired
atrial pump function and ventricular filling, AF following
CABG may decrease cardiac output, hence causing unstable
hemodynamics, prolonging the need for assisted ventilation
and inotropic support, significant morbidity, and increased
length of hospital stay and costs.(1,2)
Therefore, it becomes crucial for clinicians to prevent AF
following CABG. The causes and pathogenesis of AF
following CABG are multifactorial and may be related to
surgical technical factors and a multitude of clinical factors;
previous studies confirm that the inflammatory response
plays an important role in the development of AF following
CABG.(5,6) Statins, independent of their cholesterollowering property, are reported to reduce the risk of AF.
Recent clinical studies report that preoperative statin
treatment significantly decreases the incidence of AF
*

following CABG with cardiopulmonary bypass.(3-8).
Numerous mechanisms have been proposed to explain a
possible protective effect of statins in the prevention of
postoperative AF after cardiac surgery including antioxidant
effects, direct antiarrhythmic effects mediated through cell
membrane stabilization, protection of ischemic myocardium,
and anti-inflammatory effects (9-12). Although the precise
mechanisms by which statins may prevent AF have not yet
been identified, it is likely that the effects are multifactorial.

2 Material and Methods
Our study was a randomized, prospective trial performed at
kasr al-aini hospitals. A total of 50 consecutive patients
undergoing cardiac surgery with cardiopulmonary bypass
(CPB) from April 2012 to April 2013 were evaluated. All the
study population will be subjected to Personal history, risk
factors profile as:
Diabetes
mellitus
(DM),
Hypertension
(HTN),
Dyslipidemia, Current cigarette smoking, Drug abuse and
Alcohol intake, current medications administration of Betablockers (B blocker), Calcium channel blocker, Statins,
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Patients will be randomized independent of their admission
lipid levels and All patients will be divided into two groups,
Group A: those who will receive atorvastatin 40mg daily one
week before surgery and continued post operatively and
group B : those who will not receive statins.

2.1

Fig. 1: Pathogenesis of atrial fibrillation.

Fig. 2: Comparison between treatment and placebo group as
regard AF occurrence.
Aspirin (acetyl salicylic acid), Fibrate, Clopidogrel,
Angiotensin converting enzyme inhibitors (ACEIs),
Angiotensin receptor blockers (ARBs) and Family history of
Premature coronary artery disease and sudden cardiac death.
The study population was subjected to Assessment of the
general condition and vital signs as Blood pressure, heart
rate, temperature and respiratory rate, general examination
and Local cardiac examination.
Laboratory investigations (CBC-renal functions, liver
functions, serum electrolytes, lipid profile, post operative
troponin and CRP level pre and post operative) were done to
the study population
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Surgical techniques
management

and

operative

All operations were performed by experienced cardiac
surgeons using standard techniques; type of surgery and
procedural strategies were applied according to the
surgeon’s discretion. Induction and maintenance of
anesthesia were similar for all patients and consisted of
weight-related doses of fentanyl, midazolam, and
pancuronium bromide. All operations were performed
through exposure of the heart with a median sternotomy
incision. CPB was performed in a standard fashion with the
use of a hollow-fiber oxygenator and a roller pump, with
ascending aortic cannulation added to right atrium
cannulation in patients undergoing bypass grafting. During
CPB, hematocrite was maintained between 20% and 25%,
and pump flows were kept between 2.0 and 2.5 L · min −1 ·
m−2 to maintain mean arterial pressure between 50 and 70
mm Hg. All patients were cooled to moderate hypothermia
(mean 32°C), and cardioplegic arrest was achieved with cold
blood cardioplegia (4°C) infused into the ascending aorta.
No patient received retrograde cardioplegia. Heparin was
given at a dose of 300 IU/kg to obtain an activated clotting
time >400 seconds; on completion of anastomoses, heparin
effects were reversed by intravenous protamine sulfate (1
mg/300 IU of heparin) to achieve an activated clotting time
similar to preoperative values. All anastomoses were sutured
by hand. Postoperative nonhemic volume expanders were
routinely used. (70)A standardized protocol for early
postoperative care was followed in the intensive care unit.
Patients were extubated when the Tobin index [respiratory
rate (spontaneous)/tidal volume (L)] was <105, PaO 2 was
>60 mm Hg with FIO2 <0.4, continuous positive airway
pressure <5 mbar, PaCO2 <50 mm Hg, and arterial pH >7.35.
Perioperative need for blood products was determined on an
individual, patient-by-patient basis; in general, blood
transfusions were given when hemoglobin was <9 g/dL.
Inotropic agents were used perioperatively in patients with a
cardiac index <2.2 L · min−1 · m−2, the target for cardiac
index being 2.5 to 3.0 L · min−1 · m−2. Non steroidal anti
inflammatory drugs, β-blockers, calcium antagonists, and/or
angiotensin converting enzyme inhibitors were given after
surgery when clinically indicated. All patients receiving
bypass grafting were treated with aspirin (162mg 24hours
after surgery daily dose) and with intravenous nitroglycerin
infusion for the first 24 hours, unless contraindicated. From
the intensive care unit, patients were transferred to a
monitored unit, where 3-lead telemetric monitoring was
performed continuously for at least 2 days after the
operation; in addition, patients had a 12-lead ECG daily until
hospital discharge. The ECG data were reviewed on a daily
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basis. Fluid intake and output were monitored hourly
throughout the ICU stay.(70)

use of pacing and other post-operative data were investigated
and showed no significant modification was detected

All patients continued the assigned treatment preoperatively
(atorvastatin 40 mg/d or no statins) from the day after
surgery until discharge. Open-label atorvastatin (40 mg/d)
was given to all patients on discharge and prescribed
indefinitely.

As regards to the effect of the drugs which may affect the
incidence of post-operative AF in both groups, it was nil,
because there was no significant difference between the two
groups as regard receiving beta blockers, calcium channel
blockers , digoxin , amiodarone , ACE inhibitors.

All patients who had in-hospital atrial fibrillation were
treated according to protocol with intravenous amiodarone
(bolus 5 mg/kg followed by infusion 15 mg · kg−1 · 24 h−1)
and were discharged with instructions to undergo oral
amiodarone therapy for at least 30 days. Patients were
scheduled for weekly visits in our outpatient clinic for the
first month, where 12-lead ECGs were performed. Each
patient gave informed consent to participate in the study.(10)

Statistical analysis showed there was no significant
difference between the two groups in there lipid profile,
although unexpectedly there was a significant decrease in
LDL post operatively in patients who did not receive
atorvastatin (p=0.001). In addition, this goes with that the
effect of atorvastatin in decreasing AF not related to its
affection on lipid profile but to its pleiotropic effect.

Postoperative AF was defined as any documented AF of >15
minutes in duration or AF episodes requiring intervention for
symptoms or hemodynamic compromise after CABG
surgery.
All deaths were regarded as cardiovascular deaths, unless
there was documented evidence of a clear noncardiovascular
cause. Postoperative stroke was defined as the development
of stroke (a new focal neurologic deficit of vascular origin
lasting >24 hours with confirmation by computed
tomography or magnetic resonance imaging scan) after the
surgery. The diagnosis of a perioperative myocardial
infarction was based on the presence of 2 of the following
criteria: new Q waves or disappearance of R waves in at least
2 contiguous leads on a postoperative ECG tracing; serum
MB isoenzyme of creatine kinase (CK-MB) activity >100
IU/L 12 to 48 hours after surgery; and new akineticdyskinetic segments on the echocardiogram. Persistent AF
was defined as documented AF confirmed by 12-lead ECG
found at the 1-month follow-up. (10)

3 Results
Demographic, clinical, and preoperative variables were
similar in the atorvastatin and placebo groups irrespective
of the presence of HTN, DM, COPD, PVD, smoking,
previous MI and stroke. Although there was a significant
difference in age between the two groups with older age in
the treatment group and unexpectedly in treatment group
with older age the incidence of AF was decreased
significantly (p =0 .018)
The echocardiography and angiographic characteristics
shows no significant difference between the two groups
however left atrium diameter was significantly larger in
those who received atorvastatin (p = 0.04)
Statistical analysis of post-operative laboratory investigation
in the form of electrolytes, hemoglobin and creatinine shows
no significant difference between the two groups.
The possibility of effect modification produced by technique
of operations, number of anastomosis, inotropic support and

Comparing the effect of beta blockers on the incidence of
atrial fibrillation between the patients receiving it in both
arms to the patients who don’t receive it, there was a
significant reduction in the incidence of atrial fibrillation in
favor to the patients receiving beta blockers (p <0.05)
Statistical analysis showed a significant reduction in atrial
fibrillation occurrence in the treatment group comparing
with non-treatment group demonstrated a significant clinical
benefit, with a 61% reduction in risk of postoperative atrial
fibrillation (p=0.048).
The duration of atrial fibrillation episodes were significantly
reduced in treatment group in comparison to non-treatment
group, similarly the ventricular response was less in
treatment group (p=0.045), (p= 0.046) respectively. These
results show clinical benefits in favor to the treatment.
In addition, we had found that Baseline preoperative CRP
levels were not different
(3.8±2.4mg/L in the statin group versus 4.3±1.5mg/L in the
placebo group, P_0.06), nor were peak CRP levels after the
operation (170±30 versus 165.5±45mg/L, P_0.07); CRP
levels were significantly lower in patients without versus
those with atrial fibrillation (P_0.04). Patients with atrial
fibrillation had the highest postoperative peak levels of CRP,
irrespective of the randomization assignment (atorvastatin
190±2 mg/L, placebo 187±5 mg/L).
The mean postoperative hospital stay was significantly lower
in the atorvastatin versus placebo arm (5.5±1.5versus
7.5±1.5days, P_0.04). Occurrence of major adverse cardiac
and cerebrovascular events was as follows: 5patients (2 in
the atorvastatin and 3in the placebo arm) died after the
operation;
Cause of death was ischemic stroke in two patients,
respiratory failure in 1, and multiorgan failure in 2 patients.
The incidence of postoperative myocardial infarction was
4% in patients in the atorvastatin arm (1/25) and 4% in those
randomized to placebo (1/25); all had troponin I elevation
_3.1 _g/L at 12 hours, without ST segment elevation on the
ECG or new wall-motion abnormalities on the
echocardiogram. No correlation was found between
© 2016 NSP
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Table 1: Comparison between treatment and placebo group as regard personal characteristics and risk factors
Treatment
N
Age group
<60 Yrs
=>60 Yrs
Age
Mean ±SD
Sex
Male
Female
BMI
Mean ±SD
DM
No
Yes
HTN
No
Yes
SMOKER
No
Yes
Previous MI
No
Yes
Previous stroke
No
Yes
PVD
No
Yes
COPD
No
Yes
Dyslipidemia
No
Yes
CAD
Stable COD
Unstable COD

No treatment
%
13
12
59.12
19
6
27.96
13
12
3
22
13
12
9
16
23
2
19
6
18
7
15
10
23
2

N
52.0%
48.0%
4.84
76.0%
24.0%
2.46
52.0%
48.0%
12.0%
88.0%
52.0%
48.0%
36.0%
64.0%
92.0%
8.0%
76.0%
24.0%
72.0%
28.0%
60.0%
40.0%
92.0%
8.0%

P

%
19
6
56.00
16
9
28.54
15
10
5
20
14
11
11
14
24
1
21
4
19
6
16
9
24
1

76.0%
24.0%
4.16
64.0%
36.0%
2.38
60.0%
40.0%
20.0%
80.0%
56.0%
44.0%
44.0%
56.0%
96.0%
4.0%
84.0%
16.0%
76.0%
24.0%
64.0%
36.0%
96.0%
4.0%

Sig
.077*

NS

.018‡
.355*

S
NS

.398‡
.569*

NS
NS

.702**

NS

.777*

NS

.564*

NS

1.00**

NS

.725**

NS

.747*

NS

.771*

NS

1.00**

NS

*Chi-Square Tests
**fisher exact
‡Student t test

BMI: body mass index, DM: diabetes mellitus, HTN: hypertension, MI: myocardial infarction, PVD: peripheral vascular disease, COPD:chronic obstructive
pulmonary disease, CAD: coronary artery disease.

Table 2: Comparison between treatment and placebo group as regard Change in lipid profile.
Treatment

No treatment

P

Sig

Mean

±SD

Mean

±SD

Cholesterol
change
TG change

-18.40

6.86

-16.08

7.09

.245*

NS

-13.40

4.79

-16.28

7.36

.108*

NS

LDL change

-12.92

5.35

-16.12

11.30

.209*

NS

HDL change

.60

2.08

.96

2.03

.346**

NS

*Student t test
**Mann Whitney test
TG: triglycerides, LDL: low density lipoprotein, HDL: high density lipoprotein.

Table 3: Comparison between treatment and placebo group as regard AF occurrence:
AF

No
Yes

AF: atrial fibrillation
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Treatment
N
16
9

%
64.0%
36.0%

No treatment
N
9
16

%
36.0%
64.0%

P

Sig

.048*

S
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postoperative peak levels of troponin I or CK-MB and
occurrence of atrial fibrillation (P_0.41)

4 Discussion
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Historical evidence to support an association between AF
and inflammation can be extracted from the frequent
association of AF with inflammatory conditions of the heart,
such as myocarditis and pericarditis. (17,18)

Atrial fibrillation (AF) is one of the most common
postoperative arrhythmias in patients who undergo coronary
artery bypass grafting (CABG). Additionally, AF may affect
the hemodynamic stability resulting in much morbidities
after cardiac surgery; hence, prophylactic against AF should
be optimized carefully in those going to CABG.

Bruins and colleagues (19) were the first to propose the
inflammation–AF hypothesis, following their observations
of an increased frequency of AF after coronary artery bypass
surgery. They noted that the peak incidence of AF occurred

It is well known that incidence of atrial fibrillation was
significantly lower in nonsmoking patient whose underwent
CABG. However many reports presented the Statin
irrespective to its cholesterol lowering effect, is potentially
and effectively the drug of choice to decrease the risk of AF
by its pleiotropic effects such as anti-inflammatory and antioxidant effect, modification of extracellular matrix
remodeling property and its direct or indirect antiarrhythmic effect. (10-14).

In an interesting study by Maixent and colleagues, (20) the
authors demonstrated the Presence of circulating
autoantibodies against myosin heavy chain in a significant
percentage of patients with idiopathic paroxysmal AF, which
raises the possibility of an inflammatory autoimmune
process in some patients with paroxysmal AF

In the current study we evaluated the valuable Atorvastatin
for those undergoing cardiac surgery to reduce AF risks post
operatively, as regard to age difference between two groups
we had found there was a significant difference in age
between the two groups with older age in the treatment group
and unexpectedly in treatment group with older age, the
incidence of AF was decreased significantly suggesting the
beneficial role of statin in decreasing incidence of Atrial
fibrillation.
However some reports were controversial that suggested the
incidence of post-operative atrial fibrillation was
significantly lower in the younger age group 62.2 Vs 69.1
(15). Furthermore, Salima Mithani and his group found that
atrial fibrillation was significantly lower in the treatment
group with the lower mean age (16).
The echocardiographic features of the patients in both groups
in our study revealed that there is significant difference in
the left atrium size between the arms.
Left atrial dilatation was significantly higher in the treatment
group and unpredictably the incidence of atrial fibrillation
was significantly lower in the treatment group. As regards
peripheral vascular disease the results of our study had
demonstrated that the incidence of atrial fibrillation was
similar in both groups and it has no statistically
In addition, we had found that baseline preoperative CRP
levels were not different (3.8+2.4mg/L in the statin group
versus 4.3+1.5mg/L in the placebo group, P_0.06), nor were
peak CRP levels after the operation (170+30versus
165.5+45mg/L, P_0.07); CRP levels were significantly
lower in patients without AF versus those with atrial
fibrillation (P_0.04). Patients with atrial fibrillation had the
highest postoperative peak levels of CRP, irrespective of the
randomization assignment (atorvastatin 190±2mg/L,
placebo 187±5mg/L). These results accordance with
Giuseppe Patti (10).

On the second and third postoperative days, this coincided
with the peak elevation of CRP levels.

Recent clinical studies have also explored the possible role
of inflammatory mechanisms in the pathogenesis of atrial
fibrillation after cardiac surgery.(21–23,19) it had been
reported
that cytokine release, leukocyte-endothelial
adhesion, and levels of circulating adhesion molecules after
cardiac surgery with CPB are attenuated in patients receiving
statins.(24,25) In the present study, postoperative peak CRP
levels were higher in patients who developed atrial
fibrillation in either arm, and on multivariable analysis, CRP
levels above the median were associated with increased risk.
This appears to confirm that higher inflammatory status is an
important factor in the development of postoperative atrial
fibrillation. Other mechanisms might contribute to the
clinical benefit of atorvastatin, such as antioxidant effects,
(26) direct antiarrhythmic effects by cell membrane ion
channel stabilization, (27)
In addition, we had found that Mean postoperative hospital
stay was significantly lower in the atorvastatin versus
placebo arm (5.5+1.5versus 7.5+1.5days, P=0.04).
Occurrence of major adverse cardiac and cerebrovascular
events was as follows: 5patients (2 in the atorvastatin and 3in
the placebo arm) died after the operation; Cause of death was
ischemic stroke in 2 patients, respiratory failure in 1, and
multiorgan failure in 2 patients. The incidence of
postoperative myocardial infarction was 4% in patients in the
atorvastatin arm (1/25) and 4% in those randomized to
placebo (1/25); all had troponin I elevation at 12 hours,
without ST segment elevation on the ECG or new wallmotion abnormalities on the echocardiogram. No correlation
was found between postoperative peak levels of troponin I
or creatine kinase-MB and occurrence of atrial fibrillation
Occurrence of major adverse cardiac and cerebrovascular
events was as follows: 4 patients (2 in the atorvastatin and 2
in the placebo arm) died after the operation; cause of death
was ischemic stroke in 1 patient, respiratory failure in 1, and
multi organ failure in 2 patients. The incidence of
postoperative myocardial infarction was 3% in patients in the
atorvastatin arm (3/101) and 3% in those randomized to
© 2016 NSP
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placebo (3/99). No correlation was found between
postoperative peak levels of troponin I or creatinine kinaseMB and occurrence of atrial fibrillation (P=0.41).
Additionally our study emphasized that that Demographic,
clinical, and preoperative variables were similar in the
atorvastatin and placebo groups in the present study, the
treatment effect occurred irrespective of age, sex, presence
of diabetes mellitus, hypertension, peripheral vascular
disease, smoking, previous MI, stroke, and chronic
obstructive pulmonary disease.

5 Conclusion
the present study shows that treatment with atorvastatin 40
mg/d, initiated 1 week before elective cardiac surgery with
CPB and continued in the postoperative period, significantly
decreases postoperative atrial fibrillation with a 61%
reduction in risk of postoperative atrial fibrillation and a
significant reduction in length of hospital stay, thus, the low
cost and low risk of this therapy may support the routine
early initiation of atorvastatin treatment in such patients.

6 Limitation of the Study
1-Given the small sample group included within the study
we suggest a further large number study would clarify much
scientific approaches.
2-Clinical experience played the major role in all
information mentioned in the study, hence multi-center
studies may show more statistical variations that support the
scientific guidelines.
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