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Abstract
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Postoperative atrial fibrillation (POAF) is a common complication after coronary artery bypass
grafting (CABG), and more knowledge is needed regarding prediction of POAF, the extent of
early atrial fibrillation (AF) recurrence after discharge, and the associations between POAF and
short and long-term overall and cause-specific mortality and morbidity.
After CABG, 31-32% of all patients developed POAF. Several independent risk factors
were identified, including increasing age, preoperative S-creatinine ≥150 µmol/l, male gender,
NYHA class III/IV, current smoking, prior myocardial infarction (MI), and absence of
hyperlipidaemia. The discriminatory ability of the final prediction model was moderate. POAF
patients had a higher incidence of early postoperative complications, including stroke and heart
failure (HF) and longer hospital stays. In-hospital mortality did not differ between groups.
In long-term follow-up, POAF was independently associated with increased risk of late
cardiac mortality after CABG. Examining both underlying and contributing causes of death,
POAF was associated with death related to arrhythmia, cerebrovascular disease and HF. The
associations remained for more than 8 years.
Observation of heart rhythm during the 30 days following discharge after CABG revealed
that 30% of all patients experienced episodes of post-discharge AF. Of all patients with AF,
35% did not experience any symptoms. Patients with POAF had a higher incidence of postdischarge AF, but high incidences were recorded both for patients with POAF (58%) and with
sinus rhythm (19%) in-hospital.
POAF was associated with increased long-term risk of overall, cardiac and cerebrovascular
mortality, ischemic stroke and HF, and displayed higher incidence rates of these morbidities
after CABG. Furthermore, POAF was recognised as a recurrent condition where AF in relation
to surgery was a precursor to both first and subsequent events of AF during follow-up.
Occurrence of AF, HF, MI and ischemic stroke during follow-up further increased overall
mortality.
In conclusion, POAF is common after CABG and remains hard to accurately predict. POAF
patients experience more postoperative complications, a higher incidence of post-discharge AF
and a recurrent pattern of AF long-term. POAF is also associated with an increased risk of
cardiovascular-related mortality, and ischemic stroke and HF in long-term follow-up.
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Introduction

The most common non-communicable disease and the leading cause of death
in the world is cardiovascular disease (CVD).1,2 Even though deaths caused
by CVD have declined, coupled with higher numbers of cardiovascular operations and procedures, and new medications, the burden of disease remains
high.3 The majority of this impact is caused by coronary artery disease (CAD),
which in turn is caused by atherosclerosis in the coronary arteries.1 The two
revascularisation options for advanced CAD is percutaneous coronary intervention (PCI) and coronary artery bypass grafting (CABG),4 and patients undergoing the latter represent the chosen patient population for this thesis.
Atrial fibrillation (AF) is the most common chronic tachycardia.5 The prevalence of AF in adults is about 1-3% and increases with age,6,7 and it is an
important risk factor for stroke.8 Preoperative AF has, among a number of
other variables, been identified as a risk factor for operative morbidity and
mortality after isolated CABG.9 The association between AF and a negative
outcome remains when the arrhythmia is first registered after surgery,10 known
as postoperative atrial fibrillation (POAF). This condition affects about a third
of all patients after CABG10–14 and is the focus of this thesis.
This thesis draws attention to the risk factors that can increase the incidence
of POAF after CABG, and the occurrence of AF after discharge and its relation to POAF. Emphasis is also placed upon clinical outcomes related to
POAF after CABG with regards to early postoperative complications, early
and late mortality, cause of death, and long-term morbidity.
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Background

Coronary artery bypass grafting
CABG is a surgical revascularisation method used to improve survival and
symptoms in patients with CAD.4 The diseased coronary artery is bypassed
and thus taken out of circulation, allowing the blood to flow through a substitute vessel.
The method first came into use in 1964, more than 50 years ago.15 Before
CABG, surgical treatment for angina pectoris started with sympathectomy,
which removed symptoms but did nothing to improve prognosis. Experimental surgical techniques aimed at increasing myocardial perfusion were
then explored. These included ligation of the right internal mammary artery
(IMA), pericardial abrasion, and suturing of different tissues, such as lung,
pectoral muscle and the greater omentum to the myocardium. Finally, sutured
anastomoses to the coronary vessels were explored, with successful results.
The standard surgical approach today includes cardiopulmonary bypass
(CPB) and cardiac arrest, where the left IMA is used to bypass the left anterior
descending (LAD) artery and saphenous vein grafts are used to bypass the
remaining coronary arteries.16 Use of IMA to the LAD has proved superior to
only using saphenous vein grafts in terms of improved long-term survival and
reduced risk of myocardial infarction (MI), recurrent angina, and need for repeat revascularisation17 and its use is recommended.18 The use of bilateral
IMAs has shown additional benefits regarding these outcomes,18,19 but since
it is also associated with an increase in complications such as mediastinitis,
the recommendation is to consider it only in younger patients (<70 years).18
CABG can also be performed without CPB and with a beating heart, so-called
off-pump CABG, but no early or long-term clinical benefits of this technique
have been demonstrated compared to the standard technique.20,21
CABG is generally recommended to improve survival in patients with left
main stenosis, multivessel CAD (3-vessel CAD or complex 2-vessel CAD involving the proximal LAD), if the patient is a good candidate for surgery.4 In
the case of less advanced disease, PCI is also a recommended revascularisation method to improve symptoms.4 For patients with acute STEMI (ST-elevation myocardial infarction), PCI can also improve survival compared to fibrinolytic therapy.22
PCI was first introduced in 1977, and involved dilatation of the blocked
coronary artery using a balloon catheter introduced through an artery.23
12

Around 10 years later, in 1986, the introduction of intracoronary stents improved results. This involves leaving a bare metal or drug-eluding stent in the
coronary vessel at the site of occlusion. Further improvements in results are
linked to the use of dual antiplatelet therapy (aspirin plus a P2Y12 inhibitor),
which is now a standard treatment after PCI.24,25
The SYNTAX trial compared CABG and PCI for three-vessel disease
and/or left main CAD.26 CABG was found to benefit this patient group, with
lower rates of major adverse cardiac or cerebrovascular events at 1 year. However, the increased rates of stroke in the CABG group (2.2% vs. 0.6% with
PCI; p=0.003) was a cause for concern, even though it was no longer significant at 5 year follow-up (3.7% with CABG vs. 2.4% with PCI; p=0·09).27 The
incidence of AF before or after revascularisation was not registered in the
SYNTAX trial, but the observed incidence of AF after CABG is around
30%10–14 and after acute MI treated with PCI 8%,28 which is a factor worth
considering.

Atrial fibrillation
AF is a common arrhythmia with a prevalence of around 1-3%.6,7 As the prevalence increases with age, and due to an ageing population, AF patients consume a lot of health-care resources and makes AF an important public health
issue.29
AF is defined as a supraventricular tachyarrhythmia with uncoordinated
atrial activation and consequently ineffective atrial contraction.30 On an electrocardiogram (ECG), AF is characterised by irregular R-R intervals, an absence of P-waves, and irregular atrial activity. Sub-classification of AF with
different duration ranges from paroxysmal (≤7 days) to permanent AF. Another sub-division is valvular or non-valvular AF, which marks the presence
or absence of rheumatic mitral stenosis, a mechanical or biological heart valve
prosthesis, or mitral valve repair.
Paroxysmal, or intermittent, AF is often triggered by ectopic beats from the
pulmonary veins.31,32 Structural changes, such as left atrial enlargement and
increased left ventricular wall thickness, have also been associated with a risk
of AF in the Framingham Heart Study.33
The long-term effects of primary AF are well researched. AF is associated
with a 50% higher relative risk of death34 and a 30% lower absolute survival
at 10 year follow-up.35 A doubled risk of cardiovascular mortality is seen
among AF patients,34 where heart failure (HF) and sudden cardiac death together account for about a third of all deaths, and stroke for about 10%.36,37.
AF is also prone to recur38,39 and is associated with an increased mid to longterm risk of HF,34 MI40 and ischemic stroke.34
There are some proposed underlying mechanisms that explain the observed
negative effects of AF. Loss of atrial systole and a rapid ventricular rate reduce
13

effective ventricular filling and lead to stasis in the left atrium, while increased
platelet activation triggers the coagulations cascade.41 These factors contribute
to a hypercoagulable state, which leaves AF patients at greater risk of MI42
and ischemic stroke,41 both associated with a doubled risk among AF patients,34,39 and potentially non-cerebral thromboembolism. As a consequence,
many AF patients receive oral anticoagulants that in turn are associated with
an increased risk of haemorrhage.43,44 The increased risk of HF associated with
AF is attributed in part to shared risk factors, such as advanced age, hypertension, diabetes, and CAD.45 AF can cause tachycardia-mediated HF, while
structural changes in dilated or hypertrophic cardiomyopathy, including fibrosis in the left atrium, can encourage AF development.46,47 AF is also associated
with inflammation that can result in cardiac remodelling and ventricular dysfunction associated with HF.48. In a recent meta-analysis, AF was associated
with a five-fold risk of HF.34

Treatment
A main treatment for AF patients is oral anticoagulants for stroke prevention.
Warfarin and other vitamin K antagonists were the only recommended treatment for a number of years, and these reduce the risk of stroke by 65% and
overall mortality by 25% compared with aspirin or no therapy.43 Recently,
NOACs (non-vitamin K antagonist oral anticoagulants) have been included in
the recommendations.49 Initiation of treatment using oral anticoagulants is
based on clinical risk models for stroke, where the CHA2DS2-VASc score
(Congestive heart failure, Hypertension, Age ≥75 years, Diabetes,
Stroke/transient ischemic attack (TIA)/thromboembolism, Vascular disease,
Age 65-74 years, Sex category (female)) is recommended.50 The risk of bleeding is also considered, which includes assessment with the risk score HASBLED (Hypertension, Abnormal renal/liver function, Stroke, Bleeding history
or predisposition, Liable international normalised ratio (INR), Elderly (age
>65 years), Drugs/alcohol).51 Non-pharmacological treatment that may be
considered for stroke prevention is left atrial appendage occlusion or exclusion, but convincing evidence for this is scarce.49
Other ways to manage AF is to control rate or rhythm. Rate control improves symptoms, and is used in combination with appropriate anticoagulation.49 Beta-blockers, digoxin and calcium channel blockers (diltiazem and
verapamil), or combinations thereof, are all effective. Rhythm control is indicated for patients who remain symptomatic despite rate control therapy. It can
be achieved by so-called pharmacological49,52 or electrical cardioversion,53
and maintained with antiarrhythmic drugs such as amiodarone, dronedarone,
flecainide, propafenone or sotalol.49 There are no clear benefits with rhythm
control compared to rate control combined with anticoagulation. Non-pharmacological treatment includes catheter ablation and Cox maze surgery.
14

Postoperative atrial fibrillation
POAF is the most common complication after CABG, and affects about a third
of all patients after surgery.10–14 POAF is a type of secondary AF, with an
underlying event related to its occurrence, which also includes AF in relation
to non-cardiac surgery, infection, MI and thyrotoxicosis.39 The underlying
pathophysiology of POAF is not entirely known. Age-related structural
changes in the atria are thought to play a role,54,55 as well as inflammation56,57
and sympathetic activation.58,59 Generally, the underlying mechanisms are
considered to be multifactorial.
Definitions vary, but the general description is an episode of AF during the
early postoperative period. Some studies include AF of any duration,10,60 others include only episodes lasting more than one minute,8,32 or episodes requiring treatment.11,12 Despite slight variances in definition, the incidences are
similar and range from 25 to 33% after isolated on-pump CABG procedures.10–14 The majority of the POAF episodes make their first appearance
during the first four postoperative days,10,61 which the average hospital stay
after CABG exceeds.62,63

Risk factors and prediction
The identification of risk factors has produced inconsistent results, with the
exceptions of increasing age.10–13,60,64 Other risk factors include history of
AF,10,12 chronic obstructive pulmonary disease (COPD),10,13 hypertension,11,13
HF,11,62 prior MI,64 male gender,62,64,65 smoking,66 elevated serum (S) creatinine,67 low resting pulse,13 and postoperative low cardiac output.12
Although individual risk factors have been identified, the quality of the
overall models has seldom been assessed, or has been of only moderate value
after isolated CABG.11,12 A model with a high predictive value, including easily assessable preoperative variables, would be most useful in the clinical setting.
It could be beneficial to identify patients with a high risk of developing
POAF after CABG. High-risk patients could potentially be targeted for
prophylactic treatments, to avoid costs and possible side effects related to
treatment for low-risk patients. It could facilitate scheduling of operations and
predict resource utilisation, since POAF has been associated with prolonged
hospitalisation.10,11,13,14,60,62–64

Treatment
A vast array of prophylactic treatments to prevent development of POAF have
been tried and assessed.68,69 In a recently updated (2013) Cochrane review, the
current evidence was summarised.70 Both pharmacological and non-pharma-
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cological interventions were evaluated. Interventions that significantly reduced the rate of POAF after cardiac surgery were, in order of efficacy, betablockers, sotalol, magnesium, amiodarone, atrial pacing, and posterior pericardiotomy. Prophylactic interventions were also shown to decrease the length
of hospital stay and reduce in-hospital treatment costs. However, no intervention significantly reduced early mortality or morbidity, which was examined
in the form of overall and cardiovascular mortality and postoperative stroke.
Since there is no evidence of causality, i.e. that reducing the rate of POAF
leads to improved outcome, the clinical use of prophylaxis remains uncertain.
American guidelines recommend both pre- and postoperative beta-blockers,16
and European guidelines recommend perioperative oral beta-blockers for
POAF prevention.49
Anticoagulation for POAF after cardiac surgery has not been extensively
studied, but warfarin treatment at discharge has in one study been associated
with reduced long-term mortality after CABG.63 The increased risk of bleeding after cardiac surgery should also be considered in this patient group. The
current recommendations are to consider long-term anticoagulation in POAF
patients at risk of stroke.49
Different treatment strategies are used when POAF occurs, aimed at restoring sinus rhythm (SR) or involving rate control, which has in short-term follow-up shown similar complication rates.71 These strategies include pharmacological treatment (beta-blockers, certain calcium channel blockers, or amiodarone), and/or electric cardioversion.30

Early outcome
POAF has been associated with a negative in-hospital outcome after cardiac
surgery, with some discrepancies between studies. The numerous complications associated with POAF include infection, MI, HF,10,11 pulmonary oedema,10 re-operation because of bleeding, stroke, permanent pacemaker, and
acute renal failure.11 Presence of POAF also leads to an extended length of
stay (LOS)72,73 and LOS in the intensive care unit (ICU),11 resulting in increased costs.62 Results regarding early mortality have shown higher rates
among POAF patients, ranging from 2.4 to 7.4%.10,11,13,14,60

Long-term outcome
The only consistent association between POAF and long-term outcome is increased overall mortality.60,63,74–79 A recent meta-analysis showed higher mortality for POAF patients, with a pooled hazard ratio (HR) of 1.28 and aggregated 10-year survival of 65.5% in POAF patients and 75.3% in non-POAF
patients.80 However, the reasons behind the increase have not been thoroughly
explored. Cause of death has been researched in two previous CABG cohorts.61,81 One study, including 1419 patients, found higher incidences of death
16

due to cardiac causes and cerebral ischemia among POAF patients, but not for
non-cardiovascular deaths.61 With a low number of events (134 deaths from
cardiac causes and 16 from cerebral ischemia), analyses were not corrected
for confounders and independent associations with POAF were not assessed.
The other study, including 1832 patients, found an independent association
between POAF and cardiovascular mortality and the subgroup embolic death,
which included all types of stroke and pulmonary embolism.81 Only the direct,
or primary, cause of death has been examined previously. Analyses of both
underlying and contributing causes of death would better explain the morbidities leading to the death of the patient.
There is also sparse information regarding long-term morbidity after
CABG. Associations between POAF and recurrent AF have been identified in
long-term follow-up after cardiac surgery,82,83 and after CABG specifically.14,84,85. No systematic rhythm surveillance has been made, however. Results vary, especially in terms of the first four to six weeks after discharge.86–
88
Patient material has been mixed, and different methods for detecting AF
have been used. These include clinical examination, data from medical records, isolated ECG recordings, 24 hour Holter monitoring, and recordings
based on the presence of arrhythmia symptoms.
An area of clinical concern after CABG is ischemic stroke. Treatment with
anticoagulants can potentially prevent outcome, but at the price of haemorrhage,43 which is highly relevant in an open-heart surgery cohort. Only two
prior studies have examined the association between POAF and long-term
stroke after cardiac surgery. In the only isolated CABG cohort that has been
explored, there was an independent association between POAF and stroke
(HR 1.3).89 The definition of stroke was imprecise, however, and did not define ischemic stroke as the outcome. The other study was large, but also heterogeneous.90 The cohort included patients undergoing any kind of surgery,
with a subgroup of open heart surgery patients. An association between POAF
and ischemic stroke was found in the heart surgery cohort (HR 1.3). There
were no details regarding types of included heart surgery or proportion of patients who had undergone CABG. No other long-term results regarding POAF
and morbidity after CABG are available. It is reasonable to hypothesise that
similar morbidities associated with primary AF can also be related to POAF.
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Aims

The overall aims of this thesis were to increase knowledge about the prediction
of POAF, the extent of early AF recurrence after discharge, and the associations between POAF and short and long-term overall and cause-specific mortality and morbidity after CABG.
Specifically, the aim of each paper was:
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I

To identify predictors of POAF through preoperative and
surgical variables in a large CABG cohort, and to evaluate the
predictive quality of the model in an effort to find patients at high
risk of developing POAF and who could potentially benefit from
prophylactic treatment. The associations between POAF and
early complications were also analysed.

II

To investigate the association between POAF and long-term
cause-specific death after CABG, with analyses of both primary
and contributing causes of death with a plausible connection to
POAF, in an attempt to capture the chain of events leading to
increased overall mortality. Analyses were also performed to see
if any possible effects of POAF would endure over time.

III

To examine the incidence of both symptomatic and
asymptomatic episodes of AF for 30 days following hospital
discharge after CABG with intermittent ECG registrations, with
the hypothesis that POAF predicts early AF recurrence.

IV

To explore the association between POAF and the long-term risk
of morbidities with underlying mechanisms that can be related to
AF, and evaluate whether overall mortality was influenced by the
occurrence of these morbidities during follow-up after CABG.

Methods

Study design and populations
Paper I, II and IV were retrospective observational cohort studies. Paper III
was a prospective observational cohort study.
All patients underwent primary isolated CABG at the Department of Cardiothoracic Surgery, Uppsala University Hospital, Uppsala, Sweden. Paper I
and II included 7428 consecutive patients that underwent surgery between
January 1996 and December 2009. In Paper I, patients with AF, other atrial
arrhythmia, or permanent pacemaker at admission for surgery (i.e. not SR)
were then excluded, which left 7115 in the study cohort. In Paper II, further
exclusion criteria included non-Swedish citizenship and operative mortality,
and the final study cohort included 6821 patients. Paper IV included patients
that underwent surgery between January 1996 and December 2012, and survived the index hospital admission chain, defined as an uninterrupted chain of
hospitalisation starting with admission for the index surgery, often including
transfer to another hospital facility, and ending with discharge from the hospital. Exclusion criteria included preoperative heart rhythm other than SR,
non-Swedish citizenship, perioperative mortality, and mortality during the index hospital admission chain. The final study cohort included 7398 patients.
Paper III included patients who underwent non-emergent CABG, with left
ventricular ejection fraction (LVEF) >50% and with preoperative SR. Between March 2012 and September 2013, 174 patients met these criteria. Furthermore, patients needed to be able to handle the ECG device and have adequate phone reception, give informed consent, and comply with the study protocol. The final cohort included 67 patients.
All CABG operations in Paper III and the majority (96-97%) in Paper I, II
and IV were performed on-pump through a routine technique for CPB and
with moderate hypothermia (32° to 34°C). All patients were monitored by
continuous five-lead telemetry for a minimum of three days postoperatively,
longer in cases of arrhythmia (Paper I, II and IV), or until discharge (Paper
III). Twelve-lead ECGs were registered on admission, on postoperative day
four, and additionally in cases of arrhythmia.
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Data collection
For all Papers, pre- and perioperative data were prospectively collected and
obtained through the Department’s local database. The quality of the database
is regularly validated an maintains a high quality. For Paper III, a separate
database included prospectively collected supplementary data regarding preand postoperative variables, medications, and heart rhythm. The databases
contained very few missing data, which were then retrieved from patient
charts, replaced by mean or median values, or presented for a subgroup of the
population.

Risk factors
POAF was defined as an episode of AF after CABG lasting for >30 s, recorded
postoperatively on continuous telemetry or a 12-lead ECG. No specific
prophylactic treatment for POAF was used. Baseline medications, including
beta-blockers, were reinstated the day after surgery, if permitted by the patient’s clinical status. Beta-blockers were common, and a review of 100 random medical records from patients in Paper I (half with and half without
POAF) showed that 98% were prescribed beta-blockers at admission. The corresponding number in Paper III, with complete data on medications, was 86%.
Episodes of POAF were typically treated medically with sotalol or amiodarone, and/or electrical cardioversion. In accordance with local protocols, treatment with oral anticoagulants was typically initiated only in patients with multiple POAF episodes or if SR was not reinstated before discharge. In Paper II,
a review of 100 random medical records concluded that the proportion of patients discharged without verified SR should be ≤5%. All patients in Paper III
were discharged in SR.
Hyperlipidaemia was defined as preoperative treatment with statins or levels of total cholesterol and low-density lipoprotein exceeding criteria for treatment according to guidelines. The New York Heart Association (NYHA)
functional classification describes the extent of HF based on the severity of
symptoms.91 Left ventricular function was classified as ‘good’ (LVEF >50%),
‘reduced’ (30-50%), or ‘poor’ (<30%) based on preoperative echocardiography or left ventricular angiography. The Canadian Cardiovascular Society
(CCS) grading of angina pectoris classifies the severity of angina symptoms.92
The European System for Cardiac Operative Risk Evaluation (EuroSCORE)
calculates the risk of operative mortality in cardiac surgery.93 In Paper III, the
stroke risk in the presence of AF was assessed by the CHA2DS2-VASc score.50
In Paper IV, data regarding medical history was obtained for a five-year
period prior to the index surgery from the National Patient Registry (NRP).
ICD-codes for medical history are presented in Table 1.
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Table 1. Classification of medical history (Paper IV).
Medical history

ICD‐9 (1996)

ICD‐10 (1997‐2013)

Atrial fibrillation

427D

I48

Heart failure

428

I50

Ischemic stroke

433, 434, 435, 436

I63, I64

Thrombosis

415B, 444, 451, 452, 453,
557A

G45, H34, I26, I65, I66, I74, I81,
I82, N280, O882

Haemorrhagic stroke

430, 431, 432

I60, I61, I62

Non‐cerebral bleeding

423A, 456A, 530H, 531A,
531C, 531E, 531G, 532A,
532C, 532E, 532G, 533A,
533C, 533E, 533G, 534A,
534C, 534E, 534G, 569D,
578A, 578B, 578X, 599H,
719B, 784H, 784W, 786D

D62, D683, H356, H431, H450,
I230, I312, I850, I983, K226,
K250, K252, K254, K256, K260,
K262, K264, K266, K270, K272,
K274, K276, K280, K282, K284,
K286, K290, K625, K661, K920,
K921, K922, M250, N02, N92,
N938, N939, N950, R04, R31, R58

Diabetes

250

E10, E11, E12, E13, E14

Hypertension

401, 402, 403, 404, 405

I10, I11, I12, I13, I15

Swedish national registries
The Swedish National Board of Health and Welfare is a government agency
under the Ministry of Health and Social Affairs, and manages a number of
registries in order to analyse developments in healthcare and social services.94
Data from two registries were accessed for this thesis, namely the Cause of
Death Registry (CDR) and the National Patient Registry (NRP). Diagnoses in
the CDR and NPR are classified according to the International Classification
of Diseases, Ninth or Tenth Revision (ICD-9 or 10).
The time and cause of death for all Swedish citizens have been registered
in the CDR since 1961. The registry contains multiple causes of death, in descending order of influence. One primary (underlying) cause of death is registered, defined as the disease or injury that initiated the train of morbid events
leading directly to death.95 Diseases considered to have had a substantial impact on the process leading to the death of the patient are also registered, and
are referred to as the contributing causes of death.
The NPR contains data concerning all hospital admissions in Sweden since
1987 and the validity in terms of diagnoses of CVD is approximately 95%,96
and of AF 97%.97

Data linkage
For Paper II and IV, patients were tracked via computerised linkage between
the Department’s database and National registries by the Swedish National
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Board of Health and Welfare. This linkage was based on a unique 10-digit
personal identity number assigned to all Swedish residents at birth or immigration. To protect anonymity, all personal identifiers were replaced with sequential numbers in the files returned from the Swedish National Board of
Health and Welfare.

Intermittent ECG recordings
In Paper III, patients received a handheld ECG device (Zenicor-EKG®; Zenicor Medical Systems AB, Stockholm, Sweden), which registers a bipolar extremity lead I for 30 seconds when putting two thumbs on the device. The
device recordings were previously compared to regular 12-lead ECGs in relation to AF detection, with a sensitivity of 96% and a specificity of 92%.98
Patients were asked to send rhythm registrations three times a day: in the
morning (9 a.m.), afternoon (3 p.m.), and evening (9 p.m.), and additional
times where arrhythmia symptoms were present. After every registration the
ECG was transmitted to a secure central database through a built-in mobile
phone. The registration period lasted for 30 days, starting the morning after
discharge. Ninety registrations per patient were expected, and 77 registrations
(85%) were required to remain in the study. The registrations were evaluated
by two independent cardiologists, blinded to the patient’s POAF status, and
diagnosed as SR, AF, other, or of non-analysable quality. AF was defined as
an irregular ventricular rhythm with no visible P-waves. If an arrhythmia was
detected after discharge, the patient and the cardiologist responsible for their
follow-up care were informed, to enable treatment to be given in line with
relevant guidelines.30

Ethics
All studies comply with the Declaration of Helsinki and were approved by the
local Ethics Review Board of Uppsala, Sweden. For Paper III, written informed consent was obtained from all participants.

Outcomes
Postoperative complications
Re-operation included reopening of the sternum for any reason, including
bleeding, while re-operation because of bleeding was cause-specific. Haemodynamics were classified as unstable when inotropic drugs were required to
sustain circulation. Decreased renal function was a need for dialysis or a 50%
increase in S-creatinine, compared to the preoperative value. Perioperative
myocardial injury was a plasma CK-MB (Creatine kinase-myocardial band)
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value >50 µg/l on postoperative day 1. Infection was any type requiring treatment with antibiotics, with or without a positive blood culture. Respiratory
complication was prolonged mechanical ventilation >24h or re-intubation.
Stroke was severe neurological symptoms lasting ≥6h, verified by computer
tomography. Postoperative heart failure was a continuous need for inotropic
drugs to sustain circulation, a need for an intra-aortic balloon pump (IABP),
or death due to heart or multiple organ failure during hospital stay. LOS was
the number of days spent in the ICU and hospital ward during the initial hospitalisation. Pneumothorax was a need for treatment with exsufflation or chest
tube to re-inflate the lung.

Mortality and cause of death
In-hospital mortality (Paper I) was death from any cause during the initial hospitalisation. In Paper II and IV, patients were identified as being dead or alive
on December 31, 2012 and 2013, respectively. Causes of death were retained
from the CDR. In study II, late overall mortality was defined as death from
any cause >30 days after surgery. In Paper IV, overall mortality was death
from any cause after discharge from the index hospitalisation chain.
In Paper II, cardiac mortality was defined as a cardiac diagnosis as primary
cause of death. To better comprehend the impact of diseases with a plausible
connection to POAF on the chain of events leading to death, additional analyses included deaths related to arrhythmia, cerebrovascular disease, and HF,
and were based on both primary and contributing causes of death. In Paper IV,
cardiac and cerebrovascular mortality (including ischemic and haemorrhagic
stroke) was based on the primary cause of death. ICD-codes for causes of
death are presented in Table 2.
Table 2. Classification of cause of death (Paper II and IV).
Cause of death

ICD‐9 (1996)

ICD‐10 (1997‐2013)

Cardiac

394, 395, 396, 397, 398, 401, 402,
404, 411, 412, 413, 414, 420, 421,
422, 423, 424, 425, 426, 427, 428,
429

I05, I06, I07, I08, I09, I10, I11, I13,
I20, I21, I22, I23, I24, I25, I30, I31,
I32, I33, I34, I35, I36, I37, I38, I39,
I40, I41, I42, I43, I44, I45, I46, I47,
I48, I49, I50, I51, I52

Arrhythmia

426, 427

I44, I45, I46, I47, I48, I49

Cerebrovascular

430, 431, 432, 433, 434, 435, 436,
437, 438

I60, I61, I62, I63, I64, I65, I66, I67,
I68, I69

Heart failure

428

I50
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Long-term morbidity
In Paper IV, morbidity events were defined as hospital admission or death,
with any of the predefined morbidity events as primary diagnosis in the NRP
or underlying cause of death in the CDR. These included AF, HF, MI, ischemic stroke, thrombosis (including arterial and venous thrombosis and
thromboembolism), haemorrhagic stroke, and non-cerebral bleeding. ICD
codes for each outcome are presented in Table 3.
Table 3. Classification of morbidity events (Paper IV).
Morbidity event

ICD‐9 (1996)

ICD‐10 (1997‐2013)

Atrial fibrillation

427D

I48

Heart failure

428

I50

Myocardial infarction

410

I21, I22

Ischemic stroke

433, 434, 435, 436

I63, I64

Thrombosis

415B, 444, 451, 452, 453,
557A

G45, H34, I26, I65, I66, I74, I81,
I82, N280, O882

Haemorrhagic stroke

430, 431, 432

I60, I61, I62

Non‐cerebral bleeding

423A, 456A, 530H, 531A,
531C, 531E, 531G, 532A,
532C, 532E, 532G, 533A,
533C, 533E, 533G, 534A,
534C, 534E, 534G, 569D,
578A, 578B, 578X, 599H,
719B, 784H, 784W, 786D

D62, D683, H356, H431, H450,
I230, I312, I850, I983, K226,
K250, K252, K254, K256, K260,
K262, K264, K266, K270, K272,
K274, K276, K280, K282, K284,
K286, K290, K625, K661, K920,
K921, K922, M250, N02, N92,
N938, N939, N950, R04, R31, R58

Statistics
Statistical analyses and data processing were carried out using SAS statistical
software (versions 9.2, 9.3 and 9.4, SAS Institute Inc. Cary, NC, USA). Continuous variables were compared using the independent sample t-test or Wilcoxon-Mann-Whitney test, and categorical variables were compared with the
chi-square or Fisher’s exact test, as appropriate. Variables included in logistic
regression or Cox proportional hazard analyses were evaluated for linearity
and categorised in cases of nonlinearity, and used in the format that was most
suitable. A p-value of 0.05 or less was considered statistically significant.
Paper I
Logistic regression was used to compare the incidence of POAF with respect
to preoperative and surgical variables. Variables with a p-value of 0.1 or less
in univariate analyses, and/or of clinical interest, were included in multivariate
analyses. Results are presented as odds ratio (OR) and 95% confidence interval (CI).
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To assess potential confounding due to associations between LOS and other
risk factors, logistic regression analyses conditioning on LOS (≤6, 7, 8, >8
days) were performed, resulting in essentially unchanged estimates. Multiplicativity between risk factors was assessed by testing two-factor interactions
between variables in the final model. This revealed an interaction (p<0.05 after Bonferroni correction of multiple testing) between smoking and NYHA
class IIIB/IV, suggesting that the effect of smoking is confined to patients with
a lower NYHA class than IIIB. Since the presence of one or several other
postoperative complications could influence the risk of POAF, the robustness
of the models were tested by risk factor analyses. All patients with other complications (HF, IABP, re-operation, infection, haemodynamic instability, and
need for inotropic drugs) were excluded.
The calculated risk of developing POAF from the multivariate logistic regression model was compared to the observed outcome using receiver operating characteristics (ROC) curve analysis, presented with the area under the
curve (AUC) and 95% CI.
Paper II
The effect of POAF on long-term survival was determined by Kaplan-Meier
survival curves,99 with log-rank tests comparing differences between groups
with and without POAF. Univariate, age-adjusted, and multivariate Cox proportional hazard analyses100 were used to examine predictors of late overall
and cause-specific mortality. Variables considered for the analyses were: age,
gender, hypertension, diabetes, prior MI, number of diseased coronary vessels, left main stenosis, left ventricular function, NYHA class, CCS class, and
EuroSCORE (available since 2001). Variables with a p-value of 0.05 or less
in univariate analyses were included in multivariate analyses. Models were
developed for each category of mortality, and results were presented as HR
and 95% CI. Adjusted survival curves were standardised to the distributions
of adjustment covariates in the POAF cohort, and estimated based on cumulative hazard functions analysed in multivariate Cox regression models, stratified by POAF status.
Introduction of an interactions term tested for possible interactions between
POAF and the independent risk factors for each outcome, and revealed no
significant interactions. Furthermore, since the basic model assumes that the
HR is constant over time, the persistence of the effect of POAF was investigated by allowing effects to change between time intervals: less than 3 years,
3 to 8 years, and more than 8 years after surgery. The robustness of the models
was tested by risk factor analyses of late mortality, from which patients with
one or more postoperative complications (sternum insufficiency, re-operation
because of bleeding, perioperative myocardial injury, postoperative dialysis,
IABP, prolonged need for inotropic drugs, respiratory complications, infection, and stroke) were excluded.
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Paper III
Chi-square tests was used to compare the incidence of AF on intermittent ECG
registrations with respect to POAF. To describe the magnitude of the difference, the OR with 95% CI was also calculated.
The study was dimensioned to detect a difference in incidence of AF ≥35%
between patients with and without POAF. With an uneven distribution between the groups (ratio 2.5 no POAF; to 1 POAF), a sample size of 67 patients
(48 no POAF; 19 POAF) was calculated to obtain a power of 80%, with a
criterion for significance (alpha) of 0.05 (two-tailed).
Paper IV
The effect of POAF on overall mortality was determined by Kaplan-Meier
survival curves,99 with log-rank tests comparing differences between groups
with and without POAF. Incidence rates for morbidity events were calculated
as the sum of events divided by the respective group’s total follow-up (POAF
group 21 425 person-years (py); non-POAF group 50 561 py), presented as
number of events per 100 py with 95% CI. Differences in incidences rates
between groups were tested for by Wilcoxon two-sample rank-sum tests,
based on the sum of individual incidence rates. Cumulative incidence function
(CIF) was used to estimate the cumulative incidence with 95% CI, treating
death from other causes as a competing risk.101
Cox proportional hazard analyses100 were used to compare time to overall
and cause-specific mortality and first morbidity event among patients with or
without POAF in relation to surgery. To adjust for potential confounders, the
following variables were considered in the analyses: age, gender, medical history (AF, HF, ischemic stroke, thrombosis, haemorrhagic stroke, non-cerebral
bleeding, diabetes and hypertension), number of diseased coronary vessels,
left main stenosis, left ventricular function, time of surgery, use of IMA, and
aortic cross-clamp (ACC) time. Variables were used in a continuous, dichotomous or categorical format, depending on which provided the best discriminatory power. For multivariable analyses, variables were selected by a backward stepwise elimination, removing variables with a p value ≥0.1 from the
primary model until the probability values of all remaining variables were
<0.05. The proportional hazard assumption was tested using Schoenfeld residuals, and was supported by the non-significant relationship between residuals and time. The results of the Cox analyses were presented as HR with 95%
CI.
For morbidity events associated with POAF in multivariable Cox analyses,
the following additional analyses were performed:
The persistence of the effect of POAF on these morbidities and overall
mortality over time was investigated by allowing effects to change between
time intervals, i.e. ≤1 year, 1 to 10 years, and >10 years after surgery.
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Separate adjusted analyses focusing on the effect on recurrent events were
performed. The effects of POAF on the risk of one or more, two or more, or
three or more events were defined as separate, time-related events, with starting time at discharge after surgery and censoring at the time of death or end
of follow-up. Furthermore, a data set was constructed, redefining starting date
to time of the preceding event. The number of previous morbidity events, categorised as one, two, or three or more was then considered. Possible interactions between POAF and other risk factors, including the sequence of events
(first or subsequent), were tested by the introduction of an interactions term.
Morbidity events occurring during follow-up were introduced into multivariable Cox models regarding overall mortality as time-dependent covariates.
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Results

Prediction of POAF (Paper I)
The incidence of POAF was 32% (2270 of 7115). Patients who developed
POAF were older, had more often suffered from a prior MI, and had a more
advanced NYHA class than patients without POAF (Table 4). Both groups
had the same degree of coronary vessel disease, hypertension, diabetes, LVEF,
and CCS class. Perioperative variables (off-pump surgery, CPB and ACC
time, blood cardioplegia, use of IMA, and number of distal anastomoses) were
similar in both groups (Table 5).
The strongest predictor of POAF in multivariate analyses was advancing
age, with ORs ranging from 2.0 (95% CI, 1.4-3.0) for patients between 51-60
years to 7.3 (4.7 to 11.4) for patients over 80 years, compared to reference age
≤50 years. Other identified predictors were S-creatinine ≥150 µmol/l (OR 1.6,
1.2 to 2.1), male gender (OR 1.2, 1.1 to 1.4), NYHA class III/IV (OR 1.2, 1.0
to 1.4; ref. class I/II), current smoking (OR 1.1, 1.0 to 1.3), prior MI (OR 1.1,
1.0 to 1.2), and absence of hyperlipidaemia (OR 0.9, 0.8 to 1.0). The estimates
were essentially unchanged after correction for other risk modifiers, as well
as in analyses stratified for LOS, and excluding patients with other postoperative complications. Explorative analyses for all variables identified no significant interactions. With an AUC of 0.62 (95% CI, 0.61 to 0.64), the discriminatory ability of the final prediction model was moderate (Figure 1).

Figure 1. ROC curve for POAF after CABG, based on preoperative and surgical data.
AUC 0.62 (95% CI 0.61 to 0.64).
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Table 4. Preoperative data by POAF
Variable

Age (years)
≤ 50
51‐60
61‐70
71‐80
>80
Male gender
Current smoker
Prior MI
Hypertension
Diabetes
Hyperlipidaemia
S‐creatinine ≥ 150 µmol/l
NYHA class
I/II
IIIA
IIIB
IV
LVEF
Good (>50%)
Reduced (30‐50%)
Poor (<30%)
Unstable angina
CCS class
0
1
2
3
4
Number of diseased coronary vessels
1
2
3
Left main stenosis
Priority of surgery
Elective
Urgent
Emergency
Haemodynamically unstable
a
NYHA class III/IV

POAF
(n=2270)
n (%)

No POAF
(n=4845)
n (%)

Univariable
OR 95% CI

34 (1.5)
271 (12)
819 (36)
1040 (46)
106 (4.5)
1783 (79)
195 (8.6)
1270 (56)
1179 (52)
473 (21)
1141 (50)
98 (4.3)

281 (6.0) Ref.
1087 (22) 2.0
1803 (37) 3.7
1558 (32) 5.4
116 (2.0) 7.4
3713 (77) 1.1
638 (13) 1.1
2525 (52) 1.2
2444 (50) 1.1
1045 (22) 1.1
2681 (55) 0.8
129 (2.7) 1.6

‐
1.4‐3.0
2.6‐5.3
3.7‐7.8
4.7‐11.5
1.0‐1.3
1.0‐1.2
1.1‐1.3
1.0‐1.2
0.8‐1.1
0.7‐0.9
1.3‐2.1

183 (8.0)
877 (39)
986 (43)
223 (10)

501 (10) Ref.
1929 (40) 1.3
1991 (41) 1.4
423 (9.0) 1.4

‐
1.1‐1.6a
‐
‐

1548
612
110
795

(68)
(27)
(5.0)
(35)

3351
1282
212
1541

(69) Ref.
(27) 1.0
(4.0) 1.1
(32) 1.2

‐
0.9‐1.2
0.9‐1.4
1.0‐1.3

42
126
542
1225
328

(2.0)
(6.0)
(24)
(54)
(14)

110
299
1238
2543
623

(2.0) 0.8
(6.0) 1.0
(26) Ref.
(53) 1.0
(13) 1.1

0.6‐1.2
0.8‐1.2
‐
0.9‐1.2
0.9‐1.3

97
455
1718
771

(4.0)
(20)
(76)
(34)

232
1005
3608
1571

(5.0) Ref.
(21) 1.1
(74) 1.1
(32) 1.1

‐
0.8‐1.4
0.9‐1.5
1.0‐1.2

1850
317
103
71

(81)
(14)
(5.0)
(3.1)

4020
638
187
109

(83) Ref.
(13) 1.1
(4.0) 1.2
(2.2) 1.4

‐
0.9‐1.2
0.9‐1.5
1.0‐1.9
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Table 5. Surgical data
Variable

POAF
(n=2270)
n (%)
71 (3.1)

Off‐pump surgery
Cardiopulmonary bypass time, min (median, IQR)
< 60
361 (16)
60‐89
1070 (47)
90‐119
619 (27)
≥ 120
220 (10)
Aortic cross‐clamp time, min (median, IQR)
< 30
349 (15)
30‐59
1582 (70)
60‐89
299 (13)
≥ 90
40 (2.0)
Blood cardioplegia
463 (20)
Use of IMA
2096 (92)
Distal anastomoses (n)
1
60 (2.0)
2
307 (13)
3
969 (43)
≥4
934 (41)

No POAF
(n=4845)
n (%)
180 (3.7)

Univariable
OR
95% CI
0.8

0.6‐1.1

887
2303
1229
426

(18)
(48)
(25)
(9.0)

Ref.
1.1
1.2
1.3

‐
1.0‐1.3
1.1‐1.4
1.0‐1.6

835
3375
565
70
963
4461

(17)
(70)
(12)
(1.4)
(20)
(92)

Ref.
1.1
1.3
1.4
1.0
1.0

‐
1.0‐1.3
1.0‐1.5
0.9‐2.1
0.9‐1.2
0.9‐1.2

163
714
2146
1821

(3.4)
(15)
(44)
(38)

Ref.
1.2
1.2
1.4

‐
0.9‐1.6
0.9‐1.7
1.0‐1.9

Postoperative complications and in-hospital mortality
(Paper I)
Patients with POAF had a higher frequency of postoperative complications
than non-POAF patients. These included re-operation, haemodynamic instability, decreased renal function, infection, respiratory complications, stroke,
HF, ICU stay, and LOS (Table 6). There was no difference in the rate of perioperative myocardial injury or in-hospital mortality between the two groups,
and the total in-hospital mortality rate was 1.9%.
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Table 6. Complications after CABG by POAF.
Postoperative variable

POAF

No POAF

P‐value

(n=2270)

(n=4845)

Re‐operation

7.1%

5.0%

<0.001

Haemodynamically unstable

15%

8.7%

<0.001

IABP

1.3%

1.0%

0.280

Decrease renal function

11%

5.9%

<0.001

Perioperative myocardial injury

9.5%

10%

0.523

Infection

7.3%

5.0%

<0.001

Respiratory complication

4.4%

2.3%

<0.001

Stroke

4.1%

2.3%

<0.001

Heart failure

8.9%

5.2%

<0.001

Permanent PM

0.8%

0.7%

ICU stay, days (median, IQR)

3 (2‐5)

2 (2‐3)

<0.001

Length of stay, days (median, IQR)

7 (7‐9)

7 (6‐8)

<0.001

In‐hospital mortality

2.1%

1.8%

0.674

0.358

Late mortality and cause of death (Paper II)
The incidence of POAF was 32% (2152 of 6821). Patients characteristics, surgical and postoperative variables are presented in Table 7. POAF patients were
older, had more often prior MIs, a more advanced NYHA class, and a higher
EuroSCORE. The same degree of CAD was observed in both groups. Postoperatively, re-operation because of bleeding, respiratory complications, infection and stroke was more common for POAF patients.
Patients were followed for a median of 9.8 years (range 0.1-17 years). During follow-up, 2302 of 6821 patients (34%) died. POAF was associated with
increased late overall mortality. The absolute difference for 5-year survival
was 4.2%, for 10-year survival 9.5%, and for 15-year survival 14%.
Cardiac mortality was registered as the primary cause of death among 929
of 2302 patients (40%). This was the most common cause of death, followed
by cancer, endocrine disease, respiratory disease, gastrointestinal disease, and
infectious disease. When examining both primary and contributing causes of
death, 18% were related to arrhythmia, 17% to cerebrovascular disease, and
31% to HF. One of these three diseases contributed to 50% (1144 of 2302) of
all deaths, and 31% (710 of 2302) were related to either arrhythmia or cerebrovascular disease.
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Table 7. Pre-, peri-, and postoperative variables by POAF.
Variable
Preoperative
Age, years (mean ± SD)
Male gender
Hypertension
Diabetes
Prior MI
Diseased coronary vessels
1
2
3
Left main stenosis
LVEF
Good (>50%)
Reduced (30‐50%)
Poor (<30%)
NYHA class
I/IIIA
IIIB/IV
CCS class
0‐2
3‐4
EuroSCORE (median, IQR)
Perioperative
Aortic cross‐clamp time, min (median, IQR)
Cardiopulmonary bypass time, min (median, IQR)
Use of IMA
Number of distal anastomoses (median, IQR)
Perioperative myocardial injury
Postoperative
Re‐operation, bleeding
IABP
Respiratory complication
Infection
Stroke
Permanent pacemaker
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POAF
(n=2152)

No POAF P‐value
(n=4669)

69.0 ± 7.7
79%
52%
21%
56%

65.2 ± 9.1 <0.001
77%
0.08
50%
0.2
22%
0.4
52%
0.006
0.5
5%
21%
74%
32%
0.2
0.2
70%
26%
4%
0.008
51%
49%
0.1
35%
65%
2 (1‐4)
<0.001

4%
21%
75%
34%
69%
26%
5%
47%
53%
32%
68%
3 (2‐5)

43 (35‐53) 42 (34‐52)
82 (66‐97) 80 (65‐96)
93%
92%
3 (3‐4)
3 (3‐4)
8.8%
9.3%
3.5%
0.9%
4.1%
7.3%
3.7%
0.8%

2.3%
0.6%
2.2%
5.0%
2.1%
0.7%

0.3
0.5
0.6
0.2
0.5
0.005
0.2
<0.001
<0.001
<0.001
0.6

POAF was related to increased cardiac mortality in unadjusted (HR 1.7, 95%
CI 1.6 to 1.9; Figure 2A) and adjusted analyses (HR 1.4, 1.3 to 1.5; Figure
2B).

Figure 2. Kaplan-Meier survival curve based on cardiac mortality, (A) unadjusted and
(B) adjusted for age, diabetes, number of prior MIs, and LVEF, by occurrence of
POAF. The figure shows 95% CI at 5, 10 , and 15 years. Log-rank p<0.0001.

POAF was also associated with death related to arrhythmia (HR 2.1, 1.9 to
2.3), cerebrovascular disease (HR 1.9, 1.7 to 2.1), and HF (HR 1.8, 1.7 to 2.0).
After adjustment for baseline characteristics, medical history and preoperative
status, POAF was still related to increased mortality in these three categories:
death related to arrhythmia (HR 1.8, 1.6 to 2.0), cerebrovascular disease (HR
1.4, 1.2 to 1.6), and HF (HR 1.4, 1.3 to 1.6) (Figure 3). The majority of the
effect was reduced due to adjustment for age, and additional variables adjusted
the effect marginally.
The effect of POAF on cause-specific death remained more than 8 years
after CABG for cardiac mortality (HR 1.3, 1.1 to 1.5), and death related to
arrhythmia (HR 1.8, 1.6 to 2.1), cerebrovascular disease (HR 1.4, 1.1 to 1.7),
and HF (HR 1.5, 1.3 to 1.7). The results of a modified cohort of patients without other major complications (n=5555) were similar to the overall cohort.
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Figure 3. Adjusted survival curves based on death related to (A) arrhythmia, (B) cerebrovascular disease, and (C) heart failure, by occurrence of POAF.
The figures show 95% CI at 5, 10, and 15 years. Log-rank p<0.0001.
Analyses adjusted for (A) age, hypertension, diabetes, diseased coronary vessels, and
LVEF; (B) age diabetes, and LVEF; and (C) age, diabetes, number of prior MIs, left
main stenosis, and LVEF.

Post-discharge atrial fibrillation (Paper III)
The 67 included patients made on average 90 intermittent ECG recordings
over 30 days following discharge after CABG. Median follow-up time after
CABG was 35 days (interquartile range (IQR) 34 to 37). Baseline characteristics, perioperative data and postoperative complications for the 19 POAF
patients and the 48 non-POAF patients did not differ between the two groups
(Table 8). LOS was one day longer in the POAF group (median 6 days; IQR
5 to 8) than the non-POAF group (5 days; 4 to 6) (p=0.02).
Out of 6006 ECG recordings, 144 (2.4%) were diagnosed as AF, and 35
(24%) of these were related to arrhythmia symptoms such as palpitations, fatigue, chest pain, shortness of breath, or anxiety. Thirty-five percent of all patients with AF after discharge were entirely asymptomatic.
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Table 8. Patient characteristics and perioperative variables by POAF.
Variable
Age, years, (mean, range)
Male gender, n (%)
Hypertension, n (%)
Diabetes, n (%)
Previous stroke/TIA/thromboembolism, n (%)
Vascular disease, n (%)
Diseased coronary vessels, median (IQR)
Left main stenosis, n (%)
CHA2DS2‐VASc score, (median, IQR)
Aortic cross‐clamp time, min (median, IQR)
Cardiopulmonary bypass time, min (median, IQR)
Use of IMA, n (%)

POAF
(n=19)
65 (56‐82)
17 (89)
14 (74)
4 (21)
1 (5.3)
1 (5.3)
3 (2‐3)
8 (42)
2 (1‐3)
49 (31–71)
93 (55–110)
19 (100)

No POAF P‐value
(n=48)
64 (34‐79)
0.277
43 (90)
1.000
26 (54)
0.142
12 (25)
1.000
4 (8.3)
1.000
2 (4.2)
1.000
3 (2‐3)
0.552
24 (50)
0.598
2 (1‐2)
0.548
47 (42–59)
0.759
91 (75–102) 0.818
46 (96)
1.000

Twenty out of 67 patients (30%) were diagnosed with post-discharge AF (Table 9). The incidence of post-discharge AF was higher among POAF patients
than non-POAF patients (58% vs. 19%), with an OR of 6.0 (1.9 to 19.1). Patients with POAF registered episodes of post-discharge AF earlier during follow-up than non-POAF patients. All AF patients were detected within 14 days
after discharge, but episodes were registered up until day 30. More patients
with POAF experienced symptoms in relation to post-discharge AF, but the
difference was not significant.
Table 9. Patients with post-discharge AF by POAF.
Variable

POAF (n=19)

No POAF (n=48)

P‐value

Patients with AF, n (%, 95% CI)

11

(58,36‐77)

9

(19,10‐32)

0.002

Registrations with AF, mean (range)

11

(1‐88)

2

(1‐5)

0.261

Duration of AF 30 s, n (%)

(98)

13

(65)

Day of first AF episode, mean (range)

124
3

(1‐9)

10

(7‐14)

Symptomatic patients, n (%)

9

(82)

4

(44)

0.232
<0.001
0.160

Regarding medications, beta-blockers were commonly used, without any differences between the POAF and non-POAF group. (Table 10). The betablockers used were metoprolol, bisoprolol and atenolol. All patients with
POAF and all patients with post-discharge AF were treated with beta-blockers
at discharge and follow-up. No differences between groups were observed regarding treatment with angiotensin-converting enzyme inhibitors (ACE-I) or
angiotensin receptor blockers (ARB), or statins. One POAF patient were under treatment with amiodarone 30 days after discharge and no other antiarrhythmic agents were used.
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Table 10. Medications by POAF.
Medication
Beta‐blockers
POAF
No POAF
ACE‐I/ARB
POAF
No POAF
Statins
POAF
No POAF

Admission
n (%)

Discharge
n (%)

Follow‐up (>30 days)
n (%)

17
41

(89)
(85)

19
44

(100)
(92)

19
42

(100)
(90)

12
34

(63)
(71)

14
30

(74)
(63)

14
32

(74)
(67)

18
43

(95)
(90)

18
45

(95)
(94)

19
45

(100)
(94)

The median CHA2DS2-VASc score at admission among patients who developed post-discharge AF was 3.0 (IQR 1.5-3.0), and 80% (16 of 20) had a score
of ≥1 and 75% (15 of 20) a score of ≥2. For patients without post-discharge
AF, the median CHA2DS2-VASc score was 2.0 (IQR 1.0-2.0), with 79% (37
of 47) with a score of ≥1 and 55% (26 of 47) with a score of ≥2.

Long-term mortality and morbidity (Paper IV)
Patients were followed for a median of 9.8 years (IQR 6.1 to 13.7), with a total
of 71 986 py at risk. A total of 253 patients (3.4%) had a history of AF, and
31% of all patients (2298 of 7398) developed POAF after CABG surgery (Table 11). Patients in the POAF group were older than in the non-POAF group,
and more commonly had a history of AF, thrombosis, non-cerebral bleeding
and hypertension than patients without POAF.
Thirty-five percent of all patients (2589 of 7398) died during follow-up,
with a median time to death of 9.1 years (IQR 5.4 to 12.6). Out of all deaths,
1062 (41.0%) were cardiac deaths and 234 deaths (9.0%) were cerebrovascular deaths. The most common non-cardiovascular cause of death was cancer
(550 deaths, 21.2%). POAF patients had an increased overall mortality, with
an absolute difference of 13.1% at 15 years (Figure 4). POAF was associated
with increased overall mortality (HR 1.49, 1.42 to 1.56; adjusted HR 1.19
(1.11 to 1.27) ( Table 12). The association between of POAF and overall mortality remained after more than 10 years (HR 1.23, 1.09 to 1.36) (Figure 5).
Specifically, POAF was independently associated with both a higher cardiac
mortality (HR 1.32, 1.20 to 1.45) and cerebrovascular mortality (HR 1.50,
1.24 to 1.76) (Table 12).
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Table 11. Baseline characteristics and surgical variables by POAF
Variable

Age, years (mean ± SD)
Male gender
Medical history within 5 years of surgery
Atrial fibrillation
Heart failure
Ischemic stroke
Thrombosis
Haemorrhagic stroke
Non‐cerebral bleeding
Diabetes
Hypertension
Diseased coronary vessels ≥ 3
Left main stenosis
Left ventricular function
Normal (>50%)
Reduced (30‐50%)
Poor (<30%)
Year of surgery
1996‐1999
2000‐2004
2005‐2012
Use of IMA
Aortic cross‐clamp time, min (median, IQR)

All
(n=7398)
n (%)
66 ± 9
5747 (77.7)

POAF
(n=2298)
n (%)
69 ± 8
1808 (78.7)

Non‐POAF
(n=5100)
n (%)
65 ± 9
3939 (77.2)

253
526
237
162
22
157
1106
1393
5515
2483

115
176
85
62
4
61
345
472
1720
791

138
350
152
100
18
96
761
921
3795
1692

(3.4)
(7.1)
(3.2)
(2.2)
(0.3)
(2.1)
(14.9)
(18.8)
(74.5)
(33.6)

5171 (69.9)
1916 (25.9)
309 (4.2)

(5.0)
(7.7)
(3.7)
(2.7)
(0.2)
(2.7)
(15.0)
(20.5)
(74.8)
(34.4)

1580 (68.8)
607 (26.4)
110 (4.8)

(2.7)
(6.9)
(3.0)
(2.0)
(0.4)
(1.9)
(14.9)
(18.1)
(74.3)
(33.2)

P value

<0.001
0.2
<0.001
0.2
0.1
0.04
0.2
0.03
0.9
0.01
0.7
0.3
0.1

3591 (70.4)
1309 (25.7)
199 (3.9)
<0.001

3003
2310
2085
6808
43

(40.6)
896 (39.0)
(31.2)
802 (34.9)
(28.2)
600 (26.1)
(92.0)
2120 (92.3)
(34–53)
43 (35–53)

2107
1508
1485
4688
43

(41.3)
(29.6)
(29.1)
(91.9)
(34–53)

0.6
0.3

37

Figure 4. Kaplan-Meier survival curve for overall mortality by POAF, with 95% CI
at 1, 5, 10 and 15 years.

Figure 5. Analysis of the associations between POAF and risk of mortality and morbidity during different follow-up periods.
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Table 12. Incidences and Cox proportional hazards models for mortality and first
morbidity event by POAF.

Event

POAF
Non‐POAF
(n=2298)
(n=5100)
Patients with events (%) P value

Univariable
Multivariable
Cox model
Cox model
HR(95% CI) P value HR(95% CI) P value

Overall mortality

968 (42.1) 1621 (31.8) <0.001

Cardiac mortality

422 (18.4)

640 (12.5) <0.001

Cerebrovascular
mortality
Atrial fibrillation

105

(4.6)

129

(2.5) <0.001

398 (17.3)

325

(6.4) <0.001

Heart failure

454 (19.8)

689 (13.5) <0.001

Myocardial
infarction
Ischemic stroke

412 (17.9)

822 (16.1)

312 (13.6)

513 (10.1) <0.001

Thrombosis

208

(9.1)

387

(7.6)

0.032

65

(2.8)

106

(2.1)

0.047

176

(7.7)

324

(6.4)

0.038

1.49
(1.42‐1.56)
1.65
(1.46‐1.87)
2.01
(1.56‐2.61)
3.14
(3.00‐3.29)
1.64
(1.52‐1.76)
1.22
(1.10‐1.34)
1.47
(1.33‐1.61)
1.30
(1.13‐1.47)
1.48
(1.17‐1.79)
1.29
(1.11‐1.48)

Haemorrhagic stroke
Non‐cerebral
bleeding

0.053

<0.001
<0.001
<0.001
<0.001
<0.001
0.001
<0.001
0.003
0.01
0.006

1.19
(1.11‐1.27)a
1.32
(1.20‐1.45)a
1.50
(1.24‐1.76)a
2.82
(2.67‐2.97)b
1.38
(1.26‐1.50)c
1.14
(1.01‐1.26)d
1.24
(1.10‐1.39)e
1.12
(0.95‐1.29)f
1.26
(0.95‐1.58)g
1.14
(0.95‐1.33)h

<0.001
<0.001
0.002
<0.001
<0.001
0.040
0.003
0.19
0.14
0.17

Variables included in the final multivariable model:
a
Age, gender, history of AF, diabetes, hypertension and ischemic stroke, left ventricular function, and
use of IMA.
b
Age, history of AF and hypertension, and left ventricular function.
c
Age, history of AF, HF, diabetes, hypertension and ischemic stroke, and left ventricular function.
d
Age, history of AF, HF and hypertension, and left ventricular function.
e
Age, history of AF, diabetes, ischemic stroke and thrombosis, and left ventricular function.
f
Age, history of AF, diabetes, ischemic stroke and thrombosis.
g
Age, history of diabetes and non‐cerebral bleeding.
h
Age, history of HF, diabetes and non‐cerebral bleeding.

Concerning morbidity, more than half of all patients (54.3%) did not experience any predefined event, while 28.3% had one type, 11.9% had two types,
4.3% had three types, and 1.2% had four types of events during follow-up.
POAF patients had significantly higher incidence rates of AF (p<0.001
from Wilcoxon rank sum tests), HF (p=0.03), and ischemic stroke (p<0.001)
during follow-up, while there were no significant differences in incidence
rates for the other examined morbidities (p-values 0.09 to 0.4) (Figure 6). At
10 years, the cumulative incidences in the POAF group and non-POAF group
of AF was 16.5% and 5.6%, of HF 18.6% and 11.4%, and of ischemic stroke
13.4% and 9.4%. POAF was independently associated with a first event of AF
(HR 2.82, 2.67 to 2.97), HF (HR 1.38, 1.26 to 1.50), MI (HR 1.14, 1.01 to
1.26), and ischemic stroke (HR 1.24, 1.10 to 1.39) during follow-up (Table
12).
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Figure 6. Incidence rates of morbidity events by POAF with 95% CI.

The association between POAF and AF during follow-up successively increased for higher numbers of AF episodes (≥1 events: HR 2.99, 2.84 to 3.14,
≥2 events: HR 3.61, 3.36 to 3.86, ≥3 events: HR 4.59, 4.24 to 4.95). The association between POAF and HF remained of equal magnitude regardless of
the number of episodes (≥1, ≥2 or ≥3 events), whereas there was no association between POAF and higher numbers of MIs or ischemic strokes. The effect
of POAF on first and subsequent events differed regarding AF (test for interaction p<0.001), HF (p<0.001) and ischemic stroke (p=0.01). For AF, the association between POAF and subsequent events remained significant (HR
1.26, 1.07-1.47), but for HF and ischemic stroke, an association was found
with the first event only.
The association between POAF and AF and HF remained for more than 10
years, and in the case of ischemic stroke remained up to 10 years after surgery
(Figure 5). In terms of MI, the association with POAF did not extend past the
first post-operative year.
There was an independent association between morbidity events during follow-up and overall mortality for AF (HR 1.73, 1.62 to 1.85), HF (HR 3.67,
3.58 to 3.77), MI (HR 2.45, 2.34 to 2.55) and ischemic stroke (HR 2.26, 2.15
to 2.37).
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Discussion

Prediction of POAF
Several risk factors for POAF after CABG were identified in Paper I. The
strongest predictor, advancing age, is the only risk factor that has been consistently associated with POAF after cardiac surgery.10–12,60,64 The oldest patients in our cohort (>80 years) had more than seven times the odds of developing POAF compared to the youngest patients (≤50 years). Crude and adjusted estimates were essentially the same, as were analyses stratified for LOS,
and a sub-cohort without other postoperative complications. This implies that
advanced age and age-related structural changes in the atria, such as fibrosis,
muscle atrophy and dilatation54,55 have a direct impact on the risk of developing POAF after surgery. Other predictors were not as strong, and results have
been inconsistent in past studies regarding elevated preoperative S-creatinine,67 prior MI, male gender and HF.64 The inverted impact of hyperlipidaemia could be a results of statin use,102 but this is speculative since data on
medications were not available. Previous prediction models of POAF after
isolated CABG show similarly moderate prediction values, with AUC at
0.6511 and 0.6912, compared to 0.62 in this Paper.

Postoperative complications and in-hospital mortality
The higher incidence of postoperative complications confirms previous findings regarding infection, HF,10,11 re-operation, stroke, renal and respiratory
complications, and longer ICU and total LOS after cardiac surgery.11 The need
for a permanent pacemaker11 and perioperative MI10,11 where not supported by
our findings. Neither was the association between POAF and a higher in-hospital mortality. Compared to previous results, with rates from 2.4 to
7.4%10,11,13,14,60 after cardiac surgery, the present mortality rate was relatively
low at 2.1%.

Post-discharge atrial fibrillation
The recurrence rate of AF after discharge following CABG (58%) was considerably higher than previously described.86,87 Furthermore, almost a fifth of
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the patients without POAF during the initial hospitalisation registered postdischarge AF on intermittent ECG recordings. This contradicts previous results showing a low incidence in this patient group,86 or none at all.84,88 The
method for AF detection might explain the difference, as results are compared
to isolated ECG recordings, 24 hour Holter monitoring, or recordings with
arrhythmia symptoms. The majority (94%) of the AF episodes on intermittent
ECG recordings were 30 seconds long, and should accurately represent AF.
The method for recording using the handheld ECG devices has been used previously, and has been found to be more efficient than 24 hour Holter monitoring.103,104
Treatment with beta-blockers was common preoperatively and is known to
reduce the incidence of POAF,105 but did not influence the outcome in this
patient cohort. Use of beta-blockers, ACE-Is, ARBs and statins did not differ
between groups at discharge and follow-up, and should not have influenced
the occurrence of AF during follow-up, in support of previous findings.86
AF is a known risk factor for stroke.8 The risk further increases in the presence of further risk factors in the combined CHA2DS2-VASc-score. The recommendation is to consider oral anticoagulants for patients with a score of
≥1106, which includes 80% of the patients with AF during follow-up. A score
of ≥2 has been identified as an independent risk factor of POAF after cardiac
surgery,107 and included 75% of the patients with AF in this cohort. Only two
of these fifteen high-risk patients received treatment with warfarin after 30
days, and no patients were prescribed NOACs, and there seems be room for
improvement when it comes to adherence to guidelines in this postoperative
cohort.

Long-term mortality and cause of death
The association between POAF and increased long-term mortality in Paper II
and IV was independent of established risk factors, including medical history
and preoperative status. This confirms conclusions from multiple studies, including a recent meta-analysis,80 and is the only previous long-term outcome
with a clear association with POAF.
Cause of death in relation to POAF has not been extensively researched in
a post-CABG setting. One previous study demonstrated a higher incidence of
death from cardiac causes and cerebral ischemia in POAF patients, but did not
correct for confounders.61 Another identified POAF as an independent risk
factor of cardiovascular mortality, and the subgroup embolic deaths.81 However, embolic deaths included pulmonary embolism in addition to stroke, and
the low number of deaths from other subcategories (MI and HF) did not permit
reliable analyses. The large cohorts in Paper II and IV allowed for analyses of
subcategories of cardiovascular mortality. The cohorts are in part the same,
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but with three additional years of inclusion in Paper IV (2010-2012) and a 1
year longer follow-up range.
Cardiac mortality as underlying cause of death was found to be independently associated with POAF in Paper II and IV. The novel approach in
Paper II using analyses that included multiple causes of death was an attempt
to improve knowledge of the causal complexity of death,108 and identified a
higher risk of death related to arrhythmia, cerebrovascular disease, and HF
associated with POAF. The associations all persisted more than 8 years after
surgery. POAF has been previously associated with later development of AF
after CABG,14 confirmed by results on long-term morbidity from Paper IV,
and it may be late-recurring AF episodes that influence survival. The association between POAF and death related to cerebrovascular disease could also be
a consequence of recurring arrhythmias, where 20% of patients with cerebrovascular-related deaths also suffered from arrhythmia as a contributing cause
of death. In Paper IV, there was also an independent association between
POAF and cerebrovascular mortality as underlying cause of death.
In Paper II, 17% of all deaths were related to cerebrovascular disease, and
as many as 31% were related to HF. The association between POAF and HFrelated death has not been previously examined after CABG, related to smaller
cohorts with few events.81 The persistent associations found for these causes
of death in Paper II motivated closer examination of AF, stroke and HF during
follow-up, which was done in Paper IV.
The effect of POAF in Paper II remained when examining a sub-cohort
with POAF as the only complication after CABG. This verifies that the impact
on long-term survival is driven by POAF, and not solely its association with
other postoperative complications.

Long-term morbidity
In Paper IV, POAF was independently associated with a AF for more than 10
years after surgery. POAF patients also had a higher incidence rate of AF during follow-up. It has been previously described that POAF patients more often
experience one AF episode during follow-up, but the extent and frequency of
these episodes have not been analysed.14,84,85 The current study showed an association with subsequent events of AF after the first event, as well as an association that became clearer as the number of AF events increased, which
makes it the first study to show that POAF is associated with a higher overall
AF burden. This demonstrates that POAF does not solely represent an episode
of AF in relation to surgery, but is rather a part of a condition with multiple
recurrent AF events that continues post-discharge after CABG.
Overall, POAF represents a recurrent condition that tends to result in increased morbidity through a series of proposed mechanisms. These include
activation of the coagulation cascade,41 which contribute to a hypercoagulable
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state and leaves AF patients at greater risk of MI42 and ischemic stroke,41 and
potentially non-cerebral thromboembolism. Data also indicate that AF can
create and sustain an inflammatory environment,109 which can trigger HF by
inducing cardiomyocyte loss, hypertrophy and fibrosis, resulting in cardiac
remodelling and ventricular dysfunction.110,111
Paper IV is the first study clearly demonstrating an independent association
between POAF and long-term ischemic stroke in an isolated CABG population, including a higher incidence rate. Previously, the association between
POAF and long-term stroke had been examined in only two cardiac surgery
cohorts. In a CABG cohort, an association with stroke was found (HR 1.3),
but did not specify ischemic stroke.89 The other study, showing an association
between POAF and ischemic stroke (HR 1.3), included all cardiac surgery,
and the inclusion of valvular replacement, typically associated with a higher
use of anticoagulants, would be expected to influence stroke risk.90 Moreover,
patients were censored if post-discharge AF occurred, which could lead to a
skewed exclusion since POAF patients are more likely to have recurrent AF
after cardiac surgery.14,82–85 The current study further revealed that ischemic
stroke during follow-up was associated with increased mortality.
Paper IV showed an extensive influence of POAF on long-term HF. HF
was independently associated with POAF, which persisted for more than 10
years, as well as an associations between POAF and higher number of HF
episodes. There was also a higher incidence rate of HF among POAF patients.
There are no available studies on long-term HF after CABG, but primary AF
has been associated with HF in a large meta-analysis.34 Development of HF in
patients with primary AF has also been associated with a three-fold increase
in mortality,112 which was similar to the findings in this CABG cohort.
Paper IV identified an independent association between POAF and MI, but
it seemed to be limited to the first year after surgery. Furthermore, the incidence rate of MI was not higher in the POAF group. Any clinically relevant
influence of POAF on long-term MI should therefore be limited. There are no
publications regarding POAF and the risk of long-term MI, but in primary AF
patients an independent association between AF and long-term MI has been
observed, as well as a higher incidence of MI.40 Neither are there any previous
studies relating to thrombosis or haemorrhagic events in cardiac surgery cohorts. Results from Paper IV did not show any associations between POAF
and thrombosis or haemorrhagic events. Analyses were limited due to lack of
power, especially regarding haemorrhagic stroke (in total 171 events), but
POAF data and outcome data are of high quality96 and any major impact of
POAF on thrombosis or haemorrhagic events can be ruled out.
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Limitations
The definition (>30 s) and detection method of POAF after CABG could lead
to missed episodes and misclassification of POAF and non-POAF patients.
However, in Paper III patients were monitored until discharge, and the incidence of POAF was similar to the other studies and detected no episodes of
arrhythmia shorter than 30 s. Patients with a history of arrhythmia, but presenting for surgery with SR, were included in Paper I, II and IV, and this could
have affected the results since preoperative AF has been identified as an independent risk factor of late mortality after CABG.76 Since only 3.4% of all patients had a history of AF in Paper IV based on a consistent source (the NPR),
this was not expected to affect results. The incidences of POAF at 31 to 32%
(Paper I, II, and IV) were also consistent with previously reported results from
similar cohorts.10–14,61,63,74–79,81
Cause of death from the Swedish CDR is not always based on autopsy results, but the quality of the registry is regularly assessed.113 Registration of
cause of death involves an interpretation that can be partly subjective. This
leads to a risk of random information bias, since the occurrence of POAF was
unknown when cause of death was established. Paper I, II and IV do not confirm causality. Despite adjusting for a number of risk factors, undetected pathology present preoperatively may have influenced the results.
In Paper III, patients were monitored by continuous telemetry while in hospital, which should have captured all POAF episodes, but misdiagnosis could
have occurred. Intermittent ECG recordings were only scheduled during the
day, but additional symptom-triggered recordings could be made at night.
Missed AF episodes could have affected the results, especially if unevenly
distributed between groups.
In Paper IV, defining outcome events solely on the basis of in-hospital care
and death could potentially lead to an underestimation of the incidence of predefined morbidity events, primarily regarding AF, but this should not be biased by POAF status.
Finally, data concerning medications at discharge and during follow-up
was not included in Paper I, II and IV, and the possible influence of anticoagulants in particular on both thrombosis and haemorrhage was not accounted
for. In Paper III, however, no patients with POAF were prescribed anticoagulants at discharge.

Future perspectives
Our present results show an association between POAF and early complications, recurrent AF, and long-term mortality and morbidity after CABG. There
are still many unidentified factors in the period between hospital discharge
and death. An interesting question is: which type of procedures are performed
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during follow-up, including renewed revascularisation via PCI or CABG. By
comparing patients with and without POAF in relation to these outcomes, the
extent of CAD and the results of CABG could be added to the equation and
thus further isolate the associations with POAF.
The observed association between POAF and recurrent AF after discharge
needs to be further examined. Only the first 30 days were observed using
rhythm monitoring, and knowledge can be added to this field by extending the
follow-up period in a larger cohort. Furthermore, knowledge of treatment for
AF and other arrhythmias, including procedures for AF such as electrical cardioversion and ablation, could shed light on resources required for the patient
group with recurrent AF, which was also seen from a long-term perspective.
Examination of pharmacological treatment after discharge is another way
of identifying associated morbidity and late recurrent AF after CABG. Treatment with anticoagulants would be of particular interest, since ischemic stroke
and cerebrovascular mortality was associated with POAF in the long term. As
Paper III displays, the use of oral anticoagulants might not be in accordance
with guidelines.49 However, the guidelines regarding the use of oral anticoagulants after cardiac surgery is based on a single CABG cohort that showed
beneficial results regarding warfarin and long-term overall mortality.63 Further studies regarding POAF and the effects of anticoagulation, both for patients after CABG and other types of cardiac surgery including valve surgery,
are needed to determine the usefulness of these drugs in this setting. The place
for NOACs in a postoperative population also remains unexplored.
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Conclusions

Several risk factors for POAF after CABG were identified, including advancing age. The moderate predictive value of the final model confirms the difficulty of identifying a high-risk group prior to surgery. The number of patients
with a greatly elevated POAF risk is relatively small, and the absolute number
of reduced cases of POAF would be even smaller. This makes it hard to focus
prophylactic efforts on a well-defined group of patients, and increases the risk
of unnecessary side effects for patients at low or moderate risk of developing
POAF after CABG.
An episode of POAF is associated with increased late mortality after
CABG, specifically death related to arrhythmia, cerebrovascular disease, and
HF, all of which have a plausible relationship to POAF. The effect of POAF
was independent of other risk factors such as age, diabetes, and left ventricular
function. The effect remained more than 8 years after surgery, so follow-up
should not be confined to the early postoperative period but adopt a long-term
approach. Findings suggest that POAF should not be solely considered as a
sign of more advanced disease at the time of surgery, but also as a predictor
of a lasting negative effect on cause-specific survival after CABG.
Postoperative atrial fibrillation predicts recurrence of AF within 30 days of
discharge following CABG. Both symptomatic and asymptomatic AF episodes were frequent, and a more thorough follow-up with intermittent ECG
recordings can help identify patients at risk. Early initiation of treatment might
help reduce further complications associated with POAF from a long-term
perspective.
It has been shown by way of extensive evidence that POAF patients have
an increased long-term risk of ischemic stroke and increased cerebrovascular
mortality, as well as HF and cardiac mortality, after CABG. POAF was confirmed to be a recurrent condition, and should not be considered an isolated
event in relation to surgery.
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Sammanfattning på svenska

Kardiovaskulära sjukdomar, eller hjärt-kärlsjukdomar, är en av de vanligaste
sjukdomsgrupperna och den ledande dödsorsaken i världen. Andelen som dör
i kardiovaskulära sjukdomar minskar, tack vare ökade antal kardiovaskulära
operationer och andra ingrepp kombinerat med nya läkemedel, men är ändå
fortsatt hög. Främst är det kranskärlssjukdom, orsakad av aterosklerotiska
plack, som står för den höga sjukdomsbördan. Det finns två typer av revaskularisering vid avancerad kranskärlssjukdom, PCI (perkutan koronar intervention) och CABG (bypass-kirurgi). Denna avhandling undersöker patienter som
genomgått CABG.
Förmaksflimmer är den vanligaste kroniska takykardin. Prevalensen i den
vuxna befolkningen är 1-3% och ökar med stigande ålder. Förmaksflimmer är
en viktigt riskfaktor för stroke och är även förknippat med andra kardiovaskulära sjukdomstillstånd och dödsorsaker. När förmaksflimmer uppträder efter
kirurgi kallas det postoperativt förmaksflimmer och kan påverka prognosen
negativt. Ungefär en tredjedel av alla patienter som genomgår CABG får postoperativt förmaksflimmer, och det är ämnet för denna avhandling.
Det är främst tidiga komplikationer som har studerats i denna patientgrupp
tidigare. Även dödlighet på lång sikt, oavsett dödsorsak, har förknippats med
postoperativt förmaksflimmer. Orsakerna bakom den ökade dödligheten är
däremot oklara och det finns lite information om dödsorsaker och sjuklighet
på lång sikt.
Syftet med avhandlingen var att studera riskfaktorer för att utveckla postoperativt förmaksflimmer och möjligheten att förutsäga vilka patienter som
kommer att drabbas efter CABG. Vidare undersöktes förekomsten av förmaksflimmer efter utskrivning från sjukhuset i denna patientgrupp, samt utfallet i form av överlevnad, dödsorsaker och sjukdomarbörda på kort och lång
sikt efter kirurgi.
Alla studier inkluderade patienter som genomgått isolerad CABG på kliniken
för Thoraxkirurgi och -anestesi, Akademiska sjukhuset, Uppsala. Tre av studierna var retrospektiva i sin design och inkluderade ca 7000 patienter vardera.
En studie var en mindre prospektiv observationsstudie. All data samlades prospektivt i klinikens databas. I två av studierna samkördes information från databasen med Dödsorsaksregistret och Patientregistret som förvaltas av Socialstyrelsen.
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I den första studien identifierades flera oberoende riskfaktorer för att utveckla
postoperativt förmaksflimmer efter CABG, vilka inkluderade stigande ålder,
nedsatt njurfunktion, manligt kön, NYHA klass III/IV, rökning, tidigare hjärtinfarkt och avsaknad av hyperlipidemi. Den sammantagna modellen hade ett
måttfullt prediktivt värde och bekräftade svårigheten att identifiera en högriskgrupp. Patienter med postoperativt förmaksflimmer hade en högre andel
komplikationer efter operationen, inklusive stroke, infektion, andningsproblem, njursvikt, cirkulationssvårigheter, hjärtsvikt, reoperation, en längre
vårdtid på intensivvårdsavdelning och en längre sammanlagd vårdtid.
Den andra studien visade en oberoende association mellan postoperativt
förmaksflimmer och hjärtdöd på lång sikt, samt död relaterad till arytmi, cerebrovaskulär sjukdom och hjärtsvikt vid undersökningar av multipla dödsorsaker. Kopplingarna fanns kvar mer än 8 år efter CABG.
I den tredje studien observerades hjärtrytmen i 30 dagar efter att patienten
skrivits ut från sjukhuset efter CABG. Förmaksflimmer var vanligt under uppföljningstiden och fler patienter med postoperativt förmaksflimmer hade
också förmaksflimmer efter hemgång. Så många som 35% av alla patienter
hade inga symptom alls av sitt förmaksflimmer.
I den fjärde studien undersöktes kopplingen mellan postoperativt förmaksflimmer och sjuklighet som tidigare kopplats till förmaksflimmer i den ickekirurgisk populationen. Här sågs en association mellan postoperativt förmaksflimmer och ischemisk stroke och hjärtsvikt, och död orsakad av hjärtsjukdom
och cerebrovaskulär sjukdom. Sjukdomar under uppföljningstiden ökade risken för död ytterligare. Förmaksflimmer kunde också bekräftas som ett återkommande tillstånd, där postoperativt förmaksflimmer bara ses som en början
på fortsatta arytmier på lång sikt efter CABG.
Sammanfattningsvis visar avhandlingen att postoperativt förmaksflimmer är
en vanlig komplikation efter CABG, där det är svårt att identifiera en högriskgrupp som skulle kunna få profylaktisk behandling. Vidare fynd pekar på att
postoperativt förmaksflimmer återkommer, både på kort och lång sikt, och inte
ska ses som en isolerad företeelse i samband med operationen. På lång sikt är
postoperativt förmaksflimmer också kopplat till död relaterad till arytmi, cerebrovaskulär sjukdom och hjärtsvikt, samt bakomliggande sjukdomstillstånd
i form av förmaksflimmer, ischemisk stroke och hjärtsvikt. Dessa kopplingar
kvarstod på lång sikt, vilket visar på vikten av fortsatta studier kring dessa
sjukdomar och hur dessa patienter bäst kan följas upp och behandlas på sikt.
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Errata

Published articles
Paper II, page 74, Table 2.
Median and 25th percentile values were misplaced for aortic cross-clamp time
and CPB time.
The table should look as follows:
Table 2. Peri- and postoperative variables.

Variables
Perioperative
Aortic cross-clamp time, min a
CPB time, min a
Use of IMA
Number of distal anastomoses a
Perioperative myocardial injury b
Postoperative
Re-operation, bleeding
IABP
Respiratory complication c
Infection d
Stroke e
Permanent pacemaker

POAF
n=2152 (32%)
%

No POAF
n=4669 (68%)
%

43 (35-53)
82 (66-97)
93
3 (3-4)
8.8

42 (34-52)
80 (65-96)
92
3 (3-4)
9.3

3.5
0.9
4.1
7.3
3.7
0.8

2.3
0.6
2.2
5.0
2.1
0.7

p-value
0.3
0.5
0.6
0.2
0.5
0.005
0.2
<0.0001
<0.0001
<0.0001
0.6

CPB = cardiopulmonary bypass; IABP = intra-aortic balloon pump; IMA = internal mammary
artery; POAF = postoperative atrial fibrillation.
a
Median (25th to 75th pctl).
b
Plasma creatine kinase-band value >50 μg postoperative day 1.
c
Prolonged mechanical ventilation >24 h, or re-intubation.
d
Treatment with antibiotics, and/or positive blood culture.
e
Severe neurological symptoms lasting 6 h, verified by computer tomography.
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Paper III, page 180, References.
Reference number 19 is mislabelled as number 20, and vice versa.
The end of the reference list should read as follows:
[19] Lowres N, Freedman SB, Gallagher R, Kirkness A, Marshman D, Orchard J et al. Identifying postoperative atrial fibrillation in cardiac surgical
patients posthospital discharge, using iPhone ECG: a study protocol. BMJ
Open 2015;5:e006849.
[20] Thorén E, Hellgren L, Jidéus L, Ståhle E. Prediction of postoperative
atrial fibrillation in a large coronary artery bypass grafting cohort. Interact
CardioVasc Thorac Surg 2012;14:588–93.

54

References

1.

Mendis S, Puska P, Norrving B, World Health Organization, World Heart Federation, World Stroke Organization, editors. Global atlas on cardiovascular disease prevention and control. Geneva: World Health Organization in collaboration with the World Heart Federation and the World Stroke Organization; 2011.
Section A, Cardiovascular diseases (CVDs) due to atherosclerosis; p. 1-56.
2. Wang H, Naghavi M, Allen C, Barber RM, Bhutta ZA, Carter A, et al. Global,
regional, and national life expectancy, all-cause mortality, and cause-specific
mortality for 249 causes of death, 1980-2015: a systematic analysis for the
Global Burden of Disease Study 2015. The Lancet. 2016;388(10053):1459-544.
3. Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD, Borden WB, et al.
Heart Disease and Stroke Statistics—2013 Update: A Report From the American
Heart Association. Circulation. 2013;127(1):e6-245.
4. Fihn SD, Gardin JM, Abrams J, Berra K, Blankenship JC, Dallas AP, et al. 2012
ACCF/AHA/ACP/AATS/PCNA/SCAI/STS Guideline for the Diagnosis and
Management of Patients With Stable Ischemic Heart Disease: A Report of the
American College of Cardiology Foundation/American Heart Association Task
Force on Practice Guidelines, and the American College of Physicians, American Association for Thoracic Surgery, Preventive Cardiovascular Nurses Association, Society for Cardiovascular Angiography and Interventions, and Society
of Thoracic Surgeons. J Am Coll Cardiol. 2012;60(24):e44-164.
5. Kannel WB, Abbott RD, Savage DD, McNamara PM. Epidemiologic Features
of Chronic Atrial Fibrillation. N Engl J Med. 1982;306(17):1018-22.
6. Go AS, Hylek EM, Phillips KA, et al. Prevalence of diagnosed atrial fibrillation
in adults: National implications for rhythm management and stroke prevention:
the anticoagulation and risk factors in atrial fibrillation (atria) study. JAMA.
2001;285(18):2370-5.
7. Friberg L, Bergfeldt L. Atrial fibrillation prevalence revisited. J Intern Med.
2013;274(5):461-8.
8. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent risk factor for stroke: the Framingham Study. Stroke. 1991;22(8):983-8.
9. Shahian DM, O’Brien SM, Filardo G, Ferraris VA, Haan CK, Rich JB, et al. The
Society of Thoracic Surgeons 2008 Cardiac Surgery Risk Models: Part 1—Coronary Artery Bypass Grafting Surgery. Ann Thorac Surg. 2009;88(1, Supplement):S2-22.
10. Mathew JP, Fontes ML, Tudor IC, Ramsay J, Duke P, Mazer CD, et al. A multicenter risk index for atrial fibrillation after cardiac surgery. JAMA J Am Med
Assoc. 2004;291(14):1720-9.
11. Shen J, Lall S, Zheng V, Buckley P, Damiano RJ, Schuessler RB. The persistent
problem of new-onset postoperative atrial fibrillation: a single-institution experience over two decades. J Thorac Cardiovasc Surg. 2011;141(2):559-70.

55

12. Amar D, Shi W, Hogue CW Jr, Zhang H, Passman RS, Thomas B, et al. Clinical
prediction rule for atrial fibrillation after coronary artery bypass grafting. J Am
Coll Cardiol. 2004;44(6):1248-53.
13. Almassi GH, Schowalter T, Nicolosi AC, Aggarwal A, Moritz TE, Henderson
WG, et al. Atrial fibrillation after cardiac surgery: a major morbid event? Ann
Surg. 1997;226(4):501-511; discussion 511-513.
14. Ahlsson A, Fengsrud E, Bodin L, Englund A. Postoperative atrial fibrillation in
patients undergoing aortocoronary bypass surgery carries an eightfold risk of
future atrial fibrillation and a doubled cardiovascular mortality. Eur J CardioThorac Surg. 2010;37(6):1353-9.
15. Head SJ, Kieser TM, Falk V, Huysmans HA, Kappetein AP. Coronary artery
bypass grafting: Part 1—the evolution over the first 50 years. Eur Heart J.
2013;34(37):2862-72.
16. Hillis LD, Smith PK, Anderson JL, Bittl JA, Bridges CR, Byrne JG, et al. 2011
ACCF/AHA Guideline for Coronary Artery Bypass Graft Surgery A Report of
the American College of Cardiology Foundation/American Heart Association
Task Force on Practice Guidelines. Circulation. 2011;124(23):e652-735.
17. Loop FD, Lytle BW, Cosgrove DM, Stewart RW, Goormastic M, Williams GW,
et al. Influence of the internal-mammary-artery graft on 10-year survival and
other cardiac events. N Engl J Med. 1986;314(1):1-6.
18. Windecker S, Kolh P, Alfonso F, Collet J-P, Cremer J, Falk V, et al. 2014
ESC/EACTS Guidelines on myocardial revascularizationThe Task Force on
Myocardial Revascularization of the European Society of Cardiology (ESC) and
the European Association for Cardio-Thoracic Surgery (EACTS)Developed
with the special contribution of the European Association of Percutaneous Cardiovascular Interventions (EAPCI). Eur Heart J. 2014;35(37):2541-619.
19. Kurlansky PA, Traad EA, Dorman MJ, Galbut DL, Zucker M, Ebra G. ThirtyYear Follow-Up Defines Survival Benefit for Second Internal Mammary Artery
in Propensity-Matched Groups. Ann Thorac Surg. 2010;90(1):101-8.
20. Lamy A, Devereaux PJ, Prabhakaran D, Taggart DP, Hu S, Paolasso E, et al.
Off-Pump or On-Pump Coronary-Artery Bypass Grafting at 30 Days. N Engl J
Med. 2012;366(16):1489-97.
21. Lamy A, Devereaux PJ, Prabhakaran D, Taggart DP, Hu S, Paolasso E, et al.
Effects of Off-Pump and On-Pump Coronary-Artery Bypass Grafting at 1 Year.
N Engl J Med. 2013;368(13):1179-88.
22. Members* WC, O’Gara PT, Kushner FG, Ascheim DD, Casey DE, Chung MK,
et al. 2013 ACCF/AHA Guideline for the Management of ST-Elevation Myocardial Infarction: A Report of the American College of Cardiology Foundation/American Heart Association Task Force on Practice Guidelines. Circulation. 2013;127(4):e362-425.
23. Grech ED. Percutaneous coronary intervention. I: History and development.
BMJ. 2003;326(7398):1080-2.
24. Topol EJ, Serruys PW. Frontiers in Interventional Cardiology. Circulation.
1998;98(17):1802-20.
25. Levine GN, Bates ER, Bittl JA, Brindis RG, Fihn SD, Fleisher LA, et al. 2016
ACC/AHA Guideline Focused Update on Duration of Dual Antiplatelet Therapy
in Patients With Coronary Artery Disease: A Report of the American College of
Cardiology/American Heart Association Task Force on Clinical Practice Guidelines: An Update of the 2011 ACCF/AHA/SCAI Guideline for Percutaneous
Coronary Intervention, 2011 ACCF/AHA Guideline for Coronary Artery Bypass
Graft Surgery, 2012 ACC/AHA/ACP/AATS/PCNA/SCAI/STS Guideline for
the Diagnosis and Management of Patients With Stable Ischemic Heart Disease,

56

26.
27.

28.

29.
30.

31.
32.

33.
34.
35.
36.
37.
38.

2013 ACCF/AHA Guideline for the Management of ST-Elevation Myocardial
Infarction, 2014 AHA/ACC Guideline for the Management of Patients With
Non-ST-Elevation Acute Coronary Syndromes, and 2014 ACC/AHA Guideline
on Perioperative Cardiovascular Evaluation and Management of Patients Undergoing Noncardiac Surgery. Circulation. 2016;134(10):e123-55.
Serruys PW, Morice M-C, Kappetein AP, Colombo A, Holmes DR, Mack MJ,
et al. Percutaneous coronary intervention versus coronary-artery bypass grafting
for severe coronary artery disease. N Engl J Med. 2009;360(10):961-72.
Mohr FW, Morice M-C, Kappetein AP, Feldman TE, Ståhle E, Colombo A, et
al. Coronary artery bypass graft surgery versus percutaneous coronary intervention in patients with three-vessel disease and left main coronary disease: 5-year
follow-up of the randomised, clinical SYNTAX trial. The Lancet.
2013;381(9867):629-38.
Kinjo K, Sato H, Sato H, Ohnishi Y, Hishida E, Nakatani D, et al. Prognostic
significance of atrial fibrillation/atrial flutter in patients with acute myocardial
infarction treated with percutaneous coronary intervention. Am J Cardiol.
2003;92(10):1150-4.
Zoni-Berisso M, Lercari F, Carazza T, Domenicucci S. Epidemiology of atrial
fibrillation: European perspective. Clin Epidemiol. 2014;6:213-20.
January CT, Wann LS, Alpert JS, Calkins H, Cigarroa JE, Cleveland JC, et al.
2014 AHA/ACC/HRS Guideline for the Management of Patients With Atrial
Fibrillation A Report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines and the Heart Rhythm Society.
Circulation. 2014;130(23):e199-267.
Haïssaguerre M, Jaïs P, Shah DC, Takahashi A, Hocini M, Quiniou G, et al.
Spontaneous Initiation of Atrial Fibrillation by Ectopic Beats Originating in the
Pulmonary Veins. N Engl J Med. 1998;339(10):659-66.
Chen S-A, Hsieh M-H, Tai C-T, Tsai C-F, Prakash VS, Yu W-C, et al. Initiation
of Atrial Fibrillation by Ectopic Beats Originating From the Pulmonary Veins
Electrophysiological Characteristics, Pharmacological Responses, and Effects
of Radiofrequency Ablation. Circulation. 1999;100(18):1879-86.
Vaziri SM, Larson MG, Benjamin EJ, Levy D. Echocardiographic predictors of
nonrheumatic atrial fibrillation. The Framingham Heart Study. Circulation.
1994;89(2):724-30.
Odutayo A, Wong CX, Hsiao AJ, Hopewell S, Altman DG, Emdin CA. Atrial
fibrillation and risks of cardiovascular disease, renal disease, and death: systematic review and meta-analysis. BMJ. 2016;354:i4482.
Benjamin EJ, Wolf PA, D’Agostino RB, Silbershatz H, Kannel WB, Levy D.
Impact of atrial fibrillation on the risk of death: the Framingham Heart Study.
Circulation. 1998;98(10):946-52.
Fauchier L, Villejoubert O, Clementy N, Bernard A, Pierre B, Angoulvant D, et
al. Causes of Death and Influencing Factors in Patients with Atrial Fibrillation.
Am J Med. 2016;129(12):1278-87.
Marijon E, Heuzey J-YL, Connolly S, Yang S, Pogue J, Brueckmann M, et al.
Causes of Death and Influencing Factors in Patients With Atrial Fibrillation. Circulation. 2013;128(20):2192-201.
Kerr CR, Humphries KH, Talajic M, Klein GJ, Connolly SJ, Green M, et al.
Progression to chronic atrial fibrillation after the initial diagnosis of paroxysmal
atrial fibrillation: Results from the Canadian Registry of Atrial Fibrillation. Am
Heart J. 2005;149(3):489-96.

57

39. Lubitz SA, Yin X, Rienstra M, Schnabel RB, Walkey AJ, Magnani JW, et al.
Long-Term Outcomes of Secondary Atrial Fibrillation in the CommunityCLINICAL PERSPECTIVE: The Framingham Heart Study. Circulation.
2015;131(19):1648-55.
40. Soliman EZ, Safford MM, Muntner P, Khodneva Y, Dawood FZ, Zakai NA, et
al. Atrial Fibrillation and the Risk of Myocardial Infarction. JAMA Intern Med.
2014;174(1):107-14.
41. Choudhury A, Lip GYH. Atrial fibrillation and the hypercoagulable state: from
basic science to clinical practice. Pathophysiol Haemost Thromb. 2003;33(56):282-9.
42. Prizel KR, Hutchins GM, Bulkley BH. Coronary artery embolism and myocardial infarction. Ann Intern Med. 1978;88(2):155-61.
43. Hart RG, Pearce LA, Aguilar MI. Meta-analysis: Antithrombotic Therapy to
Prevent Stroke in Patients Who Have Nonvalvular Atrial Fibrillation. Ann Intern
Med. 2007;146(12):857-67.
44. Ruff CT, Giugliano RP, Braunwald E, Hoffman EB, Deenadayalu N, Ezekowitz
MD, et al. Comparison of the efficacy and safety of new oral anticoagulants with
warfarin in patients with atrial fibrillation: a meta-analysis of randomised trials.
The Lancet. 2014;383(9921):955-62.
45. Luong C, Barnes ME, Tsang TSM. Atrial Fibrillation and Heart Failure: Cause
or Effect? Curr Heart Fail Rep. 2014;11(4):463-70.
46. Thihalolipavan S, Morin DP. Atrial fibrillation and heart failure: update 2015.
Prog Cardiovasc Dis. 2015;58(2):126-35.
47. Ohtani K, Yutani C, Nagata S, Koretsune Y, Hori M, Kamada T. High prevalence of atrial fibrosis in patients with dilated cardiomyopathy. JACC.
1995;25(5):1162-9.
48. Bouras G, Giannopoulos G, Hatzis G, Alexopoulos D, Deftereos GL and S. Inflammation and Chronic Heart Failure: From Biomarkers to Novel Anti-inflammatory Therapeutic Strategies. Med Chem. 2014;10(7):682-99.
49. Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B, et al. 2016
ESC Guidelines for the management of atrial fibrillation developed in collaboration with EACTS. Eur Heart J. 2016;37(38):2893-962.
50. Lip GYH, Halperin JL. Improving Stroke Risk Stratification in Atrial Fibrillation. Am J Med. 2010;123(6):484-8.
51. Pisters R, Lane DA, Nieuwlaat R, de Vos CB, Crijns HJGM, Lip GYH. A novel
user-friendly score (HAS-BLED) to assess 1-year risk of major bleeding in patients with atrial fibrillation: the Euro Heart Survey. Chest. 2010;138(5):1093100.
52. Alboni P, Botto GL, Baldi N, Luzi M, Russo V, Gianfranchi L, et al. Outpatient
Treatment of Recent-Onset Atrial Fibrillation with the “Pill-in-the-Pocket” Approach. N Engl J Med. 2004;351(23):2384-91.
53. Mittal S, Ayati S, Stein KM, Schwartzman D, Cavlovich D, Tchou PJ, et al.
Transthoracic Cardioversion of Atrial Fibrillation: Comparison of Rectilinear
Biphasic Versus Damped Sine Wave Monophasic Shocks. Circulation.
2000;101(11):1282-7.
54. Cox JL. A perspective of postoperative atrial fibrillation in cardiac operations.
Ann Thorac Surg. 1993;56(3):405-9.
55. Kitzman DW, Edwards WD. Age-related changes in the anatomy of the normal
human heart. J Gerontol. 1990;45(2):M33-39.
56. Lamm G, Auer J, Weber T, Berent R, Ng C, Eber B. Postoperative White Blood
Cell Count Predicts Atrial Fibrillation After Cardiac Surgery. J Cardiothorac
Vasc Anesth. 2006;20(1):51-6.

58

57. Bruins P, Velthuis H te, Yazdanbakhsh AP, Jansen PGM, Hardevelt FWJ van,
Beaumont EMFH de, et al. Activation of the Complement System During and
After Cardiopulmonary Bypass Surgery Postsurgery Activation Involves C-Reactive Protein and Is Associated With Postoperative Arrhythmia. Circulation.
1997;96(10):3542-8.
58. Hogue CW, Domitrovich PP, Stein PK, Despotis GD, Re L, Schuessler RB, et
al. RR Interval Dynamics Before Atrial Fibrillation in Patients After Coronary
Artery Bypass Graft Surgery. Circulation. 1998;98(5):429-34.
59. Kalman JM, Munawar M, Howes LG, Louis WJ, Buxton BF, Gutteridge G, et
al. Atrial fibrillation after coronary artery bypass grafting is associated with sympathetic activation. Ann Thorac Surg. 1995;60(6):1709-15.
60. Villareal RP, Hariharan R, Liu BC, Kar B, Lee V-V, Elayda M, et al. Postoperative atrial fibrillation and mortality after coronary artery bypass surgery. J Am
Coll Cardiol. 2004;43(5):742-8.
61. Ahlsson A, Bodin L, Fengsrud E, Englund A. Patients with postoperative atrial
fibrillation have a doubled cardiovascular mortality. Scand Cardiovasc J.
2009;43(5):330-6.
62. Aranki SF, Shaw DP, Adams DH, Rizzo RJ, Couper GS, VanderVliet M, et al.
Predictors of atrial fibrillation after coronary artery surgery. Current trends and
impact on hospital resources. Circulation. 1996;94(3):390-7.
63. El-Chami MF, Kilgo P, Thourani V, Lattouf OM, Delurgio DB, Guyton RA, et
al. New-Onset Atrial Fibrillation Predicts Long-Term Mortality After Coronary
Artery Bypass Graft. J Am Coll Cardiol. 2010;55(13):1370-6.
64. Mahoney EM, Thompson TD, Veledar E, Williams J, Weintraub WS. Cost-effectiveness of targeting patients undergoing cardiac surgery for therapy with intravenous amiodarone to prevent atrial fibrillation. J Am Coll Cardiol.
2002;40(4):737-45.
65. Zaman AG, Archbold RA, Helft G, Paul EA, Curzen NP, Mills PG. Atrial fibrillation after coronary artery bypass surgery: a model for preoperative risk stratification. Circulation. 2000;101(12):1403-8.
66. Creswell LL, Schuessler RB, Rosenbloom M, Cox JL. Hazards of postoperative
atrial arrhythmias. Ann Thorac Surg. 1993;56(3):539-49.
67. Auer J, Lamm G, Weber T, Berent R, Ng C-K, Porodko M, et al. Renal function
is associated with risk of atrial fibrillation after cardiac surgery. Can J Cardiol.
2007;23(11):859-63.
68. Tapio H, Jari H, Kimmo M, Juha H. Prevention of atrial fibrillation after cardiac
surgery. Scand Cardiovasc J. 2007;41(2):72-8.
69. Echahidi N, Pibarot P, O’Hara G, Mathieu P. Mechanisms, Prevention, and
Treatment of Atrial Fibrillation After Cardiac Surgery. J Am Coll Cardiol.
2008;51(8):793-801.
70. Arsenault KA, Yusuf AM, Crystal E, Healey JS, Morillo CA, Nair GM, et al.
Interventions for preventing post-operative atrial fibrillation in patients undergoing heart surgery. Cochrane Database Syst Rev. 2013;(1):CD003611.
71. Gillinov AM, Bagiella E, Moskowitz AJ, Raiten JM, Groh MA, Bowdish ME,
et al. Rate Control versus Rhythm Control for Atrial Fibrillation after Cardiac
Surgery. N Engl J Med. 2016;374(20):1911-21.
72. Tamis JE, Steinberg JS. Atrial fibrillation independently prolongs hospital stay
after coronary artery bypass surgery. Clin Cardiol. 2000;23(3):155-9.
73. Hravnak M, Hoffman LA, Saul MI, Zullo TG, Whitman GR, Griffith BP. Predictors and impact of atrial fibrillation after isolated coronary artery bypass grafting. Crit Care Med. 2002;30(2):330-7.

59

74. Saxena A, Dinh DT, Smith JA, Shardey GC, Reid CM, Newcomb AE. Usefulness of Postoperative Atrial Fibrillation as an Independent Predictor for Worse
Early and Late Outcomes After Isolated Coronary Artery Bypass Grafting (Multicenter Australian Study of 19,497 Patients). Am J Cardiol. 2012;109(2):21925.
75. Attaran S, Shaw M, Bond L, Pullan MD, Fabri BM. Atrial fibrillation postcardiac surgery: a common but a morbid complication. Interact Cardiovasc
Thorac Surg. 2011;12(5):772-7.
76. Bramer S, van Straten AHM, Soliman Hamad MA, Berreklouw E, Martens EJ,
Maessen JG. The Impact of New-Onset Postoperative Atrial Fibrillation on Mortality After Coronary Artery Bypass Grafting. Ann Thorac Surg.
2010;90(2):443-9.
77. Mariscalco G, Engström KG. Postoperative Atrial Fibrillation Is Associated
With Late Mortality After Coronary Surgery, but Not After Valvular Surgery.
Ann Thorac Surg. 2009;88(6):1871-6.
78. Filardo G, Hamilton C, Hebeler RF, Hamman B, Grayburn P. New-Onset Postoperative Atrial Fibrillation After Isolated Coronary Artery Bypass Graft Surgery and Long-Term Survival. Circ Cardiovasc Qual Outcomes. 2009;2(3):1649.
79. Almassi GH, Pecsi SA, Collins JF, Shroyer AL, Zenati MA, Grover FL. Predictors and impact of postoperative atrial fibrillation on patients’ outcomes: A report from the Randomized On Versus Off Bypass trial. J Thorac Cardiovasc
Surg. 2012;143(1):93-102.
80. Phan K, Ha HSK, Phan S, Medi C, Thomas SP, Yan TD. New-onset atrial fibrillation following coronary bypass surgery predicts long-term mortality: a systematic review and meta-analysis. Eur J Cardiothorac Surg. 2015;ezu551.
81. Mariscalco G, Klersy C, Zanobini M, Banach M, Ferrarese S, Borsani P, et al.
Atrial Fibrillation After Isolated Coronary Surgery Affects Late Survival. Circulation. 2008;118(16):1612-8.
82. Melduni RM, Schaff HV, Bailey KR, Cha SS, Ammash NM, Seward JB, et al.
Implications of new-onset atrial fibrillation after cardiac surgery on long-term
prognosis: A community-based study. Am Heart J. 2015;170(4):659-68.
83. Pillarisetti J, Patel A, Bommana S, Guda R, Falbe J, Zorn GT, et al. Atrial fibrillation following open heart surgery: long-term incidence and prognosis. J Interv
Card Electrophysiol. 2014;39(1):69-75.
84. Lee S-H, Kang DR, Uhm J-S, Shim J, Sung J-H, Kim J-Y, et al. New-onset atrial
fibrillation predicts long-term newly developed atrial fibrillation after coronary
artery bypass graft. Am Heart J. 2014;167(4):593-600.e1.
85. Antonelli D, Peres D, Freedberg NA, Feldman A, Rosenfeld T. Incidence of
Postdischarge Symptomatic Paroxysmal Atrial Fibrillation in Patients Who Underwent Coronary Artery Bypass Graft: Pacing Clin Electrophysiol.
2004;27(3):365-7.
86. Ambrosetti M, Tramarin R, Griffo R, De Feo S, Fattirolli F, Vestri A, et al. Late
postoperative atrial fibrillation after cardiac surgery: a national survey within the
cardiac rehabilitation setting. J Cardiovasc Med Hagerstown Md.
2011;12(6):390-5.
87. Kowey PR, Stebbins D, Igidbashian L, Goldman SM, Sutter FP, Rials SJ, et al.
Clinical outcome of patients who develop PAF after CABG surgery. Pacing Clin
Electrophysiol PACE. 2001;24(2):191-3.
88. Landymore RW, Howell F. Recurrent atrial arrhythmias following treatment for
postoperative atrial fibrillation after coronary bypass operations. Eur J CardioThorac Surg. 1991;5(8):436-9.

60

89. Horwich P, Buth KJ, Légaré J-F. New Onset Postoperative Atrial Fibrillation is
Associated with a Long-Term Risk for Stroke and Death Following Cardiac Surgery. J Card Surg. 2013;28(1):8-13.
90. Gialdini G, Nearing K, Bhave PD, Bonuccelli U, Iadecola C, Healey JS, et al.
Perioperative Atrial Fibrillation and the Long-term Risk of Ischemic Stroke.
JAMA. 2014;312(6):616-22.
91. Dolgin M. Nomenclature and Criteria for Diagnosis of Diseases of the Heart and
Great Vessels. 9 edition. Boston: Little Brown & Co; 1994.
92. Campeau L. Letter: Grading of angina pectoris. Circulation. 1976;54(3):522-3.
93. Nashef SA, Roques F, Michel P, Gauducheau E, Lemeshow S, Salamon R. European system for cardiac operative risk evaluation (EuroSCORE). Eur J CardioThorac Surg. 1999;16(1):9-13.
94. Register [Internet]. Available from: http://www.socialstyrelsen.se/register
95. WHO | Mortality [Internet]. Available from: http://www.who.int/topics/mortality/en/
96. Ludvigsson JF, Andersson E, Ekbom A, Feychting M, Kim J-L, Reuterwall C,
et al. External review and validation of the Swedish national inpatient register.
BMC Public Health. 2011;11:450.
97. Smith JG, Platonov PG, Hedblad B, Engström G, Melander O. Atrial fibrillation
in the Malmö diet and cancer study: a study of occurrence, risk factors and diagnostic validity. Eur J Epidemiol. 2010;25(2):95-102.
98. Doliwa PS, Frykman V, Rosenqvist M. Short-term ECG for out of hospital detection of silent atrial fibrillation episodes. Scand Cardiovasc J. 2009;43(3):1638.
99. Kaplan EL, Meier P. Nonparametric Estimation from Incomplete Observations.
J Am Stat Assoc. 1958;53(282):457-81.
100. Cox DR. Regression Models and Life-Tables. J R Stat Soc Ser B Methodol.
1972;34(2):187-220.
101. Kalbfleisch JD, Prentice RL. Competing Risks and Multistate Models. In: The
Statistical Analysis of Failure Time Data. John Wiley & Sons, Inc.; 2002. p. 24777.
102. Dotani MI, Elnicki DM, Jain AC, Gibson CM. Effect of preoperative statin therapy and cardiac outcomes after coronary artery bypass grafting. Am J Cardiol.
2000;86(10):1128-30.
103. Hendrikx T, Rosenqvist M, Wester P, Sandström H, Hörnsten R. Intermittent
short ECG recording is more effective than 24-hour Holter ECG in detection of
arrhythmias. BMC Cardiovasc Disord. 2014;14:41.
104. Sobocinski PD, Rooth EÄ, Kull VF, Arbin M von, Wallén H, Rosenqvist M.
Improved screening for silent atrial fibrillation after ischaemic stroke. Europace.
2012;14(8):1112-6.
105. Burgess DC, Kilborn MJ, Keech AC. Interventions for prevention of post-operative atrial fibrillation and its complications after cardiac surgery: a meta-analysis. Eur Heart J. 2006;27(23):2846-57.
106. Lane DA, Lip GYH. Use of the CHA2DS2-VASc and HAS-BLED Scores to
Aid Decision Making for Thromboprophylaxis in Nonvalvular Atrial Fibrillation. Circulation. 2012;126(7):860-5.
107. Chua S-K, Shyu K-G, Lu M-J, Lien L-M, Lin C-H, Chao H-H, et al. Clinical
utility of CHADS2 and CHA2DS2-VASc scoring systems for predicting postoperative atrial fibrillation after cardiac surgery. J Thorac Cardiovasc Surg.
2013;146(4):919-926.e1.

61

108. Redelings MD, Wise M, Sorvillo F. Using Multiple Cause-of-Death Data to Investigate Associations and Causality between Conditions Listed on the Death
Certificate. Am J Epidemiol. 2007;166(1):104-8.
109. Guo Y, Lip GYH, Apostolakis S. Inflammation in atrial fibrillation. J Am Coll
Cardiol. 2012;60(22):2263-70.
110. Van Linthout S, Tschöpe C. Inflammation - Cause or Consequence of Heart Failure or Both? Curr Heart Fail Rep. 2017;14(4):251-65.
111. Schirone L, Forte M, Palmerio S, Yee D, Nocella C, Angelini F, et al. A Review
of the Molecular Mechanisms Underlying the Development and Progression of
Cardiac Remodeling. Oxid Med Cell Longev. 2017;2017:3920195.
112. Wang TJ, Larson MG, Levy D, Vasan RS, Leip EP, Wolf PA, et al. Temporal
Relations of Atrial Fibrillation and Congestive Heart Failure and Their Joint Influence on Mortality The Framingham Heart Study. Circulation.
2003;107(23):2920-5.
113. Johansson LA, Westerling R. Comparing Swedish hospital discharge records
with death certificates: implications for mortality statistics. Int J Epidemiol.
2000;29(3):495-502.

62

Acta Universitatis Upsaliensis
Digital Comprehensive Summaries of Uppsala Dissertations
from the Faculty of Medicine 1391
Editor: The Dean of the Faculty of Medicine
A doctoral dissertation from the Faculty of Medicine, Uppsala
University, is usually a summary of a number of papers. A few
copies of the complete dissertation are kept at major Swedish
research libraries, while the summary alone is distributed
internationally through the series Digital Comprehensive
Summaries of Uppsala Dissertations from the Faculty of
Medicine. (Prior to January, 2005, the series was published
under the title “Comprehensive Summaries of Uppsala
Dissertations from the Faculty of Medicine”.)

Distribution: publications.uu.se
urn:nbn:se:uu:diva-332125

ACTA
UNIVERSITATIS
UPSALIENSIS
UPPSALA
2017

