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Sum m ary o f Thesis.

Post operative atrial fibrillation is a common occurrence following all forms o f 

cardiac surgery apart from heart transplantation. Coronary artery bypass is the 

com m onest cardiac surgical procedure with more than 800,000 cases performed per 

year worldwide. The incidence o f  post coronary artery bypass atrial fibrillation varies 

depending on the definitions used, but ranges from 10 to 40% o f  patients. This 

arrhythmia may term inate spontaneously and have no consequences however in some 

it causes significant morbidity and may even increase mortality. Thus it can be seen 

that with a potential incidence o f  up to 320,000 cases per year this arrhythm ia imposes 

a significant burden on our health care systems. Despite many theories the precise 

aetiology remains unknown; this thesis will investigate some o f  the current theories 

for the developm ent o f  atrial fibrillation.

There are some data to suggest an inflammatory basis for atrial fibrillation both 

in the surgical and non surgical settings. On pump cardiac surgery is associated with a 

significant inflammatory response. In light o f  this I enrolled 150 patients undergoing 

coronary artery bypass grafting and measured five different inflammatory markers at 

baseline and at a variety o f  tim epoints following surgery. All patients were closely 

monitored for the developm ent o f  atrial fibrillation. There was no association between 

the developm ent o f  atrial fibrillation and the inflammatory response as assessed by the 

markers measured. In fact apart from sVCAM  all the markers were lower in the group 

that developed atrial fibrillation.

Alterations in the refractory period o f  the atrial tissue may precipitate atrial 

fibrillation. Changes in the electrical properties o f  the atria could be caused by atrial
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stretch secondary to increased atrial pressure. Left ventricular dysftinction can occur in 

the post-operative period and potentially lead to atrial pressure overload. As invasive 

haemodynamic monitoring is impractical for the time period when atrial fibrillation 

can develop we used brain natriuretic peptide as a surrogate marker for left ventricular 

end diastolic pressure. I studied 133 patients with good left ventricular function and 

normal pre operative BNP levels. All patients had a significant rise in their post

operative BNP levels and that in those that developed atrial fibrillation greater than 48 

hours after surgery this rise was significantly different to those that remained in sinus 

rhythm.

Not only can the atrial electrical activity be altered acutely but patients with 

pre-existing atrial abnorm alities may be at increased risk o f  developing atrial 

fibrillation. These structural changes are associated with advancing age and the 

average age o f  patients undergoing cardiac surgery is increasing. I collected atrial 

tissue samples from 92 patients prior to comm encing cardiopulm onary bypass. We 

studied 10 different morphological features and found that none o f  them correlated 

with the developm ent o f  atrial fibrillation.

On pump cardiac surgery involves arresting the heart and providing circulation 

via an extra-corporeal circuit. During this process the heart is at risk o f  ischaemia and 

potentially o f  infarction. Post operative infarction has been associated with atrial 

fibrillation in previous studies. I m easured Troponin T a sensitive m arker o f  

myocardial necrosis in 100 patients and correlated the levels with post-operative 

outcomes including atrial fibrillation. W hile alm ost all the patients demonstrated some
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degree o f  troponin elevation there was no correlation with any o f  the endpoints 

analysed.

Thus the data from this thesis do not show any association between the post

operative inflammatory response, the atrial histological substrate, markers o f  

m yonecrosis and post-operative atrial fibrillation. Following cardiac surgery brain 

natriuretic peptide levels rise significantly and that this elevation is associated with the 

onset o f  atrial fibrillation greater than 48 hours after surgery.
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OBJECTIVES.

The objective o f  this thesis was to evaluate different theories for the 

development o f post operative atrial fibrillation. The thesis has been divided into four 

different sections as follows:

1/ The primary aim o f  this section o f  the thesis was to determine if  there was a 

relationship between the peri-operative inflammatory response, assessed by soluble 

forms o f  the adhesion m olecules and C-reactive protein, and the developm ent o f  atrial 

fibrillation following coronary artery bypass surgery.

2/ The objective o f  this study was to determine whether there was a relationship 

between atrial stretch and the development o f  post-operative atrial fibrillation. Brain 

natriuretic peptide was used as a surrogate m arker for left ventricular end diastolic 

pressure and was measured 24 and 48 hours following the onset o f  cardiopulmonary 

bypass.

3/ The aim o f  this portion o f  the thesis was to determine whether there is a relationship 

between the pre-operative atrial morphology and the developm ent o f  post-operative 

atrial fibrillation. 1 sought to determine if  the pre-operative atrial substrate as 

determined by 10 histological features was associated with the developm ent o f  atrial 

fibrillation.

4/ The objective o f  this study was to evaluate the association between post-operative 

troponin T elevation (a marker o f  myocardial necrosis) in a low risk group undergoing 

cardiac surgery and peri-operative variables and clinical outcomes including atrial 

fibrillation.
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INTRODUCTION.

Post operative atrial fibrillation remains a common occurrence following all 

forms o f  cardiac surgery. While many patients recover spontaneously in others it is 

associated with prolongation o f  hospital stay and deleterious clinical events such as 

cerebro-vascular accidents. Despite many advances in the field o f  electrophysiology 

the precise aetiology o f  atrial fibrillation remains to be defined.

This introductory chapter will give a historical perspective on cardiac surgery 

and then review the current knowledge about the aetiology and clinical consequences 

o f  this arrhythmia. The post-operative inflammatory response will be discussed from 

the perspective o f  causation and key inflammatory markers and finally the natriuretic 

peptides and their potential clinical applications will be introduced.

Cardiac surgery a historical perspective.

The history o f  cardiac surgery began in Germany in 1896 when Ludwig Rehn 

successfully sutured a stab wound in the right ventricle (1). In the nineteen twenties 

Rehn performed the first pericardiectomy and in 1923 Elliot Cutler attempted the first 

mitral valvulotomy through the apex o f  the left ventricle (2). Two years later Souttar 

performed the first mitral valvulotomy by introducing his fingers through the left atrial 

appendage. Unfortunately, both procedures were abandoned for the next 25 years and 

the developm ent o f  cardiac surgery stagnated during that tim e (3).

The next important advances occurred in the field o f  congenital heart disease 

when in 1938 Gross closed a patent ductus arteriosus, and in 1944 Blalock created the
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first subclavian to pulmonary artery anastomosis for the treatm ent o f  Tetralogy o f  

Fallot (4, 5) In 1945 both Gross and Crafoord independently performed the first 

successful resections o f  a coarctation o f  the aorta with end to end repair (6, 7).

The late forties and early fifties were notable for the developm ent o f  many 

different techniques to successfully treat mitral stenosis; however, the m odem  era o f 

open cardiac surgery began in 1952 with an ASD closure using hypotherm ia (8). John 

Gibbon used the first bypass pump to close an ASD in M ay o fl953 , but unfortunately 

the subsequent four patients died and the procedure was abandoned (9). This led to 

Lilleheis work on cross circulation using an adult donor with the same blood group to 

provide the circulation for a child having a congenital heart defect repaired (10). The 

first case to com bine hypotherm ia with extra-corporeal circulation was performed in 

Duke University in 1956 and throughout the following decade many modifications 

were made which allowed treatm ents to be developed for a variety o f  congenital 

cardiac lesions ( I I ) .

Valve replacem ent surgery was pioneered by Charles Hufnagel who in 1952 

implanted a prosthesis in the descending aorta o f  a patient with aortic incompetence. 

The first valves were implanted in the human heart in 1960 by Starr and Harken in 

independent operations (12, 13, 14).

The era o f  cardiac revascularisation began with the pioneering work o f  a 

Canadian surgeon Arthur Vineberg (15). In 1950 he dissected the internal mammary 

artery (IM A) and implanted it in a myocardial tunnel parallel to the left anterior 

descending coronary artery. The intention was that this vessel would arborise and 

develop collateral com m unications with the native coronary vessels. This procedure
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was developed prior to the advent o f  selective coronary angiography (1959) and was 

initially not widely accepted. In 1965 Sones group demonstrated flow from the 

implanted IMA into the surrounding native vessels (16). Between 10 and 20,000 

Vineberg operations were carried out worldwide however this procedure became 

obsolete following the developm ent o f  coronary artery bypass as we now know it.

This procedure utilising a saphenous vein as the conduit was initially performed in the 

Cleveland clinic in 1967 by Favalaro and ushered in the m odem  era o f  cardiac 

revascularisation surgery (17). Currently in all its forms this is the m ost frequently 

performed cardiac operation, with more than 800,000 cases per year worldwide.

ATRIAL FIBRILLATION.

Atrial fibrillation (AF) is an irregular cardiac rhythm, which originates from 

above the atrio-ventricular node. It is characterised by rapid atrial depolarisation with 

chaotic fibrillary waves (18). The atrial cells can depolarise as rapidly as 400-600 

tim es a minute, fortunately, not all these impulses are transmitted to the ventricles. 

This usually results in an irregular ventricular response. As the depolarisation o f the 

atria is so rapid and chaotic the atria merely quiver and there is no functional atrial 

contraction. This leads to the increased embolic risk associated with this rhythm and 

may lead to haemodynamic compromise in some patients who are dependant on atrial 

transport to maintain adequate cardiac output.
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Post-operative atrial flbrillation.

Atrial fibrillation can occur after any surgical intervention. In surgery, which 

does not involve a thoracotom y, the incidence is approximately 5% (I9). I f  a 

thoracotomy is required for non-cardiac surgery the incidence o f  atrial fibrillation 

remains low at 12%, however following pneumonectomy the occurrence o f  this 

complication approaches 20-40%  similar to the frequency seen following coronary 

artery surgery (20,21).

Atrial fibrillation following cardiac surgery.

The first reports o f  atrial fibrillation following cardiac surgery came from 

Favolaro’s group in the Cleveland Clinic. In their review o f  their first 100 patients to 

undergo CABG between I967and 1968, 12 patients developed atrial fibrillation (22). 

This relatively low incidence may be explained by the average age o f  the group, which 

at 50 was low compared to current practice.

In more recent tim es atrial fibrillation remains the commonest post-operative 

complication, it occurs in between 10 and 65% o f  patients depending on the type o f 

surgery, the definition o f  the arrhythmia, the method o f  arrhythmia monitoring and the 

clinical characteristics o f  the patients studied (23,24). Patients undergoing valve 

replacement or repair have a much higher incidence o f  AF than patients who have 

isolated myocardial revascularisation (25,26) A meta-analysis o f  24 studies o f  isolated 

coronary artery bypass grafting published in 1991 estimated the incidence at 26.7%. 

The age o f  patients referred for surgery has continued to increase since then and these 

data likely underestimate the current size o f  the problem (27).As coronary artery
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bypass is such a common procedure in the western world any complication with an 

incidence o f  up to 40%  has significant clinical and financial implications (28). A 

recent editorial in the Journal o f  the American College o f  Cardiology stated that post

operative atrial fibrillation is costing the Am erican health care system one billion 

dollars per year (29).

There is a temporal relationship between surgery and the onset o f atrial 

fibrillation. It is most likely to occur on days 2 and 3 following the operation, but may 

occur up to many weeks following the operation (23). In one large series o f  over 1500 

patients undergoing cardiac surgery 28.4%  developed AF. O f these only 4.7%  o f  

supraventricular arrhythmias occurred on the first post-operative day with a peak o f 

43%  on day 2 and an incidence as low as 0.4%  on day 9 or greater (30).

Aetiology.

The precise aetiology o f  atrial fibrillation, be it independent of, or related to 

surgery remains unclear, although there are a num ber o f  theories. Unlike non-surgical 

AF the relative electrophysiological im portance o f  a rapidly firing focus has not been 

completely characterised (31, 32). This is not to say that atrial ectopic activity does not 

play a role in the pathogenesis o f  post-operative AF as it has been shown that atrial 

ectopics are more common in the m inutes and hours prior to the onset o f  AF (33). 

These ectopics may precipitate AF in patients with a susceptible atrial electrical 

substrate.

The multiple wavelength hypotheses, which was first proposed by M oe in 

1962, may also have a role to play in post-operative AF (34). This suggests that atrial
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fibrillation is sustained by m ultiple re-entrant circuits and that random pathways are 

determined by atrial refractoriness, excitability and conduction properties. In most 

cases these re-entrant circuits are constantly arising, colliding and being extinguished. 

It requires a critical mass o f  atrial tissue to sustain the arrhythm ia and adjacent atrial 

regions with different refractory periods may increase re-entry. Another important 

concept is the presence o f  “drivers” , these are areas that generate a rapid rhythm o f  a 

very short cycle length, the atria are unable to respond to this in a one to one fashion 

and so the result is fibrillatory conduction. These atrial re-entry circuits arc often 

referred to as “rotors” and can be self-sustaining. A vortex o f  electrical waves (spiral 

waves) can arise and precipitate and propagate AF. The pulmonary veins and indeed 

other structures such as the vena cava, ligament o f  Marshall and the thoracic veins 

have also been implicated in AF. A sleeve o f  atrial tissue often extends into these 

structures and a rapidly firing focus has been shown to precipitate AF. Slowing in 

atrial conduction may also increase re-entry and this is supported by the fact that an 

increase in pre-operative P-wave duration on signal averaged ECG is a risk factor for 

the developm ent o f  post-operative AF (35,36). A short cycle wavelength and an 

increase in atrial size may enhance atrial vulnerability to AF (37). Atrial ischaemia, 

trauma, stretch, sympathetic activation or inflammation may alter atrial refractoriness, 

shorten cycle length or slow atrial conduction and hence precipitate the arrhythmia.

M odem cardioplegia, particularly with single atrial cannulae may result in 

inadequate atrial protection and subsequent ischaemia. The atrial septum remains 

warmer than the ventricular m yocardium and often dem onstrates electrical activity 

while the ventricle is in asystole. This factor has been shown to be associated with the
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development o f post-operative AF (38-40). A small retrospective angiographic study 

found that compared to controls, patients who developed post-operative AF were more 

likely to have impaired blood supply to either the SA or AV node (41). The situation 

is not however clear-cut as there is a low incidence o f  AF following cardiac 

transplantation, an operation that is usually associated with atrial ischaemia. In a study 

by Sato et al on a canine model augmented atrial hypotherm ia had no significant effect 

on atrial refractory periods or on the inducibility o f arrhythmias (42).

Increased sympathetic activation occurs in the peri-operative period in 

response to the physical and psychological stresses the surgery imposes (43). In non- 

surgical AF an increase in sympathetic tone can shorten the atrial refractory period, 

promote atrial re-entry and increase triggered automaticity (37, 44). In an experimental 

model o f  isolated human atrial fibres epinephrine has been shown to cause 

arrhythmogenic changes (45). In accordance with this theory is the observation that 

withdrawal o f  pre-operative beta-blockers in the post-operative period leads to an 

increase in the incidence o f  AF, perhaps due to a combination o f  an up-regulation o f 

beta-receptors and increased circulating catecholam ines (23). Also a study by Kalman 

et al on 131 patients found that right atrial norepinephrine levels were independently 

associated with the occurrence o f  post-operative AF (46). Advancing age, which is a 

consistent predictor for post-operative AF, is also associated with increased levels o f 

norepinephrine (23, 47). Despite this there are conflicting data in one study o f  patients 

administered exogenous catecholamines there was no difference in the incidence o f 

post-operative AF (48).In another study, while the catecholam ine levels were elevated 

for three days post-operatively there was no association with the developm ent o f  AF
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(43). Sympathetic activation is highest in the first 24 hours after surgery whereas AF is 

com m oner later in the post-operative course (49).

Fluid volume shifts occur in the post-operative period either as a consequence 

o f  neuro-hormonal activation, sepsis, the post-operative inflamm atory response or 

iatrogenic causes. The interstitial movement o f  fluid may alter the electrical properties 

o f  the atria or as shown in a study on patients undergoing pneum onectom y alter the 

intracardiac pressure w ithout causing chamber dilation (50, 51). Such increase in 

intracardiac pressure may lead to atrial stretch and altered refractoriness.

As cardiac surgery is associated with both a high incidence o f  AF and a significant 

pro-inflamm atory milieu many authors have hypothesised that AF is precipitated by 

inflammation. The theory that AF may be associated with inflammation is supported 

by a num ber o f  studies and observations, which will be discussed in detail later.

Clinical predictors of atrial fibrillation.

Pre-operative factors.

Many studies have attempted to define the risk factors for the developm ent o f  

atrial fibrillation; unfortunately these have yielded conflicting results. Only advancing 

age has consistently predicted a higher incidence o f  post-operative AF (23-25, 27, 28, 

30). For each decade o f  increasing age the incidence is increased by approximately 

50%. It is estimated that less than 5% o f  patients under 40 and more than a third o f 

patients over 70 develop AF (52). This strong association may well be explained by 

age related structural changes such as increased fibrosis and delayed conduction (53).
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Either could contribute to the formation o f  a suitable electrical substrate for the 

propagation o f AF. The age o f  patients undergoing cardiac surgery is steadily rising 

and this may partially explain the rising incidence o f  this arrhythmia.

The presence o f  chronic obstructive airways disease is an independent 

predictor for post-operative AF perhaps due to right atrial enlargem ent secondary to 

pulmonary hypertension. A prior history o f  AF or congestive cardiac failure is also 

associated (24, 26, 30). Hypertension which is associated with AF in non-surgical 

populations also seems to play a role; perhaps due to increased atrial fibrosis and men 

are more likely to develop AF than women (23, 25).

Pre-operative digoxin use has been studied in two large trials (26, 30). In one 

o f  these digoxin use was associated with AF on univariate analysis but not when a 

multivariate model was used. In the other study the incidence o f  AF was 44%  in those 

taking pre-operative digoxin and 32%  in those who were free o f  digoxin therapy. As 

more elderly patients and those with poor LV function or a prior history o f  AF are 

likely to be taking digoxin its clinical utility as a predictive m arker would seem to be 

limited.

Clinical parameters such as cardiovascular risk factors, severity and clinical 

presentation o f  coronary disease or haem odynamic parameters prior to surgery have 

not been shown to consistently predict AF (26, 54).

Intra-operative.

Again conflicting data exist on the relative importance o f  the intra-operative 

variables as predictors o f AF. It seems reasonable that longer procedures with
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prolonged cardiopulm onary bypass and aortic cross clam p times would lead to atrial 

ischaemia due to inadequate myocardial protection. Some studies support this 

hypothesis (26, 54, 55) while others disagree (30, 56).

The form and method o f  cardioplegia delivery does not seem to be a consistent 

predictor o f  AF. Com parisons between warm and cold cardioplegia and single atrial 

cannulation versus bicaval cannulation have yielded conflicting results.

In recent years there has been a lot o f  interest in less invasive surgery. It has 

been suggested that “off-pump” or beating heart surgery is associated with a lower 

incidence o f  AF perhaps due to less atrial handling. A num ber o f  small studies 

comparing the different techniques have not shown any difference in the incidence o f  

AF (57-59). Subsequently two meta-analysis have been published which have 

included non-randomised data, these have demonstrated a significant reduction in AF 

for the o ff pump groups (60, 61). These data may have an inherent selection bias as 

many surgeons only perform “off-pum p” surgery in cases with good LV function or in 

those only requiring a single graft. These authors conclude more data from prospective 

randomised trials are required to answer this question.

Post-operative.

As mentioned post-operative withdrawal o f  pre-operative beta-blockade is a 

strong risk factor for the developm ent o f  AF (23). This is probably due to the 

increased levels o f  circulating endogenous catecholam ines and an up-regulation o f 

beta-receptors caused by chronic beta-blocker therapy. Respiratory comprom ise and 

the need for prolonged ventilation following surgery are associated with the
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development o f post-operative AF as are electrolyte abnormalities (23). in one 

prospective case control study of 2,402 patients the incidence o f post-operative AF 

was 36%. A serum potassium level o f <3.5mmol/l was a predictor for AF (OR 1.7,

95% confidence intervals 1.0-2.7) although the significance was borderline (62).

Clinical consequences of post-operative atrial flbriilation.

In the majority o f patients that develop post-operative atrial fibrillation there 

are no significant sequelae. Many revert to sinus rhythm spontaneously within the first 

24 hours. Despite this complications do occur, which include embolic events, 

haemodynamic compromise, persistent AF and increased length o f hospital stay.

The incidence o f cerebro-vascular accidents following cardiac surgery ranges 

from 1-3%; these data have been collected in large series o f patients (63-65). Many 

risk factors such as advanced age, pre-existing cerebro-vascular disease, severe 

atherosclerosis of the aorta, prolonged cardio-pulmonary bypass and significant 

hypotension have been identified as predisposing to peri-operative stroke.

Despite the fact that post-operative AF is usually self-limiting a number of 

studies have shown an association between post-operative AF and embolic events.

This may be explained by data from non-surgical AF, in a trans-oesophageal echo 

study of acute onset AF (i.e. less than three days) 14% demonstrated left atrial 

thrombus and 39% demonstrated spontaneous echo contrast, a strong predictor of 

embolic events (66). In a prospective study o f 453 patients undergoing CABG 

cerebro-vascular events occurred in 10 subjects (2.2%). Stroke or TIA occurred in 6 o f
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86 patients (7%) with AF vs. 4 o f 367 (1%) without post-operative AF (67). A case 

control study o f 5195 patients gave similar results. In this study 54 patients with a 

cerebro-vascular event were selected and compared to 54 randomly chosen controls. 

AF occurred in 29 o f the cases and 15 o f the controls, which gave an odds ratio for 

stroke with post-operative AF o f 3 (68). A retrospective study by Cresswell showed 

that AF after cardiac surgery increased the risk o f post-operative stroke from 1.4% to 

3.3% (24).

Significant haemodynamic compromise resulting in hypotension or congestive 

cardiac failure while rare can be caused by post-operative AF. In general patients with 

LV dysfunction, either systolic or diastolic are more dependant on atrial transport to 

maintain cardiac output and are more likely to be intolerant o f AF. Rapid ventricular 

response rates and sustained arrhythmias are more likely to result in haemodynamic 

deterioration (69).

Between 15 and 30% o f patients with post-operative AF revert spontaneously 

to sinus rhythm within 2 hours and between 25 and 80% revert to sinus within 24 

hours o f the onset o f the arrhythmia (70-72) Persistence o f AF to hospital discharge is 

rare and over 90% o f patients with post-operative AF have reverted to sinus rhythm 6- 

8 weeks after their operation (73). Persistent AF while rare, can prolong hospital stay, 

result in increased morbidity and expose patients to iatrogenic side effects such as pro

arrhythmia from the anti-arrhythmic drugs used or bleeding problems secondary to the 

anticoagulants used (74).

Atrial fibrillation is consistently associated with prolonged hospital stays o f 3- 

4 days (23, 24, 50, 75, 76), whether this is causally related to atrial fibrillation
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independent o f  the other patient characteristics is difficult to elucidate. This 

prolongation in hospital stay significantly increases the cost o f  the surgical procedure 

with some estimates from the United States suggesting that AF results in an 

incremental cost o f  over one billion dollars per year (29). Some delay in hospital 

discharge may be as a consequence o f  therapeutic interventions such as 

anticoagulation and some o f  the delay maybe because some o f  the patients that 

develop AF have a more complicated post-operative course.

INFLAMMATORY MARKERS.

C-Reactive Protein (CRP).

CRP is one o f  a group o f  acute phase proteins, which are defined as those, 

whose concentration increases or decreases by at least 25%  in response to 

inflammatory stimuli. They are predom inately produced in the liver in response to 11- 

1 ,11-6, tumour necrosis factor and leukocyte inhibiting factor (77). CRP was 

discovered in 1930 in the serum o f  patients with pneum onia and its name derives from 

the fact that it interacts with pneumococcal C-polysaccharide. CRP along with serum 

amyloid P are members o f  the pentraxin family o f  proteins. They consist o f  5 identical 

non-glycosylated subunits o f  m olecular mass 23027, bound non-covalently that are 

resistant to proteolysis. The gene, which encodes CRP, is on chromosome 1 and 

following up-regulation by 11-6 increased levels are secreted within 6 hours. Plasma 

levels can double every 8 hours and usually peak about 50 hours after the initial 

stimulus. The half-life is 19 hours and unlike the ESR levels can fall quickly after 

cessation o f  the pro-inflammatory stimulus. The normal median level is 0.8 mg/1 and
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90% o f  the normal population have levels < 3 mg/1. Levels < 10 mg/1 are normal for 

99% o f  the population but higher levels usually indicate the presence o f  organic 

disease.

In the presence o f  calcium CRP binds to microbial polysaccharides and 

phospholipids. This causes activation o f the classical complement pathway and 

opsonizes bacteria to promote phagocytosis. The ability to recognise and bind to 

phosphocholine and phospholipids means CRP can facilitate phagocytosis o f  

constituents o f  damaged cells. It can also induce tissue factor and cytokine expression 

by monocytes. The net effect o f  CRP seems to be anti-inflammatory, it neutralises the 

pro-inflammatory m ediator platelet activating factor and has inhibitory effects on 

neutrophil function by decreasing the surface expression o f  L-selectin. CRP also 

stimulates m ononuclear cells to produce lL-1 receptor antagonist, while its precise 

role is yet to be elucidated it does seem to be more than merely a marker o f  

inflammation.

In contrast to other acute phase proteins the plasm a half-life and catabolic rate 

are constant under virtually all conditions. While CRP elevation is non-specific it is 

not modified by therapeutic interventions unless they modify the underlying disease 

process. The only condition, which alters the normal CRP response, is severe synthetic 

liver failure, due to an inability to produce proteins normally. These features make 

CRP the ideal m arker o f  the inflammatory process.
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Adhesion molecules.

The cell adhesion m olecules are a group o f  interrelated glyco-proteins 

expressed on leukocytes, platelets and activated endothelial cells, which mediate cell 

to cell and cell to extracellular matrix interactions. These m olecules share a similar 

structure; with an extracellular component, with binding dom ains that interact with 

other adhesion m olecules or com ponents o f  the extracellular matrix, a hydrophobic 

transmembrane com ponent and an intracytoplasmic component, which interacts with 

the cell cytoskeleton and intracellular signalling pathways (78). These m olecules have 

an important role in embryogenesis, epithelial integrity, the immune response and 

inflammation.

A key part o f  the inflammatory response is the binding o f  leukocytes to the 

endothelial surface; the initial contact is made through rolling o f  the leukocytes along 

the endothelial surface. Subsequently a firm attachm ent is formed via specific 

endothelial ligands and the leukocytes transmigrate into the interstitium, where 

degranulation and phagocytosis occurs. Based on their structure and function the 

adhesion molecules are divided into 4 main families, which play different roles in this 

process. While largely membrane bound these molecules are also shed from the cell 

surface to form a soluble form in the plasma. The precise m echanism  by which this 

occurs is unknown but much o f  our knowledge o f  the role o f  these m olecules in the 

pathogenesis o f cardiovascular disease is derived from m easuring the soluble 

com ponent (79).
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Selectins.

The selectin family is comprised o f three molecules named for the cell type on 

which they were originally identified; Endothelial (E-selectin), platelet (P-selectin) 

and leukocyte (L-selectin), but they are not exclusively located on these cells. They 

are composed o f  an N-term inal lectin domain, an epidermal growth factor like region, 

2 to 9 com plem ent regulatory repeats and a short cytoplasmic tail (80). Binding o f 

selectins is calcium dependant and they bind to cell surface glycans that possess a 

specific sialyl-LewisX-type structure that is also found in blood group antigens (81). 

Selectins m ediate the initial attachm ent o f  activated leukocytes to the blood vessel 

wall during the capture and rolling step o f  the inflammatory adhesion mechanism. To 

facilitate this process they can form rapid bonds to promote adherence, fast 

dissociation to facilitate rolling and they have a favourable free energy o f  association 

to resist shear forces in the vasculature (78). The binding affinity o f  selectins is low 

but it is enough to act as a biological brake that causes the leukocyte to decelerate and 

roll along the endothelium.

Accum ulation o f  leukocytes is essential for host defence to infection and injury 

and the importance o f  these m olecules can be seen in a rare disease caused by an 

enzyme defect, which prevents the production o f  the sialyl-Lewis structure. The 

selectins are produced normally but their ligand is not. Leukocytes from these patients 

are not adequately recruited from the circulation, as they cannot mediate the rolling 

phase. This results in a syndrom e characterised by developmental defects, life 

threatening bacterial infections, poor wound healing and abnormalities in blood group 

profiles (82).
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Endothelial-selectin (ELAM-1) (CD62).

This is a 115 kDa cell surface glycoprotein, which is expressed on activated 

endothelium and functions at an early stage o f  leukocyte binding (83). As it is only 

minimally expressed on resting endothelial cells its up-regulation and the subsequent 

production o f  the soluble form are good markers for endothelial activation (84). A 

wide range o f  inflammatory mediators including IL-I and TN Fa stimulate the 

production and transportation o f  E-selectin to the cell surface with maximal expression 

occurring 4-6 hours after stimulation (78).

The ligand for E-selectin is a sialylated fucosylated molecule which binds to 

the lectin domain o f  E-selectin and which is expressed on neutrophils, monocytes and 

a subset o f  memory T-cells (85). ELISA techniques have shown that detectable levels 

o f  soluble E-selectin (sE-selectin) are present in normal healthy individuals and sE- 

selectin levels have been found to be elevated in a number o f  inflammatory and 

malignant conditions (86).

Platelet-selectin (GMP-140) (PADGEM) (CD62).

P-selectin is a cell surface glycoprotein that unlike the other adhesion 

molecules is stored intracellularly in W eibel-Palade bodies o f  endothelial cells and in 

alpha granules o f  platelets. This storage function means that P-selectin can rapidly 

reach the cell surface within 10 m inutes o f  activation (86-88). The expression o f  P- 

selectin can be induced by a variety o f  inflammatory stimuli including throm bin, 

histamine, complement factors, free radicals, Il-l and TN Fa (89, 90). The cell surface
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half-life o f  P-selectin is short after which it is recycled into the intracellular 

compartments.

P-selectin is also involved in the adhesion o f  platelets to monocytes and 

neutrophils, playing a central role in neutrophil accumulation within thrombi. The 

adhesion o f  leukocytes and neutrophils to the endothelium is initiated by weak 

interactions with P-selectin that produce a characteristic rolling motion o f  the 

leukocytes and neutrophils on the endothelial surface. P-selectin is found in the plasma 

o f  normal individuals at ng/ml concentrations (91). Circulating P-selectin appears to 

be slightly sm aller than native P-selectin. An alternatively spliced mRNA encoding a 

form o f  human P-selectin lacking the transmem brane anchoring domain has been 

reported for both m egakaryocytes and endothelial cell, and evidence suggests that the 

majority o f  circulating soluble P-selectin (sP-selectin) arises in this manner (92). A 

number o f  studies have reported that levels o f  sP-selectin in biological fluids may be 

elevated in subjects with a variety o f  pathological conditions (93). A ligand for P- 

selectin is P-selectin Glycoprotein Ligand-1 (PSGL-1), which is expressed by all 

blood neutrophils, monocytes and lymphocytes, but specific glycosylation is required 

for ligand function.

Immunoglobulin superfamily.

This family o f  adhesion m olecules has evolved to serve a wide variety o f  

functions. They are classified together because they all contain one or more common 

immunoglobulin like repeats, characterised by 2 cysteines separated by 55-75 amino- 

acids (81). M ost o f  theses m olecules span the cell membrane and have a short
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cytoplasm ic tail, the Ig repeats are ex tracellu lar. T hey  act as receptors for grow th 

factors, receptors for the Fc region o f  im m unoglobulins and are ce llu lar coun ter 

receptors for integrins.

Intercellular adhesion molecule-1 (ICAM-1) (CD54).

T his m em ber o f  the im m unoglobulin  superfam ily  is a 95kD a cell surface 

g lycopro te in , w hich is constitu tive ly  expressed  on som e tissues and induced on others 

by pro-inflam m atory  cy tok ines such as lL-1 p , Interferon-y (IN F-y) and T N F -a  (94). 

ICAM -1 is involved in the b inding  o f  leukocytes through leukocyte function 

associated  m o lecu le -1 (L FA -1) (C D l la )  and Mac-1 (C D l Ib ) w hich are m em bers o f  

the (32 fam ily o f  integrins (95). B lo tting  techniques and ELISA  m ethods have show n 

that detectab le levels o f  so luble ICAM -1 (slC A M -1) are presen t in serum  from  norm al 

individuals (96).

Vascular cell adhesion molecule-1 (VCAM-1).

VC AM-1 is a 1 lO kDa 715 am ino acid, type I transm em brane glycoprotein  

typ ically  characterised  by the p resence o f  seven C 2-type im m unoglobulin  (Ig) 

dom ains (97). C ells know n to  express VCAM -1 include neurons, endothelial cells, 

sm ooth m uscle cells, fib roblasts and m acrophages (98). VCA M -1 is absent from  

resting  endothelial cells but can be up-regulated  by T N F -a , th rom bin  and 

lipopolysaccharide (78). Functionally , VCAM -1 binds to  both a 4 Pi (V L A -4, very late 

appearing  antigen-4) and 0 4 ^ 7  (L P A M -1) integrins. T hese in tegrin  receptors are found 

on a varie ty  o f  cells w ith V L A -4 found on all leukocytes w ith  the exception o f
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neutrophils (99). VCAM-1 ligand interactions are key events in the rate and tim ing o f  

leukocyte extravasation.

Integrins.

These are m em brane glycoproteins with two principle subunits designated a  

and p, which traverse the cell m em brane and are characterised by non-covaient 

interactions. The a  subunit is between 120 and 180 kd and the P subunit is between 90 

and 110 kd. Approxim ately 20 different integrins have been described and they are 

divided into subgroups based on their p subunit (78). An important feature o f  integrins 

is that they exist in both active and inactive forms. An activated cell can transm it a 

signal from its cytoplasm  that m odifies the confirmation o f  the extracellular domains 

o f  integrins on the cell membrane, increasing the affinity o f integrins for their ligands. 

Individual cells may express more than one integrin. Thus, integrin display on a given 

cell type helps define a variety o f  receptor-counter receptor interactions. The Pi or 

VLA (Very Late Antigen) subfamily is expressed by a variety o f  cell types; they bind 

to m olecules in the extracellular matrix and the basem ent membrane (100). The P2 

subfamily o f  integrins consists o f  leukocyte receptors LFA-1 (leukocyte function 

associated antigen) and M ac-1, which are exclusively expressed on leukocytes and are 

the cellular counter receptors for ICAM-1 (84). The p3 subfamily is expressed on 

endothelial cells and platelets and plays a key role in platelet activation and 

thrombosis, (101) this group includes the platelet glycoprotein Ilb/IIla receptor which 

is expressed by platelets and undergoes conformational change when platelets are 

activated promoting platelet aggregation by cross-linking fibrin.
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Cadherins.

This family is composed o f  the “classic” cadherins (N, P, R, B and E) and 

some subfamilies o f structurally related proteins (102,103). Their primary function is 

to bind to homologous proteins on adjacent cells but they can also bind to structurally 

heterogeneous cadherins (104). Structurally they are composed o f  an extracellular 

protein with an N-terminal binding domain and calcium dependant regions, which 

maintain the structural integrity o f  the protein (105). They also have a cytoplasmic tail, 

which mediates interactions with the cytoskeleton via intracellular proteins called a  

and p catenins. These m olecules establish links between adjacent cells. They form 

zipper-like structures at zona adherens junctions, m em brane regions where a cell 

makes contact with another cell. Through these junctions bundles o f actin filaments 

run from cell to cell. Cadherins have a key role in segregating embryonic tissues. The 

expression o f  specific adhesion molecules in the embryo is crucial for the migration o f 

cells and the differentiation o f  tissues. In some cancers disruption o f  the cadherin 

m olecules has been implicated in m odulating the metastatic phenotype (106) 

Pemphigus vulgaris is a blistering skin condition characterised by disruption o f  the 

normal epidermal structure. It is caused by breakdown o f cell to cell adhesion and is 

associated with antibodies to cadherin family members (107).
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INFLAMMATORY RESPONSE TO CARDIOPULMONARY 

BYPASS (CPB).

The inflammatory response to on-pump cardiac surgery is multifactorial and 

relates not only to surgical traum a but also contact with the extracorporeal circuit, 

reperfusion injury and endotoxaem ia (108). W hile the inflammatory reactions are 

complex they are m ainly m ediated through the plasma protein systems o f  the contact 

and complement systems. O ther crucial players are neutrophils, m onocytes, cytokines 

and endothelial activation.

Contact system.

This is composed o f  a num ber o f  soluble plasma proteins many o f  which are 

components o f  the clotting cascade (109). Following contact with negatively charged 

surfaces Factor Xll is activated and cleaved into Factor X lla and X llf  Factor X lla 

activates Factor Xia, which initiates the intrinsic clotting cascade. Prekallikrein is 

converted to the active form Kallikrein by Factor Xlla; Kallikrein directly activates 

neutrophils and facilitates cleavage o f  Factor XII in a feedback loop. Factor X lla also 

activates high molecular weight kinogen to form bradykinin.

Complement.

Com plem ent activation occurs via both the classic and alternative pathway; 

however the alternative pathway is the m ost important. The classic pathway requires 

formation o f  antigen-antibody com plexes, which is unusual following cardiac surgery, 

but does occur when preformed antibodies recognise some component o f  the heparin-
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protamine complex (110). The alternative pathway is constantly laying down C3b on 

surfaces it comes in contact with. Surfaces with inhibitory proteins, such as decay 

accelerating factor prevent further com plem ent activation. This is one o f  the ways the 

immune system differentiates se lf from non-self As soon as blood comes in contact 

with the foreign surfaces o f  the cardiopulm onary bypass circuit C3b is laid down, this 

results in amplification o f  the alternative pathway and production o f large quantities o f 

C3a, C5a and the m em brane attack complex C5b-9. Following return o f  C5a to the 

systemic circulation there is a dram atic fall in the white cell count, which is caused by 

pulmonary and other end-organ leukosequestration (110). This process seems to be 

mediated by activation o f  P-selectin, which can be rapidly released from endothelial 

storage granules (111). C5a induces neutrophil expression o f  the integrin Mac-1, 

which binds to lCAM-1 and causes platelets and monocytes to release cytokines. 

Therefore complement activation plays a crucial role in neutrophil-endothelial 

interactions with extravasation into the interstitium and subsequent phagocytosis and 

degranulation.

Neutrophils.

Neutrophils are responsible for much o f  the end-organ damage seen after CPB. 

As previously described interactions between the endothelium and the neutrophil 

mediated by adhesion m olecules are crucial for the local host defence against disease. 

Unfortunately following CPB these interactions are so diffuse that tissue damage 

occurs. When activated which can occur within 20 seconds o f  exposure to complement 

they develop pseudopodia and can release the contents o f  their granules. Neutrophil
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derived proteases breai< down elastin, collagen and fibronectin; this damages the 

extracellular matrix and contributes to capillary fluid leak that causes extracellular 

fluid overload and organ dysfunction (108). Activated neutrophils produce cytotoxic 

substances such as oxygen free radicals, hydrogen peroxide and hypobromous acid.

Monocytes.

M onocyte activation occurs within the bypass circuit but is slower than that o f 

either complement or neutrophils; however within the surgical wound activation is 

prompt (109). Activated monocytes express Tissue factor and Mac-1 and are strongly 

pro-coagulant due to activation o f  the extrinsic coagulation pathway. They also 

produce numerous pro and anti-inflam matory cytokines such as II-1, 11-2, II-4, 11-6, II- 

8, Il-IO and 11-12.

Endotoxaemia.

Endotoxin is a lipopolysaccharide, which is frequently detected, in high 

concentrations in the systemic circulation following CPB (112). The mechanism o f its 

release is unclear although it is thought to be caused by translocation o f  gut bacteria 

secondary to splanchnic ischaemia and impaired Kupffer cell function. Endotoxin is a 

potent stimulant o f  com plem ent activation, endothelial activation and macrophage 

tumour necrosis factor release.
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Endothelial activation.

The endothelium was initially thought to be a non-thrombogenic passive 

barrier between the blood constituents and the interstitium. Recent research has 

revealed that the opposite is the case with the endothelium being highly biologically 

active. It plays an integral role in regulating membrane permeability, lipid transport, 

vasomotor tone, coagulation, fibrinolysis, inflammation and vascular wall structure 

(113). During CPB there are a host o f potential insults to the endothelium including 

hypoxia, surgical trauma, endotoxin, reperfusion injury and inflammatory cytokines. 

These lead to endothelial activation, which is characterised, by vasoconstriction, 

abnormal coagulation, leukocyte adhesion and disruption o f  the normal barrier 

function (114).

The immediate response is to deploy stored inflammatory mediators such as P- 

selectin; this is followed by a delayed response mediated by transcription o f  N FkP 

dependant genes leading to production o f  mediators such as E-selectin and lCAM -1. 

Vascular tone is normally controlled by a balance between relaxing factors such as 

nitric oxide, adenosine, prostacyclin and vasoconstrictors such as endothelin, 

leukotrienes and angiotensin II. Following endothelial injury the balance is tipped 

towards vasoconstriction, which can lead to vasospasm and disruption o f  normal small 

vessel perfusion. The normal endothelium prevents clotting by expressing heparin like 

substances to potentiate antithrom bin 111, by tissue plasminogen activator to stimulate 

plasmin production and by expressing throm bomodulin, which binds protein C. The 

activated endothelium on the other hand expresses tissue factor, which binds to Factor 

V ila and initiates thrombin formation via activated Factor X. The combination o f
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fibrin production stimulated by thrombin and vasoconstriction often causes blockage 

o f  the m icrocirculation.

NATRIURETIC PEPTIDES.

These are a family o f  3 related compounds that cause vasodilation and 

natriuresis. All these m olecules are structurally similar and all share a 17 amino acid 

ring. Their principle role is to protect the body against volume overload (as in 

congestive cardiac failure) and hypertension. The first suggestion that the heart was in 

fact an endocrine organ came in 1956 when granules were detected in guinea pig atria 

with electron microscopy (115). Further evidence came in the same year when 

inflation o f  a balloon in the left atrium o f  a dog stimulated diuresis (116). The 

landmark discovery was made in 1981 when de Bold infused extracts o f  atrial tissue 

into rats (117). Following this in 1984 atrial natriuretic peptide (ANP) was isolated 

and cloned. Each member o f  the family is encoded by a different gene and usually 

expressed in different tissues.

Atrial Natriuretic Peptide (ANP).

ANP is produced prim arily in the cardiac atria and its release is primarily 

stimulated by increases in atrial stretch secondary to increases in intravascular volume. 

Other hormones such as endothelin, arginine vasopressin, angiotensin II and 

catecholam ines also stim ulate ANP release (118). Normal cardiac ventricular tissue 

produces little ANP approxim ately 1% o f  the atrial contribution, but it is present in
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foetal ventricular tissue, neonates and in hypertropiiied ventricles. Non-cardiac sites 

such as the anterior lobe o f  the pituitary, lung, kidney and brain produce small 

amounts o f  ANP. The gene for ANP is located on the short arm o f  chromosome 1 and 

activation leads to production o f  a precursor protein (pro-ANP) 126 amino acids long, 

which is stored in atrial granules (119). This is cleaved into two components, the 28 

amino acid carboxy term inal fragm ent is the mature ANP but there are some data to 

suggest that the rem aining 98 am ino acid fragm ent has sim ilar biological properties to 

ANP.

Brain Natriuretic Peptide (BNP).

This was originally discovered in porcine brain (120) however while it is 

present in human brain, the cardiac ventricles are the prim ary source o f  BNP. It is 

produced as pro-BNP a 108 amino acid hormone that is cleaved to the active 32 

amino-acid hormone. BNP is produced in response to elevation in end-diastolic 

pressure (121,122). BNP levels correlate closely with pulmonary capillary wedge 

pressure in left ventricular systolic dysfunction and it is used as a screening tool for 

the presence o f  ventricular dysfunction (123). It has a short half-life o f  22 minutes as it 

is broken down by neutral endo-peptidases and binds to natriuretic peptide clearance 

receptors and reflects ventricular function in the preceding hours (124,125).
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C-type Natriuretic Peptide (CNP).

This m olecule is also formed from a precursor molecule but forms two 

different active peptides o f  22 and 53 amino acids in length. The sm aller molecule is 

more potent and predom inates in the central nervous system, anterior pituitary, kidney 

and vascular endothelium . Immuno-histochemical staining has localised CNP to 

smooth muscle and endothelial cells o f  coronary arteries.

Urodilatin.

Urodilatin is a related compound produced in the kidney from the ANP gene 

via an alternative process. It is a 32 amino acid hormone that plays a role in sodium 

and water handling in the kidney.

Natriuretic peptide receptors.

All these m olecules exert their biological action by binding to high affinity 

receptors on their target cells. Three different receptors have been identified in 

mammals called A, B and C. A and B receptors are structurally sim ilar with 44%  

homology in the extracellular domain. They both activate cyclic GM P dependant 

signalling pathways to cause natriuresis and vasodilation. The A receptor can bind 

both ANP and BNP but has a preference for ANP and is the most abundant type o f 

receptor in large blood vessels. The B receptor predominates in the brain but is also 

found in small quantities in large blood vessels, its preferred ligand is CNP. Both A 

and B receptors are found in the kidneys and adrenal glands. The C-type receptor 

binds all three peptides with equal affinity and is involved in the breakdown o f  these
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compounds. Following binding to the receptor it is internalised and the natriuretic 

peptides are enzymatically degraded, the C receptor then returns to the cell surface. 

Another degradation pathway is via the neutral endopeptidases, which are present in 

renal tubular cells and vascular endothelium . These m olecules cleave the natriuretic 

peptides opening the ring structure common to them all and rendering them inactive. 

The relative contribution o f  both these systems is unknown but both ensure that these 

peptides have a short half-life.

Natriuretic peptide actions.

Both ANP and BNP have alm ost identical actions; they dilate arteries and 

veins and promote natriuresis by inhibiting sodium transport in the collecting duct o f 

the kidneys. They both have complex neuro-hormonal effects, which antagonise the 

deleterious hormonal activation, which occurs in heart failure. They decrease renin 

secretion from the macula densa, directly inhibit aldosterone secretion and attenuate 

the stimulatory effect o f  angiotensin II on aldosterone release. Both cause stimulation 

o f  vagal afferents and so inhibit sympathetic nervous system activation (118). CNP on 

the other hand has lim ited natriuretic properties and acts in a paracrine fashion to 

cause vasodilation and to  inhibit vascular cell growth in response to mitogens.

Potential roles for natriuretic peptides.

BNP is the most widely studied m em ber o f  the natriuretic peptide family; it has 

a broad potential both in the diagnosis and therapy o f cardiovascular disorders. It has 

been evaluated as a prognostic indicator in acute coronary syndromes and congestive
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cardiac failure and as method o f  therapeutic m onitoring in heart failure, it has also 

been used as a screening tool for structural heart disease and as a useful tool in 

differentiating cardiac from non-cardiac dyspnoea.

Congestive cardiac failure.

As already described BNP is predom inately produced by ventricular 

myocardium in response to elevations in left ventricular end diastolic pressure 

(LVEDP). This makes BNP a more sensitive and specific marker o f  ventricular 

dysfunction than the other natriuretic peptides. BNP correlates well with right atrial 

pressure, pulmonary capillary wedge pressure and left ventricular end diastolic 

pressure. The main symptom o f  heart failure is dyspnoea and the degree o f  dyspnoea 

correlates closely with the left ventricular end diastolic pressure, hence BNP correlates 

well with the NYHA functional classification (125).

W hile there have been significant advances in the treatment o f  heart failure it 

remains a condition with a poor prognosis and high readmission rates. There are some 

data that m onitoring o f  BNP and more particularly the pro-hormone N terminal BNP 

allows more appropriate up titration o f  therapy with better long term clinical results. 

More intensive therapy guided by N -BN P has been shown to result in a greater 

reduction in this m arker and less deaths or readm issions with heart failure (126).

BNP has also been shown to be a useful prognostic indicator. In one study o f  

patients admitted with decom pensated heart failure the BNP levels rose during the 

admission in the patients who subsequently died or were readmitted (127). In another
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study o f  patients with EF < 35%  the log BNP level was a significant independent 

predictor o f  sudden cardiac death (128).

Acute coronary syndromes.

This group o f  conditions comprises unstable angina, ST-segment elevation 

myocardial infarction and non-ST segment elevation myocardial infarction. There are 

multiple treatm ent options for these conditions and it is imperative to accurately risk 

stratify this group in order to target the more aggressive interventions appropriately 

(129). Current standard methods o f risk stratification include clinical characteristics, 

ECG changes, markers o f  myocyte necrosis (Troponin) and non-invasive stress 

testing. In one large study o f over 2,500 patients with all types o f acute coronary 

syndromes, the degree o f  BNP elevation approximately 40 hours after the onset o f 

ischaemic symptoms correlated with the risk o f  death, new or recurrent myocardial 

infarction and new or recurrent heart failure (130). This association was independent 

o f  clinical evidence o f heart failure and the other known predictors o f  death following 

an acute coronary syndrome. In the sub-group o f  patients w ithout ST elevation NT- 

proBNP levels on admission have also been shown to give independent prognostic 

information. In one study o f  755 patients followed for a median o f  40 months subjects 

in the highest quartile o f  BNP elevation had a relative risk o f  death o f  26.6 compared 

with the lowest quartile (131).
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Evaluation o f dyspnoea.

In patients presenting to the emergency departm ent the aetiology o f  acute 

dyspnoea can be difficult to elucidate as examination findings, chest radiographs and 

routine blood tests are often non-specific. A simple blood test with a high sensitivity 

and specificity for the diagnosis o f  heart failure would be extremely useful as it would 

allow rapid and accurate triage o f  patients and so reduce unnecessary investigations 

and therapies.

Alan M aisel’s group from San Diego studied 321 patients presenting with 

dyspnoea. BNP was measured and two independent cardiologists who were blinded to 

the BNP levels gave the probability o f  heart failure as the final diagnosis (132). They 

found that patients with heart failure had BNP levels o f  758pg/ml whereas those with 

lung disease had levels o f  61pg/ml. One limitation o f  this study was that patients with 

cor pulmonale were included in the heart failure group however patients with right 

heart failure had consistently lower BNP levels than those with LV dysfunction, 

probably due to the lower mass o f  the right ventricle. In a more recent paper patients 

presenting with dyspnoea were randomised to two diagnostic strategies one using BNP 

and the other not. This study found that using BNP reduced hospital admission, ICU 

admission, length o f  hospital stay and total cost o f  admission (133).

Population screening.

In many areas o f  medicine population screening has become increasingly 

popular in an effort to identify disease at an early stage and alter long-term prognosis. 

In cardiovascular disease enthusiasm has been tempered by the high cost o f
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echocardiography for the detection o f  structural heart disease. This has led to much 

interest in the use o f  BNP as a screening tool.

Henry Dargie’s group in Glasgow carried out an ECG, echocardiography, 

clinical questionnaires, NT-BNP and BNP levels in a random sample o f  the general 

population (134). They found that patients with either symptom atic or asymptomatic 

LV dysfunction had significantly higher BNP levels than those with normal systolic 

function. More recently it has been realised that patients with heart failure represent a 

heterogeneous group and that not all will have LV systolic dysfunction. A Japanese 

study o f  a health-screening program m e enrolled 1098 subjects who underwent 

echocardiography, an ECG, CXR, physical exam and a clinical questionnaire (135). 

They found that BNP was an efficient and cost effective method for screening for a 

wide variety o f  cardiac disorders. These conditions included atrial fibrillation, 

hypertensive heart disease and valvular heart disease. These data are interesting as 

BNP elevation is really a m arker o f  elevated intra-cardiac pressure not LV systolic 

function. Therefore BNP may be elevated in conditions, which cause diastolic 

dysfunction such as hypertension or aortic stenosis.

Conclusion.

Atrial fibrillation is a comm on occurrence following coronary artery bypass 

surgery, in most patients it is se lf lim iting but some suffer deleterious consequences. 

The precise aetiology is unclear although there are m any theories. The role o f 

inflammation, cardiac neuro-hormonal activation, the underlying atrial substrate and 

myocardial necrosis will be explored in this thesis.
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CHAPTER 2

Clinical and Laboratory 

Methods
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INTRODUCTION.

This chapter will describe the inclusion and exclusion criteria for this thesis 

and the clinical methods and monitoring o f the included patients. A brief outline o f the 

surgical and anaesthetic technique will also be provided. The preparation o f the 

samples and the principles and technique o f the various assays used will also be 

explained.

Ethical approval.

Ethical approval was granted for all limbs o f this research work by the 

Federated Dublin Voluntary Hospitals Ethics review committee under the title “Post

operative Atrial Fibrillation A Potential inflammatory mechanism Enrolled patients 

gave written informed consent. Individual participation did not interfere with the 

clinical management o f the patients who agreed to participate in the study. The 

research protocol complied with the Declaration o f Helsinki.

Deflnition o f Atrial Fibrillation.

Atrial fibrillation is an irregular cardiac rhythm, which originates from above 

the AV node. It is characterised by rapid atrial depolarisation with chaotic fibrillary 

waves. The AV node demonstrates variable conduction, which results in a variable 

ventricular response rate.

The primary endpoint was defined as atrial fibrillation sustained for at least 

one hour, or atrial fibrillation requiring emergency therapy due to haemodynamic 

compromise or rapid clinical deterioration. The rhythm was defined as AF when there
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were no consistent P waves before each QRS complex and the ventricular rate was 

irregular with a variable R-R interval.

Inclusion Criteria.

Patients with significant valvular heart disease are more likely to develop post

operative AF and those undergoing valvular surgery have the highest incidence o f AF. 

These patients undergo a wide variety o f procedures and consequently their hearts are 

exposed to significant haemodynamic stresses with the potential to confound our 

results. We attempted to recruit a homogenous population undergoing the same 

procedure to reduce the potential for confounding variables. The study population 

consisted o f  patients with the following characteristics;

• Patients undergoing elective on-pump isolated coronary artery bypass surgery.

• Patients in sinus rhythm prior to the surgery.

• Good LV systolic function (estimated EF>45%).

• Age between 18 and 80.

• Written informed consent.

Exclusion Criteria.

Pre-existing diseases with an inflammatory component would cause an 

increase in levels o f soluble adhesion molecules and CRP; which could impact on the 

significance o f post-operative elevation. Therefore, we attempted to control for this by 

excluding patients with any o f the following conditions;

• Active malignancy.
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• Collagen vascular disease.

• Chronic inflammatory illness.

• Concurrent infection.

• Diabetes Mellitus.

• Chronic renal failure (serum creatinine > 200fAmol/l).

• Impaired LV systolic function (EF < 45%).

• Valvular heart disease.

• Pre-operative atrial fibrillation.

• Those taking steroids or other immunosuppressive drugs or pre-operative anti- 

arrhythmic drugs.

Clinical methods and monitoring.

Patients who satisfied the above criteria were enrolled the night prior to 

surgery and provided written informed consent. Baseline demographic data were 

recorded and the patients were then followed throughout their hospital stay and 

reviewed six weeks following discharge.

Following their operation patients were transferred to cardiac surgery Intensive 

Care Unit (ICU), if  the initial course was uncomplicated they were extubated the night 

o f  their surgery and transferred to the high dependency unit the following morning. 

Arterial lines were removed prior to ICU discharge and central venous lines were 

removed on day three. All patients had epicardial pacing wires implanted as a routine 

and these were also removed on day three if  there were no significant 

bradyarrhythmias.
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Patients had continuous cardiac rhythm monitoring for 72 hours following 

surgery. This system has a 24 hour recall facility and was analysed on a daily basis. 

The prophylactic use o f  digoxin, amiodarone or pacing strategies to potentially reduce 

post-surgical atrial fibrillation was not employed during the study period. N one o f  the 

patients were on digoxin or amiodarone before the surgery. The majority o f  patients 

(84%) were on beta-blockers pre-operatively and these were continued as soon as 

possible following surgery unless there was a contra-indication.

Cardiac Surgical and Anaesthetic technique.

Standard cardiac anaesthetic technique was used with low dose fentanyl 

supplemented by propofol for induction. Intra-operative anaesthesia was maintained 

with a combination o f  an inhalational agent (sevoflourane) and intravenous propofol. 

N euromuscular blockade was achieved with pancuronium to facilitate intubation and 

post-operative sedation was maintained with propofol at 1 -3 ng/kg/hr.

Cardiopulmonary bypass was achieved with a single right atrial cannulation 

technique using a Jostra HL 20 heart lung machine with an arterial multiflow roller 

pump connected to a Cobe Optima microporous hollow fibre oxygenator with a Cobe 

Sentry arterial filter.

St Thom as’ cardioplegia concentrate in Ringers chloride solution was mixed in 

a 4:1 ratio with arterial blood and delivered at an induction dose o f  between 800 and 

1000 mis. All surgeons used the alpha stat method o f  blood gas management. All 

patients were allowed to drift down to 32° Centigrade with active rewarming
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commencing half way through the internal mammary artery anastomosis. Shed 

mediastinal blood was routinely re-transfused at the end o f  surgery.

C-Reactive Protein Estimation.

High sensitivity CRP (hsCRP) was measured using rate nephelom etry with a 

Dade Behring apparatus. The investigator prepared the samples and the analysis was 

carried out following the standard lab techniques by the immunology department.

Soluble Ceil Adhesion Molecule Estimation.

Preparation of samples.

Venous samples were taken from the central line where possible to minimise 

patient discomfort and from a peripheral vein if  the line had been removed. Clotted 

samples were then centrifuged at 5,000 rpm for ten minutes. Serum was pipetted off 

and stored in 2ml aliquots at -70°C . Levels o f  soluble cell adhesion molecules were 

measured in batches from the frozen serum samples.

Principle of the Assay.

The enzyme linked immunosorbent assay kits were purchased from R&D 

systems, Abgindon, U.K. These assays utilise an imm uno-enzymom etric technique for 

quantification o f the soluble cell adhesion m olecule present in the sample. This 

involves the simultaneous reaction o f  the soluble cell adhesion molecule or the 

standard (supplied with the assay kit) to two antibodies directed against different 

epitopes on the specific soluble cell adhesion molecule. One antibody is coated onto
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the walls o f  the microtitre wells and the other is conjugated to the enzyme horseradish 

peroxidase (HRP). Any soluble cell adhesion molecule present forms a bridge between 

the two antibodies. After removal o f  unbound material by aspiration and washing, the 

amount o f  conjugate bound to the well is detected by a substrate specific for the 

enzyme which yields a coloured product proportional to the amount o f  conjugate (and 

thus soluble cell adhesion molecule in the sample). The coloured product can be 

quantified photometrically. By analysing standards o f  soluble cell adhesion m olecule 

concentration coincident with samples and plotting a curve o f  signal versus 

concentration, the concentration o f  unknowns can be determined.

Assay Procedure.

During each assay all the standards and 33%  o f the patient samples were 

assayed in duplicate to assess the variability o f  the measurement. A total o f  60 samples 

were measured in each assay plate.

•  All samples were thoroughly thawed and both reagents and samples were brought 

to room tem perature prior to comm encing the assay.

• All samples and controls were diluted 1 in 20 with sample diluent apart from the 

VCAM assays, which were diluted to I in 50.

•  Control serum was reconstituted with 500|.iml o f  de-ionised water.

• Six standards o f  increasing concentration were reconstituted with I ml o f 

deionised water.

•  100 pi o f  diluted anti-cell adhesion molecule horseradish peroxidase was added to 

each well o f  a 96 well m icrotitre plate.
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• 100 o f standard, diluted sample or diluted parameter control serum were added to 

each well with sufficient force to ensure mixing.

• The microtitre plate was covered with a plate sealer and incubated at room 

temperature for 90 minutes.

• The contents from each well were then aspirated and then each well was washed 

by adding 300 pi o f a prepared wash buffer. This process was repeated five times 

for a total o f six washes. After the last wash the contents o f each well were 

aspirated.

• Next 100 |al o f a provided substrate was added to each well.

• The plate was again covered and incubated at room temperature for 30 minutes.

• Then 100 pi o f stop solution was added to each well in the same order as the 

substrate.

• Finally the optical density (OD) o f each well was determined at a wavelength o f 

450 nm and again at a correction wavelength o f 620 nm.

These ELISA assays were carried out in the Sir Patrick Dun’s Research Laboratory,

St. James’s Hospital, Dublin.

Brain Natriuretic Peptide estimation.

Preparation of samples

Venous samples were taken in EDTA tubes as above. Non-clotted samples

were then centrifuged at 5,000 rpm for ten minutes. Plasma was pipetted off and
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stored in 2ml aliquots at -20°C . BNP levels were measured in batches from the frozen 

plasma samples.

Assay Procedure.

The test device (Triage® meter) was provided by Biosyn Diagnostics a 

subsidiary o f  Biosite Incorporated San Diego California. The Triage®  BNP test is a 

commercially available single use fluorescence immunoassay device which 

determines the concentration o f  BNP in plasma or whole blood. This system is 

designed for “point o f  care” testing and is easily portable. Following inoculation o f  the 

test cartridge with 250|iml o f  plasma with a specially provided transfer pipette the 

cartridge is simply inserted into the test device. Results are available within 15 

minutes and are expressed in pg/ml. The BNP system used in this study reported 

results between 5 and 1300 pg/ml, greater than lOOpg/ml is considered to be abnormal 

and suggestive o f  LV dysfunction.

Assay Precision 

Adhesion Molecules

Intra-assay Precision

Three or four serum samples o f  known concentration were assayed in replicates o f  10 

to assess intra-assay precision 

Inter-assay Precision
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Three or four serum samples o f known concentration were assayed in 14 or 18 

separate assays to assess inter-assay precision.

Intra-assay Precision inter-assay Precision

Sample 1 2 3 1 2 3

n 10 10 10 18 18 18

Mean

ng/ml

84 430 668 94 451 730

Standard

Deviation

4.28 21.1 37.4 9.31 39.7 57.7

C V % 5.1 4.9 5.6 9.9 8.8 7.9

Table 2.1: CoefTicient of Variability (CV) for sP-Selectin assay.

Intra-assay Precision Inter-assay Precision

Sample 1 2 3 1 2 3

n 10 10 10 18 18 18

Mean

ng/ml

21.9 56.6 115 20.4 54.7 115

Standard

Deviation

1.1 2.7 5.4 1.8 3.1 8.5

C V % 5.0 4.8 4.7 8.8 5.7 7.4

Table 2.2: CoelTicient of Variability (CV) for sE-Seiectin assay.
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intra-assay Precision Inter-assay Precision

Sample 1 2 3 4 1 2 3 4

n 10 10 10 10 18 18 18 18

Mean 66. 12 28 47 64. 11 29 45

ng/ml 1 6 1 6 2 7 0 3

Standard 3.2 6.1 9.3 21. 6.5 8.7 17. 27.

Deviation 9 4 6

C V % 4.8 4.8 3.3 4.6 10.

1

7.4 6.0 6.1

Table 2.3: Coefficient of Variability (CV) for sICAM-1 assay.

Intra-assay Precision Inter-assay Precision

Sample 1 2 3 1 2 3

n 10 10 10 14 14 14

Mean

ng/ml

11.7 28.6 55.1 9.8 24.9 49.6

Standard

Deviation

0.69 1.23 2.7 1.0 2.12 4.41

C V % 5.9 4.3 4.9 10.2 8.5 8.9

Table 2.4: Coefficient of Variability (CV) for sVCAM-1 assay.
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Brain Natriuretic Peptide

The average Intra-assay Precision and Inter-assay Precision were determined 

using the ANOVA model by testing control materials that had BNP added at 

concentrations near the decision points o f the assay and throughout the range o f  the 

standard curve. The study was conducted over 12 days, testing each control 10 times 

per day. Each device was read on 5 Triage meters.

Intra-assay Precision Inter-assay Precision

Mean

pg/ml

71.3 629.9 4087.

9

71.3 629.9 4087.

9

Standard

Deviation

6.3 69.1 475.5 7.0 75.5 500.1

C V % 8.8 11.0 n .6 9.9 12.0 12.2

Table 2.5: Coefficient of Variability (CV) for Brain Natriuretic Peptide

assay.

Tissue Preparation for Atrial Histology.

Prior to commencing extracorporeal circulation two cannulae are inserted, the 

first is placed in the aortic root and receives blood returning from the bypass circuit. 

The second is placed in the right atrium and drains venous blood returning to the heart. 

This blood then passes through the bypass pump and is oxygenated. The atrial cannula
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is usually placed in the right atrial appendage. The appendage is opened by a small 

incision and sutured around the cannula. For the purposes o f  this study a small section 

o f  atrial appendage was resected prior to suturing the cannula. Atrial tissue samples 

were then transected and placed in liquid nitrogen, 10% formalin and bouins fixative 

simultaneously. Tissue was embedded into paraffin in the routine fashion, cut into 

4p,m sections and stained with haematoxylin and eosin.
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CHAPTER 3

Relationship Between Post

operative Atrial Fibrillation and 

the Degree of Inflammatory 

Response
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INTRODUCTION.

Cardiac surgery is associated with an inflammatory response in alm ost all 

patients; this is multifactorial and has been previously been discussed in detail. The 

theory that AF may be precipitated by inflammation is supported by a num ber o f  

studies and observations. Pericarditis is common in the post-operative period but as 

there are no hard diagnostic criteria some authors have evaluated pericardial effusions 

as a surrogate for pericardial inflammation. One echocardiographic study found that 

63% o f  patients with an effusion developed AF compared to 11% without an effusion 

(136). Poor peri-operative echo windows limit the diagnosis o f  pericardial effusions 

and in one study utilising M -mode echocardiography 85% o f  patients had an effusion, 

which limits the predictive power o f  this association (137). In a canine model o f  sterile 

pericarditis caused by the introduction o f  talc, atrial arrhythm ias can be induced in 56- 

71% o f  dogs (138). W hile atrial inflammation secondary to pericarditis may play a 

role it is almost impossible to diagnose local areas o f  atrial or pericardial inflammation 

with standard techniques.

The first study to look at components o f  the inflammatory cascade following 

surgery was carried out by Bruins et al on 19 patients (139). They found that 

cardiopulmonary bypass caused biphasic com plem ent activation and that the second 

phase, which occurred within the first 5 days after surgery was associated with the 

developm ent o f  arrhythmias. There are limited data to suggest that post-operative non- 

steroidals reduce the incidence o f  AF (140,141). In a study designed to show the 

effect o f  dexamethasone on post-operative shivering a post hoc analysis was carried 

out on 235 patients. The authors found that in the group treated with steroids there was
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a significant reduction in the incidence o f  AF, 20% compared with 36.8%  in the 

placebo group (142). All these studies have limitations, in one it was a post hoc 

analysis o f  a study not originally designed to look at AF, in the others the sample size 

was very small and, apart from Bruins paper, no analysis o f  inflammatory markers was 

under taken to explain their findings.

A more recent paper published in Circulation has examined the effect o f  

different polymorphism s in the gene for Interleukin-6 (143). They evaluated 110 cases 

o f  which 26 developed post-operative atrial fibrillation. O f the three polymorphisms, 

62 had a GG genotype, 38 had a GC genotype and 10 had a CC genotype. On 

univariate and multivariate analysis the GG genotype was the only independent 

predictor o f  AF. This occurred in 33.9% o f  ( jG cases compared with 10.4% o f  non- 

GG cases. The area under the curve o f  Interleukin-6 and Fibrinogen was also 

significantly higher in the AF group, although interestingly there was no significant 

difference between the degree o f  CRP elevation in the two groups. This study was 

limited by a short m onitoring period o f  48 hours and the fact that it is a post hoc 

analysis o f  a prospective randomised investigation. Nevertheless, they are the only 

convincing data for an inflammatory aetiology for post-operative atrial fibrillation.

In the area o f  non-surgical AF Frustaci e t al postulated that inflammation 

might play a role in AF (144). They selected a group o f  12 patients with symptomatic 

refractory AF and a control group o f  11 patients with W olff-Parkinson-W hite 

syndrome. Endomyocardial biopsies o f  the right atrial septum and apical segments o f  

both ventricles were performed. Morphometric assessment by light microscopy and 

electron microscopy were carried out. The biopsies were all normal in the control and

63



all abnorm al in the A F group. In 8 o f  the 12 patients w ith A F, inflam m atory  infiltrates 

consisten t w ith a  d iagnosis o f  atrial m yocard itis w ere found, tw o patien ts had areas o f  

m yocyte hypertrophy and vacuolar degeneration  and the final tw o patients 

dem onstrated  ex tensive areas o f  atrial fibrosis. M ost o f  the patien ts w ith A F had 

norm al ventricular b iopsies and the au thors conclude that an atrial card iom yopath ic 

process w as responsible for A F and that in the  m ajority  th is w as m ediated  by an 

inflam m atory  process.

In recent tim es there has been great interest in the associa tion  betw een high 

sensitiv ity  C RP and the incidence o f  all form s o f  card iovascu lar disease. M ina 

C h u n g ’s group from  the C leveland C lin ic  have analysed a cohort o f  131 patients w ith 

atrial arrhythm ias and 71 controls (145). T hey  found that C R P levels in patients with 

AF w ere h igher than contro ls and those patients w ith persistent A F had h igher levels 

than those w ith paroxysm al AF. T h is study had som e lim itations; the control group 

w as not m atched for age, sex, hypertension , coronary  artery d isease, valvu lar heart 

d isease or LV dysfunction , factors w hich lim it the applicab ility  o f  these results. The 

au thors attem pted to  com pensate  for these lim itations in their statistical analysis. The 

conclusion w as that an in flam m atory  basis for A F cou ldn ’t be defin itively  supported 

by th e ir w ork.

D ata from the C ard iovascu lar Health S tudy published by A viles et al also  lends 

support to  the hypothesis that in flam m ation  plays a  role in the pathogenesis o f  non- 

surgical AF (146). In th is study C R P w as m easured at baseline in 5806 patients and 

the m ean follow  up w as 6.9 ±  1.6 years. C ases o f  A F w ere identified  by self-report, 

EC G  analysis and hospital d ischarge d iagnosis. A t baseline m ean age w as 73±5 years.
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5% o f subjects had AF and their CRP levels were higher than the group in sinus 

rhythm. During follow-up 897 subjects developed AF, after adjustment for multiple 

factors the highest quartile o f  CRP at baseline remained an independent predictor for 

the developm ent o f  AF. Both these groups concluded that a definite causal relationship 

between AF and inflammation could not be demonstrated.

Objectives.

The primary aim o f  this section o f  the thesis was to determine if  there was a 

relationship between the peri-operative inflammatory response, assessed by soluble 

forms o f  the adhesion m olecules and C-reactive protein, and the developm ent o f  atrial 

fibrillation following coronary artery bypass surgery.

METHODS.

A total o f  149 patients undergoing first time non-em ergency on pump coronary 

artery bypass grafting were recruited. The recruitment period commenced in January 

2001 and terminated in Novem ber 2002. The inclusion and exclusion criteria were 

previously described. Prior to surgery a trans-thoracic echocardiogram was performed 

and left ventricular function and left atrial size were measured. Patients had 

continuous cardiac rhythm monitoring for 72 hours following surgery, which was 

reviewed by a cardiologist on a daily basis. The m ajority o f  patients (84%) were on 

beta-blockers pre-operatively and these were continued as soon as possible following 

surgery unless there was a contra-indication.
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During the initial phase o f  the study (100 patients) blood was drawn ju st prior 

to anaesthetic induction and 6, 24, 48 and 72 hours following the onset o f 

cardiopulm onary bypass (CPB). In the second phase (49 patients) baseline samples 

were obtained as above and the post-operative samples were taken 72 hours following 

the onset o f  cardiopulm onary bypass. This tim e was chosen based on our initial data 

from the first 100 patients and the fact that post-operative atrial fibrillation is most 

common on the third day following surgery.

High sensitivity CRP was measured using rate nephelom etry with a Dade 

Behring apparatus. The adhesion m olecules sP-selectin, sE-selectin, slCAM-1 and 

sVCAM-1 were measured in stored sera using an enzym e linked imm unosorbent assay 

technique. Results were corrected for haemodilution using haematocrit (Hct) by the 

following formula; result x baseline Hct / post-operative Hct

Statistical analysis.

Means and standard deviations are presented for normal data, m edians and 

inter quartile ranges (IQR) for non-normal data, and proportions for categorical data. 

For the patients with m ultiple time points the post-operative inflammatory response 

was assessed by calculating the area under the curve for the inflammatory markers. 

Comparison between those who developed atrial fibrillation and those who did not 

was made using a Students T-test for the normally distributed continuous data, 

W ilcoxon rank sums or a Kruskal W allis test for non-normal continuous data and Chi- 

squared test for the categorical data. A p value <0.05 was considered significant, with
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two-sided tests. All analyses were performed using the JMPin software (SAS Institute 

Inc.).

RESULTS.

Patient demographics.

Baseline demographics are presented in table 3.1. Apart from the patients who 

developed atrial fibrillation being older (65.2 ± 8 years compared with 60.9 ± 10 years 

in the non AF group p = 0.007) there were no significant differences between the 55 

patients who developed atrial fibrillation and the 94 who did not in their peri-operative 

variables and cardiac risk factors.

Patients who developed atrial fibrillation had longer post-operative hospital 

stay, which is consistent with the previous literature (8.8 ± 5.7 days compared with 

7.04 ± 3.7 days p =  0.02).

Eighty-four percent o f  patients were on beta-blockers pre-operatively which 

were given the m orning o f  surgery and as soon as possible following surgery usually 

on the first post-operative day. A small number o f  patients who were on pre-operative 

B-blockers did not receive them in the immediate post-operative period due to either 

hypotension or bradyarrhythmia. There was no difference between the group that 

developed atrial fibrillation and those that did not in B-blocker therapy either before or 

after the surgery.
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Post-operative inflammatory response.

Surgery was associated with an inflammatory response in all patients as 

reflected by an increase in the inflammatory markers from baseline (tables 3.2-3.3).

In the initial group o f 100 sP-selectin peaked first at 24 hours, sE-selectin, 

slCAM, sVCAM and CRP peaked at 72 hours. This is consistent with the fact that P- 

selectin is stored in intracellular granules while the other markers require 

transcriptional up-regulation. After analysing the data on the first 100 patients we 

continued enrolling patients, collecting samples at baseline and 72 hours, as these time 

points reflected the key changes observed.

AF (n=55) No AF (n=94) P Value

Age (years) 65.1 ± 8 60.9 ± 10 0.007

Female 16.3% (9) 18% (17) 0.1

Hypertension 53% (29) 50% (47) 0.97

Current Smoker 13% (7) 11% (10) 0.94

Ex Smoker 55% (30) 68% (64) 0.51

Aspirin 91% (50) 98% (92) 0.86

Preop B-Blocker 85% (47) 83% (78) 0.1

Post B-B locker 82% (45) 81% (76) 0.94

Statin 75% (41) 82% (77) 0.81

ACE Inhibitor 45% (25) 41% (39) 0.89

Ca Channel 

Blocker

40% (22) 36% (34) 0.88
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Nitrate 58% (32) 62% (58) 0.94

Diuretic 15% (8) 12% (11) 0.85

No. o f Grafts 2.98 ±0.7 2.93 ±0.9 0.72

Bypass Time* 95.5 ±23 92.07 ± 30 0.47

Cross clamp* 52.9 ± 15.8 52.9 ± 18.4 1.0

CoreT emperature 32.8+1.26 33.0 ± 1.3 0.36

Hospital stayt 8.9 ±5.8 7.0 ±3.7 0.02

Table 3.1: Demographic data in 149 patients, mean values ant standard

deviations are presented. *in minutes, t 'n  days.

ng/ml Baseline 6 Hours 24 Hours 48 Hours 72 Hours

sE-

Selectin

44.4

(32-57)

47.9

(36-63)

54.3

(37-70)

57.0

(39-70)

57.0

(41-73)

sP-

Selectin

94.2

(65-115)

119

(81-151)

133

(92-161)

109

(86-144)

110

(86-139)

sICAM-

1

271(230-

320)

324(262-

377)

412(344-

492)

481(397-

593)

516(411-

621)

sVCAM-

1

461(367-

596)

513(429-

639)

674(525-

828)

668(564-

895)

740(619-

917)

CRP

(mg/di)

3.4(1.5-

5.6)

6.6(4.5-

9.9)

154(105-

186)

261(225-

297)

260(219-

299)
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Table 3.2; Inflammatory markers in 100 patients at various time points following 

surgery medians and inter-quartile ranges are presented.

Development of atrial fibrillation.

In the initial phase o f the 39 o f the 100 subjects developed AF, in the second 

phase 16 o f 49 (32.6%) subjects developed AF. None o f the patients required urgent 

therapy for haemodynamic instability.

(ng/ml) Baseline 72 hours

sE-Selectin 46.1(34-60.9) 58.6(41.2-74.5)

sP-Selectin 105.6(75.5-140.5) 124.8(93.8-175.6)

SICAM-1 283(236-338) 496(395-611)

SVCAM-1 453(347-577) 669(532-850)

CRP (mg/dl) 2.88(1.35-5.84) 257(182-301)

Table 3.3; Post-operative inflammatory response baseline and day three in all 149 

patients data presented are medians and inter-quartile ranges.

Inflammatory markers (AF compared to non-AF).

When analysing the data in the first 100 patients comparison was made 

between the areas under the curve o f the post-operative inflammatory markers. There 

was no difference between the AF and non-AF group for sE-Selectin (p = 0.19); sP- 

Selectin (p = 0.43); slCAM-1 (p = 0.94); sVCAM-1 (p = 0.62); CRP (p = 0.79).
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Adjustment o f these data by logistic regression for age and baseline values did not 

alter the results.

In the second phase o f the study, 49 patients were recruited sixteen o f these 

(33%) developed atrial fibrillation. We combined the data from the 2 phases and 

looked at the inflammatory markers at baseline and 72 hours post-operatively. The 

median values at baseline and on day three are presented with the data on day three 

corrected for baseline values (table 3.4 -  3.5). There was no difference between the 55 

(37%) subjects who developed atrial fibrillation and the 94 who did not for the various 

inflammatory markers either in absolute terms or for the degree o f change from 

baseline.

Baseline AF (n=55) Non-AF (n=94) P-value

sE-Selectin 41.9(33.2-55.1) 48.5(34.6-63.9) 0.07

sP-Selectin 106.8(69-144) 105(77.5-133.7) 0.98

slCAM-1 284(239-322) 282(233-343) 0.73

sVCAM-1 465(367-596) 438(335-574) 0.29

CRP (mg/dl) 2.57(1.19-4.09) 3.35(1.45-6.28) 0.54

Day Three

sE-Selectin 56.3(41.9-71.9) 58.7(41-76.6) 0.66

sP-Selectin 116(93.9-153.6) 130.3(93.2-179) 0.35

sICAM-1 486(399-597) 510(394-616) 0.80

sVCAM-1 706(538-869) 653(517-834) 0.17

CRP (mg/dl) 244(171-290) 260(186-307) 0.34
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Table 3.4: Baseline and Day three inflammatory markers in 149 patients AF 

compared with non-AF. Data presented are medians and inter-quartile ranges 

comparison by a Wilcoxon Rank Sums Test.

Day

Three(ng/ml)

AF (n=55) Non-AF (n=94) P-value

sE-Selectin

(corrected)

10.9(0.153-24.8) 7.62(-2.7-20.5) 0.33

sP-Selectin

(corrected)

20.3(-20.8-40.2) 17.63(-5.1-61.6) 0.37

slCAM-1

(corrected)

180(119-290) 201(131-297) 0.95

sVCAM-1

(corrected)

232(87-356) 197(92-344) 0.55

CRP (mg/dl) 

(corrected)

241(170-287) 254(183-306) 0.32

Table 3.5: Day three inflammatory markers in 149 patients AF compared with 

non-AF. Data presented are medians and inter-quartile ranges and have been 

corrected for the baseline values comparison by a Wilcoxon Rank Sums Test.
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DISCUSSION.

We have studied the potential association between the peri-operative 

inflammatory response, assessed by inflammatory markers, and post-operative atrial 

fibrillation. Although coronary artery bypass surgery was associated with a marked 

inflammatory response with elevations in all the markers studied we found no 

difference in the degree o f  inflammatory response between those who did and did not 

develop atrial fibrillation. In fact apart from VCAM-1 all the m arkers were higher in 

the group that did not develop AF.

The peri-operative clinical situation is complex with many potential variables, 

which could influence the incidence o f  AF. These include the intra-operative 

determinants such as atrial ischaemia and traum a from surgical handling and post

operative events such as sepsis and prolonged inotrope or ventilatory requirements. 

Our study population was selected to reduce these potential confounding variables by 

deliberately recruiting patients undergoing the same operation with sim ilar baseline 

characteristics. A num ber o f  pre-operative conditions that were exclusion criteria can 

cause an increase in inflammatory markers and potentially obscure the significance o f  

any post-operative elevation. We also excluded patients having valve replacement or 

repair. These patients have a very high incidence o f  AF both pre and post-operatively, 

most have structurally abnormal hearts and during surgery undergo a wide variety o f  

procedures that cause different haemodynamic stresses than does isolated coronary 

bypass surgery. We also excluded so called “off-pum p” surgery, which is done 

without cardioplegia or the CPB circuit. This is a relatively new procedure, which is 

only suitable for a subset o f patients, and the majority o f  surgery in our unit is “on-
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pum p”. W hile all o f  the patients in this study had significant ischaemic heart disease, 

they had well preserved left ventricular function and normal left atrial size on 

echocardiography before the surgery. The mean age for the study population was 63 

years, which is representative o f  patients undergoing surgery in our unit. We did 

observe that those who developed atrial fibrillation were older and the incidence o f  AF 

in our study was 37% both features consistent with the literature.

As we have discussed the role o f  inflammation in the pathogenesis o f  atrial 

fibrillation has been proposed with varying data to support it (147). Very little o f  the 

early surgical literature is convincing, either because it is observational or limited by 

small sample size and there are very little data on the degree o f  inflammation. The 

most interesting data comes from Gaudino’s group, which looked at genetic 

polymorphisms o f  the interleukin-6 gene. This group also measured CRP, but similar 

to our results found no difference in CRP levels between those that did and did not 

develop AF (143). Non surgical AF may have a different pathogenesis to post

operative AF but again the data suggesting an inflammatory aetiology has some flaws. 

Mina Chung’s control group is very different to her AF subjects, in some key 

characteristics, which may alter both the propensity to develop AF and also an 

individuals CRP level (145). The data from the Cardiovascular Health Study also has 

limitations as the patients that developed AF had higher baseline CRP levels, were 

older and more likely to have diabetes, LV dysfunction, hypertension, ischaemic heart 

disease and to be smokers (146). Perhaps the association seen could be explained by 

the association between CRP and ischaemic heart disease and that the group with 

ischaemic heart disease has a higher incidence o f  AF. The hazard ratio o f  1.24 while

74



low was similar to that found with other traditional risk factors for AF such as 

hypertension and ischaemic heart disease. Again, while these are interesting data the 

authors concluded that a definite cause effect relationship could be established.

It can be seen that the data to support the hypothesis that AF may in part be 

mediated by inflammation is somewhat limited. We chose the model o f  coronary 

artery bypass surgery because o f  the high frequency o f  atrial fibrillation following 

cardiac surgery and the variety o f  inflammatory stimuli associated with the surgical 

undertaking, we felt that this setting was one where the potential importance o f  the 

role o f  inflammation in the pathogenesis o f  atrial fibrillation could be studied. Despite 

these advantages cardiac bypass surgery is associated with a host o f  other features that 

may also increase the potential developm ent o f  atrial fibrillation. During the surgery 

these include atrial traum a from handling and cannulation for the extracorporeal 

bypass circuit, myocardial ischaemia during the period o f  extracorporeal perfusion and 

reperfusion injury following the return o f  myocardial perfusion. Following the surgery 

features that may contribute include haemodynamic alterations, neuro-hormonal 

perturbations, the pro-arrhythmic potential o f  inotropes, the deleterious effects o f  the 

acute withdrawal o f  anti-arrhythm ic drugs including beta-blockers along with 

electrolyte imbalance, hypoxic and hypercarbic stimuli and post-operative infections 

(23 , 24 , 50).

The cellular adhesion m olecules that we m easured are up-regulated by a 

number o f  pro-inflamm atory cytokines and are expressed on the activated 

endothelium. They play an integral role in neutrophil rolling and extravasation. 

Unfortunately it is impossible to measure these compounds directly in the clinical
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setting and so we used the soluble forms as markers o f  endothelial activation. CRP is a 

more non-specific marker o f  inflammation, produced by the liver as a result o f  

stimulation by interleukin-6. By measuring a number o f  different markers produced in 

response to different stimuli at different tim e-points we have attempted to accurately 

quantify the post-operative response.

Atrial fibrillation is potentially an electrophysiological response to a 

heterogeneous group o f  substrate related factors and triggering events. Atrial stretch 

and fibrosis is associated with an increased potential for atrial fibrillation. In those 

over the age o f  50 years there is progressive replacem ent o f  normal cardiac tissue with 

fibrous tissue and amyloid deposition, which provides an important substrate for atrial 

fibrillation (148). Perhaps this explains the rising incidence o f  AF in modern surgical 

practice.

W hile we did not see a relationship between the inflammatory markers that we 

assessed and post-operative atrial fibrillation we cannot exclude that inflammation 

may still have an important role in its pathogenesis. Serum markers while o f  use are 

surrogates and do not provide exact information on the degree o f  atrial inflammation 

associated with the surgery and do not provide information about the site o f  the 

inflammation. The extent and regions o f  the atria experiencing inflammation may have 

relevance in the developm ent o f  post-operative atrial fibrillation. Details with regard 

to the degree o f  pericardial inflammation, the extent o f  transm urality o f  the process 

and regional variability in inflammation with involvement o f  key arrhythmogenic 

areas such as the pulmonary veins cannot be assessed by the serum markers we used.
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Radioactively labelled inflammatory cells may provide more concise information in 

this regard.

Conclusion.

Coronary artery bypass surgery was associated with a significant inflammatory 

response in all o f  the patients studied. Using serum inflammatory markers as 

surrogates o f  the inflammatory process we did not find a difference in the 

inflammatory response in patients who developed post-operative atrial fibrillation and 

those who did not.
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CHAPTER 4

The Association Between Post

operative BNP Elevation and 

Atrial Fibrillation
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INTRODUCTION.

There has been major progress in the understanding o f  the pathogenesis o f  AF 

in the non-surgical setting, but factors related to cardiac surgery associated AF are not 

well understood (21, 22, 149). Changes in left atrial pressure secondary to left 

ventricular (LV) dysfunction may have a role in the genesis o f  post cardiac surgery 

AF. Elevation in left ventricular end diastolic pressure (LVEDP) can be caused by 

either systolic or diastolic LV dysfunction. When the mitral and tricuspid valves are 

open this increased pressure will be transmitted to the atria. As the atria are relatively 

thin walled structures any increase in pressure is likely to cause atrial stretch. 

Stretching the atrial myocytes has the potential to alter the atrial refractory period and 

hence lower the threshold for arrhythmia induction.

Brain Natriuretic peptide (BNP) is produced by ventricular myocardium in 

response to elevation in end-diastolic pressure (121, 122). BNP levels correlate closely 

with pulmonary capillary wedge pressure (which is a surrogate for left atrial pressure) 

in left ventricular systolic dysfunction. It has a short half-life o f  22 m inutes as it is 

broken down by neutral endo-peptidases and binds to natriuretic peptide clearance 

receptors and reflects ventricular function in the preceding hours (124, 125). It has 

been demonstrated to be elevated following coronary artery bypass grafting (CABG), 

with levels elevated up to 24 hours following the surgery (150-152).

BNP in atrial fibrillation.

The initial data on BNP in atrial fibrillation were conflicting with some studies 

showing the elevation to be independent o f  left ventricular function and others
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showing that the left ventricle was the primary determinant o f  BNP levels. A study 

from the Brigham and w om en’s Hospital attempted to clarify this issue (153). They 

analysed 72 outpatients with chronic AF and compared them with controls in sinus 

rhythm, patients with signs, symptoms or a history o f  heart failure were excluded. 

They found that patients with AF had a higher median BNP and that they were more 

likely to be in the two highest quartiles o f  BNP values. A m ultivariate analysis which 

included LV mass and LV systolic function still found that AF was associated with 

BNP elevation. The effect o f  cardioversion on BNP has also been studied, 40 patients 

with chronic non-valvular AF with low ventricular rates were analysed (154). None o f 

the subjects had clinical or echocardiographic evidence o f  LV dysfunction. Amongst 

the 36 that returned to sinus rhythm the BNP levels fell from 61pg/ml to 23pg/ml 

within 24 hours. In the group o f  4 with a failed cardioversion there was no significant 

change in BNP levels.

Following the surgical maze procedure many patients return to sinus rhythm 

with atrial contraction. Interestingly BNP levels also fall as has been demonstrated by 

Albage et al (155). The study population consisted o f  15 patients undergoing isolated 

maze (III) procedures. All the patients were free o f  AF at 6 months follow- up and 

both ANP and BNP levels were significantly lower than the pre-operative values. The 

cause o f  the elevation in BNP in AF remains unclear but it may be related to an 

alteration in the left ventricular filling pattern caused by the lack o f  atrial contraction. 

Another theory is that the irregular rate o f  ventricular contraction possibly with 

different diastolic filling tim es contributes to impairment o f  cardiac function.
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BNP following cardiac surgery.

Cardiac surgery particularly when using a cardiopulm onary bypass circuit has 

the potential to cause significant myocardial injury and subsequent left ventricular 

dysfunction; this can be reversible or irreversible. The insult is multifactorial and can 

be related to ischaemia, reperfusion injury, trauma from surgical handling or the 

inflammatory response induced by surgery (156).

When compared to other patients following major surgery or traum a, cardiac 

surgical cases have a significantly higher post-operative BNP level (150). An initial 

study o f  19 patients with good LV function undergoing isolated coronary bypass 

analysed BNP levels at baseline and 1 ,5 , 10 and 20 m inutes after aortic declamping 

(151). The intra-operative BNP values were all significantly higher than the baseline 

value and correlated with the peak myocardial lactate production although there was 

no correlation with troponin levels. In 3 subjects myocardial lactate elevation persisted 

although none developed peri-operative infarction. These patients demonstrated a 

more marked BNP elevation. These data suggest that myocardial ischaemia and 

reperfusion are the primary stimuli for early post-operative BNP release, a hypothesis 

that is supported by increases in BNP following stress testing in patients with angina 

pectoris (157).

A subsequent study o f  25 patients also undergoing isolated coronary artery 

bypass evaluated samples taken at baseline, before removal o f  the aortic clamp, 3 and 

10 minutes following clamp removal and 5 m inutes and 2 hours after term ination o f 

CPB (152). They demonstrated a  small but significant difference between the BNP 

level taken prior to removal o f  the clam p and the sample taken 3 m inutes after clamp
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removal. Only at 2 hours after the term ination o f  CPB was the BNP level significantly 

greater than baseline, there was no correlation between BNP and the length o f  time the 

aorta was cross-clamped. The authors postulated that while BNP release was 

stimulated by reperfusion the main stimulus was ventricular filling and increases in 

pre-load caused by iatrogenic volume loading.

W hile the precise stimulus for BNP release rem ains unclear there are some 

data to support its role as a prognostic indicator. Chello et al studied 31 patients with 

poor LV function (EF < 35%) undergoing CABG and 40 healthy controls (158). 

Echocardiography and natriuretic peptide estimation were carried out at baseline and 

approxim ately 10 months after surgery. The authors found that a lower pre-operative 

BNP level and a higher number o f  viable myocardial segments were associated with 

recovery o f  LV function. Preliminary data from the St G eorge’s hospital in London 

has shown that patients with a complicated post-operative course such as pulmonary 

oedema, prolonged inotropic support or ongoing ischaemia have NT-proBNP levels at 

least tw ice that o f  those with an uneventful recovery (159). Further research is 

required to explain the precise mechanism o f  BNP release and its role in peri-operative 

outcomes.

Natriuretic peptides in post-operative atrial fibrillation.

The role o f  ANP was initially studied in 80 patients undergoing CABG, 29 o f  

this group developed AF. Atrial areas and ANP were m easured both pre and post- 

operatively and the authors found no difference in either between those that developed 

AF and those that did not (160).
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Another study o f  88 patients with good LV function exam ined pre-operative 

atrial size, ANP and BNP at baseline, 18 and 28 hours post-operatively (161). Patients 

had continuous ECG m onitoring during their hospital stay, with an episode o f  AF 

longer than 5 minutes the end-point. Thirty one o f  the subjects developed AF with a 

mean time from surgery to onset o f  56 ± 22 hours. Pre-operative atrial areas and ANP 

were significantly higher in the group that developed AF as were post-operative ANP. 

Neither pre nor post-operative BNP levels were significantly different between the two 

groups. Only 2 variables were found to be independent predictors o f  AF on 

multivariate analysis, these were advancing age and left atrial cross sectional area.

This negative result may be explained by the short half-life o f  BNP and potentially 

inappropriate early sampling tim e points (18 and 28 hours), which were not tem porally 

related to the developm ent o f  AF. The other limitation o f  this study was their 

definition o f  AF o f  ju st 5 minutes as self-lim iting short episodes are o f  little clinical 

significance and may not be associated with any changes in neuro-hormonal markers.

Objectives.

The objective o f  this study was to determine whether there was a relationship 

between the degree o f  BNP elevation 24 and 48 hours following the onset o f  

cardiopulmonary bypass and the developm ent o f  post-operative AF. BNP was used as 

a surrogate m arker for LVEDP.
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METHODS.

One hundred and thirty three patients were entered into the study. This 

consisted o f 65 cases o f  atrial fibrillation and 68 selected controls. The recruitment 

period commenced in December 2001 and terminated in February 2003. Patients who 

were in sinus rhythm undergoing first time non-em ergency on pump coronary artery 

bypass grafting were asked to participate in the study. The exclusion criteria and 

endpoints have previously been described.

Post operative AF usually develops 48-72 hours following the operation (162). 

In order to determine the BNP levels in the period before the potential onset o f  AF, 

samples were taken in EDTA tubes prior to anaesthetic induction and 24 and 48 hours 

following the onset o f  cardiopulmonary bypass. Samples were centrifuged within 1 

hour and stored at minus 20 degrees centigrade pending analysis. BNP levels were 

measured with a fluorescence immunoassay on freshly thawed samples (Biosite 

Diagnostics San Diego California). This assay has a detection range from 5pg/ml- 

1300pg/ml; in the setting o f  cardiac failure a decision threshold o f  lOOpg/ml is usually 

recommended.

Statistical analysis.

Descriptive statistics are presented for the baseline characteristics o f  patients in 

the study. M eans and standard deviations are presented for normal data, m edians and 

inter quartile ranges (IQR) for non-normal data, and proportions for categorical data. 

BNP data were non-normal, neither a square root transform ation nor a log 

transform ation were able to normalise the data. Comparison was made between the
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two groups using a Wilcoxon rank sums test for the non-normal BNP data and Chi- 

squarcd analysis for the descriptive data. A p value <0.05 was considered significant 

with two-sided tests. All analyses were performed using the JMPin software (SAS 

Institute Inc.).

RESULTS.

Onset of atrial fibrillation.

AF occurred in 65 o f the 133 subjects. None o f the patients required urgent 

therapy for haemodynamic instability. The mean time to onset o f AF was 60 ± 27 

hours, 4 patients developed AF within 24 hours o f surgery, 26 patients between 24 and 

48 hours, 16 between 48 and 72 hours, 13 between 72 and 96 hours and 6 patients 96 

hours or greater after surgery.

Demographic data.

Baseline demographics are presented in table 4.1; there was little difference 

between the two groups in clinical variables. Patients that developed AF tended to be 

older and also to have a longer hospital stay, both features which are consistent with 

the previous literature in this area. Most patients (84%) were on beta-blockers prior to 

surgery; these were given the morning o f surgery and on the day immediately 

following surgery, unless there was a contraindication such as haemodynamic 

compromise. When analysing the data we divided the subjects into groups depending 

on the time to onset o f AF into those who developed it within the first 48 hours o f the 

surgery or after the 48 hour time mark (table 4.2).
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A F(n = 65) Non-AF (n=68) P Value

Age (years) 65(60-71) 62(53-69) 0.007

Hypertension 56% (36) 51% (35) 0.92

Smoker 14% (9) 11% (7) 0.77

Ex Smoker 47% (30) 66% (45) 0.28

Aspirin 89% (58) 92% (63) 0.98

Preop B-Blocker 85% (55) 83% (56) 0.98

Postop B-B locker 79% (51) 81% (55) 0.1

Statin 70% (46) 82% (56) 0.66

ACE Inhibitor 47% (31) 41% (28) 0.75

Ca Channel Blocker 40% (26) 37% (25) 0.93

Nitrate 57% (37) 62% (42) 0.89

Diuretic 10% (7) 13% (9) 0.9

No. o f Grafts 3.0 ±0 .7 3.08 ±0 .8 0.54

Bypass Time* 9 I . 3 ± 2 3 92.97 ± 29.6 0.72

Cross clamp* 51.01 ± 15 53.41 ± 16.2 0.38

Core Temperature 32 .9±  1.16 33.0 ± 1.09 0.61

Hospital stay t 7(6-9) 6(5-7) 0.005

Table 4.1: Demographic data, mean values and standard deviations are 

presented for normal data, medians and IQR for non-normal data. *in 

minutes, fin days.
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AF<48hrs 

N = 30

AF>48hrs 

N = 3 5

No AF 

N = 68

P

Value

Age 65(59-72) 64(60-72) 62(53-69) 0.08

No. o f Grafts 2.96 ±0.75 3.02 ± 0.79 3.08 ±0.8 0.78

Bypass Time* 89.2 ± 25 9 3 .2 1 2 2 92.9 ± 29 0.79

Cross clamp* 50.3 ± 15 51.7±  14.8 53.41 ± 16 0.64

Temperature 32.97 ± 1 32.8 ± 1.24 33.0 ± 1.09 0.68

Hospital stayt 6.5(5-9.3) 7(6-10) 6(5-7) 0.001

Table 4.2: Age and peri-operative variables of the three groups according to 

whether or not they developed AF and whether it occurred within or after 48 

hours. *in minutes, f  in days.

BNP elevation after surgery.

Baseline median BNP was 44.7pg/ml (IQR 17.9-101 pg/ml) consistent with a 

selected group o f patients with good LV function. Following cardiopulmonary bypass 

the median BNP level rose to 379pg/ml (IQR 253-548pg/ml) at 24 hours and 

366pg/ml (IQR 223-482pg/ml) at 48 hours. This represents an eight-fold rise in BNP 

induced by surgery (figure 4.1).
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Figure 4.1: Post-operative BNP elevation in total cohort (pg/ml).

BNP Data: patients with AF compared to controls.

The pre-operative median BNP tended to be higher in the AF group than the 

non-AF group [49.4pg/ml (IQR 24.8-132pg/ml) and 40.15pg/ml (IQR 14.2- 

77.05pg/ml) respectively, p=0.07] (figure 4.2).There was a rise in median BNP in both 

the AF and non-AF groups, with similar median BNP levels at 24 hours in both AF 

and non-AF patients [384pg/ml (IQR 254-618pg/ml) and 365pg/ml (IQR 252- 

517pg/ml) respectively, p=0.29]. The median BNP at 48 hours was greater in the AF 

group than the non-AF group, [440pg/ml (IQR 250-606pg/ml) and 319pg/ml (IQR 

169-443pg/ml) respectively p=0.001].
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Figure 4.2 : Post-operative BNP levels (pg/ml), AF compared to controls.

BNP Data: onset of AF before or after 48 hours.

As AF itself may impact on the BNP level the patients who developed AF 

were divided into those who developed AF before or after 48 hours (163). Of the 65 

patients that developed AF; 30 (46%) developed AF in the first 48 hours following 

surgery and the remaining 35 (54%) developed AF greater than 48 hours after surgery. 

The mean time to onset o f AF in the pre-48 hour group was 37 ± 8.6 hours and 79.6 ± 

22 hours in the post-48 hour group.

BNP levels in both of these groups were compared with those of the 68 

patients who remained in sinus rhythm. In those who developed AF in the first 48 

hours baseline BNP levels were similar to those who remained in sinus rhythm 

[44.9pg/ml (IQR 13.8-134pg/ml) and 40.15pg/ml (IQR 14.2-80.75pg/ml) respectively, 

p=0.54] (figure 4.3). At 24 hours the BNP levels remained similar in the AF and non- 

AF groups [381 pg/ml (IQR 246-516pg/ml) and 365pg/ml (IQR 252-517pg/ml) 

respectively, p=0.73]. At 48 hours there was a ftjrther increase in BNP levels in the AF

□  No AF
□  AF
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group, 454pg/ml (IQR 248-661 pg/ml) compared with 319pg/ml (IQR 169-443pg/ml) 

in those who remained in sinus rhythm, p =  0.004. This increase in BNP was seen after 

the onset o f  AF and may be influenced by the AF itself.

In those who developed AF after 48 hours the baseline median BNP was 

higher than in those who remained in sinus rhythm (n =  68) [53.2pg/ml (IQR 32.6- 

138pg/ml) and 40.15pg/ml (IQR l4.2-80.75pg/m l) respectively, p = 0.056] (figure 

4.3). The 24 hour median BNP was somewhat higher in the AF group, 440pg/ml (IQR 

252-691 pg/ml) compared with 365pg/ml (IQR 252-517pg/ml) for the non-AF group, 

p=0.19. The 48 hour median BNP level, which was before the onset o f  the AF, was 

increased in the AF group, 405pg/ml (IQR 248-583pg/m l) compared with 3 19pg/ml 

(IQR 169-443pg/ml) for those who remained in sinus rhythm, p = 0.02. As the 

baseline median BNP was higher in those who developed AF after 48 hours this 

difference was controlled for. The 48-hour BNP value in this later onset AF group 

remained elevated following correction for the baseline level (p = 0.05.
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Figure 4.3: Post-operative BNP elevation (pg/ml) in those who developed AF 

before or after 48 hours.

4
DISCUSSION.

We have demonstrated that patients with well preserved pre-operative systolic 

function have a significant post-operative BNP elevation and that the degree of 

elevation at 48 hours following surgery was greater in those who developed 

subsequent AF. We postulated that the threshold for the development o f AF might 

have been lowered by atrial stretch secondary to left ventricular dysfunction. We used 

BNP as a surrogate for left ventricular dysftinction and showed that the degree of 

elevation of BNP at 48 hours was significantly greater in those who subsequently *

developed AF.

As almost half of the patients developed AF prior to the 48-hour time-point 

this difference could occur as a result o f the AF rather than being causative.

Accordingly, we assessed the BNP levels in those who developed AF before and after
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48 hours. The patients who developed AF within 48 hours o f  surgery did not have 

significantly different BNP levels to the control group apart from the 48 hour value, 

which could be secondary to the AF. In those who developed AF after 48 hours the 

baseline BNP values were marginally different and the 48-hour BNP levels were 

increased in those who developed AF.

These data suggests that the etiology o f  AF may be m ultifactorial. Perhaps in 

those who develop “early A F” i.e. less than 48 hours, atrial traum a from cannulation 

or the inflammatory response caused by the bypass circuit may be the primary stimuli 

for AF. In those who develop AF later atrial stretch may be an important feature in the 

pathogenesis o f  AF either directly or as facilitator for other triggers.

Our results demonstrate that despite having normal LV function pre- 

operatively most patients undergoing CABG develop LV dysfunction, which is often 

sub-clinical and in this study occurred up to 48 hours after the operation. The etiology 

o f  this dysfunction is unclear. It may be a residual effect o f  cardioplegia and 

cardiopulmonary bypass or it may be caused by ongoing ischaemia or myonecrosis.

We excluded patients with LV systolic dysfunction and valvular surgery as we felt that 

in both these groups baseline BNP may be elevated and this may obscure the 

significance o f  the post-operative elevation. Also in valve surgery the procedures are 

more complex and the atria undergo different haemodynamic stresses. Accordingly, 

we recruited a hom ogeneous group in order to reduce any potential confounding 

variables.

As previously discussed there are limited data on BNP elevation following 

cardiac surgery. In the area o f  post-operative AF, Hakala et al. are the only group to
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have studied the relationship with pre and post-CABG BNP levels (161). They 

measured BNP at baseline and 18 and 28 hours following surgery. They found no 

correlation between BNP and AF at any o f  the tim e points. The mean tim e to onset o f 

AF was 56 hours. BNP has a short half-life and perhaps their negative result was due 

to sampling at an inappropriate time point unrelated to the developm ent o f  AF. Our 

data are the first to show an association between BNP elevation as a surrogate for 

LVEDP and post-operative AF. Further work is required to explain the aetiology o f  

this elevation.

Identifying patients most at risk for the developm ent o f  AF remains difficult. 

Predictors o f  AF following CABG include age, a previous history o f  AF, P wave 

duration on signal averaged electrocardiogram and withdrawal o f  pre-operative beta- 

blockade. The ability to accurately predict a group at increase risk o f  post-CABG AF 

would facilitate targeting prophylactic therapies, such as amiodarone, biatrial 

overdrive pacing or potentially a diuretic to decrease left ventricular end-diastolic 

pressure.

Conclusion.

We have demonstrated that patients with normal pre-operative systolic 

function have a significant BNP rise, which remains elevated for 48 hours or more 

following the surgery. We have identified that those who developed AF following the 

operation had a greater rise in BNP than those who remained in sinus rhythm, 

suggesting that left ventricular dysfunction and subsequent left atrial stretch may have 

a role in its pathogenesis.
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CHAPTER 5

Relationship of Pre-operative 

Atrial Histology with Post

operative Atrial Fibrillation
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INTRODUCTION.

Atrial fibrillation is a complex arrhythm ia that is characterised by rapid atrial 

depolarisation with chaotic fibrillary waves (18). M oe’s hypothesis suggests that 

m ultiple re-entrant circuits cause AF and that these random pathways are determined 

by atrial refractoriness, excitability and conduction properties. In most cases these re

entrant circuits are constantly arising, colliding and being extinguished and so the 

arrhythmia is terminated (34). Areas o f  delayed conduction within the atria can cause 

these re-entrant circuits to propagate and lead to sustained arrhythmia. Some authors 

have postulated that while the onset o f AF requires a trigger an abnormal atrial 

substrate is required for maintenance o f  the arrhythm ia (164).

Before trying to analyse the atrial histological substrate it is important to try 

and define what is normal. The prevalence o f  AF increases with age and many 

“norm al” changes occur in the ageing heart. Unfortunately it remains difficult to 

define what precisely is normal for age as many disease processes such as ischaemic 

heart disease are more common in the elderly. Biologic aging processes should be 

absent in the young, universally present in the very old, increase in proportion to age 

and have no correlation with specific diseases (165).

From middle age onwards there is progressive smooth muscle proliferation and 

an increase in interstitial collagen and elastin (166, 167). This is seen microscopically 

as foci o f  fibrosis distributed throughout the subendocardium and m yocardium o f  both 

atria and ventricles. Dissolution o f  the distinct endocardial layers occurs with 

vacuolisation and atrophy o f  endocardial m uscle and replacem ent with connective 

tissue. The sinus node is also affected by the ageing process; there is gradual loss o f
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the normal nodal fibres and an increase in fibrous tissue and fat. Amyloid deposition 

also appears to be more prevalent in the sinus node than in other myocardial cells.

With advancing age there is a decrease in the number and an increase in the 

size o f  the cardiac myocytes. The nuclei become enlarged and irregular and focal 

basophilic myocardial degeneration is extremely common (53). Lipofuscin pigment a 

dark pigment thought to be caused by breakdown products o f  cells increases in 

proportion to age and is ubiquitous in the elderly (165). Senile cardiac amyloid 

deposition may be a normal finding or related to an as yet undefined disease process. 

It is very rare before the age o f  60 but is present in over 65% o f  hearts from subjects 

over the age o f  90. It is usually an incidental autopsy finding o f  semi-translucent 

yellow deposits lining the left atrial endocardium. Focal deposition is common and 

seems to be o f  little significance however extensive deposition has been correlated 

with heart failure and atrial fibrillation (168).

Not only do microscopic changes occur there are also changes in chamber 

dimensions. As we grow older the long axis o f  the heart shortens, there is a slight 

decrease in the internal ventricular dim ensions and there is dilation o f  the aortic root 

and left atrium. The atrial dilation may occur as a consequence o f  the decreased 

diastolic ventricular compliance seen in the elderly. All these “normal” changes may 

actually provide the abnormal substrate required and explain the strong association 

between AF and advancing age.

A number o f  studies have tried to define the atrial substrate by obtaining tissue 

during cardiac surgery or by endomyocardial biopsy. Frustaci’s group recruited a 

highly select cohort o f  12 patients with refractory paroxysmal lone AF and a control
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group o f  11 patients with W olff-Parkinson-W hite syndrome who were undergoing 

invasive electrophysiological studies (144). All patients had structurally normal hearts 

on echocardiography and normal coronary angiograms. They analysed atrial and 

ventricular biopsies. M orphometric assessm ent by light m icroscopy showed that the 

biopsies were all normal in the control and all abnormal in the AF group. In 8 o f  the 

patients with AF, inflammatory lym pho-m ononuclear infiltrates with associated focal 

necrosis o f myocytes were found. Five patients had interstitial fibrosis with focal 

replacement and 2 patients had myocyte hypertrophy with vacuolar degeneration. A 

further 2 subjects had extensive areas o f  atrial fibrosis w ithout inflammatory 

infiltrates. M ost o f  the patients with AF had normal ventricular biopsies and the 

authors conclude that an atrial cardiomyopathic process was responsible for AF and 

that in the majority this was mediated by an inflammatory process. During follow-up 

AF recurred in 9 patients despite anti-arrhythm ic therapy and interestingly the 3 

patients with a diagnosis o f  active atrial myocarditis who were discharged on steroid 

therapy had no recurrence o f AF.

In another study o f  patients with therapy resistant AF Connelly and co-workers 

examined the atrial appendage o f 19 patients obtained during the surgical maze 

procedure. They selected a control group o f  autopsy samples without AF some with 

coronary disease and some without (169). They found that the patients undergoing the 

maze procedure had a significant increase in the degree o f  vacuolar degeneration 

compared with controls. Interstitial adipose content was increased but did not quite 

reach statistical significance. There was an increase in myocyte hypertrophy and 

interstitial fibrosis when compared to the control group without coronary disease but
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not when compared to the controls with ischaemic heart disease. Both these studies 

need to be interpreted cautiously as both selected patients with resistant AF, also it is 

unknown if  AF itself may cause the changes described. Myocyte hypertrophy and 

interstitial fibrosis were also found to be significantly more common in the atria o f  

patients with AF undergoing cardiac surgery by Aime-Sempe et al. They analysed 50 

patients o f  whom 11 were in AF. In the AF group the myocyte nuclei were irregular 

and the sarcomeric apparatus was disrupted with replacem ent by glycogen granules 

(170).

The right atrial appendage was examined in a study o f  245 subjects undergoing 

a variety o f  cardiac surgical procedures. Forty o f  the patients had amyloid deposition 

demonstrated by Congo red staining and this amyloid was further defined by staining 

with antibodies against AA amyloid, ANP, transthyretin, immunoglobulin light chains 

and (32 m icroglobulin. The heart can be infiltrated by 3 different forms o f  amyloidosis; 

AL amyloid associated with systemic disease is made up o f immunoglobulin light 

chains. In senile cardiovascular amyloidosis, which is a normal ageing process, there 

is deposition o f  transthyretin in the interstitium o f  both atria and ventricles. Isolated 

atrial amyloidosis (lA A) is a strictly localised variant, which increases markedly with 

age. Over 90%  o f  people in the ninth decade show some evidence o f  lAA where the 

fibrillary protein deposited is derived from ANP. All the cases with amyloid stained 

positive for ANP and the authors postulated that high local concentrations o f  ANP 

precursor proteins led to the amyloid deposition. Hence conditions that cause atrial 

stretch or volum e overload and up-regulation o f  ANP production may lead to lAA.

The 38 patients with persistent AF were compared to an age and sex matched control
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group o f  patients in sinus rhythm, selected from the total cohort (171). The main 

findings were that amyloid was more comm on in older patients, those with AF and 

those undergoing mitral valve replacement. Surprisingly the amount o f  amyloid 

demonstrated an inverse correlation with the degree o f  atrial fibrosis, which is 

frequently thought to be the primary cause o f  an abnormal atrial electrical substrate. In 

those in sinus rhythm the P-wave duration, which has previously been shown to be 

associated with the developm ent o f AF, was an independent predictor for the presence 

o f  amyloid. The authors suggest that lAA can affect atrial conduction and provide the 

substrate for re-entry and the propagation o f  AF.

Analysing tissue samples from patients with AF m ust be done cautiously, as 

AF itself may be the cause o f  the abnorm alities described. This concept is clinically 

relevant as the longer a patient remains in AF the more likely it is that the rhythm will 

become permanent. So called electrical rem odelling was first described in 1995 when 

it was noticed that maintenance o f  AF in a goat model by atrial pacing, led to a 

significant shortening o f the atrial refractory period and an increase in the 

susceptibility to sustained AF (172). This effect seems to be mediated by alterations in 

the atrial ion channels. Many animal studies using both light and electron-microscopy 

have demonstrated inducible atrial changes following periods o f  AF (173). These 

changes resemble those seen in ventricular myocardium subjected to chronic 

ischaemia. The m ost prominent feature is an increase in cell size with associated 

myolysis (central loss o f  sarcomeres) and perinuclear accumulation o f  glycogen. There 

are also alterations in connexin expression, changes in mitochondrial shape and 

fragmentation o f  the sarcoplasmic reticulum. The cells seem to dedifferentiate to a
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more foetal stage o f  developm ent with loss o f  desmin and re-expression o f  a-sm ooth 

muscle actin. These changes seem to occur as part o f  a physiological response to the 

chronic calcium overload associated with AF.

Two previous studies have attempted to define the atrial histological substrate 

in patients in sinus rhythm who developed post-operative AF. Goette et al found that 

the degree o f  atrial fibrosis combined with P-wave duration was associated with the 

development o f post-operative AF (174). Patient age correlated with surface P-wave 

duration and with the am ount o f  atrial fibrosis. Their series o f  259 patients (20% 

incidence o f  AF) included those undergoing a wide variety o f  procedures including 

valve replacem ents and their definition o f  AF only required the arrhythm ia to be 

sustained for greater than 5 minutes. In their discussion the authors comm ent that their 

low r-values may be partially explained by the multifactorial pathogenesis o f  post

operative AF. They also noted that there was a considerable overlap in the degree o f 

fibrosis between the 2 groups.

Ad et al studied the right atrial appendage o f  60 patients in sinus rhythm 

undergoing elective coronary artery bypass surgery (175). Similar to our study they 

concentrated on the samples before the onset o f  cardiopulm onary bypass and used 

samples fixed in formalin and stained with haematoxylin and eosin. The incidence o f 

atrial fibrillation was low at only 25% and only 8 o f  the atrial samples were normal. 

They analysed a num ber o f  histological features but only found two that were 

associated with the developm ent o f  atrial fibrillation. In their population 48 o f the 60 

had some degree o f  myolysis, 10 o f  these had severe m yolysis o f  which 9 developed 

AF. On univariate analysis they found that lipofuscin pigmentation was associated
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with AF (p = 0.02) but they felt that this was associated with the degree o f  myolysis so 

it could not be considered an independent predictor. They found no m ultivariate 

predictors o f  AF. M yolysis has been hypothesized to contribute to the loss o f  atrial 

contractile force, which in turn may enhance atrial dilatation and lower the threshold 

for persistence o f  AF (173).

As atrial fibrillation is such a comm on occurrence after cardiac surgery we felt 

that despite the lim itations inherent in analysis o f  atrial tissue that this would be the 

best model for defining whether an abnormal atrial substrate contributes to the 

developm ent o f  this arrhythmia. Following cardiac surgery many potential triggers 

such as inflammation, atrial stretch or catecholam ine excess exist but the atrial 

substrate remains poorly defined.

Objectives.

The objective o f  our study was to determine whether there is a relationship 

between the pre-operative atrial m orphology and the developm ent o f  post-operative 

atrial fibrillation.

METHODS.

A cohort o f  94 patients in sinus rhythm undergoing first time coronary artery 

bypass grafting was recruited. The study period commenced in December 2001 and 

term inated in N ovem ber 2002. Patients with impaired left ventricular systolic function 

(EF< 45% ), valvular heart disease and diabetes were excluded. The atria were
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examined for the following histological parameters modified from Ad et al, as set out 

in Table 5.1, using standard semi-quantitative morphological assessment.

Table 5.1: Histological param eters analysed.

Myolysis Absent Mild Moderate Severe

Inflammation Absent Mild Moderate Severe

Nuclear size Grade 1 or Grade 2

Pericardial exudates (fibrinous) Absent Present

Mesothelial hyperplasia Absent Present

Lipofuscin pigment Absent Mild Moderate Severe

Fibrosis Absent Mild Moderate Severe

Diverticulae Absent Present

Arteriolar hypertrophy Absent Present

Contraction banding Absent Present

Myolysis was defined as the loss o f muscle striation within myocytes, together
r

with cytoplasmic vacoulation. N uclear size reflects myocyte size, and hence nuclear 

enlargement parallels myocyte hypertrophy. Pericardial exudate and mesothelial 

hyperplasia reflect a reactive pericardium. Diverticulae were defined as out

pouching o f the epicardial wall with loss o f the muscle coat between the epi and 

pericardium. C ontraction banding reflects myocyte necrosis secondary to ischaemia.

Where applicable, results were graded into mild, moderate and severe. 

Histological features, which were absent or mild, were assigned a score o f 0; presence
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of a feature and if moderate or severe was assigned a score o f I . These scores were 

used for statistical analysis.

Slides were examined independently by two pathologists experienced in the 

assessment o f cardiac histology. Each set o f results was validated by examination of 

50 random cases by both pathologists to ensure agreement. Inter-observer variability 

was calculated based on 50 random samples which were analyzed by both 

pathologists. Both phi and kappa values are represented with a value o f I indicating 

perfect agreement and a value o f  0.5 indicating no agreement and that the results could 

have occurred by chance (table 5.2).

Table 5.2: Inter-observer variability for the ten parameters analyzed.

Parameter %
agreement

Phi Kappa Standard
Dev

Myolysis 96 0.96 0.93 0.05

Inflammation 100 1.0 1.0 0

Fibrosis 94 0.81 0.81 0.07

Nuclear Size 78 0.52 0.51 0.12

Pericardial
Exudate

98 0.95 0.95 0.05

Mesothelial
Hyperplasia

100 1.0 1.0 0

Lipofuscin 100 1.0 1.0 0

Diverticulae 90 0.79 0.79 0.09

Arteriolar
Hypertrophy

92 0.85 0.79 0.09

Contraction
Banding

98 0.95 0.95 0.05

103



Both investigators were blinded as to which patients developed post-operative 

atrial fibrillation. Univariate and multivariate analysis were carried out using the Chi- 

Square and Fischer’s exact tests, with the W ilcoxon/Kruskal-W allis test (rank sums) 

applied to the multivariate analysis.

Patients were continuously m onitored for the development o f  atrial fibrillation 

post-operatively, for a total o f  three days. The primary endpoint was defined as atrial 

fibrillation sustained for at least one hour or requiring therapy due to haemodynamic 

instability.

RESULTS.

O f the 94 patients studied, 36 (38%) developed post-operative atrial 

fibrillation. All but 2 o f  the 94 patients had abnormal atrial histology with one or more 

o f  the above mentioned features identified.

On univariate analysis no correlation was found between the development o f 

post-operative atrial fibrillation and the 10 morphological features assessed (Tables 

5.3 and 5.4). Parameters found previously by other investigators to be independently 

associated with the developm ent o f  post-operative AF, notably myolysis, lipofuscin 

pigment and atrial fibrosis where not found to be so in our study. Importantly, 

myolysis was found in 63%  o f  the non-AF group and in 75.6% o f  the AF group. O f 

the total group o f  94 patients, 54 had m oderate myolysis and 10 had severe myolysis, 

o f  those with moderate m yolysis 24 developed AF (44%), o f  the 10 with severe 

myolysis 4 (40%) developed AF. Lipofuscin pigment was found in 12.2% o f  the
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control group and 5.4 % o f the AF group. Similarly, fewer o f the patients who 

developed AF had evidence o f atrial fibrosis, as compared to the group that remained 

in sinus rhythm (13.5% compared to 22.4% respectively). Patients were assigned an 

aggregate score based on the presence or absence o f the features studied, if  a feature 

was absent or graded as mild it was scored as a zero, if a feature was graded as 

moderate or severe it was assigned a one. Using this aggregate score there was no 

significant difference between those that developed AF and those that did not (figure 

5.1).

Table 5.3: Percentage of patients in each group with the features studied.

Variable

Non-AF Group 

n = 58

AF Group 

n = 36

Myolysis 63.7% 75%

Inflammation 12% 5.5%

Fibrosis 22.4% 13.8%

Nuclear size 46.5% 38.8%

Pericardial exudates 18.9% 19.4%

Mesothelial hyperplasia 41.4% 33.3%

Lipofuscin pigment 12% 5.5%

Diverticulae 58.6% 52.7%

Arteriolar hypertrophy 46.5% 30.5%

Contraction banding 74.1% 77.7%
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Table 5.4: Correlations between histological features studied and AF.

Variable Correlation coefficient 
(2tail) Prob> ChiSq

Fisher Exact test p-value

M yolysis 0.2 0.26

Inflammation 0.27 0.47

Fibrosis 0.26 0.30

Nuclear size 0.36 0.40

Pericardial exudate 0.62 0.79

M esothelial hyperplasia 0.61 0.67

Lipofuscin pigment 0.27 0.47

Diverticulae 0.71 0.83

Arteriolar hypertrophy 0.06 0.08

Contraction banding 0.66 0.81
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Figure 5.1. Tissue score plot v Atrial Fibrillation

0= non-fibriHating group, 1= fibrillating group 

[W ilcoxon/Kruskal-W allis tests (Rank sums) gave a p value o f  0.37(1- way test, Chi- 

Square approximation)]

As previously discussed advancing age may be associated with changes in 

atrial histology. Accordingly we analysed the association between the features studied 

and the age o f  the subjects (Table 5.5). Apart from m yolysis and arteriolar 

hypertrophy which were more common in younger patients there was no statistically 

significant difference in the age o f patients in the histological parameters examined.
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Table 5.5: Median age of patients presenting with various features.

Variable Median 
Age if  
present

Num ber
with
feature

Median 
Age if 
absent

Num ber
without
feature

P value

Myolysis 62 yrs 64 70 yrs 30 0.001

Inflammation 63 yrs 9 64 yrs 85 0.79

Fibrosis 66 yrs 18 63 yrs 76 0.52

Nuclear size 64 yrs 41 64 yrs 53 0.66

Pericardial
exudate

65.5 yrs 18 63.5 yrs 76 0.33

M esothelial
hyperplasia

65 yrs 36 63.5 yrs 58 0.74

Lipofuscin
pigment

71 yrs 9 63 yrs 85 0.1

Diverticulae 63 yrs 53 65 yrs 41 0.89

Arteriolar
hypertrophy

62.5 yrs 38 65 yrs 56 0.05

Contraction
banding

64 yrs 71 63 yrs 23 0.63

DISCUSSION.

Our data have shown no significant difference between the group that 

developed AF and the group that did not in the histological features studied, in fact 

apart from myolysis and the presence o f  pericardial exudates all the features studied 

were more common in the group that did not develop AF (not statistically significant). 

O f note neither lipofuscin pigment nor m yolysis were more common in those that 

developed AF, as previously found in a study by Ad et al (175).

As previously discussed one o f  the most consistent predictors o f all forms o f 

AF is advancing age and any interpretation o f  atrial histology must take account the
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“norm al” age related changes. W hile the group that developed AF was older we did 

not find that advancing age was associated with abnormal atrial histology. In fact 

m yolysis and arteriolar hypertrophy were more common in the younger patients. Most 

o f  the data on age related atrial changes relates to quite elderly populations often in the 

ninth decade, in our study the mean age was 62.4 ± 9.8 years.

It has been proposed that atrial fibrosis may lead to intra-atrial conduction 

disturbances and to the promotion o f  the re-entrant circuits required for the 

propagation o f AF (34, 173). In a previous study by Goette et al the degree o f  atrial 

fibrosis combined with P-wave duration was associated with the developm ent o f  post

operative AF (174). This study has some limitations as their series included those 

undergoing valve replacements and their definition o f  AF only required the arrhythm ia 

to be sustained for greater than 5 minutes. While reaching statistical significance the r 

values were low and the authors postulated that this may be partially explained by the 

multifactorial pathogenesis o f  post-operative AF. Interestingly, in our study, the group 

that developed AF had fewer patients with atrial fibrosis when compared with those 

who that remained in sinus rhythm. In data on acute onset o f non-surgical AF from an 

autopsy series o f  100 consecutive patients, those with AF for less than two weeks 

demonstrated little or no fibrosis while those with chronic AF demonstrated extensive 

fibrosis (176). It would seem that while fibrosis is important in persistent AF it does 

not seem to play a role in acute onset post-operative AF.

Ad et al studied the right atrial appendage o f  60 patients in sinus rhythm 

undergoing elective coronary artery bypass surgery (175). In their population 48 o f the 

60 had some degree o f  myolysis, 10 o f  these had severe myolysis o f  which 9
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developed AF. On univariate analysis they found that lipofuscin pigmentation was 

associated with AF (p = 0.02) but they felt that this was associated with the degree o f  

myolysis so it could not be considered an independent predictor. They found no 

multivariate predictors o f  AF. In our group m yolysis was a little more frequent in the 

fibriHating group (75% compared with 64%), however it was not found to be 

statistically significant (p = 0.26). M yolysis particularly should be interpreted with 

caution as it may be an artefact (177) In contrast to the study by Ad et al we found that 

lipofuscin pigment was more prevalent in the group that remained in sinus rhythm. 

Even though lipofuscin pigment is a m arker o f the ‘wear and tear’ within the muscle 

cell and reflects free radical generation it is an age related phenomenon and must be 

interpreted cautiously particularly in the presence o f myolysis.

Conclusion.

In conclusion while sustained atrial fibrillation can cause electrical and 

structural rem odelling our data shows no association between pre-operative atrial 

histology and post-operative atrial fibrillation. One limitation o f  our study is that the 

right atrial appendage may not be representative o f  the atrium as a whole, however 

atrial biopsies from other sites are not clinically practical in the setting o f  routine 

coronary artery bypass grafting.
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INTRODUCTION.

When cardiac cells become necrotic the sarcolemmai membrane is disrupted; 

intracellular m olecules can then diffuse into the interstitium and eventually via the 

lymphatics into the microvasculature and peripheral blood. The speed at which these 

m olecules appear depends on the intracellular location, molecular weight, local blood 

and lymphatic flow and the rate o f  elimination from the peripheral blood. M yocardial 

necrosis can occur following trauma, ischaemia, toxin exposure, inflammation or 

infection. The ideal cardiac marker must be highly specific with high concentrations in 

the myocardium and negligible or undetectable levels in non cardiac tissue. To ensure 

high sensitivity a marker must be rapidly released into the blood following myocardial 

injury and there should be a direct relationship between the serum level and the degree 

o f  myocardial damage. For clinical applicability the m arker must persist in the blood 

to allow an appropriate diagnostic window.

Cardiac Troponins.

These markers overcome many o f  the limitations o f  the traditional “cardiac 

enzym es” CK, AST and LDH. Muscle contraction occurs when actin and myosin 

filaments slide over each other to shorten the sarcomere, which is the fundamental 

contractile unit. Neither the actin nor myosin filaments shorten rather it is their 

m ovem ent relative to each other that causes contraction o f  the sarcomere. The 

troponin complex is attached to the thin filament (actin) via the tropom yosin molecule. 

It comprises three regulatory proteins, troponin C, 1 and T with different functions. 

When intracellular calcium is low the configuration o f  the tropomyosin molecule
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prevents the myosin chain (thick filament) from binding to the actin. Calcium causes 

troponin C activation and subsequent binding to the inhibitory protein troponin I. This 

weakens the interaction between troponin T and tropomyosin and allows actin myosin 

binding. The majority o f  intracellular troponin is found tightly bound but up to 6% o f  

troponin T and 3% o f  1 are found in the cytosolic pool.

Troponin T and I are found in skeletal and cardiac m uscle but they are encoded 

by different genes and have different amino-acid sequences. This has allowed the 

developm ent o f  high affinity antibodies specific to the cardiac troponins and a number 

o f  commercial assays are now available. Cardiac troponin T is present in small 

amounts in skeletal muscle during foetal developm ent and can be expressed in disease 

states that involve skeletal muscle regeneration such as Duchenne m uscular dystrophy 

(178). In health neither are detectable and an abnormal value is one that exceeds 99% 

o f  a reference control group, levels usually rise greater than 20 times the reference 

range. These features mean that these assays are able to detect even m inor degrees o f  

myocardial necrosis (179). Elevation usually begins within three hours o f  myocardial 

infarction and release can be sustained for up to 14 days. Skeletal and cardiac troponin 

C have the same amino-acid sequence and so no assays have been developed to 

measure this compound (180).

Clinical roles for troponin.

Diagnosis o f myocardial infarction.

The original WHO diagnostic criteria for AMI were based on three criteria o f 

which at least 2 were required to make the diagnosis. These were elevation o f  the
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traditional cardiac enzymes, a history o f  ischaemic chest pain and significant ECG 

changes. These criteria had limitations as up to 33%  o f  patients with AMI have no 

chest pain and up to 40% have an inconclusive ECG. This low sensitivity is matched 

by the low specificity o f  the cardiac enzymes (181). These limitations led to the 

developm ent o f  new guidelines by the European Society o f  Cardiology and the 

American College o f  Cardiology (182). This document states that the best biochemical 

indicator o f  myocardial necrosis is “a concentration o f  cardiac troponin exceeding the 

decision limit on at least one occasion during the first 24 hours after the onset o f 

clinical event” . One o f  the concerns about this strategy is that the higher sensitivity o f  

troponin which can detect infarcts o f  less than 1 gram o f  cardiac m uscle will lead to an 

increase in the incidence o f  Ml with important social and economic impact (183). In 

the past many patients with normal CK levels were diagnosed as unstable angina, in 

the current era many o f  these patients have myocardial necrosis demonstrated by 

elevation in their troponin and correctly are diagnosed as a non-ST elevation MI. Even 

small elevations in troponin levels have been shown to be associated with a worse 

prognosis.

Prognostic indicator in acute coronary syndromes.

A num ber o f  studies have analysed the association between troponin elevation 

and adverse outcome in acute coronary syndromes. Data from the GUSTO 11a study o f  

855 patients within 12 hours o f  onset o f  symptoms analysed troponin T, CKM B and 

ECG criteria. The primary endpoint was a composite o f  death, infarction, bypass 

surgery or angioplasty within 30 days. 289 o f  801 subjects with available data had an
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elevated troponin, and the investigators found a linear and direct relationship between 

the degree o f  troponin elevation and death within 30 days. The group that often poses 

the most diagnostic difficulty is those without ST elevation, in this group 30 day 

mortality was 7.6%  if  the troponin was elevated compared with 1.2% if  it was normal. 

The admission troponin level remained a significant predictor o f  30 day mortality even 

when adjusted for the various ECG categories and troponin T was shown to be a better 

prognostic indicator than CKMB ( 184).

Similar data were also presented from the TIM! IIIB study by Eugene 

Braunwalds group. This was a study o f 1404 subjects with unstable angina or non Q 

wave Ml in which 573 (41%) had troponin 1 levels o f  at least 0.4ng/ml and these were 

compared to the 831 subjects with levels < 0.4ng/ml. Within 42 days there were 21 

deaths in the group with an elevated troponin compared with 8 in the normal troponin 

group. They found that after adjusting for multiple variables that troponin I remained 

an independent risk factor for 42 day mortality. It was also noted that even when the 

CKM B was normal troponin conveyed prognostic information (185).

Chest pain is a frequent presenting complaint in emergency departments 

worldwide, many patients have a normal or non diagnostic ECG and the history is 

often vague or atypical. Some authorities estimate that up to 7% o f  patients with 

myocardial infarction are inappropriately discharged each year. Coupled with this are 

the economic consequences o f  unnecessary hospital admissions. Christian H am m ’s 

group from Hamburg studied the effect o f using bedside troponin assays to streamline 

patients in the emergency department. They enrolled 773 patients with chest pain and 

without ST elevation and measured both troponin 1 and T. Troponin T was positive in
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123 (16%) o f  patients and I was positive in 171 (22%). Using troponin no patients 

with a subsequent diagnosis o f  Ml were inappropriately discharged and they found 

that the 30 day event rate was very low in patients with a negative troponin T (1.1%) 

and troponin I (0.3%). The authors concluded that while these tests are not substitutes 

for the ECG and clinical assessm ent the risk o f  an acute coronary syndrome is very 

low in patients with negative troponin tests (186).

In the setting o f  ST segment elevation the admission troponin level is 

associated with a higher incidence o f  failed throm bolysis and adverse clinical events 

(184). Primary angioplasty is the most effective therapy for AMI but even when this is 

used the admission troponin predicts short and long term outcomes. In data on 140 

consecutive patients treated with primary angioplasty the 30 day all cause mortality 

was significantly higher in the troponin positive group, 15.6% compared with 3.9%.

At 9 months the difference remained significant 18.8% mortality in the troponin 

positive group compared to 3.9%  in the troponin negative group. Initial procedural 

success was also strongly associated with troponin elevation; TIMI flow rates and 

myocardial reperfusion were much lower in the troponin positive group (187).

Prognostic indicator following percutaneous intervention.

Elevation o f  cardiac enzymes occurs in between 5 and 30% o f  interventional 

procedures and has been shown to be associated with adverse clinical events in both 

the short and long term. In the absence o f  obvious complications such as abrupt vessel 

closure or side branch occlusion these elevations seem to be caused by distal 

embolisation o f  throm bus or plaque material (187). A variety o f  studies have
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examined troponin I and T elevation and have demonstrated an overall incidence o f 

approximately 44%. Marty Leon’s group studied 1,129 consecutive patients with 

normal pre-procedural Tn-1 levels and found that levels >0.45ng/ml or greater than 3 

times the upper limit o f  normal were a strong independent predictor o f  major in 

hospital complications. Interestingly there was no association with clinical events 

during the 8 month follow up period although developm ent o f  a new Q wave was 

associated with late clinical outcomes (188). The same group also studied the 

significance o f  troponin re-elevation following PCI in a group o f  132 patients with 

acute coronary syndromes and pre-procedural elevation o f  troponin. Patients with a 

post procedural re-elevation had a higher in hospital mortality and were more likely to 

develop Q waves. At 6 months troponin re-elevation, increasing age and diabetes 

mellitus were found to be associated with adverse clinical outcom es (189). These 

findings and others support the ESC/ACC statement that post-procedural troponin 

elevation represents a significant clinical event.

Prognostic indicator following cardiac surgery.

Since the first reports o f  coronary artery bypass surgery in 1969 there have 

been varying data on CK-MB elevation and its significance. Overall in the early 

studies between 51 and 93% o f  patients sustained CK-M B elevations but data on 

clinical outcomes were rare. The first large study o f  CABG was published in 1981, 

9777 patients were enrolled and 5.7% had a peri-operative MI as defined by CK-MB 

elevation and ECG criteria. Patients with a peri-operative Ml had significantly lower 5 

year survival rates than those without an MI; 40%  compared with 73% (190). These



findings were confirmed in the Guardian study o f  2,394 patients in which the degree 

o f  CK-MB elevation was correlated with 6-month survival. Increases in CK o f  

between 5 and 10 times the upper limit o f  normal were associated with an increase in 

mortality o f  75 %, increases o f  between 10 and 20 times the upper limit o f  normal 

were associated with an increase in mortality o f  2.5 times (191). It can be seen from 

these data that elevation in the traditional cardiac enzymes is almost inevitable after 

cardiac surgery and that marked elevations are associated with adverse outcomes.

Similarly troponin elevation after cardiac surgery is common with up to 40% 

o f cases dem onstrating a marked elevation but the precise significance o f  this 

elevation and cut o ff  values to diagnose myocardial infarction have yet to be defined. 

Michel Carrier studied 590 patients who had CABG in a single institution; they 

recorded troponin I, T, clinical data, ECG changes and CK-M B levels. Their diagnosis 

o f  post-operative MI was based on the presence o f  2 out o f 3 o f  the following criteria; 

new Q wave, CK-M B > IOOiu/1 (normal 0-30) and a positive pyrophosphate scan. O f 

the 493 patients with troponin T data available 22 (4.5%) were considered to have had 

a post-operative M l, o f  the 97 with troponin I data available 6 (6%) were considered to 

have had a post-operative MI. The authors found that both troponins were significantly 

higher in those considered to have had an MI and that more patients with an elevated 

troponin died, required inotropic support and had longer ICU and hospital stays (192). 

Interestingly patients with an elevated troponin without new Q waves or CK elevation 

were considered to be false positives by the authors. This may partially be explained 

by the nature o f  the assay used. This was a first generation troponin T assay which
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exhibits cross reactivity with skeletal muscle, a problem solved in more m odem  assays 

by refinements in the antibodies.

A more recent study analysed troponin T and CK-M B in 224 patients 

undergoing a variety o f  cardiac procedures o f  which only 135 were isolated coronary 

artery bypass operations. They found that patients with a complicated ICU course (n = 

21) were more likely to have higher levels o f  both troponin T and CK-M B. In hospital 

death was also associated with higher troponin levels although not with higher CK- 

MB levels. The authors concluded that a cut o ff  point o f  1.58ng/ml, which is 15 times 

the upper limit o f  normal, was a useful predictor o f  adverse outcomes. They also 

found that ECG criteria were insensitive for diagnosing peri-operative injury (193). 

This study has a num ber o f  limitations, baseline values were not available in all 

subjects so it is unclear whether the troponin elevation was as a consequence o f  

surgery or whether it was related to pre-operative infarction, a factor which could 

negatively impact on surgical outcome. Their study population was heterogeneous 

with their patients having undergone a variety o f  cardiac procedures with a variety o f 

methods o f  myocardial protection. Despite these limitations this study seems to 

demonstrate that only large elevations in troponin have a negative impact.

Some o f  the troponin studies are limited by their definition o f  what constitutes 

significant myocardial injury (194). One study has looked at the hard endpoint o f 

angiographically proven graft occlusion, which has been shown to correlate with 

prognosis (195). Complete data were available on 103 patients o f whom 15 had 

occluded grafts, 2 o f  these were internal mammary arteries and the rest were 

saphenous vein grafts. One patient had two occluded vein grafts. The authors found
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that on univariate analysis a peak troponin T > 3^g/l and more than two proximal 

anastomosis were associated with graft occlusion. Using troponin alone had a 

sensitivity o f  75% for detecting graft occlusion compared to 20% for clinical means 

alone. Ten patients developed new Q waves or LBBB, o f  these three had occluded 

grafts and the others had significantly higher troponin and CK-MB levels than those 

without Q waves. O f the group o f  patients (n = 64) with an uncomplicated course and 

patent grafts the median troponin T was 0.9|j,g/l (IQR 0.4-2.0). The conclusion o f  this 

study was that troponin T and CK-M B mass could be used to identify patients at high 

risk o f  graft occlusion (195).

Another study if  troponin I elevation examined the importance o f  early 

elevation in this marker. In a group o f  540 patients undergoing CABG assays were 

performed at anaesthetic induction and immediately after the termination o f  

cardiopulmonary bypass. Adverse events were defined as death or post-operative Q 

waves on the ECG. These endpoints occurred in 21 (3.9%) o f  subjects whose Tnl 

levels were significantly higher than the control group, 0.91ng/l compared with 

0.37ng/l. the authors concluded that this enabled surgeons to accurately identify 

patients at risk o f  complications and potentially perform specific therapeutic 

interventions (196).

Significance of troponin elevation.

It can be seen from these data that troponin is a sensitive and specific indicator 

for myocardial necrosis. In the setting o f  acute coronary syndromes m inor degrees o f 

elevation confers prognostic information. Following percutaneous intervention even if
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there is a good angiographic result troponin elevation is associated with poor 

outcomes. The situation following cardiac surgery is more complex as there are many 

potential reasons for cardiac enzyme or troponin elevation. During surgery there is 

unavoidable m anipulation o f  the heart and traum a from atrial cannulation or sutures. 

This probably means that some degree o f  cardiac damage is inevitable however both 

elevation in CK-MB and troponin has been shown to be associated with adverse 

events. The difficulty lies in deciding what degree o f  elevation relates to post

operative infarction and what can be attributed to m inor degrees o f  surgical trauma. A 

rapid rise and fall in troponin level may indicate a wash out o f  the cytosolic 

component, without significant myocardial damage. This may represent reversible 

dysfunction caused by ischaemia or surgical trauma. A more sustained elevation 

seems to be associated with myocardial necrosis and the degree o f  elevation is related 

to the extent o f  necrosis as troponin continues to be released from the m yofibrils o f 

necrotic cells (197). In conclusion alm ost all patients have some degree o f  elevation o f  

cardiac markers following surgery but the clinical relevance is unclear (198).

Objectives.

The objective o f  this study was to evaluate the association between post

operative troponin T elevation, peri-operative variables and clinical outcom es in a low 

risk group undergoing cardiac surgery.
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M ETH O D S.

The study was approved by the Hospital Ethics Com m ittee in July 2 0 0 1 .1'he 

recruitment period commenced in December 2001 and terminated in Novem ber 2002. 

One hundred non-diabetic patients undergoing first tim e non-em ergency on pump 

coronary artery bypass grafting were recruited. The exclusion criteria were poor LV 

function (EF < 40% ), renal failure (creatinine > 200), malignancy, chronic 

inflammatory conditions and concurrent infection Subjects were recruited the night 

before surgery, baseline demographic data were recorded and the patients were 

followed throughout their hospital stay and reviewed six weeks post surgery.

The peri-operative data recorded were number and type o f  grafts, 

cardiopulm onary bypass time (CPB), aortic cross clamp time (AOC) and lowest core 

temperature (bladder). The post-operative data included death, ECG changes o f  

myocardial infarction, new onset o f  atrial fibrillation, intra-aortic balloon pump use, 

inotrope requirements, time to extubation, ICU stay and length o f  hospital stay.

An ECG was taken on admission and on day five following surgery. These were 

analysed by an experienced cardiologist who was blinded to both clinical outcomes 

and to troponin results. ECG criteria analysed were new pathological Q-waves, 

defined as >  40m s wide in at least two contiguous leads and with a m agnitude o f  at 

least one third o f  the R wave.

Blood was drawn ju st prior to anaesthetic induction and twelve and twenty 

four hours following the onset o f  cardiopulmonary bypass. Troponin T was assayed 

immediately using a Cardiac T Diagnostic Reader (Roche Diagnostics, Lewes East 

Sussex England) a third generation troponin assay. Post-operative values were
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measured at 12 and 24 hours and adjusted for the baseline level as a change score. 

Clinicians were blinded to results. Previous large studies o f  acute coronary syndromes 

have considered troponin T levels below 0.03 ng/ml as negative, between 0.03 ng/ml 

and 0.1 ng/ml to denote a low level o f  questionable significance, between 0.1 ng/ml 

and 2ng/ml to indicate detectable myocardial damage and greater than 2ng/ml to 

reflect extensive myocardial damage (184, 199). Following cardiac surgery clinically 

significant myocardial damage has been considered at levels in excess o f 1 ng/ml 

(192).

In 76% o f  patients cardioplegia was cold and delivered via the anterograde 

route, in 21%  it was tepid anterograde and in 3% it was anterograde and retrograde.

All patients were allowed to drift down to 32° centigrade with active rewarming 

com m encing half way through the IMA anastomosis. Shed mediastinal blood was 

routinely re-transfused at the end o f  surgery.

Statistical analysis.

Descriptive statistics are presented for the baseline characteristics o f  patients in 

the study. M eans and standard deviations are presented for normal data, m edians and 

inter quartile ranges (IQR) for non-normal data, and proportions for categorical data. 

The change in troponin levels at 12 and 24 hours from baseline were calculated. The 

association between clinical and post-operative variables and the change in troponin T 

levels were examined using a non-parametric W ilcoxon Rank Sum test (categorical 

clinical variables), or a Spearmans non-parametric correlation (continuous variables). 

Results are expressed as means ±  standard deviation unless otherwise stated. A p<0.05
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was considered statistically significant, with two-sided tests used. All analyses were 

performed using the JM P software (SAS Institute Inc.).

RESULTS.

Baseline demographics are presented in Table 6.1 with the m ajority o f  subjects 

m ale and presenting with stable Canadian Cardiovascular Association (CCS) class 11 

or 111 angina. All patients had good left ventricular function. The mean num ber o f  

grafts was 3 (range 1-5), 98%  had an internal mammary artery (IM A) and only 3 

patients had a single graft placed. Twenty four percent had more than one arterial 

grafts placed and two percent o f  the total cohort had three.

The mean cardiopulm onary bypass time was 94 ± 27 m inutes with a mean 

aortic cross clamp time o f  54 ± 15 minutes. Lowest core tem perature was measured 

from the bladder and was 33 ±  1.16 degrees centigrade. Median time to extubation was 

6 hours (Interquartile range 5-7) with a range o f  3-495 hours. Median stay in intensive 

care (ICU) was 22 hours (IQR 20-24) with a range o f  7-600 hours and hospital stay 

was 6 days (IQR 5.7-7) with a range o f  4-39 days.

There were no in hospital deaths, 8 patients developed new pathological Q 

waves, 14 required inotropic support with adrenaline or noradrenaline and there was 

no requirement for intra-aortic balloon pumping. Forty patients developed new onset 

atrial fibrillation. Two patients died in the first month following discharge.

All patients had a negative troponin T prior to surgery except for one patient 

who was operated on following a recent myocardial infarction and had an elevated
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troponin T o f  2.1ng/ml (upper detection limit o f  assay) before the surgery. Troponin T 

elevation was seen in 95 o f  the 100 patients. The 4 patients without a troponin rise all 

had an uncomplicated post-operative course with an early hospital discharge o f  on 

average five days. Troponin values were not normally distributed and m edians are 

presented (figure 6.1). Median 12 hour troponin T was 0.33 ng/ml and 24 hour 

troponin T was 0.19 ng/ml. Median peak troponin in the post-operative phase was 

0.355 ng/ml with 82% o f the peak values at 12 hours.

□  troponin I  ng/ml

Baseline 12 Hour 24 Hour

Figure 6.1: Median troponin values (change from baseline) in ng/ml for the 

whole cohort.

There were no post-mortems performed on the two patients who died in the 

first month following discharge. One occurred following an admission to another 

centre with acute pulmonary oedema and the other was a sudden death, presumed 

cardiac. Both patients had a relatively minor troponin T rise (0.28 ng/ml and 0.1 ng/ml 

at 12 and 24 hours respectively in the first patients, and 0.11 ng/ml and 0.19 ng/ml at 

12 and 24 hours in the other). Neither developed surgery associated Q-waves or 

required inotropic support.
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Table 6.1: Baseline Demographic D ata on 100 patients.

Age (years ± standard deviation) 62 ±9 .8

Male 83%

Previous Ml 30%

CCS I / I I / I I I / I V 4 % /4 1 % /4 5 % / 10%

Euroscore 3.7 ± 2 .9

Risk factors:

Hypertension 50%

Hyperlipidaemia 77%

Current / Ex Smoker 10% /62%

M edications:

Aspirin 91%

Beta-Blockers 84%

Statins 82%

ACE 1 29%

Calcium Channel Blockers 33%

Nitrates 65%

Diuretics 11%

Where applicable data are shown as mean + standard deviation

CCS = Canadian Cardiovascular Society; ACE 1 = Angiotensin Converting Enzyme

Inhibitor
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There was no difference in troponin levels between the 8 patients who 

developed new pathological Q-waves and the 92 that did not, 0.25 ng/ml and 0.33 

ng/ml respectively at 12 hours (p = 0.5), and 0.14 ng/ml compared with 0.19 ng/ml at 

24 hours (p = 0.34) (Table 6.2). None o f  the 8 required inotropic support and only one 

developed atrial fibrillation; their median hospital stay was 5 days (IQR 5-6.25). Five 

o f  the hundred patients had troponin T levels above a previously defined post

operative cut o ff value for clinically significant myocardial damage o f  1 ng/ml. O f 

these one developed a Q wave and only one other patient required inotropic support.

Fourteen patients required inotropic support with either adrenaline or 

noradrenaline. These patients had a median troponin T rise at 12 hours o f  0.31 ng/ml 

compared with 0.33 ng/ml in those that did not require inotropes (p = 0.73), at 24 

hours the median troponin T was equal in both groups.

The endpoints o f  death, new Q waves and inotrope use were analysed as a 

combined endpoint (figure 6.2). This occurred in twenty-four patients. Twelve hour 

troponin T in this group was 0.28 ng/ml compared to 0.33 ng/ml in the uncomplicated 

group (p =  0.57), and the 24 hour troponin T was sim ilar 0.19 ng/ml compared with 

0.2 ng/ml (p = 0.56).
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Figure 6.2: Median troponin values (change from baseline) in ng/ml for patients 

with post-operative complications compared to those without.

In the forty patients that developed atrial fibrillation 12 and 24 hour troponin 

levels were similar to the levels in the sixty patients that did not develop atrial 

fibrillation (0.3 ng/ml and 0.34 ng/ml respectively at 12 hours and 0.19 ng/ml in both 

groups at 24 hours).

When analysing the other clinical endpoints o f time to extubation, time to ICU 

discharge and length o f hospital stay we used a Spearmans non-parametric correlation. 

There was no significant correlation between either the 12 or 24 hour troponin values 

and these endpoints (Table 6.3).
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Table 6.2: Median elevation (change from baseline) in Post-operative troponin

values.

N Median (IQR) 
elevation in 
troponin at 12 
hrs (ng/ml)

P-
value

Median (IQR) 
elevation in 
troponin at 24 
hrs (ng/ml)

P-
value

Total 100 0.33(0.2,0.53) 0.19(0.13,0.34)

New Q wave 8 0.25(0.15,0.52) 0.51 0.14(0.09,0.38) 0.34

No Q wave 92 0.33(0.21,0.53) 0.19(0.14,0.34)

Inotropes 14 0.31(0.24,0.55) 0.74 0.19(0.13,0.34) 0.71

No inotropes 86 0.33(0.19,0.51) 0.19(0.15,0.39)

MACE 24 0.28(0.20,0.54) 0.57 0.19(0.11,0.37) 0.57

No MACE 76 0.33 (0.2,0.52) 0.2 (0.14,0.34)

A Fib 40 0.30(0.16,0.50) 0.35 0.19(0.15,0.38) 0.61

No A Fib 60 0.34(0.23,0.54) 0.19(0.12,0.33)

Troponin data were non-normal and is expressed as the median with interquartile 

ranges. MACE = combined endpoint o f death, new pathological Q waves and Inotrope 

use; A. Fib = Atrial Fibrillation
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Table 6.3: Spearmans correlation (p-value) between Clinical variables and 

Troponin elevation (change from baseline) at 12 and 24hrs.

Clinical variable Troponin at 12 hrs Troponin at 24 hrs

CPB time* 0.37(0.0001) 0.24 (0.014)

Cross clamp* 0.35 (0.0003) 0.27 (0.007)

Core Temp -0.41 (<0.0001) -0.40 (<0.0001)

Intubationt 0 .14(0 .17) 0.11 (0.30)

ICU discharget 0.06 (0.56) 0.18 (0.07)

Hospital stay j 0.05 (0.65) 0.05 (0.61)

CPB time = Cardiopulmonary Bypass time; Cross clam p =  Aortic cross clam p time; 

ICU = intensive Care Unit; *in minutes, t in  hours, J in days.

There was a relationship between both cardiopulm onary bypass tim e and aortic 

cross clamp time at both time points but the R values were relatively low (Table 6.3). 

There was an inverse correlation with core tem perature again at both tim e points (p = 

0.0001) although patients were only moderately hypotherm ic (Fig 6.3-6.5).
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Fig. 6.3: Correlation between CPB time (mins) and 12 hour troponin T 

(change from baseline) (ng/ml), Spearmans correlation coefficient 0.37 (p = 

0.0001).
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Fig. 6.4: Correlation between aortic cross clamp time (mins) and 12 hour 
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Fig. 6.5: Correlation between core temperature (degrees centigrade) and 12 

hour troponin T (change from baseline) (ng/ml), Spearmans correlation 

coefficient minus 0.41 (p = 0.0001).

DISCUSSION.

In this study o f  100 low risk patients undergoing first time on pump CABG 

95%  had a troponin T elevation. Post-operative troponin T elevation was associated 

with both cardiopulmonary bypass time and aortic cross clamp tim e and was inversely 

associated with the core temperature. Troponin levels were not associated with the 

clinical variables o f  time to extubation, length o f  ICU stay or length o f  hospital stay
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and there was no association with death, new onset atrial fibrillation, new Q-wave 

formation or inotrope use.

The association o f  troponin T elevation with cardiopulm onary bypass tim e and 

aortic cross clam p time may reflect insufficient myocardial protection during the 

surgery or may be related to greater myocardial handling during longer operations.

The association o f  troponin elevation with ischemic tim e without being related to 

adverse clinical events may represent reversible cell dysfunction without significant 

necrosis; this may be m ediated by “wash out” o f  the cytosolic component.

The importance o f  CABG associated troponin elevation is relevant to current 

research interests, as the degree o f  troponin elevation has been cited as a m arker o f  the 

extent o f  myocardial injury when comparing on-pump and off-pump surgical 

techniques (200). Furthermore, a randomised study with angiographic follow-up has 

shown lower graft patency with off-pump surgery despite a greater troponin elevation 

in on-pump CABG (201).

The detection o f  myocardial injury following cardiac surgery remains 

important as peri-operative infarction adversely affects prognosis. In the CASS study 

o f  1340 patients the incidence o f  peri-operative Q-wave infarction was 4.8%. The in 

hospital mortality was 9.7%  in those with Q-wave infarcts compared with 1% in those 

without (202). A smaller long-term study assessed 174 patients undergoing CABG 

with a 30 month follow-up. Patients with peri-operative myocardial infarction had a 

cardiac event rate o f 3 1 % compared with 12% in those without (203).

In the setting o f  CABG current techniques used to detect myocardial necrosis 

have limitations. New Q-waves are thought to indicate myocardial damage, however,
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in a study o f  302 patients there was no difference between those with and without Q- 

waves with regard to the degree o f  troponin elevation on day four (204). One potential 

reason for the lack o f  specificity o f  new Q-waves may be due to pre-existing cardiac 

damage that was not manifest on the initial ECG, but may become evident following 

the surgery due to improved perfusion and function o f  a contra-lateral segment. 

Alternatively, the Q-waves may be transitory and due to tem porary alterations in 

ventricular depolarisation (197). Furthermore, Q-waves may not occur in the setting o f 

myocardial necrosis if  the infarct is small or if  there is diffuse subendocardial injury. 

The lack o f  association between troponin T elevation and new Q-wave formation that 

we observed may relate to the relative lack o f  sensitivity and specificity o f  ECG 

criteria rather than any deficiency in troponin T as a m arker o f  myonecrosis. The 

num ber o f  patients who developed Q-waves in our study however is small and it is not 

possible for us to reach meaningful conclusions in this regard.

Echocardiography while easily available has a high degree o f  inter and intra 

observer variability and because o f  associated chest discom fort following the surgery 

may be limited by sub-optimal examinations. Nuclear techniques are sensitive 

however they remain expensive and are not available in all centres and when available 

they may not be practical in the intensive care setting (205).

These limitations mean that a simple serum marker that could assess 

myocardial damage would be beneficial in the early risk stratification o f  patients. CK- 

MB is found in skeletal muscle and even though this is often considered the “gold 

standard” it has limited sensitivity and specificity (206). Troponin T is both sensitive 

and specific and in general cardiology practice and often confers prognostic
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information. Our data suggest that in low risk patients post-operative troponin 

elevation does not adversely affect prognosis and as such cannot be used to risk 

stratify these patients.

The main limitation o f  this study is the relatively small sample size and low 

number o f  adverse events. The exclusion criteria also limit the general applicability o f  

our results.

Conclusion.

Troponin T elevation occurred in the majority o f  patients undergoing on pump 

coronary artery bypass surgery. This elevation was related to the length o f 

cardiopulmonary bypass time and aortic cross clam p tim e and inversely with core 

temperature. In this low risk group o f patients the degree o f  elevation was not 

associated with post-operative outcom es and in particular was not associated with the 

development o f new Q-waves or atrial fibrillation.
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CHAPTER 7

CONCLUSIONS
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C O N C LU SIO N S.

The research studies included in this thesis sought to further our knowledge o f 

the aetiology o f  post-operative atrial fibrillation. There were four distinct experimental 

limbs to this work.

O bjective 1.

This study was designed to determine whether the inflammatory response 

induced by cardiac surgery as assessed by serum inflammatory markers was associated 

with the developm ent o f  post-operative atrial fibrillation.

Results.

Coronary artery bypass surgery was associated with an inflammatory response 

in ail o f  the patients studied. 55 o f 149 patients developed atrial fibrillation (37%) and 

there was no significant difference in the levels o f  the serum inflammatory markers 

measured between the 55 patients with atrial fibrillation and the 94 without: sE- 

Selectin (ng/ml): 56.3(41.9-71.9) compared with 58.7(41-76.6), sP-Selectin (ng/ml):

116(93.9-153.6) compared with 130.3(93.2-179), slCAM-1 (ng/ml): 486(399-597) 

compared with 510(394-616), sVCAM-1 (ng/ml): 706(538-869) compared with 

653(517-834) and CRP(mg/dl): 244(171-290) compared with 260(186-307). 

Conclusions.

We did not find a difference in the inflammatory response, assessed by serum 

inflammatory markers, in patients who developed post-operative atrial fibrillation and 

those who did not.
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Objective 2.

The objective o f  this study was to determine whether there was a relationship 

between atrial stretch and the developm ent o f post-operative atrial fibrillation. The 

degree o f  BNP elevation 24 and 48 hours following the onset o f  cardiopulm onary 

bypass was used as a surrogate m arker for left ventricular end diastolic pressure and 

hence atrial pressure.

Results.

Atrial fibrillation occurred in 65 patients. Median 48hour brain natriuretic 

peptide levels were greater in the atrial fibrillation group than the controls (440pg/ml 

(AF) and 319pg/ml respectively p =  0.001). As atrial fibrillation itself is associated 

with an increase in brain natriuretic peptide we divided the subjects into early atrial 

fibrillation (<48hrs) and late (>48hrs). In those who developed atrial fibrillation within 

48 hours o f  surgery there was no difference in the 24 hour brain natriuretic peptide 

levels in the subjects and controls (38lpg/m l and 365pg/ml respectively p = 0.73). in 

those that developed atrial fibrillation after 48hours the median 48 hour brain 

natriuretic peptide level was greater than in the control group (405pg/ml and 319pg/ml 

respectively p = 0.02).

Conclusions.

Patients with normal pre-operative systolic function demonstrate a significant 

rise in brain natriuretic peptide levels following coronary artery bypass surgery. This 

increase was more evident in those who develop atrial fibrillation more than 48 hours 

after the surgery.
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Objective 3.

The objective o f  our study was to determine whether there is a relationship 

between the pre-operative atrial morphology and the development o f  post-operative 

atrial fibrillation.

Results.

36 (38%) o f  the patients developed atrial fibrillation. No correlation was found 

between the 10 features assessed including myolysis and lipofuscin pigmentation and 

the developm ent o f  atrial fibrillation.

Conclusion.

Simple morphology changes o f  right atrial appendages do not predict the 

development o f post-operative atrial fibrillation.
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Objective 4.

The objective o f  this study was to evaluate the association between post

operative troponin T elevation, peri-operative variables and clinical outcom es in a low 

risk group undergoing cardiac surgery.

Results.

Post-operative Troponin elevation occurred in 95%  o f  the cohort. Troponin T 

elevation was related to the duration o f  cardiopulm onary bypass (p < 0.01) and aortic 

cross clamp tim e (p < 0.01). There was also an inverse relationship with peri-operative 

core tem perature (p < 0.01). There were no association between post-operative 

troponin elevation and the clinical outcomes.

Conclusion.

Post-operative troponin T elevation occurs in the majority o f  patients 

undergoing elective on pump coronary artery bypass surgery. In this low risk cohort 

troponin T elevation was associated with procedural duration but not with clinical 

outcomes and in particular was not associated with atrial fibrillation.

141



REFERENCES.

1/ Blatchford JW 3'̂ ’̂ and Ludwig Rehn. The first successful cardiorrhaphy.

Ann Thorac Surg. 1985 May; 39(5):492-5.

2/ Cutler EC and Levine SA. Cardiotomy and valvulotomy for mitral stenosis. 

Experimental observations and clinical notes concerning an operated case with 

recovery. Boston Med Surg J 1923; 188: 1023-27.

3/ Souttar PW. The surgical treatment o f  mitral stenosis. Br Med J 1925; 2: 603-606.

4/ Gross RE and Hubbard JP. Surgical ligation o f  patent ductus arteriosus: report o f 

first successful case. J Am Med Assoc 1939; 112: 729-31.

5/ Blalock A and Taussig HB. The surgical treatm ent o f  malformation o f the heart in 

which there is pulmonary stenosis or pulmonary atresia. J Am Med Assoc 1945; 128:

189-202.

6/ Gross RE. Surgical correction for coarctation o f  the aorta. Surgery 1945; 18: 673-8. 

7/ Crafoord C and Nylin G. Congenital coarctation o f  the aorta and its surgical 

treatment. J Thorac Surg 1945; 14: 347-61.

8/ Lewis FJ and Taufic M. Closure o f  atrial septal defects with the aid o f  hypothermia;

I

experimental accom plishments and the report o f  one successful case. Surgery. 1953 

Jan; 33(l):52-9.

9/ Gibbon JH Jr. Application o f  a mechanical heart and lung apparatus to cardiac 

surgery. Minn Med. 1954 Mar; 37(3): 171-85.

10/ Warden HE, Cohen M, Read RC and Lillehei CW. Controlled cross circulation for 

open intracardiac surgery: physiologic studies and results o f  creation and closure o f 

ventricular septal defects. J Thorac Surg. 1954 Sep; 28(3):331-41.

142



11/ Sealy WC, Brown IW Jr and Young WG Jr. A report on the use o f  both 

extracorporeal circulation and hypotherm ia for open heart surgery. Ann Surg. 1958 

May; 147(5):603-13.

12/ Hufnagel CA and Harvey WP. The surgical correction o f  aortic regurgitation 

preliminary report. Bull Georgetown Univ Med Cent. 1953 Jan; 6(3):60-I.

13/ Harken DE, Soroff HS, Taylor WJ, Lefemine AA, Gupta SK and Lunzer S. Partial 

and complete prostheses in aortic insufficiency. J Thorac Cardiovasc Surg. 1960 Dec; 

40:744-62.

14/ Starr A and Edwards ML. Mitral replacement: clinical experience with a ball-valve 

prosthesis. Ann Surg. 1961 Oct; 154:726-40.

15/ Vineberg A and M iller G. Internal mammary coronary anastom osis in the surgical 

treatm ent o f  coronary artery insufficiency. Can Med Assoc J. 1951 Mar; 64(3):204-I0. 

16/ Effler DB, Sones FM Jr, Groves LK and Suarez E. Myocardial revascularization 

by Vineberg's internal mammary artery implant. Evaluation o f  postoperative results. J 

Thorac Cardiovasc Surg. 1965 Oct; 50(4):527-33.

17/ Favaloro RG. Saphenous vein autograft replacem ent o f  severe segmental coronary 

artery occlusion: operative technique. Ann Thorac Surg. 1968 Apr; 5(4):334-9.

18/ Falk RH. Atrial fibrillation. N Engl J Med. 2001 Apr 5; 344(14): 1067-78.

19/ Goldman L. Supraventricular tachyarrhythmias in hospitalised adults after surgery. 

Clinical correlates in patients over 40 years o f  age after major noncardiac surgery. 

Chest 1978; 73: 450-454.

143



20/ Beck-Nielsen J, Sorensen HR and Alstrup P. Atrial fibrillation following 

thoracotomy for non-cardiac diseases, in particular cancer o f  the lung. Acta Med 

Scand. 1973 May; 193(5):425-9.

21/ Krowka MJ, Pairolero PC, Trastek VF, Payne WS and Bem atz PE. Cardiac 

dysrhythm ia following pneumonectomy. Clinical correlates and prognostic 

significance. Chest. 1987 Apr; 91(4):490-5.

22/ Favaloro RG, Effler DB, Groves LK, Sheldon WC and Riahi M. Direct myocardial 

revascularization with saphenous vein autograft. Clinical experience in 100 cases. Dis 

Chest. 1969 Oct; 56(4):279-83.

23/ Aranki SF, Shaw DP, Adams DH, Rizzo RJ, Couper GS, VanderVliet M, Collins 

JJ Jr, Cohn LH and Burstin HR. Predictors o f  atrial fibrillation after coronary artery 

surgery. Current trends and impact on hospital resources. Circulation. 1996 Aug 1; 

94(3):390-7.

24/ M athew JP, Parks R, Savino JS, Friedman AS, Koch C, Mangano DT and 

Browner WS. Atrial fibrillation following coronary artery bypass graft surgery: 

predictors, outcomes, and resource utilization. M ultiCenter Study o f  Perioperative 

Ischemia Research Group. JAM A. 1996 Jul 24-31; 276(4):300-6.

25/ Almassi GH, Schowalter T, Nicolosi AC, Aggarwal A, Moritz TE, Henderson 

WG, Tarazi R, Shroyer AL, Sethi GK, Grover FL and Ham mermeister KE. Atrial 

fibrillation after cardiac surgery: a major morbid event? Ann Surg. 1997 Oct; 

226(4):501-11

26/ Creswell LL, Schuessler RB, Rosenbloom M and Cox JL. Hazards o f  

postoperative atrial arrhythmias. Ann Thorac Surg. 1993 Sep; 56(3):539-49.

144



27/ Andrews TC, Reimold SC, Berlin JA and Antman EM. Prevention o f 

supraventricular arrhythmias after coronary artery bypass surgery. A meta-analysis o f 

randomized control trials. Circulation. 1991 Nov; 84(5 Suppl):III236-44.

28/ Svedjeholm R and Hakanson E. Predictors o f  atrial fibrillation in patients 

undergoing surgery for ischemic heart disease. Scand Cardiovasc J. 2000 Oct;

34(5);516-21.

29/ Steinberg JS. Postoperative atrial fibrillation: a billion-dollar problem. J Am Coll 

Cardiol. 2004 Mar 17; 43(6): 1001-3.

30/ Fuller JA, Adams GG and Buxton B. Atrial fibrillation after coronary artery 

bypass grafting. Is it a disorder o f  the elderly? J Thorac Cardiovasc Surg. 1989 Jun; 

97(6):821-5.

31/ Haissaguerre M, Jais P, Shah DC, Takahashi A, Hocini M, Quiniou G, Garrigue S, 

Le Mouroux A, Le M etayer P and Clementy J. Spontaneous initiation o f  atrial 

fibrillation by ectopic beats originating in the pulmonary veins. N Engl J Med. 1998 

Sep3;339(10):659-66 .

32/ Frost L, Christiansen EH, M olgaard H, Jacobsen CJ, Allermand H and Thomsen 

PE. Premature atrial beat eliciting atrial fibrillation after coronary artery bypass 

grafting. J Electrocardiol. 1995 Oct; 28(4):297-305.

33/ Frost L, Molgaard H, Christiansen EH, Jacobsen CJ, Pilegaard H and Thomsen 

PE. Atrial ectopic activity and atrial fibrillation/flutter after coronary artery bypass 

surgery. A case-base study controlling for confounding from age, beta-blocker 

treatment, and tim e distance from operation. Int J Cardiol. 1995 Jun 30; 50(2): 153-62.

145



34/ Moe GK, Rheinboldt WC and Abildskov JA. A Com puter Model o f  Atrial 

Fibrillation. Am Heart J. 1964 Feb; 67:200-20.

35/ Zaman AG, Archbold RA, Helft G, Paul EA, Curzen NP and Mills PG. Atrial 

fibrillation after coronary artery bypass surgery; a model for preoperative risk 

stratification. Circulation. 2000 Mar 28; 101 (12): 1403-8.

36/ Hutchinson LA, Ehlert FA, M enchavez-Tan E, Steinberg JS. Towards a better 

understanding o f  the development o f  atrial fibrillation after cardiac surgery: risk factor 

analysis in a large prospective study. J Am Coll Cardiol. Feb 1995; 318A.

37/ Waldo AL. M echanisms o f  atrial fibrillation, atrial flutter, and ectopic atrial 

tachycardia: a brief review. Circulation. 1987 Apr; 75: Suppl 111: 37-40.

38/ Smith PK, Buhrman WC, Levett JM, Ferguson TB Jr, Holman WL and Cox JL. 

Supraventricular conduction abnorm alities following cardiac operations. A 

complication o f  inadequate atrial preservation. J Thorac Cardiovasc Surg. 1983 Jan; 

85(1):105-15.

39/ Mullen JC, Khan N, Weisel RD, Christakis GT, Teoh KH, M adonik M, Mickle 

DA and Ivanov J. Atrial activity during cardioplegia and postoperative arrhythmias. J 

Thorac Cardiovasc Surg. 1987 Oct; 94(4):558-65.

40/ Tchervenkov C l, W ynands JE, Symes JF, Malcolm ID, Dobell AR and Morin JE. 

Persistent atrial activity during cardioplegic arrest: a possible factor in the etiology o f  

postoperative supraventricular tachyarrhythmias. Ann Thorac Surg. 1983 Oct; 

36(4):437-43.

41/ Kolvekar S, D'Souza A, Akhtar P, Reek C, Garratt C and Spyt T. Role o f  atrial

146



ischaemia in development o f  atrial fibrillation following coronary artery bypass 

surgery. Eur J Cardiothorac Surg. 1997 Jan; 1 l(l):70 -5 .

42/ Sato S, Yamauchi S, Schuessler RB, Boineau JP, M atsunaga Y and Cox JL. The 

effect o f  augmented atrial hypotherm ia on atrial refractory period, conduction, and 

atrial flutter/fibrillation in the canine heart. J Thorac Cardiovasc Surg. 1992 Aug; 

104(2):297-306.

43/ Engelman RM, Haag B, Lemeshow S, Angelo A and Rousou JH. Mechanism o f 

plasma catecholam ine increases during coronary artery bypass and valve procedures. J 

Thorac Cardiovasc Surg. 1983 Oct; 86(4):608-l 5.

44/ Josephson ME and Kastor JA. Supraventricular tachycardia: mechanisms and 

management. Ann Intern Med. 1977 Sep; 87(3):346-58.

45/ Kecskemeti V, Kelemen K, Solti F and Szabo Z. Physiological and 

pharmacological analysis o f  transmem brane action potentials o f  human atrial fibers. 

Adv Myocardiol. 1985;6:37-47.

46/ Kalman JM, M unawar M, Howes LG, Louis WJ, Buxton BF, Gutteridge G and 

Tonkin AM. Atrial fibrillation after coronary artery bypass grafting is associated with 

sympathetic activation. Ann Thorac Surg. 1995 Dec; 60(6): 1709-15.

47/ Hoeldtke RD and Cilmi KM. Effects o f  aging on catecholam ine metabolism. J 

Clin Endocrinol Metab. 1985 Mar; 60(3):479-84.

48/ Mohr R, Smolinsky A and Goor DA. Prevention o f  supraventricular 

tachyarrhythmia with low-dose propranolol after coronary bypass. J Thorac 

Cardiovasc Surg. 1981 Jun; 81(6):840-5.

49/ Reves JG, Karp RB, Buttner EE, Tosone S, Smith LR, Samuelson PN, Kreusch

147



GR and Oparil S. Neuronal and adrenom edullary catecholamine release in response to 

cardiopulmonary bypass in man. Circulation. 1982 Jul; 66(l):49-55.

50/ Ommen SR, Odell JA and Stanton MS. Atrial arrhythmias after cardiothoracic 

surgery. N Engl J Med. 1997 May 15; 336(20): 1429-34.

51/ Amar D, R oistacherN , Burt M, Reinsel RA, Ginsberg RJ and Wilson RS. Clinical 

and echocardiographic correlates o f  symptomatic tachydysrhythm ias after noncardiac 

thoracic surgery. Chest. 1995 Aug; 108(2):349-54.

52/ Leitch JW , Thomson D, Baird DK and Harris PJ. The importance o f  age as a 

predictor o f  atrial fibrillation and flutter after coronary artery bypass grafting. J Thorac 

Cardiovasc Surg. 1990 Sep; 100(3):338-42.

53/ Kitzman DW and Edwards WD. Age-related changes in the anatomy o f  the normal 

human heart. J Gerontol. 1990 Mar; 45(2):M 33-9.

54/ Ormerod OJ, M cGregor CG, Stone DL, W isbey C and Fetch MC. Arrhythmias 

after coronary bypass surgery. Br Heart J. 1984 Jun ;51 (6 ):618-21.

55/ Caretta Q, Mercanti CA, De Nardo D, Chiarotti F, Scibilia G, Reale A and Marino 

B. Ventricular conduction defects and atrial fibrillation after coronary artery bypass 

grafting. M ultivariate analysis o f  preoperative, intraoperative and postoperative 

variables. Eur Heart J. 1991 Oct; 12(10):1107-11.

56/ Crosby LH, Pifalo WB, Woll KR and Burkholder JA. Risk factors for atrial 

fibrillation after coronary artery bypass grafting. Am J Cardiol. 1990 Dec 15;

66(20): 1520-2.

57/ Hravnak M, Hoffman LA, Saul M l, Zullo TG, Cuneo JF, W hitman GR, Clochesy 

JM and Griffith BP. Atrial fibrillation: prevalence after m inimally invasive direct and

148



standard coronary artery bypass. Ann Thorac Surg. 2001 May; 71(5): 1491-5.

58/ Salamon T, M ichler RE, Knott KM and Brown DA. Off-pump coronary artery 

bypass grafting does not decrease the incidence o f  atrial fibrillation. Ann Thorac Surg. 

2003 Feb; 75(2):505-7.

59/ Siebert J, Anisimowicz L, Lango R, Rogowski J, Pawlaczyk R, Brzezinski M,

Beta S and N arkiew icz M. Atrial fibrillation after coronary artery bypass grafting: 

does the type o f  procedure influence the early postoperative incidence? Eur J 

Cardiothorac Surg. 2001 Apr; 19(4):455-9.

60/ Athanasiou T, Aziz O, Mangoush O, W eerasinghe A, Al-Ruzzeh S, Purkayastha S, 

Pepper J, Amrani M, Glenville B and Casula R. Do off-pump techniques reduce the 

incidence o f  postoperative atrial fibrillation in elderly patients undergoing coronary 

artery bypass grafting? Ann Thorac Surg. 2004 May; 77(5): 1567-74.

61/ Reston JT, Tregear SJ and Turkelson CM. M eta-analysis o f  short-term and mid

term outcom es following off-pump coronary artery bypass grafting. Ann Thorac Surg. 

2003 Nov; 76(5): 1510-5.

62/ Wahr JA, Parks R, Boisvert D, Comunale M, Fabian J, Ramsay J and M angano 

DT. Preoperative serum potassium levels and perioperative outcom es in cardiac 

surgery patients. M ulticenter Study o f  Perioperative Ischemia Research Group.

JAMA. 1999Jun 16; 281(23):2203-I0.

63/ Reed GL 3rd, Singer DE, Picard EH and DeSanctis RW. Stroke following 

coronary-artery bypass surgery. A case-control estimate o f  the risk from carotid bruits. 

N Engl J Med. 1988 Nov 10; 319( 19): 1246-50.

149



64/ Loop FD, Cosgrove DM, Lytle BW, Thurer RL, Simpfendorfer C, Taylor PC and 

Proudfit WL. An 11 year evolution o f  coronary arterial surgery (1968-1978). Ann 

Surg. 1979 Oct; 190(4):444-55.

65/ Gardner TJ, Hom effer PJ, Manolio TA, Pearson TA, Gott VL, Baum gartner WA, 

Borkon AM, W atkins L Jr and Reitz BA. Stroke following coronary artery bypass 

grafting: a ten-year study. Ann Thorac Surg. 1985 Dec; 40(6):574-81.

66/ Stoddard MF, Dawkins PR, Prince CR and Ammash NM. Left atrial appendage 

thrombus is not uncommon in patients with acute atrial fibrillation and a recent 

embolic event: a transesophageal echocardiographic study. J Am Coll Cardiol. 1995 

Feb; 25(2):452-9.

67/ Taylor GJ, Malik SA, Colliver JA, Dove JT, Moses HW, Mikcli FL, Batchclder 

JE, Schneider JA and W ellons HA. Usefulness o f  atrial fibrillation as a predictor o f  

stroke after isolated coronary artery bypass grafting. Am J Cardiol. 1987 Oct I ; 

60(10):905-7.

68/ Laupacis A, Boysen G, Connolly S, et al on behalf o f  the atrial fibrillation 

investigators. Risk factors for stroke and efficacy o f  antithrombotic therapy in atrial 

fibrillation: analysis o f  pooled data from five randomised controlled trials. Arch Int 

Med 1994; 154: 1449-57.

69/ Asher CR, Chung MK, Eagle KA and Lauer MS. Atrial Fibrillation Following 

Cardiac Surgery. Atrial Fibrillation: M echanisms and M anagement, 2"** Ed, 

Lippincott-raven Publishers, Philadelphia©  1997.

70/ VanderLugt JT, Mattioni T, Denker S, Torchiana D, Ahem  T, W akefield LK, 

Perry KT and Kowey PR. Efficacy and safety o f  ibutilide fumarate for the conversion

150



o f  atrial arrhythmias after cardiac surgery. Circulation. 1999Ju l27 ; 1 00(4):369-75. 

71/ Campbell TJ and Morgan JJ. Treatment o f  atrial arrhythmias after cardiac surgery 

with intravenous disopyramide. Aust N Z J Med. 1980 Dec;10(6):644-9.

72/ Cochrane AD, Siddins M, Rosenfeldt FL, Salamonsen R, M cConaghy L, Marasco 

S and Davis BB. A comparison o f  amiodarone and digoxin for treatm ent o f 

supraventricular arrhythmias after cardiac surgery. Eur J Cardiothorac Surg. 1994; 

8(4): 194-8.

73/ Kowey PR, Stebbins D, Igidbashian L, Goldman SM, Sutter FP, Rials SJ and 

M arinchak RA. Clinical outcome o f  patients who develop PAF after CABG surgery. 

Pacing Clin Electrophysiol. 2001 Feb; 24(2): 191-3.

74/ Olshansky B. M anagement o f  atrial fibrillation after coronary artery bypass graft. 

Am J Cardiol. 1996 Oct 17; 78(8A);27-34.

75/ Tamis JE and Steinberg JS. Atrial fibrillation independently prolongs hospital stay 

after coronary artery bypass surgery. Clin Cardiol. 2000 Mar; 23(3): 155-9.

76/ Mitchell LB, Incidence tim ing and outcome o f atrial tachyarrhythmias after 

cardiac surgery. In: Steinberg JS, editor. Atrial Fibrillation after Cardiac Surgery. 

Norwell, MA: Kluwer Academic Publishers, 2000: 37-50.

77/ Gabay C and Kushner 1. Acute-phase proteins and other systemic responses to 

inflammation. N Engl J Med. 1999 Feb 11; 340(6):448-54.

78/ Frenette PS and W agner DD. Adhesion molecules: Part 1. N Engl J Med. 1996 Jun 

6; 334(23): 1526-9.

79/ Ridker PM. Role o f  inflammatory biomarkers in prediction o f  coronary heart 

disease. Lancet. 2001 Sep 22; 358(9286):946-8.

151



80/ Petruzzelli L, Takami M and Humes HD. Structure and function o f  cell adhesion 

molecules. Am J Med. 1999 Apr; l06(4):467-76.

8 1 /Nelson RM, Venot A, Bevilacqua MP, Linhardt RJ and Stamenkovic 1. 

Carbohydrate-protein interactions in vascular biology. Annu Rev Cell Dev Biol. 1995; 

11:601-31.

82/ Etzioni A, Frydman M, Pollack S, Avidor I, Phillips ML, Paulson JC and 

Gershoni-Baruch R. Brief report: recurrent severe infections caused by a novel 

leukocyte adhesion deficiency. N Engl J Med. 1992 Dec 17; 327(25): 1789-92.

83/ Springer TA. Adhesion receptors o f  the immune system. Nature. 1990 Aug 2; 

346(6283):425-34.

84/ Mason JC, Haskard DO. The clinical importance o f  leukocyte and endothelial cell 

adhesion m olecules in inflammation. Vascular Med Rev 1994; 5: 249-75.

85/ Bevilacqua MP, Stengelin S, Gimbrone MA Jr and Seed B. Endothelial leukocyte 

adhesion molecule 1: an inducible receptor for neutrophils related to com plem ent 

regulatory proteins and lectins. Science. 1989 Mar 3; 243(4895); 1160-5.

86/ Banks RE, Gearing AJ, Hemingway IK, Norfolk DR, Perren TJ and Selby PJ. 

Circulating intercellular adhesion molecule-1 (ICAM -1), E-selectin and vascular cell 

adhesion molecule-1 (VCAM -1) in human m alignancies. Br J Cancer. 1993 Jul;

68(1): 122-4.

87/ Stenberg PE, M cEver RP, Shuman MA, Jacques YV and Bainton DF. A platelet 

alpha-granule membrane protein (GM P-140) is expressed on the plasma membrane 

after activation. J Cell Biol. 1985 Sep; 101(3):880-6.

152



88/ Bonfanti R, Furie BC, Furie B and W agner DD. PADGEM  (GM P140) is a 

component o f  W eibel-Palade bodies o f  human endothelial cells. Blood. 1989 Apr; 

73(5): 1109-12.

89/ Hope SA and Meredith IT. Cellular adhesion m olecules and cardiovascular 

disease. Part I. Their expression and role in atherogenesis. Intern Med J. 2003 Aug; 

33(8):380-6.

90/ W eller A, Isenmann S and Vestweber D. Cloning o f the mouse endothelial 

selectins. Expression o f  both E- and P-selectin is inducible by tum or necrosis factor 

alpha. J Biol Chem. 1992 Jul 25; 267(21): 1576-83.

91/ Tedder TF, Steeber DA, Chen A and Engel P. The selectins: vascular adhesion 

molecules. FASEB J. 1995 Jul; 9(10):866-73.

92/ Katayama M, Handa M, Ambo H, Araki Y, Hirai S, Kato I, Kawai Y, W atanabe K 

and Ikeda Y. A monoclonal antibody-based enzyme immunoassay for human GMP- 

I40/P-selectin. J Immunol Methods. 1992 Aug 30; l53 (I-2 ):4 I-8 .

93/ Gearing AJ and Newman W. Circulating adhesion molecules in disease. Immunol 

Today. 1993 Oct; 14(I0):506-I2.

94/ Pober JS, Gimbrone MA Jr, Lapierre LA, M endrick DL, Fiers W, Rothlein R and 

Springer TA. Overlapping patterns o f  activation o f  human endothelial cells by 

interleukin 1, tum or necrosis factor, and immune interferon. J Immunol. 1986 Sep 15; 

137(6): 1893-6.

95/ Marlin SD and Springer TA. Purified intercellular adhesion molecule-1 (ICAM -1) 

is a ligand for lymphocyte function-associated antigen 1 (LFA-1). Cell. 1987 Dec 4; 

51(5):813-9.

153



96/ Rothlein R, Mainolfi EA, Czajkowski M and Marlin SD. A form o f circulating 

ICAM-1 in human serum. J Immunol. 1991 Dec 1; 147(11):3788-93.

97/ Osborn L, Hession C, Tizard R, Vassallo C, Luhowskyj S, Chi-Rosso G and Lobb 

R. Direct expression cloning o f vascular cell adhesion molecule 1, a cytokine-induced 

endothelial protein that binds to lymphocytes. Cell. 1989 Dec 22; 59(6): 1203-11.

98/ Ardehali A, Laks H, Drinkwater DC, Ziv E and Drake TA. Veiscular cell adhesion 

molecule-1 is induced on vascular endothelia and medial smooth muscle cells in 

experimental cardiac allograft vasculopathy. Circulation. 1995 Aug 1; 92(3):450-6.

99/ Rott LS, Briskin MJ, Andrew DP, Berg EL and Butcher EC. A fundamental 

subdivision o f circulating lymphocytes defined by adhesion to mucosal addressin cell 

adhesion molecule-1. Comparison with vascular cell adhesion molecule-1 and 

correlation with beta 7 integrins and memory differentiation. J Immunol. 1996 May 

15; 156(10);3727-36.

100/ Hynes RO. Integrins: versatility, modulation, and signaling in cell adhesion. Cell. 

1992 Apr 3; 69(1): 11-25.

101/ Shattil SJ, Kashiwagi H and Pampori N. Integrin signaling: the platelet paradigm. 

Blood. 1998 Apr 15; 91(8):2645-57.

102/ Gumbiner BM. Cell adhesion: the molecular basis o f tissue architecture and 

morphogenesis. Cell. 1996 Feb 9; 84(3):345-57.

103/ Takeichi M. Cadherins: a molecular family important in selective cell-cell 

adhesion. Annu Rev Biochem. 1990; 59:237-52.

154



104/ Takeichi M. M orphogenetic roles o f  classic cadherins. Curr Opin Cell Biol. 1995 

Oct; 7(5);619-27.

105/ Yap AS, Brieher WM and Gum biner BM. M olecular and functional analysis o f 

cadherin-based adherens junctions. Annu Rev Cell Dev Biol. 1997; 13:119-46.

106/ Takeichi M. Cadherins in cancer: implications for invasion and metastasis. Curr 

Opin Cell Biol. 1993 Oct; 5(5):806-l 1.

107/ Stanley JR. Autoantibodies against adhesion m olecules and structures in 

blistering skin diseases. J Exp Med. 1995 Jan 1; 181(1): 1-4.

108/ Edmunds LH Jr. Inflammatory response to cardiopulm onary bypass. Ann Thorac 

Surg. 1998 Nov; 66(5 Suppl):SI2-6.

109/ Boyle EM, Pohlman TH, Johnson MC and Verrier ED. The systemic 

inflammatory response. Ann Thorac Surg 1997; 64: S 3 1-37.

110/ Chenoweth DE, Cooper SW, Hugli TE, Stewart RW, Blackstone EH and Kirklin 

J W. Complement activation during cardiopulm onary bypass: evidence for generation 

o f  C3a and C5a anaphylatoxins. N Engl J Med. 1981 Feb 26; 304(9):497-503.

111/ Foreman KE, Vaporciyan AA, Bonish BK, Jones ML, Johnson KJ, Glovsky MM, 

Eddy SM and Ward PA. C5a-induced expression o f  P-selectin in endothelial cells. J 

Clin Invest. 1994 Sep; 94(3): 1147-55.

112 /Nilsson L, Kulander L, Nystrom SO and Eriksson O. Endotoxins in 

cardiopulmonary bypass. J Thorac Cardiovasc Surg. 1990 Nov; l00(5):777-80.

113/ Verrier ED and Boyle EM. Endothelial cell injury in cardiovascular surgery: An 

overview. Ann Thorac Surg 1997; 64: S2-8.

155



114/ Verrier ED and Morgan EN. Endothelial response to cardiopulm onary bypass 

surgery. Ann Thorac Surg. 1998 Nov; 66(5 Suppl):S 17-9.

115/ Kisch B. Electron microscopy o f  the atrium o f  the heart. 1. Guinea pig. Exp Med 

Surg. 1956; 14(2-3):99-l 12.

116/ Henry JP and Pearce JW. The possible role o f  cardiac atrial stretch receptors in 

the induction o f  changes in urine flow. J Physiol. 1956 Mar 28;131(3):572-85.

117/ de Bold AJ, Borenstein HB, Veress AT and Sonnenberg H. A rapid and potent 

natriuretic response to intravenous injection o f  atrial myocardial extract in rats. Life 

Sci. 1981 Ja n 5 ;2 8 (l):8 9 -9 4 .

118/ Levin ER, Gardner DG and Samson WK. Natriuretic peptides. N Engl J Med. 

1998 Jul 30;339(5):321-8.

119/ Stein BC and Levin Rl. Natriuretic peptides: physiology, therapeutic potential, 

and risk stratification in ischemic heart disease. Am Heart J. 1998 May; 135(5 Pt 

1):914-23.

120/ Sudoh T, Kangawa K, Minamino N and M atsuo H. A new natriuretic peptide in 

porcine brain. Nature. 1988 Mar 3; 332(6159):78-81.

121/ Wiese S, Breyer T, Dragu A, Wakili R, Burkard T, Schm idt-Schweda S, 

Fuchtbauer EM, Dohrmann U, Beyersdorf F, Radicke D and Holubarsch CJ. Gene 

expression o f  brain natriuretic peptide in isolated atrial and ventricular human 

myocardium; influence o f  angiotensin II and diastolic fiber length. Circulation. 2000 

Dec 19; 102(25):3074-9.

122/ Yasue H, Yoshimura M, Sumida H, Kikuta K, Kugiyama K, Jougasaki M, 

Ogawa H, Okumura K, M ukoyama M and Nakao K. Localization and mechanism o f

156



secretion o f B-type natriuretic peptide in comparison with those o f A-type natriuretic 

peptide in normal subjects and patients with heart failure. Circulation. 1994 Jul;

90(1): 195-203.

123/ Davies MK, Hobbs FDR, Davis RC, et al. Prevalence o f left-ventricular systolic 

dysfunction and heart failure in the echocardiographic heart o f England screening 

study: a population based study. Lancet 2001; 358:439-44.

124/ Maisel A. B-type natriuretic peptide levels: a potential novel "white count" for 

congestive heart failure. J Card Fail. 2001 Jun; 7(2): 183-93.

125/ Mukoyama M, Nakao K, Hosoda K, Suga S, Saito Y, Ogawa Y, Shirakami G, 

Jougasaki M, Obata K and Yasue H. Brain natriuretic peptide as a novel cardiac 

hormone in humans. Evidence for an exquisite dual natriuretic peptide system, atrial 

natriuretic peptide and brain natriuretic peptide. J Clin Invest. 1991 Apr; 87(4): 1402- 

12.

126/ Troughton RW, Frampton CM, Yandle TG, Espiner EA, Nicholls MG and 

Richards AM. Treatment o f heart failure guided by plasma aminoterminal brain 

natriuretic peptide (N-BNP) concentrations. Lancet. 2000 Apr 1; 355(9210):1126-30. 

127/ Cheng V, Kazanagra R, Garcia A, Lenert L, Krishnaswamy P, Gardetto N, 

Clopton P and Maisel A. A rapid bedside test for B-type peptide predicts treatment 

outcomes in patients admitted for decompensated heart failure: a pilot study. J Am 

Coll Cardiol. 2001 Feb; 37(2):386-91.

128/ Berger R, Huelsman M, Strecker K, Bojic A, Moser P, Stanek B and Pacher R. 

B-type natriuretic peptide predicts sudden death in patients with chronic heart failure. 

Circulation. 2002 May 21; 105(20):2392-7.

157



129/ Rabbani LE. Acute coronary syndromes-beyond myocyte necrosis. N Engl J 

Med. 2001 Oct 4; 345(14): 1057-9.

130/ de Lemos JA, M orrow DA, Bentley JH, Omland T, Sabatine MS, M cCabe CH, 

Hall C, Cannon CP and Braunwald E. The prognostic value o f  B-type natriuretic 

peptide in patients with acute coronary syndromes. N Engl J Med. 2001 Oct 4; 

345(14):1014-21.

131 /Jernberg T, Stridsberg M, Venge P and Lindahl B. N-terminal pro brain 

natriuretic peptide on admission for early risk stratification o f  patients with chest pain 

and no ST-segment elevation. J Am Coll Cardiol. 2002 Aug 7; 40(3):437-45.

132/ Morrison LK, Harrison A, Krishnaswamy P, Kazanegra R, Clopton P and Maisel 

A. Utility o f  a rapid B-natriuretic peptide assay in differentiating congestive heart 

failure from lung disease in patients presenting with dyspnoea. J Am Coll Cardiol. 

2002 Jan 16; 39(2):202-9.

133/ M ueller C, Scholer A, Laule-Kilian K, M artina B, Schindler C, Buser P, Pfisterer 

M and Perruchoud AP. Use o f  B-type natriuretic peptide in the evaluation and 

m anagement o f  acute dyspnoea. N Engl J Med. 2004 Feb 12; 350(7):647-54.

134/ McDonagh TA, Robb SD, M urdoch DR, Morton JJ, Ford 1, M orrison CE, 

Tunstall-Pedoe H, M cM urray JJ and Dargie HJ. Biochemical detection o f  left- 

ventricular systolic dysfunction. Lancet. 1998 Jan 3; 351(9095):9-13.

135/ Nakam ura M, Endo H, Nasu M, Arakawa N, Segawa T and Hiramori K. Value o f 

plasma B type natriuretic peptide measurement for heart disease screening in a 

Japanese population. Heart. 2002 Feb; 87(2): 131-5.

136/ Angelini GD, Penny WJ, el-Ghamary F, West RR, Butchart EG, Armistead SH,

158



Breckenridge IM and Henderson AH. The incidence and significance o f  early 

pericardial effusion after open heart surgery. Eur J Cardiothorac Surg. 1987; 1(3):165- 

8 .

137/ W eitzman LB, Tinker WP, Kronzon 1, Cohen ML, Glassman E and Spencer FC. 

The incidence and natural history o f pericardial effusion after cardiac surgery: an 

echocardiographic study. Circulation. 1984 Mar; 69(3):506-l 1.

138/ Page PL, Plumb VJ, Okumura K and Waldo AL. A new animal model o f  atrial 

flutter. J Am Coll Cardiol. 1986 Oct; 8(4):872-9.

139/ Bruins P, te Velthuis H, Yazdanbakhsh AP, Jansen PG, van Hardevelt FW, de 

Beaumont EM, W ildevuur CR, Eijsman L, Trouwborst A and Hack CE. Activation o f 

the complement system during and after cardiopulmonary bypass surgery: postsurgery 

activation involves C-reactive protein and is associated with postoperative arrhythmia. 

Circulation. 1997 Nov 18; 96(10):3542-8.

140/ Cheruku KK, Ghani A, Ahmad F, Pappas P, Silverman PR, Zelinger A and Silver 

MA. Efficacy o f nonsteroidal anti-inflam matory m edications for prevention o f  atrial 

fibrillation following coronary artery bypass graft surgery. Prev Cardiol. 2004 Winter; 

7(l):13-8.

141/ N iva M, Biancari F, Valkama J, Juvonen J, Satta J and Juvonen T. Effects o f 

diclofenac in the prevention o f  pericardial effusion after coronary artery bypass 

surgery. A prospective, randomized study. J Cardiovasc Surg (Torino). 2002 Aug; 

43(4):449-53.

142/ Yared JP, Starr NJ, Torres FK, Bashour CA, Bourdakos G, Piedmonte M, 

M ichener JA, Davis JA and Rosenberger TE. Effects o f  single dose, postinduction

159



dexamethasone on recovery after cardiac surgery. Ann Thorac Surg. 2000 May;

69(5): 1420-4.

143/ Gaudino M, Andreotti F, Zamparelli R, Di Castelnuovo A, Nasso G, Burzotta F, 

lacoviello L, Donati MB, Schiavello R, Maseri A and Possati G. The -174G/C 

interleukin-6 polymorphism influences postoperative interleukin-6 levels and 

postoperative atrial fibrillation. Is atrial fibrillation an inflammatory complication? 

Circulation. 2003 Sep 9; 108 Suppl 1:11195-9.

144/ Frustaci A, Chimenti C, Bellocci F, M organte E, Russo MA and Maseri A. 

Histological substrate o f  atrial biopsies in patients with lone atrial fibrillation. 

Circulation. 1997 Aug 19; 96(4): 1180-4.

145/ Chung MK, Martin DO, Sprecher D, Wazni O, Kanderian A, Carnes CA, Bauer 

JA, Tchou PJ, N iebauer MJ, Natale A and Van W agoner DR. C-reactive protein 

elevation in patients with atrial arrhythmias; inflammatory mechanisms and 

persistence o f  atrial fibrillation. Circulation. 2001 Dec 11; 104(24):2886-91.

146/ Aviles RJ, Martin DO, Apperson-Hansen C, Houghtaling PL, Rautaharju P, 

Kronmal RA, Tracy RP, Van W agoner DR, Psaty BM, Lauer MS and Chung MK. 

Inflammation as a risk factor for atrial fibrillation. Circulation. 2003 Dec 16; 

108(24):3006-10.

147/ Korantzopoulos P, Kolettis T, Siogas K and Goudevenos J. Atrial fibrillation and 

electrical remodeling: the potential role o f  inflammation and oxidative stress. Med Sci 

Monit. 2003 Sep; 9(9):RA225-9.

148/ Kitzman DW and Edwards WD. Age-related changes in the anatomy o f  the 

normal human heart. J Gerontol. 1990 Mar; 45(2):M 33-9.

160



149/ Maisel WH, Rawn JD and Stevenson WG. Atrial fibrillation after cardiac 

surgery. Ann Intern Med. 2001 Dec 18; 135(12): 1061-73.

150/ Berendes E, Van Aken H, Raufhake C, Schmidt C, Assmann G and W alter M. 

Differential secretion o f  atrial and brain natriuretic peptide in critically ill patients. 

Anesth Analg. 2001 Sep; 93(3);676-82.

151/ Mair P, Mair J, Bleier J, Hormann C, Balogh D and Puschendorf B. Augmented 

release o f  brain natriuretic peptide during reperfusion o f  the human heart after 

cardioplegic cardiac arrest. Clin Chim Acta. 1997 May 6; 261(l):57-68.

152/ Avidan MS, Meehan N, Ponte J, El-Gamel A and Sherwood RA. Changes in 

brain natriuretic peptide concentrations following open cardiac surgery with 

cardioplegic cardiac arrest. Clin Chim Acta. 2001 Jan; 303(1-2): 127-32.

153/ Silvet H, Young-Xu Y, Walleigh D and Ravid S. Brain natriuretic peptide is 

elevated in outpatients with atrial fibrillation. Am J Cardiol. 2003 Nov 1; 92(9): 1124- 

7.

154/ Jourdain P, Bellorini M, Funck F, Fulla Y, Guillard N, Loiret J, Thebault B, 

Sadeg N and Desnos M. Short-term effects o f  sinus rhythm restoration in patients with 

lone atrial fibrillation: a hormonal study. Eur J Heart Fail. 2002 Jun; 4(3):263-7.

155/ Albage A, Kenneback G, van der Linden J and Berglund H. Improved 

neurohorm onal markers o f  ventricular function after restoring sinus rhythm by the 

Maze procedure. Ann Thorac Surg. 2003 Mar; 75(3):790-5.

156/ Boyle EM, Pohlman TH, Carnejo CJ, Verrier ED, Ischaemia reperfusion injury. 

Ann Thorac Surg 1997; 64: S24-30.

161



157/ M arumoto K, Hamada M and Hiwada K. Increased secretion o f  atrial and brain 

natriuretic peptides during acute myocardial ischaemia induced by dynamic exercise 

in patients with angina pectoris. Clin Sci (Lond). 1995 M ay;88(5):551-6.

158/ Chello M, M astroroberto P, Perticone F, Cirillo F, Bevacqua E, Olivito S and 

Covino E. Plasma levels o f  atrial and brain natriuretic peptides as indicators o f 

recovery o f  left ventricular systolic function after coronary artery bypass. Eur J 

Cardiothorac Surg. 2001 Jul; 20(1): 140-6.

159/ Collinson PO, Barnes S, Crerar-Gilbert A, Dewhurst A and M cNaulty G. serum 

N-terminal proBNP in peri-operative cardiac surgical patients. Clin Chem 2002; 48; 

Suppl A89.

160/ Jideus L, Blomstrom P, Nilsson L, Stridsberg M, Hansell P and Blomstrom- 

Lundqvist C. Tachyarrhythm ias and triggering factors for atrial fibrillation after 

coronary artery bypass operations. Ann Thorac Surg. 2000 Apr; 69(4): 1064-9.

161/ Hakala T, Hedman A, Turpeinen A, Kettunen R, Vuolteenaho O and Hippelainen 

M. Prediction o f  atrial fibrillation after coronary artery bypass grafting by m easuring 

atrial peptide levels and preoperative atrial dimensions. Eur J Cardiothorac Surg. 2002 

Dec; 22(6):939-43.

162/ Asher C, Chung M, Eagle K, Lauer M. Atrial Fibrillation Following Cardiac 

Surgery. Atrial Fibrillation: M echanisms and M anagement, 2"‘̂ Ed, Lippincott-raven 

Publishers, Philadelphia © 1997.

163/ Rossi A, Enriquez-Sarano M, Burnett JC Jr, Lerman A, Abel MD and Seward JB. 

Natriuretic peptide levels in atrial fibrillation: a prospective hormonal and Doppler- 

echocardiographic study. J Am Coll Cardiol. 2000 Apr; 35(5): 1256-62.

162



164/ Cox JL. A perspective o f  postoperative atrial fibrillation in cardiac operations. 

Ann Thorac Surg. 1993 Sep; 56(3):405-9.

165/ Strehler BL, Mark DD and M ildvan AS. Gee MV: Rate and magnitude o f  age 

pigment accum ulation in the human myocardium. J Gerontol. 1959 Oct; 14:430-9.

166/ Falk RH. Etiology and complications o f  atrial fibrillation: insights from 

pathology studies. Am J Cardiol. 1998 Oct 16; 82(8A):10N-17N.

167/ Lie JT, Falk R, James T. Cardiac anatomy and pathologic correlates o f  atrial 

fibrillation. Chapter 2: Atrial Fibrillation: mechanisms and management, 2"*̂  Ed, 

Lippincott-raven Publishers, Philadelphia©  1997.

168/ Olson LJ, Gertz MA, Edwards WD, Li CY, Pellikka PA, Holmes DR Jr, Tajik AJ 

and Kyle RA. Senile cardiac amyloidosis with myocardial dysfunction. Diagnosis by 

endomyocardial biopsy and immunohistochemistry. N Engl J Med. 1987 Sep 17; 

317(12):738-42.

169/ Connelly JH, Clubb FJ, Vaughn W and Duncan M. M orphological changes in 

atrial appendages removed during the maze procedure: a comparison with autopsy 

controls. Cardiovasc Pathol. 2001 Jan-Feb; 10(l):39-42.

170/ Aim e-Sem pe C, Folliguet T, Rucker-M artin C, Krajewska M, Krajewska S, 

Heim burger M, Aubier M, M ercadier JJ, Reed JC and Hatem SN. M yocardial cell 

death in fibrillating and dilated human right atria. J Am Coll Cardiol. 1999 Nov I; 

34(5): 1577-86.

171/ Rocken C, Peters B, Juenemann G, Saeger W, Klein HU, Huth C, Roessner A 

and Goette A. Atrial amyloidosis: an arrhythmogenic substrate for persistent atrial 

fibrillation. Circulation. 2002 Oct 15; 106(l6):209l-7 .

163



172/ Wijffels MC, K irchhof CJ, Dorland R and Allessie MA. Atrial fibrillation begets 

atrial fibrillation. A study in awake chronically instrumented goats. Circulation. 1995 

Oct 1; 92(7): 1954-68.

173/ Allessie M, Ausm a J and Schotten U. Electrical, contractile and structural 

remodeling during atrial fibrillation. Cardiovasc Res. 2002 May; 54(2):230-46.

174/ Goette A, Juenem ann G, Peters B, Klein HU, Roessner A, Huth C and Rocken C. 

Determinants and consequences o f  atrial fibrosis in patients undergoing open heart 

surgery. Cardiovasc Res. 2002 May; 54(2):390-6.

175/ Ad N, Snir E, Vidne BA and Golomb E. Histologic atrial myolysis is associated 

with atrial fibrillation after cardiac operation. Ann Thorac Surg. 2001 Sep; 72(3):688- 

93.

176/ Davies MJ and Pomerance A. Pathology o f  atrial fibrillation in man. Br Heart J. 

1972 May; 34(5):520-5.

177/ Veinot J. Cardiac MICE and other cardiovascular pathology artefacts. Pathology 

case reviews 2003; 8: 120-125. HAVE ARTICLE

178/ Bodor GS, Survant L, Voss EM, Smith S, Porterfield D and Apple FS. Cardiac 

troponin T composition in normal and regenerating human skeletal muscle. Clin 

Chem. 1997 Mar; 43(3);476-84.

179/ Katus HA, Looser S, Hallermayer K, Remppis A, Scheffold T, Borgya A, Essig 

U and Geuss U. Development and in vitro characterization o f  a new immunoassay o f  

cardiac troponin T. Clin Chem. 1992 Mar; 38(3):386-93.

180/ Antman EM. Decision making with cardiac troponin tests. N Engl J Med. 2002 

Jun 27; 346(26):2079-82.

164



181/ Panteghini M. Acute coronary syndrome: biochemical strategies in the troponin 

era. Chest. 2002 Oct; 122(4); 1428-35.

182/ Alpert JS, Thygesen K, Antman E and Bassand JP. M yocardial infarction 

redefined--a consensus docum ent o f  The Joint European Society o f  

Cardiology/American College o f  Cardiology Committee for the redefinition o f  

myocardial infarction. J Am Coll Cardiol. 2000 Sep; 36(3):959-69.

183/ Newby LK, Alpert JS, Ohman EM, Thygesen K and C aliff RM. Changing the 

diagnosis o f  acute myocardial infarction: implications for practice and clinical 

investigations. Am Heart J. 2002 Dec; 144(6):957-80.

184/ Ohman EM, Arm strong PW, Christenson RH, Granger CB, Katus HA, Hamm 

CW, O'Hanesian MA, W agner GS, Kleiman NS, Harrell FE Jr, C aliff RM and Topol 

EJ. Cardiac troponin T levels for risk stratification in acute myocardial ischemia. 

GUSTO IIA Investigators. N Engl J Med. 1996 Oct 31; 335(18): 1333-41.

185/ Antman EM, Tanasijevic MJ, Thompson B, Schactman M, M cCabe CH, Cannon 

CP, Fischer GA, Fung AY, Thompson C, W ybenga D and Braunwald E. Cardiac- 

specific troponin 1 levels to predict the risk o f  mortality in patients with acute coronary 

syndromes. N Engl J Med. 1996 Oct 31; 335(18): 1342-9.

186/ Hamm CW , Goldmann BU, Heeschen C, Kreymann G, Berger J and M einertz T. 

Emergency room triage o f  patients with acute chest pain by means o f  rapid testing for 

cardiac troponin T or troponin 1. N Engl J Med. 1997 Dec 4;337(23): 1648-53.

187/ Giannitsis E, M uller-Bardorff M, Lehrke S, W iegand U, Tolg R, W eidtmann B, 

Hartmann F, Richardt G and Katus HA. Admission troponin T level predicts clinical 

outcomes, TIM I flow, and myocardial tissue perfusion after primary percutaneous

165



intervention for acute ST-segment elevation myocardial infarction. Circulation. 2001 

Aug 7; 104(6):630-5.

188/ Fuchs S, Kornowski R, Mehran R, Lansky AJ, Satler LF, Pichard AD, Kent KM, 

Clark CE, Stone GW  and Leon MB. Prognostic value o f  cardiac troponin-l levels 

following catheter-based coronary interventions. Am J Cardiol. 2000 May 1;

85(9): 1077-82.

189/ Fuchs S, Gruberg L, Singh S, Stabile E, Duncan C, Wu H, Waksman R, Satler 

LF, Pichard AD, Kent KM and Kornowski R. Prognostic value o f  cardiac troponin I 

re-elevation following percutaneous coronary intervention in high-risk patients with 

acute coronary syndromes. Am J Cardiol. 2001 Jul 15; 88(2): 129-33.

190/ Kennedy JW , Kaiser GC, Fisher LD, Fritz JK, Myers W, Mudd JG and Ryan TJ. 

Clinical and angiographic predictors o f  operative m ortality from the collaborative 

study in coronary artery surgery (CASS). Circulation. 1981 Apr; 63(4):793-802.

191/ Klatte K, Chaitman BR, Theroux P, Gavard JA, Stocke K, Boyce S, Bartels C, 

Keller B and Jessel A; GUARDIAN Investigators (The GUARD during Ischemia 

Against Necrosis). Increased m ortality after coronary artery bypass graft surgery is 

associated with increased levels o f  postoperative creatine kinase-myocardial band 

isoenzyme release: results from the GUARDIAN trial. J Am Coll Cardiol. 2001 Oct; 

38(4): 1070-7.

192/ Carrier M, Pellerin M, Perrault LP, Solymoss BC and Pelletier LC. Troponin 

levels in patients with myocardial infarction after coronary artery bypass grafting. Ann 

Thorac Surg. 2000 Feb; 69(2):435-40.

193/ Januzzi JL, Lewandrowski K, M acGillivray TE, Newell JB, Kathiresan S,

166



Servoss SJ and Lee-Lewandrowski E. A comparison o f  cardiac troponin T and 

creatine kinase-M B for patient evaluation after cardiac surgery. .1 Am Coll Cardiol. 

2002 May 1; 39(9):1518-23.

194/ Lip GY and Metcalfe MJ. Have we identified the factors affecting prognosis 

following coronary artery bypass surgery? Br J Clin Pract. 1994 Nov-Dee; 48(6):317- 

22 .

195/ Holmvang L, Jurlander B, Rasmussen C, Thiis JJ, Grande P and Clemmensen P. 

Use o f biochemical markers o f  infarction for diagnosing perioperative myocardial 

infarction and early graft occlusion after coronary artery bypass surgery. Chest. 2002 

Jan; 121(1):103-11.

196/ Eigel P, van Ingen G and Wagenpfeil S. Predictive value o f  perioperative cardiac 

troponin 1 for adverse outcome in coronary artery bypass surgery. Eur J Cardiothorac 

Surg. 2001 Sep; 20(3):544-9.

197/ Triggiani M, Simeone F, Gallorini C, Paolini G, Donatelli F, Paolillo G, Dolci A 

and Grossi A. M easurement o f  cardiac troponin T and myosin to detect perioperative 

myocardial damage during coronary surgery. Cardiovasc Surg. 1994 Aug;2(4):441-5. 

198/ Mahaffey KW and Alpert JS. Cardiac enzyme elevations after cardiac surgery: 

the cardiologist's perspective. Am Heart J. 2001 Mar; 141(3):321-4.

199/ Lindahl B, Venge P and W allentin L. Relation between troponin T and the risk o f  

subsequent cardiac events in unstable coronary artery disease. The FRISC study 

group. Circulation. 1996 May 1; 93(9): 1651-7.

200/ Ascione R, Lloyd CT, Gomes WJ, Caputo M, Bryan AJ and Angelini GD.

Beating versus arrested heart revascularization: evaluation o f  myocardial function in a

167



prospective randomized study. Eur J Cardiothorac Surg. 1999 M ay;15(5);685-90.

201/ Khan NE, De Souza A, M ister R, Flather M, Clague J, Davies S, Collins P, Wang 

D, Sigwart U and Pepper J. A randomized comparison o f  off-pump and on-pump 

multivessel coronary-artery bypass surgery. N Engl J Med. 2004 Jan 1; 350(l):21-8. 

202/ Chaitman BR, Alderman EL, Sheffield LT, Tong T, Fisher L, M ock MB, Weins 

RD, Kaiser GC, Roitman D, Berger R, Gersh B, SchafFH, Bourassa MG and Killip T. 

Use o f  survival analysis to determine the clinical significance o f  new Q waves after 

coronary bypass surgery. Circulation. 1983 Feb; 67(2):302-9.

203/ Force T, Hibberd P, W eeks G, Kemper AJ, Bloomfield P, Tow D, Josa M, Khuri 

S and Parisi AF. Perioperative myocardial infarction after coronary artery bypass 

surgery. Clinical significance and approach to risk stratification. Circulation. 1990 

Sep; 82(3):903-12.

204/ Svedjeholm R, Dahl in LG, Lundberg C, Szabo Z, Kagedal B, Nylander E, Olin C 

and Rutberg H. Are electrocardiographic Q-wave criteria reliable for diagnosis o f 

perioperative myocardial infarction after coronary surgery? Eur J Cardiothorac Surg. 

1998 Jun; 13(6):655-61.

205/ Galinanes M. In search o f  a reliable marker o f  tissue injury during heart surgery. 

Heart. 1998 Oct; 80(4):317-8.

206/ Sylven C, Jansson E and Olin C. Human myocardial and skeletal muscle enzyme 

activities: creatine kinase and its isozyme MB as related to citrate synthase and muscle 

fibre types. Clin Physiol. 1983 Oct; 3(5):461-8.

168


