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ABSTRACT 

Inflammation is vital in the repair following an acute coronary syndrome (ACS). 

Studies suggest that excess inflammation is pathological and may lead to major adverse 

cardiovascular events (MACE). Hence, inflammatory markers may be potential MACE 

predictors, although it is currently unknown which marker(s) best predict MACE. 

We firstly investigated common inflammatory markers as MACE predictors in two 

acute myocardial infarction (AMI) cohorts, using simple methods of combining markers 

to determine if such approaches could better predict MACE. The first study with 860 

patients investigated white blood cell subtypes, markers routinely used in clinical 

practice. Individual subtypes were not associated with MACE. Ratios of these subtypes 

were predictive on univariate, but not multivariate analysis. The second study measured 

a small panel of inflammatory markers (C-reactive protein, interleukin (IL) -6 and 

tumour necrosis factor alpha) in a case-control study. Cases were defined as patients 

who developed MACE within one year. No significant association was found with MACE 

when using individual or combined markers. This finding might have been influenced by 

time as a confounder, as we did not strictly control the sampling time. 

Next, we investigated cytokines because these markers are more reflective of acute 

inflammatory changes. We conducted a systematic review to investigate whether a 

combined cytokine approach would be superior to individual cytokines to predict MACE 

in ACS. Analysis of 10 studies meeting our eligibility criteria revealed inconsistent 

associations with MACE for an identical cytokine. The four studies using simple 

combined cytokine approaches found significant associations with MACE, suggesting 

that a combined approach could be superior to an individual one for MACE prediction. 

However, the 10 studies could not answer how best to combine the non-independent 

cytokines, or when it was best to measure them. 

We next examined temporal variation of six cytokines in 23 AMI patients. This was 

to determine if time was a potential confounder and if an optimal timepoint existed to 

capture peak cytokine levels (representing excess inflammation). There was significant 
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variation in cytokine concentrations over time, so no optimal timepoint could be 

determined. Only IL-6 had a clear trend with a peak on Day 1, and this peak was 

produced by half the cohort. The observed variation could not be explained by clinical 

risk factors or surrogate markers of infarct size. We concluded sampling time might be 

an important consideration when designing future studies.  

Finally, we trialled the use of principal component analysis (PCA), a mathematical 

technique allowing non-independent variables to be reduced into combined scores, to 

create a combined cytokine score and tested its prognostic utility. Six cytokines were 

measured in a cohort of 320 patients. We found that IL-6, IL-8, all cytokines combined 

into a PCA score, and an IL-6-IL-8 PCA score univariately predicted MACE. Only the IL-6-

IL-8 score and IL-6 were independently associated with MACE, with the IL-6-IL-8 score 

having a stronger relationship than IL-6 alone. 

Collectively, these studies demonstrate the complexity of inflammation in ACS. 

While we could not answer how best to characterise inflammation, we showed that 

using single biomarkers was unlikely to be sufficiently representative of pathological 

inflammation. As a proof-of-concept, we demonstrated PCA was one mathematical 

approach that could be used to combine collinear markers. However, further studies 

are required to determine the best method to create a prognostic inflammatory score 

and the best time to measure inflammatory markers. 
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Chapter 1 Introduction: Inflammation and acute coronary 

syndromes
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1.1 Acute coronary syndrome 

Acute coronary syndrome (ACS) is an important clinical presentation of 

atherosclerosis and is an umbrella term encompassing acute myocardial infarction 

(AMI) and unstable angina (UA). AMI is one of the acute presentations resulting from 

myocardial injury.1 The presenting coronary ischaemia manifests as changes in cardiac 

troponin levels and is evident by clinical symptoms, abnormal electrocardiogram (ECG) 

readings, imaging, and/or autopsy findings.1 These pieces of clinical evidence lead to 

the diagnosis of AMI.1 Myocardial infarction (MI) is often further subdivided into two 

common clinical diagnoses, ST-elevation myocardial infarction (STEMI) and non-ST 

elevation myocardial infarction (NSTEMI), based on ECG changes.1 STEMI is defined by 

at least two contiguous ECG leads showing a significant, new ST-elevation, which 

generally occurs because of total or subtotal coronary occlusion that results in 

transmural ischaemia,1,2 whereas NSTEMI is defined as having no persistent ST-

elevation.1 In UA, there is myocardial ischaemia without cell death and presents with 

the same symptoms with or without ECG changes, but no elevation in troponin or other 

markers of myocyte death.3 In terms of severity, STEMI is regarded as the most severe 

presentation because there is often a greater degree of ischaemia.3 UA is the least 

severe of the three diagnoses. NSTEMI and UA may be grouped into the nomenclature, 

non-ST elevation acute coronary syndrome (NSTE-ACS).4 

 

1.1.1 Epidemiology 

A significant proportion of mortality and morbidity worldwide is attributed to 

cardiovascular disease (CVD).5,6 It is estimated that a new diagnosis of AMI occurs every 

40 seconds in the United States alone.6 After the first incidence of AMI, 47% of women 

and 36% of men die within five years, while another 50% of women and 37% of men 

experience a different adverse outcome, such as another AMI, heart failure, or stroke.6 

New Zealand (NZ) is not exempt from the health burden of AMI. The All New Zealand 

Acute Coronary Syndrome Quality Improvement (ANZACS-QI) Registry found that 

within 12 months after a first-time diagnosis of ACS, 6% of patients experienced all-
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cause death, 9% experienced recurrent ACS and 14% were readmitted to hospital due 

to their cardiovascular disease.7 The ANZACS-QI registry also shows that in 2016, ACS 

accounted for 14,464 of hospitalisations nationally,8 while the Ministry of Health data 

stated that AMI accounted for 11,807 (0.98%) of hospitalisations.9 Mņori and Pacific 

peoples are disproportionately affected by this disease, with consistently higher rates 

of hospitalisation for AMI and death compared with Europeans and Asians.10 

 

1.1.2 Pathophysiology 

There are five pathological classifications of MI according to the current universal 

definition of MI.1 Type I MI is AMI caused by atherosclerotic plaque rupture or erosion 

in a coronary artery, while type II MI is due to a mismatch in myocardial oxygen demand 

and supply, so it does not typically involve plaque rupture.1 Type III MI includes sudden 

cardiac death patients who are believed to have experienced myocardial ischaemia, 

which is either unable to be confirmed with clinical biomarker testing or that the 

biomarker tests are not yet elevated at the time of testing.1 Type IV MI is MI related to 

percutaneous coronary intervention (PCI), with or without stent thrombosis.1 Finally, 

Type V MI is MI related to coronary artery bypass grafting (CABG).1 The studies in this 

thesis will largely focus on patients with Type I MI. However, due to the inherent 

difficulty of differentiating between Type I and II MI prior to angiography, and the fact 

that our study designs require us to collect blood samples prior to angiography, it is 

possible that our study cohorts have a small number of Type II MI patients. To minimise 

this, we collected information on the final diagnoses patients were given prior to 

hospital discharge, and subsequently excluded these patients that were believed to 

have an alternative diagnosis from our study cohorts. 
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1.1.2.1 Atherosclerosis 

Figure 1.1 summarises the progression from atherosclerosis to AMI. Animal studies 

were originally used to determine the majority of the pathogenesis details of 

atherosclerosis. However, subsequent human, cell and/or epidemiological studies have 

supported these findings.11 For an atherosclerotic plaque rupture or erosion to occur, 

there must first be an atherosclerotic lesion growing in the intima, the innermost wall 

layer of an artery.12 The landmark review by Ross and Glomset in 1976 described the 

model proposing how the pathogenesis of atherosclerosis was initiated.13 It stated that 

excess cholesterol and endothelial injury in areas of haemodynamic strain resulted in 

low density lipoprotein (LDL) accumulation in the sub-endothelial space.13 Ross 

subsequently published an updated model that suggested an atherosclerotic lesion 

begin via risk factors triggering an inflammatory response.14 A number of risk factors 

have been linked to the development of atherosclerosis, such as hypertension, smoking, 

central adiposity, dyslipidaemia, insulin resistance and/or diabetes mellitus, age, and a 

sedentary lifestyle.12 These risk factors are believed to cause endothelial dysfunction, 

where the endothelial cells are activated and trigger an inflammatory response.12,14 

LDLs then enter the sub-endothelial space, forming the initial lesion.11 The LDLs are 

oxidised by monocytes, leading to the activation of macrophages and formation of foam 

cells.11 This results in a fatty streak.11 T cells have also been found in the fatty streak and 

are believed to largely have a pro-inflammatory role by releasing different cytokines.11 
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Figure 1.1  Pathogenesis of atherosclerosis and AMI 

This figure presents the development of atherosclerosis and progression towards acute myocardial infarction. A brief description of the 
histological finding with each stage of atherosclerosis and the main inflammatory components of an atheroma are shown. Details of 
inflammatory response and growth of lesion are not included. The figure was created using BioRender.com, Toronto, Ontario, Canada.
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Fatty streaks are common, do not cause clinical symptoms, and may regress or 

progress toward an intermediate lesion.11 If a fatty streak progresses, the existing  

leukocytes attract more immune cells, inflammatory molecules and LDLs, causing 

further endothelial dysfunction and growth of the atherosclerotic plaque.11 The 

immune cells also cause smooth muscle cells to migrate into the plaque.14 Ongoing 

ŀŎǘƛǾŀǘƛƻƴ ƻŦ ǘƘŜǎŜ άǇƭŀȅŜǊǎέ ŎŀǳǎŜǎ ǘƘŜ ǾŜǎǎŜƭ ǘƻ ŜȄǇŀƴŘ ŀƴŘ ǘƘŜ ǿŀƭƭ ǘƻ ǘƘƛŎƪŜƴΣ 

resulting in the intermediate lesion.14 Further accumulation of lipids, macrophages, 

cytokines, growth factors and other immune cells or products leads to focal necrosis 

within the lesion.14 Smooth muscle cells and fibrous extracellular matrix (ECM) form the 

fibrous cap covering the atheroma.11,14 Calcium can also enter the plaque and collect 

there, and along with more accumulation of fibrous tissue, this creates a fibrous 

plaque.12 Eventually, the progressive growth of the plaque means that arterial dilation 

and wall thickening is no longer sufficient to maintain the normal activity of the artery, 

and the atherosclerotic lesion intrudes into the lumen.14  

There are several hypotheses regarding plaque rupture. One hypothesis is that as 

the plaque continues to grow over time, the fibrous cap may slowly thin, which occurs 

as a result of ongoing or upregulated inflammatory processes destroying components 

of the fibrous cap that is crucial for maintaining its structural framework.12 This results 

ƛƴ ǿƘŀǘ ƛǎ ǘŜǊƳŜŘ ŀ άǾǳƭƴŜǊŀōƭŜ ǇƭŀǉǳŜέΣ ǿƘŜǊŜ ǘƘŜ ǇƭŀǉǳŜ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ǳƴǎǘŀōƭŜ ŀƴŘ 

at increased risk of rupturing.12 Plaque rupture occurs suddenly and without warning. It 

exposes the contents of the plaque to the blood flowing through the lumen, including a 

protein called tissue factor, which triggers blood stasis and thrombus formation.12 If the 

thrombus impedes blood flow or occludes the lumen, myocardial ischaemia occurs.12,15 

If this occurs persistently, it leads to cardiomyocyte death and results in AMI.12,15  

There is another pathological mechanism leading to ACS and Type I MI where some 

plaques do not have a thin fibrous cap and instead have large amounts of ECM.12 With 

these types of plaques, plaque rupture is unlikely to occur but instead plaque erosion 

may occur. This process is thought to be regulated by the innate immune system, such 

as Toll-like receptor-2 and other pattern-recognition receptors, and polymorphonuclear 

leukocytes promoting thrombotic processes.12  
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1.1.2.2 Pathogenesis Following AMI 

A theory surrounding the pathogenesis after the onset of AMI is the three-phase 

response (inflammatory, proliferative and maturation phases), which has largely 

evolved from animal studies.15  This theorised response has been summarised in Figure 

1.2.
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Figure 1.2  Acute and chronic inflammatory responses following AMI 

This figure depicts the inflammatory response following the onset of AMI. The nomenclature of the phases, the timeline and the main 
immune cells and biomarkers involved in each phase are shown. The figure was created using BioRender.com, Toronto, Ontario, Canada. 
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It is believed that there is a cascade immune response following myocardial 

ischaemia from plaque rupture or erosion, and after the onset of myocardial 

infarction.15 The dying cardiomyocytes release danger signals that attract an influx of 

inflammatory molecules, such as neutrophils, to the infarcted region, initiating this 

inflammatory response.15 Neutrophils help to clear the debris by producing reactive 

oxygen species (ROS), and proteolytic enzymes.15 In vitro and animal studies have 

shown that ROS has a range of actions, including activating the complement system.15 

This further stimulates necrosis of the cardiomyocytes, attracts more leukocytes to the 

region, and activates inflammatory responses.15 ROS also activates the nuclear factor 

(NF)- Bˁ pathway, which stimulates cytokine and chemokine production and other 

mediators of inflammation.15 These laboratory studies have shown that the 

inflammatory response is critical for wound healing and the initiation of cardiac 

repair.15,16 However, an exaggerated inflammatory response can be deleterious. For 

example, too much ROS may instead cause further cell apoptosis and ECM damage.15 

That is why a balance of inflammatory cells is important for a good outcome. 

This pathological model described by Frangogiannis defines the proliferative phase 

as a period of debris clearing, angiogenesis and scar tissue formation.15 Neutrophils 

undergo apoptosis, which attracts phagocytes to clear debris.15 The phagocytes release 

anti-inflammatory cytokines to dampen the pro-inflammatory response.15 Leukocytes 

are also involved in this process.15 Myofibroblasts (activated by growth factors, 

angiotensin II and matricellular proteins) and vascular cells then enter the infarcted 

region to repair the extracellular matrix and form new vessels.15 The end product of this 

proliferative phase is the infarcted region becoming scar tissue.15 However, suboptimal 

myocardial repair can occur if there are issues with limiting the pro-inflammatory 

pathways, such as increased cardiomyocyte death, further degradation of the ECM and 

increased fibrosis, all of which would expand the damaged region.15 It is estimated from 

in vitro and animal studies that the inflammatory phase occurs in the first three days 

after AMI, while the reparative phase overlaps and begins towards the end of the 

inflammatory phase and lasts until about a week after AMI onset.17 
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The final stage of this pathological model is the maturation phase, where the active 

cells in the proliferative phase dampen their activity in order to prevent the formation 

of an overly-fibrotic scar.15 Based on the findings from studies using human heart 

models, this process can take weeks to months.18 Due to the MI reducing the amount 

of viable myocardium that is able to meet oxygen demand, ventricular remodelling 

occurs through all three phases.15 As a preservation mechanism, cytokines released as 

part of the acute response help to decrease myocardial contractility and reduce the 

demand on the myocardium.16 This thins and dilates the infarcted region.15 However, 

too much remodelling can cause systolic dysfunction, thus increasing the risk of adverse 

events such as arrhythmia and cardiac death.15 An excess of several cytokines in the 

chronic phase of an MI has been associated with adverse remodelling and major 

adverse cardiovascular events (MACE).16,19,20 

As mentioned earlier, this three-phase model described by Frangogiannis et al. is 

largely derived from animal-based studies. Although subsequent clinical studies have 

supported aspects of this model,19-22 there are known limitations of animal-based 

studies. For example, the events leading up to the onset of AMI differ in animal models 

compared with humans, who have a long period of atherosclerotic plaque growth.15,21 

Inflammation occurs during atherosclerosis and plaque build-up, so the longer 

inflammatory period before AMI in humans may lead to differences in the inflammatory 

response. However, animal-based studies have provided us with an insight to the 

complexities of myocardial healing and repair following AMI that would not be possible 

with human studies alone.23  

Additionally, it is important to note that the mediators of myocardial repair are 

systemically activated. This means that inflammatory molecules may also cause 

progression of atherosclerosis in other coronary arteries and/or increase the risk of 

rupture of existing atherosclerotic plaques.12,24,25 That is why an excessive or 

άǇŀǘƘƻƭƻƎƛŎŀƭέ ƛƴŦƭŀƳƳŀǘƻǊȅ ǊŜǎǇƻƴǎŜ ǿƛƭƭ ƴƻǘ ƻƴƭȅ ŀŘǾŜǊǎŜƭȅ ŀŦŦŜŎǘ ǘƘŜ ǊŜǇŀƛǊ ƻŦ ǘƘŜ 

myocardium damaged by the infarction, but also increase the risk for future AMIs that 

may occur in other coronary arteries. 
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1.2 Inflammatory markers 

There are a large number of inflammatory markers that have been studied in the 

acute phase of an ACS, with some being proposed as potential biomarkers of 

pathological inflammation and adverse outcome or MACE. However, it is evident that a 

greater understanding of the inflammatory process is required, as several markers were 

found to be associated with MACE in some studies, but had no association in other 

studies. The majority of studies have investigated inflammatory markers acutely 

(inflammatory and proliferative phases) after the onset of ACS for their prognostic 

potential.22,26-30  The rationale for this is because the acute period provides the greatest 

opportunity to manage patients appropriately while they are still in hospital to prevent 

short-term and/or long-term adverse outcomes. However, to date, it remains unknown 

when exactly it is best to measure these markers. Possible reasons for this are that most 

biomarker studies have used opportunistic blood sampling methods and tried to 

characterise the complex inflammatory network with only a single marker.22,31-34 

The subsections below discuss the groups of inflammatory markers that have been 

identified in the literature as being key players of the inflammatory process in ACS. It 

must be noted that there are an extensive number of inflammatory markers within the 

ACS context and it is not be feasible to discuss every molecule. This thesis has chosen 

to focus on white blood cells (WBCs), C-reactive protein (CRP) and cytokines. Other 

inflammatory molecules include matrix metalloproteinases (proteolytic enzymes that 

help stimulate ECM breakdown and recruit inflammatory cells to clear necrotic 

debris35), complement components, genetic markers of inflammation, inflammatory 

receptor markers and inflammatory receptor antagonists. These markers have not been 

covered in this thesis. 

 

1.2.1 White blood cell counts 

WBCs are a subset of inflammatory markers consisting of neutrophils, 

lymphocytes, monocytes, basophils and eosinophils. WBC counts are routinely 
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measured in clinical practice to indicate systemic inflammation and have been shown 

to be acutely elevated in AMI. Several studies have also shown that WBC count is an 

independent predictor of MACE in AMI patients.36-38 The following sections will discuss 

the four WBC subtypes that have been investigated in ACS patients as potential 

predictors of MACE: neutrophils, lymphocytes, monocytes and eosinophils. 

1.2.1.1 Neutrophils  

Neutrophils are the first WBC subtype to respond and infiltrate the infarcted 

myocardium within the first few hours of ischaemia.39 At the site of injury, neutrophils 

conduct phagocytosis, degranulation and release of neutrophil extracellular traps.39 

This causes further damage and attracts monocytes and macrophages to the site of 

injury.39 Several observational studies have shown that neutrophil count is associated 

with adverse outcomes in ACS patients.40-42 Additionally, a few functional studies have 

recently proposed that neutrophils may also play a role in myocardial repair.39 

Horckmans et al. found that dampening the neutrophil response resulted in greater 

fibrosis, which would suggest a greater adverse remodelling.43  

1.2.1.2 Monocytes 

Monocytes are the next leukocyte to enter the infarcted myocardium after AMI 

and are released from the spleen and bone marrow.44 They are a heterogeneous cell 

population that have a number of different functions, including production of ROS, 

platelet interactions, and differentiation into macrophages in the myocardium.43,45 

Once monocytes enter tissues spaces and are no longer in circulation, they transform 

into macrophages.44 There are several subtypes of macrophages. In animal models, pro-

inflammatory macrophages clear debris via phagocytosis and secrete proteolytic 

enzymes, while another subset of macrophages help with wound healing and repair via 

stimulation of collagen deposition, angiogenesis and myofibroblast accumulation.44 

One study by Grau et al. showed that high monocyte count was associated with 

increased risk of MACE,46 while Shiyovich et al. showed that there was an increased risk 

of mortality up to five years of follow-up with both the lowest and highest monocyte 

count quartiles, although it was not significant on multivariate analysis.47 
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1.2.1.3 Lymphocytes 

Lymphocytes are involved in the adaptive immune response and consist of a variety 

of T cell and B cell subtypes.48 They also enter the myocardium and facilitate the 

adaptive immune response, helping to heal the tissue by influencing mononuclear cell 

phenotype and causing tissue inhibition of metalloproteinase-1 expression.49,50 

Functional studies have shown some subsets of T cells are involved in the ischaemic-

reperfusion injury, but can also improve wound healing post-MI.51 In general, there is a 

poorer understanding of the role B cells play in AMI, but B cells are known to release 

antibodies and some cytokines, such as tumour necrosis factor alpha (TNFh).48 Nelson 

et al. conducted a functional study and showed that low lymphocyte counts were 

associated with increased cortisol levels, which induced stress and a pro-inflammatory 

response.52 A few human studies have supported Nelson et ŀƭΦΩǎ ŦƛƴŘƛƴƎǎΣ ǎƘƻǿƛƴƎ ǘƘŀǘ 

low lymphocyte count was associated with adverse outcome post-AMI.47,53 However, 

Grau et al. showed high lymphocyte count was associated with reinfarction, which 

reflected that the role of lymphocytes in pathological inflammation was not fully 

understood.46 The assumed pro-inflammatory effects of low lymphocyte counts, and 

the pro-inflammatory actions of neutrophils and monocytes, have led to several studies 

combining these subtypes into ratios.54-56 In theory, this will allow pathological 

inflammation to be better characterised and adverse outcomes to be more strongly 

associated with these markers.54-56 Several studies have found that neutrophil-

lymphocyte ratios and lymphocyte-monocyte ratios independently predict MACE.54-56  

1.2.1.4 Eosinophils 

Eosinophils are leukocytes that are commonly associated with hypersensitivity or 

allergic immune responses but are active in other disease states, including coronary 

disease.57 Eosinophils have previously been found in thrombi of ACS patients, where it 

is believed they help promote thrombus formation via activation of platelets.58 There 

has recently been a growing interest in eosinophils as a marker of adverse outcome in 

ACS. One study by Alkhalil et al. found that low eosinophil count in STEMI patients with 

normal to moderately impaired left ventricular function was associated with MACE.59 
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Deng et al. combined eosinophil and monocyte counts into a ratio and found that a low 

ratio was associated with all-cause death in STEMI patients.60  

 

1.2.2 C-reactive protein 

CRP is well established in clinical practice as an indicator for systemic inflammation. 

It is an acute phase protein that is largely produced in the liver, but is also produced in 

atherosclerotic lesions by smooth muscle cell lymphocytes and monocytes.61 

Concentrations start to increase within six hours following an inflammatory stimulus 

and reach maximal levels within 48 hours.62 Following the end of the acute phase 

response, CRP levels decrease at a half-life of 19 hours.62,63 CRP has been found to be 

relatively stable, with the change in concentration over years in a healthy cohort being 

similar to that of systolic blood pressure and total cholesterol levels.64 Its relative 

stability makes it a potentially useful clinical marker. In atherosclerosis, CRP is involved 

in the proliferation of the plaque in multiple ways.61 After the onset of ACS, CRP binds 

to dead or damaged myocardial cells with lysophosphatidyl choline present on their 

membranes, which results in complement activation and subsequent stimulation of the 

inflammatory response, and further myocardial cell damage and death.61 CRP has been 

shown to correlate with atherosclerotic plaque instability, inflammation in the plaque 

and damage to the wall of coronary vessels in CVD.65 Positive correlations have also 

been found between CRP and infarct size measured by magnetic resonance imaging 

(MRI), and between CRP and the number of coronary lesions.65,66 These findings suggest 

that CRP may provide information regarding disease severity. 

Many observational studies have investigated the prognostic value of CRP in the 

ACS context, with varying results. It is established that CRP is associated with all-cause 

mortality, and may be weakly associated with recurrent MI.65,67 However, its association 

with MACE is less clear. Some studies found an association between CRP and MACE, 

such as cardiac death, MI and repeat revascularisation.68-70 Meanwhile, a few studies 

have found no significant association between CRP and MACE.71,72 This might partially 

be due to the concentration of CRP levels found in these studies, as a meta-analysis by 
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the Emerging Risk Factors Collaboration found that the risk of adverse outcome 

increased with higher levels of CRP.64 In addition to its correlation with MACE or other 

clinical endpoints, CRP has been found to minimally improve existing clinical scores. 

Klingenberg et al. found that hsCRP produced a 4% improvement in risk stratification of 

all cause death or reinfarction at one year to the Global Registry of Acute Coronary 

Events (GRACE) score in ACS patients, while van Diepen et al. found no improvement 

when adding high sensitivity CRP (hsCRP) to clinical scores (composed of clinical risk 

factors alone, risk factors and interleukin-6, or risk factors and N-terminal pro-brain 

natriuretic peptide) in STEMI patients.73,74 Based on these studies, current guidelines 

from the European Society of Cardiology (ESC) state that the improvement C-reactive 

protein may add to a clinical score in the setting of NSTE-ACS is not clinically significant,4 

and that there is no evidence that routine use of CRP as a prognostic marker improves 

clinical outcomes for patients with chronic coronary syndromes.75 CRP for the prognosis 

of STEMI patients has not been mentioned in guidelines from the ESC.76 

 

1.2.3 Cytokines 

Cytokines are a wide variety of proteins that have a specific effect on how cells 

interact or communicate, and often have multiple actions.77 It is used as the overarching 

term for interleukins (cytokines made by a leukocyte that acts on another leukocyte), 

chemokines (cytokines with chemotactic actions), lymphokines (cytokines secreted by 

lymphocytes), monokines (cytokines secreted by monocytes and macrophages), and 

other families.77 The following sections provide a more detailed discussion of the 

interleukin family, chemokines and other cytokines commonly assessed in the ACS 

context.  

Most studies that investigate the prognostic utility of cytokines assume that 

abnormal levels of the cytokine of interest implies a suboptimal healing response in ACS 

patients. However, it is interesting to note that although the cytokines in Tables 1.1-1.3 

below have been proven to be involved in the inflammatory process in ACS via 

mechanistic studies, not all of them were found to be independent predictors of 
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adverse outcome. This suggests that there are gaps in understanding how cytokine 

levels indicate adverse outcome.  

1.2.3.1 Interleukins 

Interleukins are cytokines that were originally believed to be expressed by 

leukocytes alone.78 However, some interleukins have since been found to be released 

by other cells as well.78 Although most interleukins are named with the prefix, 

interleukin, not all are. For example, granulocyte macrophage colony stimulating factor 

(GM-CSF) is considered as a member of the IL-2 family.79 There are numerous 

interleukins that have been identified as being involved in the inflammatory response 

following ACS with pro- and/or anti-inflammatory actions. Interleukins may be released 

by the same cell, such as interleukin (IL)-6 and IL-8, which are both released by 

neutrophils as well as other cells.78,80 Some interleukins influence other cytokines or 

inflammatory markers along the same pathway. For example, IL-1  ̡ affects IL-6 

production, which in turn regulates CRP production from liver cells.81 There are mixed 

findings on the ability of individual cytokines to characterise excessive inflammation and 

act as predictors of adverse outcome. Some studies have demonstrated significant 

correlations between interleukins and adverse outcomes, with the most commonly 

studied interleukins being IL-6 and IL-10. Meanwhile, other studies found no significant 

associations. Table 1.1 summarises the actions of common interleukins that were 

studied in an ACS context and assessed for their prognostic utility in either clinical or 

functional studies.   
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Table 1.1   Interleukins commonly studied in ACS patients ς Activation, function and prognostic utility 

Interleukin Stimulated by or released 
from 

Action in ACS context Prognostic utility for adverse outcomes  

IL-1  h Dead cardiomyocytes.82 Stimulates apoptosis of cardiomyocytes and lengthens 
ischaemic injury.82 

Mouse model study showed IL-1  hblockade was 
associated with reduced ischaemic reperfusion 

injury & subsequent LV dysfunction.83 

IL-1  ̡ Inflammasomes.84  Stimulates metalloproteinase activity, attracts 
inflammatory cells, stimulates pyroptosis in leukocytes 

and cardiac cells,84 and regulates IL-6 production 81; 
may have an anti-inflammatory role in cardiac 

repair.82 

Elevated levels were associated with poor LV 
remodelling,20 but not associated with MACE in 

another study.85 

IL-2 Th1 cells and natural killer 
cells.77 

Mediates apoptosis, activates growth and 
differentiation of T cells, stimulates activity of natural 
killer cells, & affects immunoglobulin production via B 

cells.78 

Not associated with MACE in two studies,29,86 but 
the LILACS trial is currently investigating low-dose 

IL-2 therapy in ACS patients.87 

GM-CSF TNFh .88 Has both pro-inflammatory and anti-inflammatory 
actions.79 Stimulates the activity, proliferation and 

differentiation of myeloid cells.79 

Elevated levels weakly associated with increased 
LVEDV.89 As a therapeutic agent, it improved LV 
dysfunction compared with placebo.90 However, 
no association with MACE was found in a study.29 

IL-4 Mainly by T cells but also 
eosinophils, basophils & 

mast cells.78 

Anti-inflammatory via activation of M2 macrophages 
for cardiac repair.78 

Correlated with left ventricular dysfunction.78 Not 
associated with MACE in two studies.29,85 

IL-6 Many cells, including 
macrophages, neutrophils & 

local cells at the site of 
injury.80 

Pro-inflammatory ς regulates CRP production.81 Elevated levels associated with MACE and LV 
dysfunction in some studies.91-95 Not associated 
with MACE or surrogate markers of myocardial 

damage in others.20,29,96,97 

IL-7 Bone marrow stromal cells & 
epithelial cells.98 

Pro-inflammatory ς regulates T cell activity, activates 
monocytes and natural killer cells, and can increase 
expression of some chemokines e.g. IL-8, MCP-1.99 

Elevated levels associated with predicting survival 
in AMI complicated by cardiogenic shock 100; not 

associated with MACE in another study.29 
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Interleukin Stimulated by or released 
from 

Action in ACS context Prognostic utility for adverse outcomes  

IL-8 (CXCL8) Many cells, including 
monocytes, neutrophils & 

fibroblasts.78 

Involved in ischaemic-reperfusion injury but also with 
angiogenesis post-AMI.78 

Elevated levels associated with MACE in some 
studies or degree of chronic heart damage.78,97,101 

No association found in one study.29 

IL-10 Many cells, including Th2 
cells, B cells, monocytes, 

eosinophils, dendritic cells, & 
mast cells.78 

Anti-inflammatory ς blocks secretion of pro-
inflammatory cytokines and secretion of ROS.78 

Elevated levels85 or reduced levels32,102 associated 
with MACE in some studies. No association found 

in two studies.29,97 

IL-12 T cells.98 Activates NK cells.98 Elevated levels associated with MACE in one 
study.97 No associations found with MACE in 

some studies.29,74,85  

IL-17A Various T cell subsets 
(especially ɹ  ɻT cells), 

macrophages, dendritic cells 
& natural killer cells.103 

Has pro-inflammatory actions, activating endothelial 
cells & recruiting leukocytes to ischaemic 

myocardium.103 

Reduced levels associated with MACE in one 
study,31 No association found in another study.29 

IL-18 Stimulated by NLRP3-
inflammasomes, released by 
macrophages & other cells.78 

Pro-inflammatory - stimulates release of IFNɹ ŀƴŘ 
production of other cytokines, involved in ischaemic-

reperfusion injury.78,99 

Elevated levels associated with MACE found in 
three studies.86,104,105 One study found IL-18 was 
not associated with MACE alone but was with IL-

18/IL-10 ratio.32 

IL-27 Mainly by myeloid cells.19 Has both pro-inflammatory and anti-inflammatory 
activities on T cell subsets and IL-10.19 

Elevated levels associated with MACE.19 

IL-33 Many cells, including those 
in vessels.106 

Helps stimulate anti-inflammatory activity via 
increasing soluble ST2 levels but also has pro-

inflammatory actions e.g. activating dendritic cells.82 

Elevated levels associated with MACE.107 

IL-37 Released by epithelial cells 
and macrophages.108 

Anti-inflammatory ς suppresses pro-inflammatory 
cytokines e.g. TNFhΦ109 

Elevated levels associated with MACE.108 

This table summarises the activation of interleukins commonly investigated in ACS patients, their role in the ACS context, and evidence of 
their ability to predict adverse outcomes post-ACS. CXCL8 is the alternative name for IL-8. The full names of the abbreviations in this table can 
be found in the Abbreviations section.
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1.2.3.2 Chemokines 

Chemokines are a family of cytokines that stimulate chemotaxis.77 There are 

several chemokines that have been studied in the ACS context. Table 1.2 summarises 

the actions of common chemokines that have been investigated in ACS patients and 

assessed for their prognostic utility, with the exception of IL-8, which was included in 

Table 1.1 with the other interleukins. There are some chemokines with dual properties 

and belong in two families of cytokines. The main cytokine in the ACS context that meets 

this criterion is IL-8. IL-8 is released from leukocytes like other interleukins, has a variety 

of functions like other interleukins (such as angiogenesis).78 It also has chemotactic 

functions, where it attracts neutrophils and lymphocytes.78 A similar observation can be 

made as with the interleukins in Table 1.1, where different studies have found opposing 

results in relation to MACE for certain chemokines. 
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Table 1.2   Chemokines commonly studied in ACS patients ς Activation, function and prognostic utility 

Chemokine Stimulated by or released 
from 

Action in ACS context Prognostic utility for adverse outcomes  

IP-10 (CXCL10) Released from endothelial 
cells, macrophages and 

other cells.110 

Causes T cell polarisation into effector 
Th1/Th17, and subsequent release of pro-
inflammatory mediators via its receptor 

CXCR3.110 

Elevated levels associated with MACE and greater 
infarct size at 60 days in one study,101 while another 

study found that reduced levels were associated 
with MACE.74 No association with MACE found in 

two studies.29,97 

MCP-1 (CCL2) Many cells, especially 
monocytes & 

macrophages.111 

Causes more monocytes to travel to the 
cardiac injury site via its chemokine receptor, 

CCR2.111 

Elevated levels associated with MACE in two 
studies.97,112 No association with MACE found in one 

study.29 

MIP-1ʰ ό//[оύ Released by activated 
platelets and other immune 

cells.113,114 

Causes leukocytes to travel to the cardiac 
injury site via its receptors CCR1 and 

CCR5.111,113 

Elevated levels associated with MACE in one 
study,113 but not in two studies.29,101  Reduced levels 

associated with LV dysfunction in one study.115 

MIP-1ʲ ό//[пύ Released by various immune 
cells.114 

Causes monocytes to travel to the cardiac 
injury site via its receptor CCR5.111,116 

Elevated levels associated with in-hospital death in 
ACS patients with cardiogenic shock.116 No 

association with MACE or LV dysfunction.29,101 

RANTES (CCL5) Released by leukocytes, 
smooth muscle cells and 

activated platelets.113 

Causes monocytes, T cells & natural killer cells 
to travel to the cardiac injury site via its 

chemokine receptor, CCR5.117,118 

Elevated levels associated with MACE,113 but 
reduced levels associated with LV dysfunction or 
infarct size.101,115 No association with MACE found 

in two studies.29,97 

This table summarises the activation of chemokines commonly investigated in acute coronary syndrome (ACS) patients, their role in the ACS 
context, and evidence of their ability to predict adverse outcomes post-ACS. The bracketed names in the chemokine column are the alternative 
name for the respective chemokine. CCL - C-C motif chemokine ligand; CCR - C-C motif chemokine receptor; CXCL - C-X-C motif chemokine ligand; 
CXCR - C-X-C motif chemokine receptor; IP-10 - interferon gamma-induced protein-10; LV - left ventricular; MACE - major adverse cardiovascular 
events; MCP-1 - monocyte chemoattractant protein-1; MIP - macrophage inflammatory protein; RANTES - regulated upon activation, normal T 
cell expressed and secreted; Th(number) - T helper (number) cell.
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1.2.3.3 Remaining cytokines with important functions in ACS 

There are many additional cytokines outside of the interleukin or chemokine 

families that have important functions in inflammation and repair following ACS. 

Growth factors, such as fibroblast growth factors (FGF), granulocyte colony-stimulating 

factor (G-CSF) and vascular endothelial growth factor (VEGF), are one group of these 

cytokines. They support the growth of various cells essential for inflammation or repair, 

such as smooth muscle cells, new blood vessels, and neutrophil progenitor cells.119-121 

¢ǳƳƻǳǊ ƴŜŎǊƻǎƛǎ ŦŀŎǘƻǊ ό¢bCύ ƛǎ ŀ άǎǳǇŜǊŦŀƳƛƭȅέ ƻŦ ŎȅǘƻƪƛƴŜǎ ŀƴŘ ƭƛƎŀƴŘǎ ǿƛǘƘ ŀ ǾŀǊƛŜǘȅ 

of functions, such as apoptosis and activation of the nuclear factor kappa B pathway.122 

TNFh  is the main cytokine and CD40 ligand (CD40L) is the main ligand of the family that 

are frequently investigated in ACS patients. Selectins, such as P-selectin and E-selectin, 

help immune cells to adhere to the endothelial wall or sites of injury.123 Cell adhesion 

molecules are another family that facilitate movement of leukocytes areas where they 

are required.99,124 Vascular cell adhesion molecule-1 (VCAM-1) and intracellular 

adhesion molecule-1 (ICAM-1) are a few examples of this. Finally, interferons are a 

family of cytokines that help attract leukocytes to the site of injury and stimulate the 

production of chemokines and cell adhesion molecules.125 LƴǘŜǊŦŜǊƻƴ ƎŀƳƳŀ όLCbʴύ ƛǎ 

the main interferon investigated in ACS patients. 

Table 1.3 summarises these remaining cytokines that are commonly investigated 

in the ACS context for their inflammatory actions and their ability to predict adverse 

outcomes. As with the previous two tables (Tables 1.1 and 1.2), there are mixed findings 

for several of the cytokines on their associations with adverse outcome in ACS patients.
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Table 1.3   Other cytokines commonly studied in ACS patients ς Activation, function and prognostic utility 

Cytokine Family Stimulated by or 
released from 

Action in ACS context Prognostic utility for adverse outcomes 

bFGF (FGF-2) Growth factor Extracellular 
matrix.126 

Stimulates angiogenesis and 
mitosis of smooth muscle cells and 

endothelial cells.119 

No association found between bFGF and MACE 
in two studies.86,127 

CD40L TNF Mainly platelets.128 Activates CD40 molecule.128 Elevated sCD40L associated with death and re-
infarction in one study.129 No association with 

cardiac death in another study.130 

E-selectin Selectin IL-6 & IL-17.103,131 Involved in leukocyte adhesion to 
sites of injury and endothelial 

cells.123 

No association with MACE or long-term 
death.22,132,133 

FGF-23 Growth factor Extracellular 
matrix.126 

Stimulates angiogenesis and 
mitosis of smooth muscle cells and 

endothelial cells.119 

Elevated levels associated with MACE and long-
term death.22,134  

G-CSF Growth factor Any cell e.g. 
endothelial, 

macrophages & 
fibroblasts.135 

Acts in the bone marrow and 
controls the proliferation, growth 

and survival of neutrophil 
progenitor cells.120 

Elevated levels weakly associated with increased 
LV volume.89 No association with survival in AMI 

patients with cardiogenic shock.116 As a 
therapeutic agent, a Cochrane meta-analysis 

showed no association with outcomes compared 
with a placebo group.136  

ICAM-1 Immunoglobulin 
superfamily of cell 

adhesion molecules 

Various cells e.g. 
endothelial, 

fibroblasts.137 

Causes leukocytes to travel to 
inflammatory sites e.g. the cardiac 

injury site.124 

Elevated levels associated with death and CHF in 
one study,138 but not for MACE in two 

studies.133,137 

IFNy Interferon Stimulated by IL-18 & 
released by T cells.78 

Stimulates ICAM-1, VCAM-1 & 
selectins, & stimulates leukocyte 

adhesion.79 

Elevated levels associated with MACE74 & in-
hospital death in AMI patients with cardiogenic 

shock.116 
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Cytokine Family Stimulated by or 
released from 

Action in ACS context Prognostic utility for adverse outcomes 

P-selectin Selectin Endothelial cells and 
platelets.99 

Pro-inflammatory - involved in 
leukocyte adhesion, thrombus 

formation and formation of scar 
tissue.139 

No association with MACE.132,133 

PDGF Growth factor Platelets, 
macrophages, 

smooth muscle cells 
& endothelial cells.121 

Involved in wound repair ς 
stimulates mitosis of fibroblasts & 
smooth muscle cells, and causes 

immune cells to travel to the site of 
injury.121 

No association with MACE.22,29,86 

TGF-ʲм Growth factor Endothelial cells & 
macrophages.140 

Suppresses chemokine 
production.140 Involved in cardiac 

fibrosis & remodelling, 
angiogenesis, & cardiomyocyte 

apoptosis.78 

No association with LV dysfunction 
parameters.20 

TNFh  TNF Mainly by 
macrophages but also 
released from other 

immune cells.78 

Involved in various actions e.g. 
dampens cardiac contractility 
causing reduced heart rate, 
angiogenesis, & apoptosis.78 

Elevated levels associated with death & CHF in 
one study.141 No association with MACE or 

parameters of LV dysfunction in three 
studies.74,142,143 

VCAM-1 Immunoglobulin 
superfamily of cell 

adhesion molecules 

Macrophages.99 Causes leukocytes to adhere to the 
endothelium and travel to the site 

of injury.99 

Elevated levels associated with MACE in one 
study,137 but no association with MACE in 

another study.133 

VEGF Growth factor Transcription factor 
hypoxia-induced 

factor-1.127 

Stimulates angiogenesis, & 
endothelial cell migration & 

production.121 

Elevated levels of VEGF, VEGF-A & VEGF-D were 
associated with MACE in two studies.22,127 

Another study found no association.86 

This table summarises the activation of cytokines commonly investigated in ACS patients, their role in the ACS context, and evidence of their 
ability to predict adverse outcomes post-ACS.  This table excludes the cytokines previously included in Tables 1.1 and 1.2. The full names of the 
abbreviations in this thesis can be found in the Abbreviations section.
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1.3 Anti-inflammatory trials 

With such an abundant number of inflammatory markers that have been found to 

be involved in ACS, it is no surprise that many clinical trials have been conducted to 

assess the use of anti-inflammatory therapies in ACS patients. If these therapies can 

minimise the risk of an overexpressed or prolonged inflammatory response, it may lead 

to improved healing and long-term outcomes for the patients. However, as discussed in 

section 1.1.2, a certain level of inflammation is required to promote the essential repair 

and healing following AMI. Therefore, a fine balancing act is needed to dampen 

exaggerated inflammatory responses without preventing critical responses for repair. It 

is unknown how much of the inflammation measured in ACS patients is pathological. 

Most randomised controlled trials (RCTs) assumed that the majority of inflammation in 

ACS patients was excessive and so did not incorporate measurement of inflammatory 

levels prior to commencing treatment or placebo. This has led to some landmark anti-

inflammatory trials having unfavourable outcomes, which is discussed in the sub-

sections below. There is also the inherent problem of the randomness in RCT study 

designs. Different RCTs have chosen to target one inflammatory molecule over another, 

and used different sampling times, patient populations, and/or endpoints.144-149 These 

factors contributed to the inconsistent findings between studies. However, this 

randomness in study design reflects our limited understanding of the inflammatory 

network.  

The following subsection titlŜŘ άǳƴƛǾŜǊǎŀƭ ǘǊƛŀƭǎέ present RCTs where all patients 

were treated with an anti-inflammatory therapy regardless of whether or not the 

patients had elevated inflammation prior to commencing the therapy. The other 

ǎǳōǎŜŎǘƛƻƴ Ƙŀǎ ōŜŜƴ ƭŀōŜƭƭŜŘ ŀǎ άǘŀǊƎŜǘŜŘ ǘǊƛŀƭǎέΣ ǿƘŜǊŜ ǎƛƎƴǎ ƻŦ ŜƭŜǾŀǘŜŘ ƛƴŦƭŀƳƳŀǘƛƻƴ 

was an inclusion criterion for participating in the clinical trial.  
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1.3.1 ά¦ƴƛǾŜǊǎŀƭ ǘǊƛŀƭǎέ 

Table 1.4 summarises the major RCTs on anti-inflammatory therapies that were 

given to MI patients regardless of inflammatory marker levels. A wide variety of anti-

inflammatory medications have been studied, ranging from drugs that inhibit individual 

inflammatory markers to drugs that target a number of inflammatory pathways. For 

eight trials, there was no statistically significant different in MACE between the 

treatment and control groups.144,145,147,150-154 Three RCTs investigated the use of 

colchicine in different MI populations, and all found a significant difference in MACE 

rates in the treatment group.148,155,156 Two of the studies found adverse events 

(pneumonia and myalgia) that might limit the feasibility of the drug being used in MI 

patients.148,156 The remaining study did not discuss adverse events in the paper.155 One 

study that investigated anakinra, an IL-1  ̡inhibitor,149 and two studies that investigated 

a MMP inhibitor, doxycycline157 and PG-116800,144 found reduced rates of MACE in 

patients who were randomised to these treatments, with only non-serious adverse 

events being more frequent in most of these studies.144,149 Contrary to the positive 

finding from the Virginia Commonwealth University Anakinra Remodelling Trial 3 (VCU-

ART3), the Medical Research Council Interleukin-1 Antagonist Heart (MRC-ILA-Heart) 

study found increased MACE rates in patients treated with anakinra.146 

The differences in the associations with MACE above may partially be due to the 

different definitions of MACE that were used. MACE is a composite of adverse outcomes 

that are known to occur post-ACS. MACE may include some or all of the following: 

cardiac-related death, all-cause death, resuscitated cardiac arrest, non-fatal myocardial 

infarction, heart failure, stroke, stent thrombosis, significant cardiac arrhythmia, 

unplanned revascularisation, and unstable angina (that may or may not have required 

hospitalisation or invasive intervention). There is no gold standard definition of MACE 

that is used in clinical research and it is unknown which definition of MACE is most 

appropriate when investigating inflammatory biomarkers. However, MACE is commonly 

used in cardiovascular research because it increases the power to investigate outcomes 

with a smaller study population. This means that studies can be completed in a shorter 

timeframe with fewer resources, making it more cost-effective. This is why MACE is such 
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a popular endpoint. A disadvantage is that because using a composite score allows a 

smaller study population, studies are often not powered to investigate associations 

between inflammation and individual endpoints that make up MACE. This has led to a 

limited understanding of how inflammation may be associated with MACE. It is 

unknown how much of the pathological inflammation following ACS affects the adverse 

outcomes within MACE. 

A disadvantage of this approach is that these anti-inflammatory therapies dampen 

an aspect of the inflammatory response in all ACS patients. As explained in section 

1.1.2.2, some elevation of inflammatory markers is required for wound healing and 

repair to occur. In an era of increasing personalised medicine, this has led to the 

hypothesis that if only patients with excessively high levels of inflammation were 

treated, this would produce more favourable outcomes. There is also insufficient 

evidence to determine the optimal time to start patients on these anti-inflammatory 

therapies and how long they should be prescribed the medications for.
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Table 1.4   Summary of major clinical trials of anti-inflammatory therapies in MI patients 

Study 
(year) 

Population (n) Treatment; control Outcome; follow-up 
length 

Results Adverse effects 

VCU-
ART3 

(2020)149 

STEMI patients 
presenting <12 hours 
from symptom onset 

(99) 

Anakinra for 14 days, 1-2 
times daily; placebo 

MACE (all-cause death & 
HF); 12 months 

Rate of death + HF was 
lower in the treatment 

group (9.4% vs 25.7%, p = 
0.046).  

Higher injection-site 
reactions in the treatment 

group (p = 0.016); no 
significant differences in 
serious adverse events 

MRC-ILA 
Heart 

(2015)146 

NSTE-ACS, recruited 
<48 hours from 

symptom onset (182) 

Anakinra (IL-1  ̡antagonist) 
for 14 days; placebo 

MACE (death, stroke & 
MI) at 30 days, 3 months 

& 1 year 

MACE rate was significantly 
higher in the treatment 

group at 1 year (p = 0.023) 

Higher injection-site 
reactions in the treatment 

group (p<0.0001); no 
significant differences in 
serious adverse events 

LoDoCo2 
(2020)148 

Chronic coronary 
disease (5522) 

Colchicine for the duration 
of the study; placebo 

MACE (cardiac death, 
spontaneous MI, 

ischaemic stroke & 
ischaemia-driven 

coronary 
revascularisation); mean 

28.6 months 

HR = 0.69, p<0.001 Higher rates of myalgia in 
the treatment group 

(p<0.05); non-significant 
higher rates of non-cardiac 

death (HR 1.51, 95% CI 0.99-
2.31) 

COLCOT 
(2019)156 

MI + PCI within 30 
days of recruitment 

(4745) 

Colchicine for the duration 
of the study; placebo 

MACE (cardiac death, 
resuscitated cardiac 
arrests, MI, stroke or 

urgent hospitalisation for 
angina leading to 
revascularisation); 

median 22.6 months 

HR = 0.77, p = 0.02 Higher rates of pneumonia, 
flatulence & nausea in the 
treatment group (p<0.05) 
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Study 
(year) 

Population (n) Treatment; control Outcome; follow-up 
length 

Results Adverse effects 

LoDoCo 
(2013)155 

Stable coronary 
disease (532) 

Colchicine for the duration 
of the study; standard 

treatment 

MACE (ACS, out-of-
hospital cardiac arrest, 

ischaemic stroke); 
median 3 years 

HR = 0.33, p<0.001 Not discussed 

TIPTOP 
(2013)157 

STEMI patients with 
LVEF <40%, 

presenting <12 hours 
from symptom onset 

(110) 

Doxycycline (MMP 
inhibitor) for 7 days; 

standard care 

MACE (death, 
reinfarction, CHF or 
stroke); 6 months 

Rate was lower in the 
treatment group (10.9% vs 

22.5%), p = 0.04  

None observed 

PREMIER 
(2006)144 

STEMI + LVEF 15-
40%, measured 

48±24 hours from 
symptom onset (253) 

PG-116800 (MMP inhibitor) 
for 90 days; placebo 

MACE (death, 
reinfarction, cardiac 

arrest or major 
arrhythmia) and 

individual cardiac events; 
90 days 

Non-significant difference 
in MACE rate (p = 0.10). 
Major arrhythmia alone 

was significantly higher in 
the treatment group (p = 

0.03) 

Dyspepsia and joint stiffness 
were significantly more 

common in the treatment 
group (p<0.05); no 

significant differences in 
serious adverse events 

SOLID-
TIMI 52 
(2014)150 

ACS, recruited within 
30 days of onset 

(13,026) 

Darapladib (sPLA2 
inhibitor) for the duration 

of the study; placebo 

MACE (cardiac death, 
non-fatal MI or 

myocardial ischaemia 
leading to urgent 
revascularisation); 
median 2.5 years 

HR = 1.00, p = 0.93 Higher complaint of odour of 
faeces, urine and/or skin and 
diarrhoea in the treatment 

group (p<0.05); no 
significant differences in 
serious adverse events 

VISTA-16 
(2014)145 

ACS, <96 hours from 
admission (5145) 

Varespladib (sPLA2 
inhibitor) for mean of 13.4 

weeks; placebo 

MACE (cardiac death, 
non-fatal MI, stroke or 
UA leading to urgent 
revascularisation); 16 

weeks 

HR = 1.35, p = 0.08 Higher discontinuation rate 
in treatment group (2.8% vs 

1.4%) & higher rate of 
elevated ALT (p = 0.0005) 
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Study 
(year) 

Population (n) Treatment; control Outcome; follow-up 
length 

Results Adverse effects 

(LATITUD
E)-TIMI 

60 
(2016)147 

Type I AMI, <24 
hours for NSTEMI or 
<12 hours for STEMI 

(3503) 

Losampimod (p38 MAPK 
inhibitor) for 12 weeks; 

placebo 

MACE (cardiac death, 
non-fatal MI or recurrent 

ischaemia requiring 
urgent revascularisation); 
24 weeks after enrolment 

HR = 1.16, p = 0.24 Similar rates of adverse 
events between treatment 

and control groups 

APEX-AMI 
(2007)151 

STEMI patients who 
presented <6 hours 
of symptom onset 

(5745) 

Pexelizumab (Complement 
C5 monoclonal antibody), 
given as an IV bolus prior 

to PCI and a 24-hour 
infusion post-PCI; placebo 

All-cause mortality; 30 
days 

HR = 1.04, p = 0.78 Uncommon and similar rates 
between treatment and 
control groups for both 

serious and minor adverse 
events 

COMMA 
(2003)152 

STEMI + PCI, 
presenting <6 hours 

before symptom 
onset (960) 

Pexelizumab, either as IV 
bolus or IV bolus + IV 
infusion for 20 hours; 

placebo 

MACE (death, new or 
worsened HF, shock or 

stroke); 90 days 

Non-significant differences 
in rates between the 3 

groups (p>0.05) 

Uncommon and similar rates 
between treatment and 
control groups for both 

serious and minor adverse 
events 

COMPLY 
(2003)153 

STEMI + fibrinolysis, 
presenting <6 hours 

before symptom 
onset (943) 

Pexelizumab, either as IV 
bolus or IV bolus + IV 
infusion for 20 hours; 

placebo 

MACE (death, new or 
worsened HF, shock or 

stroke); 90 days 

Non-significant differences 
in rates between the 3 

groups (p>0.05) 

Uncommon and similar rates 
between treatment and 
control groups for both 

serious and minor adverse 
events 

LIMIT-
AMI 

(2001)154 

STEMI + rtPA, 
presenting <12 

hours from 
symptom onset 

(394) 

rhuMAb CD18 (CD18 
recombinant monoclonal 
antibody) at 0.5mg/kg or 

2.0mg/kg IV bolus; placebo 

MACE (death, recurrent 
MI, serious/severe HF); 

30 days 

No significant differences 
between the 3 groups 

(p>0.05) 

Similar rates of adverse 
events between treatment 

and control groups 

This table summarises the major anti-inflammatory therapy trials in acute coronary syndrome or stable MI patients where elevated 
inflammatory levels was not a study criteria. The results included were MACE outcomes if they were assessed. Otherwise, a hard clinical endpoint 
was included. The full names of the abbreviations in this table can be found in the Abbreviations section.
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1.3.2  ά¢ŀǊƎŜǘŜŘ ǘǊƛŀƭǎέ 

Table 1.5 summarises the major trials on anti-inflammatory therapies that were 

given to stable MI patients with signs of elevated inflammation. Only two RCTs had tried 

to stratify their study population to patients with elevated levels of inflammation.  The 

Canakinumab Anti-Inflammatory Thrombosis Outcome Study (CANTOS) investigators 

used a direct measure of inflammation and only included MI patients with high CRP 

levels.158 Meanwhile, in the Cardiovascular Inflammation Reduction Trial (CIRT), indirect 

criteria of elevated inflammation were used, where only patients who also had the 

inflammatory conditions of diabetes or metabolic syndrome were included.159 CANTOS 

found that canakinumab, an anti-IL-1  ̡monoclonal antibody, reduced the incidence of 

MACE,158 but in the CIRT study, methotrexate was of no benefit.159 Both trials found 

that patients in the treatment group had significantly greater rates of serious adverse 

events.158,159  

It is interesting that the relationship between inflammatory cytokines and MACE 

do not always correlate with the relationship between anti-cytokine therapies and 

MACE. In Tables 1.4 and 1.5, anakinra and canakinumab, two IL-1  ̡antagonists, were 

found to have reduced the incidence of MACE in two out of three clinical trials.146,149,158 

However, Table 1.1 shows that although one study found that elevated IL-1  ̡

concentrations were associated with impaired LV remodelling,20 another study found it 

was not associated with MACE.85 This may reflect the differences in trial designs or the 

complexities of the inflammatory network. There is insufficient knowledge surrounding 

pathological inflammation in ACS patients and how it may lead to suboptimal 

myocardial repair or other adverse outcomes. A greater understanding of the 

inflammatory biomarkers and the action of anti-inflammatory therapies in the ACS 

context is required. 

It is important to note that Ridker et al., who were the investigators for both 

CANTOS and CIRT, used different definitions of MACE in the two trials. The definition of 

MACE used in CANTOS was a composite of cardiac death, recurrent MI or stroke, where 

they found that MACE rates were lower in patients who were prescribed 150mg of 

canakinumab.158 CIRT initially used the same definition of MACE that CANTOS had 
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used.159 However, in an attempt to increase the power of the study, UA leading to 

hospitalisation and urgent revascularisation were added to the MACE definition.159 

Unfortunately methotrexate did not affect MACE rates, even with a broader definition 

of MACE.159 This again reflects our poor understanding of how pathological 

inflammation may contribute to adverse outcomes. However, CANTOS and CIRT used 

stable MI patients as their study participants,158,159 so it might be that the adverse 

events seen in these patients were partially be driven by inflammatory processes that 

were not in response to the initial AMI. 
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Table 1.5   Summary of major clinical trials of anti-inflammatory therapies in MI patients with elevated inflammation 

Study (year) Population (n) Treatment Control Primary outcome; follow-
up length 

Results Adverse effects 

CANTOS 
(2017)158 

MI + CRP >2mg/L 
(10,061) 

Canakinumab, 
(anti-IL-1ʲύ 

either 50mg, 
150mg or 

300mg, for the 
duration of 
the study 

Placebo First MACE (composite of 
non-fatal MI, non-fatal 

stroke or cardiac death); 
median follow up 3.7 years 

Only the group on 
150mg of canakinumab 
had significantly lower 
MACE than the placebo 
group (HR = 0.85, p = 

0.0208) 

Significantly higher rates 
of death due to infection 

or sepsis, 
pseudomembranous 

colitis, leukopenia and 
thrombocytopenia, but 

lower rates of cancer and 
arthritis in the treatment 

group (p<0.05) 

CIRT 
(2019)159 

MI or multivessel 
coronary disease 

+ diabetes or 
metabolic 

syndrome (4786) 

Low-dose 
methotrexate 
+ folate for the 

duration of 
the study 

Placebo + 
folate 

First MACE (composite of 
cardiac death, non-fatal MI, 

stroke & UA leading to 
hospitalisation & urgent 

revascularisation); median 
follow-up 2.3 years 

HR = 0.96, p = 0.67 Significantly higher rates 
of infection or 

infestation, mouth sores, 
oral pain, unintended 
weight loss, modest 

leukopenia, elevated ALT 
and AST, & cancer 
incidence in the 
treatment group 

(p<0.05) 

This table displays the major anti-inflammatory therapy trials in acute coronary syndrome or stable MI patients where a study criterion that 
aimed to stratify for patients with higher levels of inflammation was included. Outcomes included are only the primary outcome if a hard clinical 
endpoint was the primary outcome assessed, or a secondary outcome that assessed a hard clinical endpoint.  

ALT - alanine transaminase; AST - aspartate aminotransferase; CANTOS - Canakinumab Anti-Inflammatory Thrombosis Outcome Study; CIRT 
- Cardiovascular Inflammation Reduction Trial; CRP - C-reactive protein; HR - hazard ratio; MACE - major adverse cardiovascular events; MI - 
myocardial infarction; UA - unstable angina.
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1.4 ACS Management 

This section will present an overview of the clinical context in which the research 

presented in this thesis has occurred as well as the common cardiovascular medications 

prescribed to ACS patients, several of which modulate inflammation.  

 

1.4.1 Clinical context of research 

This research has largely been situated at Wellington Regional Hospital, New 

Zealand, which acts as a tertiary centre that accepts referrals for coronary angiography 

and/or PCI from Whanganui, Hawkes Bay, Palmerston North, Wairarapa, and Hutt 

Hospitals. The clinical pathways for patients differ depending on which District Health 

Board region they live in and what type of ACS they are diagnosed with (STEMI, NSTEMI 

or UA).  

Wellington Regional Hospital follows the ESC guidelines. Although the ESC 

guidelines for NSTE-ACS were recently updated in August 2020,4 all patient recruitment 

for the studies in this thesis occurred between 2012 and 2018. Therefore, clinical 

management based on the 2015 and 2011 ESC NSTE-ACS guidelines, and the 2017 and 

2012 ESC STEMI guidelines will be discussed below.67,76,160,161 The Cardiac Society of 

Australia and New Zealand (CSANZ) also published their own guidelines for STEMI 

patients in 2013 and NSTE-ACS patients in 2012.162,163 Different District Health Boards 

may also have their own guidelines. The NZ-specific guidelines are usually based on the 

ESC guidelines, but any differences in guidelines are highlighted in the paragraphs 

below. 

According to the 2017 ESC STEMI guidelines,76  patients who have been confirmed 

to have STEMI from their ECG results and cardiac troponin levels require reperfusion 

management. The gold standard treatment is coronary angiography and immediate 

reperfusion via primary PCI, but this is only recommended for patients who are able to 

arrive at Wellington Regional Hospital and receive PCI within 120 minutes of initial 
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hospital presentation. This is the main reperfusion strategy for STEMI patients from the 

Greater Wellington City and the Hutt Valley.164 For STEMI patients who are unable to 

arrive at Wellington Regional Hospital within 120 minutes i.e. those from Masterton, 

Palmerston North, Hawkes Bay and Whanganui Hospitals, the ESC guidelines suggest 

they are reperfused via fibrinolysis first, and then be transferred for angiography and 

PCI. If at 60 to 90 minutes, there is less than 50% resolution of the ST elevation seen at 

diagnosis, or new ST depression is present, it is recommended that rescue PCI is 

conducted as it signifies fibrinolysis was not successful.76 However, if fibrinolysis is 

successful, then coronary angiography may be considered between two and 24 hours 

post-fibrinolysis.76 The 2012 ESC STEMI guidelines and the 2013 CSANZ guidelines are 

largely identical to the 2017 guidelines.76,161,163 Some exceptions are that both the 2012 

and 2013 guidelines suggest that rescue PCI be considered at 60 minutes (not up to 90 

minutes) post-fibrinolysis and that routine coronary angiography following successful 

fibrinolysis may occur from three to 24 hours (instead of two to 24 hours).76,161,163  

According to the 2015 ESC NSTE-ACS guidelines, patients who are confirmed to 

have NSTE-ACS should have an acute risk assessment to help inform the optimal 

management strategy.67 Risk assessment is conducted using a combination of the 

clinical presentation, troponin levels, ECG, GRACE risk score (which is a score used to 

assess risk of mortality at 30 days or 12 months162), bleeding risk using a score such as 

the Can Rapid Risk Stratification of Unstable Angina Patients Suppress Adverse 

Outcomes With Early Implementation of the American College of Cardiology 

(ACC)/American Heart Association (AHA) Guidelines (CRUSADE) risk score, and other 

ŎƻƴǎƛŘŜǊŀǘƛƻƴǎ ǎǳŎƘ ŀǎ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ŦǊŀƛƭǘȅ ŀƴŘ ŎƻƎƴƛǘƛǾŜ ǎǘŀǘǳǎΦ67 There are four risk 

categories: very high risk, high risk, intermediate risk, and low risk.67 Patients are 

considered at very high risk if they have recurrent or persistent angina and either acute 

heart failure, life-threatening arrhythmia, haemodynamic instability, cardiogenic shock, 

ECG changes that are significant and recurrent or demonstrate occlusion of the left 

circumflex artery, or mechanical complications of MI.67 These patients should receive 

invasive management (coronary angiography with or without PCI) within two hours of 

hospital admission or immediately be transferred to a hospital that can conduct PCI, 

such as Wellington Regional Hospital.67 High risk patients are defined as those with 










































































































































































































































































































































































