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Abstract 
Serological biomarkers in the risk stratification of patients with suspected ACS and 

high sensitivity troponin T levels below the 99th percentile 

By Dr Julia Dawn Jones  

Introduction 

Coronary Heart Disease (CHD) kills almost 70,000 people each year in the UK and is 
responsible for considerable NHS resource expenditure. Accurate risk stratification 
could improve patient care and reduce NHS expenditure. The aim of this thesis is to 
assess the incremental role of biomarkers to risk scores in the risk stratification of 
patients who present with suspected Acute Coronary Syndrome (ACS) and have high 
sensitivity troponin T levels below the 99th percentile.   

Methods 

A prospective observational study in a single centre in a large university teaching 
hospital. Inclusion criteria consisted of chest pain that was suspected to be ACS with 
Hs-cTnT levels below the 99th percentile when measured between 6-12 hours post 
pain. Exclusion criteria included clear non-cardiac pain, chronic atrial fibrillation, 
heart failure and recent ACS. The biomarkers HFABP, GDF-15, NTproBNP, 
Galectin-3, HSCRP, Hs-cTnT and Hs-cTnI were measured, to determine if these 
markers could improve risk stratification in isolation or when combined with the 
HEART, TIMI and GRACE risk scores.   

Results 

487 patients were included with a median follow up of 5.83 years. 48 experienced 
MACE and 42 patients experienced all-cause mortality during follow up. There were 
high levels of cardiovascular risk factors with 85% of patients having at least 1 
traditional cardiovascular risk factor (excluding gender) and nearly a third of patients 
(28%) having a history of angina. Over 40% of patients were discharged without a 
firm diagnosis. MACE occurred as an inpatient in 3% and at 8-weeks in 4% of 
patients. 7% of patients represented to the same department at 8-weeks.  

The HEART and TIMI score perform well in the risk stratification of these patients 
with a C-Statistic of 0.76 and 0.74 respectively for 12-month MACE. The HEART 
score is more favourable at ruling out future early MACE. The high sensitivity 
troponin values, even below the 99th percentile provide incremental independent 
information beyond each risk score. GDF-15 may have a role in the risk stratification 
of patients, particularly in combination with the HEART and TIMI scores.  

Conclusion 

The HEART score performs well in the prediction and rule-out of MACE and the 
incorporation of high sensitivity troponin levels improves these scores. GDF-15 
appears to be a promising biomarker that provides incremental information beyond 
risk scores.  
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CHAPTER 1.  INTRODUCTION AND 
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Preamble  

This thesis examines if serological biomarkers can improve the risk stratification of 

patients with suspected Acute Coronary Syndrome (ACS) who have had Myocardial 

infarction (MI) excluded. It will test if these biomarkers provide incremental 

information beyond traditional risk scores and high sensitivity troponin levels. It will 

evaluate the prognostic role of two high sensitivity troponin assays, Roche Elecsys 

troponin T and Abbott Architect troponin I. The ability to accurately identify those at 

high risk of short-term Major Adverse Cardiac Event (MACE) could facilitate 

appropriate early treatment and cardiovascular investigation, whilst allowing early 

discharge and reducing unnecessary investigation in low-risk patients. Identifying 

patients at risk of longer-term MACE provides an opportunity to intervene with 

lifestyle advice and aggressive risk factor modification.  

  



 
21 

Background 

Coronary Heart Disease (CHD) kills almost 70,000 people each year in the UK. That 

is equivalent to 1 death every 8 minutes.(1) Despite mortality rates more than halving 

over the last 50 years, CHD remains one of the biggest killers in the UK.(2) 1 in 4 

premature deaths are caused by cardiovascular disease;(3) deaths that could have been 

prevented by tackling modifiable cardiovascular risk factors.(4) In addition, 

cardiovascular disease has considerable resource expenditure, costing the NHS a 

staggering £8,960,000,000 each year.(5) The last decade has seen an unprecedented 

decline in NHS funding growth. This austerity has placed NHS services under 

tremendous financial pressure, and we must find ways to relieve this pressure.  

The fight against CHD 

The World Health Organisation (WHO) and Public Health England (PHE) have 

ambitions of reducing the number of preventable deaths from Cardiovascular Disease 

(CVD); a key theme in these is addressing modifiable risk factors.(6,7) The WHO 

describes interventions that can help prevent and control CVD at a population-wide 

level and on an individual basis. Population-wide methods include restrictive laws 

governing tobacco and taxation on foods high in fat, sugar and salt. On an individual 

level, measures would involve targeting those at high risk of future cardiovascular 

disease; interventions could include primary and secondary preventative medication, 

lifestyle advice, and coronary revascularisation.   
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The difficulties faced at the front door 

The most frequent manifestation of CVD to the Emergency Department (ED) is ACS. 

ACS is an umbrella term that encompasses Acute Myocardial Infarction (AMI) and 

Unstable Angina (UA). The fourth universal definition of AMI(8) relies on a dynamic 

change in the biomarker cardiac troponin. Management of AMI is established and 

typically includes medical treatment and invasive coronary angiography to help 

determine if coronary revascularisation is warranted. The diagnosis of UA is 

considerably more challenging, as this relies purely on the clinical history, and 

research has consistently shown that features of chest pain are particularly unreliable 

when it comes to diagnosing ACS in patients with undifferentiated chest pain.(9,10) 

Investigations in UA tend to be unremarkable, with normal troponin levels and ECG. 

These features of UA pose a particular challenge to clinicians as it is well known that 

atypical presentations are common and there is substantial fear of ‘missing’ an ACS, 

as this can have disastrous consequences, including death.(9,11,12)  

Chest pain can result in 6% of Emergency Department (ED) visits and 27.4% hospital 

admissions.(13) Despite a reduction in the incidence of AMI over recent years, there 

has been an increase in the numbers of patients presenting to hospital with chest 

pain.(14,15) Early identification and treatment of ACS is associated with improved 

outcome.(16) Patients with Non-ST Elevation Myocardial Infarction (NSTEMI) and 

UA tend to have a lower quality of care than those with ST Elevation Myocardial 

Infarction (STEMI).(17) Nevertheless, most patients who present with chest pain do 

not have an underlying ACS. Yet, several studies still show an adverse cardiovascular 

outcome for patients labelled with non-specific chest pain or non-cardiac chest 

pain.(18–22) 



 
23 

Risk stratification 

Improved risk stratification for patients with suspected ACS and normal troponin 

levels (<99th percentile) could help in several ways. Patients identified as high risk of 

short-term MACE could have early cardiovascular investigation. Those at an 

increased risk of long-term MACE could have targeted individual risk factor 

management and lifestyle advice. Patients accurately identified as low risk of short-

term MACE could have their hospital discharge expedited with consideration of 

outpatient investigation.  Patients accurately identified as low risk of long-term MACE 

could be discharged without further follow-up or cardiovascular investigations.  

ACS and atherosclerosis 

ACS is a life-threatening manifestation of atherosclerosis. Atherosclerosis is a 

chronic, relatively benign, inflammatory condition that may start in childhood. 

Although atherosclerosis is primarily a stable condition, it can undergo periods of 

instability, which may or may not manifest clinically.  

The process of atherosclerosis begins with an insult, such as shear stress or chemical 

irritants, that results in endothelial dysfunction. This can lead to a build-up of 

lipoprotein particles in the intima, which become modified and contribute to foam cell 

formation and recruitment of leukocytes.(23) Inflammation is central to the 

progression of atherosclerosis with a cytokine-mediated attraction of monocytes into 

the plaque. Monocytes differentiate into macrophages, which take up low-density 

lipoproteins (LDL), leading to the formation of foam cells. These foam cells produce 

cytokines that propagate plaque development.(24,25) Atherosclerotic plaques may be 

present for decades and never cause any symptoms. However, plaques may also 
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undergo changes that lead to plaque rupture or erosion, leading to thrombi formation 

and ACS.    

The pathophysiology of ACS 

The pathophysiology of ACS is not fully understood. The main two pathologies 

involved in ACS are plaque rupture and plaque erosion.(26) Plaque rupture is an 

inflammatory process that occurs in around 70% of ACS; this happens when the thin 

fibrous cap overlying an atherosclerotic plaque is disrupted, and luminal blood is 

exposed to the thrombogenic material found in the necrotic core. There is an 

abundance of macrophages in plaque tissue of ACS over chronic stable angina.(27) 

Plaque rupture tends to be seen in males and those with hypercholesterolemia. Plaque 

erosion is the cause of approximately 30% of ACS and is caused by the loss of 

endothelial integrity. The mechanism of plaque erosion is thought to be due to loss of 

adhesion to the extracellular matrix and an increase in apoptosis of endothelial cells. 

There is an abundance of smooth muscle cells and proteoglycans in eroded plaques 

with fewer inflammatory cells.(28) The fibrous cap in endothelial erosion tends to be 

much thicker, and the necrotic core may be absent or be deeply embedded in the vessel 

wall.(26) Endothelial erosion is more prevalent in premenopausal women, and 

smoking is a substantial risk factor.(29,30) Both plaque rupture and erosion tend to 

occur at sites of non-significant luminal stenosis on coronary angiography.(31) 

Calcified nodules have also been demonstrated to be responsible for ACS in up to 2-

7% of cases.(32)   

The diagnosis of ACS 

ACS is an umbrella term for AMI and UA. The Fourth Universal Definition of 

Myocardial Infarction(8) for type 1 AMI is dependent on a detection of a rise and fall 
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of the biomarker, troponin with at least one value above the 99th percentile (see Table 

1).  

Table 1. Fourth universal definition of myocardial infarction (2018) 
Criteria for type I MI 

A rise and/or fall of cardiac troponin with at least one value above the 99th percentile 

and one of the following: 

• Symptoms consistent with AMI 

• New ischaemic ECG changes,  

• Development of pathological Q waves,  

• Imaging evidence of new loss of viable myocardium or new regional wall 

motion abnormality in a pattern consistent with ischaemia 

• Identification of a coronary thrombus. 

Fourth universal definition of myocardial infarction (2018)(8) 
 

Troponin 

Troponin is a fundamental component in the regulation of striated and cardiac muscle 

contraction.  Muscle contraction occurs when the thick myosin filaments slide along 

the thin actin filaments shortening the sarcomere length; this process is regulated by 

the troponin/tropomyosin complex). Troponin is a complex comprising of three 

polypeptide chains: troponin T (cTnT), troponin I (cTnI) and troponin C (cTnC). The 

troponin complex is attached to tropomyosin. Tropomyosin wraps around the thin 

actin filaments and, in the relaxed state, blocks the myosin-binding sites (Figure 1). 

During muscle contraction (see Figure 2), calcium is released from the sarcoplasmic 

reticulum, which then binds to cTnC. This leads to a conformational change to the 

tropomyosin molecule, resulting in the exposure of myosin-binding sites on the actin 

filaments.  
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Figure 1. Thick and thin filaments  

 

Diagram showing thick and thin filaments and troponin/actin position on thin 
filaments. Image reproduced under Creative Commons license.(33) 

 

Before myosin cross-bridges are formed, the myosin head has stored energy and an 

ADP and phosphate molecule attached. The phosphate molecule is released when a 

bond is formed between the myosin head and the actin filament. The stored energy is 

then used to move the myosin head, causing the myosin and actin filaments to move 

along passing each other resulting in the shortening of the sarcomere length. The ADP 

is released as this motion occurs. Breaking the cross-bridge occurs when an ATP 

molecule then re-attaches to the myosin head, which is subsequently broken down to 

ADP and phosphate. The cycle repeats if further calcium molecules are available. 

Calcium returns to the sarcoplasmic reticulum for muscle relaxation.  
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Figure 2. Steps of muscle contraction 

 
Steps of muscle contraction. a and b) Myosin heads are bound to actin by the 
formation of cross-bridges. c) Myosin cross-bridges move towards the centre of the 
sarcomere, known as the power stroke. d) The myosin heads bind ATP, and the 
cross-bridges detach from actin. e) Myosin heads hydrolyze ATP and return to 
baseline position, and become energised. Image reproduced under Creative 
Commons license.(34) 
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The cTnT and cTnI subunits in cardiac muscle have different amino acid sequences to 

their skeletal muscle counterparts. The majority of troponin resides within the 

contractile apparatus of the muscle; however, there is a small cytosolic pool of free 

cTnT and cTnI (approximately 6-7% and 3-5% respectively).(35–37)  

Cardiac troponin T and I kinetics during myocardial infarction 

Troponin levels are released during the first few hours following symptom onset of 

myocardial infarction and reaching peak concentration at around 24 hours - 48 hours, 

with some variations depending on the size of infarct and whether reperfusion has 

occurred (see Figure 3).  

Figure 3. Profile of troponin release following myocardial infarction 

 
Diagram showing the profile of troponin release following myocardial infarction. 
The profile for CK-MB is included for reference. Image reproduced under Creative 
Commons license.(38) 
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The profiles of cTnT and cTnI post-myocardial infarction are similar regarding the 

first appearance, time to peak levels, and return to baseline, albeit that the cTnT rise 

and fall is slightly slower compared to cTnI.(39,40) The total time troponin remains 

elevated following acute myocardial infarction is mainly dependent on the infarct size. 

Levels of cTnI are higher than cTnT.(39,40) cTnT is released into the serum with a 

biphasic profile with an additional but smaller peak at around 3 - 4 days. This is 

thought to be due to the initial release of the cytosolic pool of free cTnT, which 

requires disruption to the myocardial cell membrane, and the later peak due to the 

slower degradation of bound cTnT following proteolytic degradation of 

myofibrils.(35,41) Another hypothesis is that it is due to the formation of immune 

reactive cTnT fragments. Successful early coronary reperfusion is associated with a 

steeper rise to the first peak, and the second peak is much smaller when compared with 

late perfusion.(42) It has been shown that the ratio of the second to the first peak of 

cTnT reflects the infarct area and area at risk.(42) Up to 10 different fragments 

(between 10-30kDa) of cTnT in serum have been identified in studies looking at the 

degradation of cTnT during acute myocardial infarction.(43) More specifically, the 

intact cTnT has only been identified in the first 12 hours following myocardial 

infarction; after this time, only fragments of cTnT are identified.(43) The cTnT assay 

measures both intact and fragmented cTnT.  The half-life of cTnT is 120minutes.(35) 

cTnI levels at 72 hours can provide insight into the infarct size and the degree of 

microvascular obstruction.(44)  

High sensitivity troponin assays 

The development of high sensitivity troponin assays has enabled the detection of very 

low levels of circulating troponin levels with a high degree of precision. Precision 
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signifies how well an assay can provide the same result when the same sample is 

repeated on multiple occasions. The precision recommended for a high sensitivity 

troponin assay is a Coefficient of Variation (CoV) of less than 10% at the level of the 

99th percentile. To fulfil the criteria for high sensitivity assays, the Limit of Detection 

(LoD) of the assays should facilitate measurable concentrations of troponin in at least 

50% of healthy individuals. The ability to accurately detect low troponin levels 

permits the earlier identification of myocardial necrosis and can assist in the earlier 

rule out of AMI.(45)   

Normal troponin levels in the high sensitivity troponin era 

It has been well established that high troponin levels are associated with an adverse 

prognosis.(46) High sensitivity troponin assays have enabled detection of very low 

levels of circulating troponin, this has facilitated risk reclassification in some 

individuals from a low to a higher risk.(47,48) However, even with the advent of high 

sensitivity troponin, normal troponin levels can be associated with adverse 

outcomes.(49) The Heart and Soul study found that there were higher levels of Hs-

cTnT in outpatients with coronary heart disease and was an independent predictor of 

cardiovascular events. (50). Hs-cTnT can be detected in the majority of people with 

stable CAD; plaque volume has been found to be positively associated with troponin 

levels. Higher troponin levels observed in patients with thin cap fibroatheroma. (51)  

HS trop I in stable symptomatic outpatients undergoing CTA for diagnosis suspected 

CAD, higher concentrations of Hs-cTnI were associated with increasing presence and 

severity of coronary atherosclerosis.(52) A study found that in patients who presented 

with suspected ACS and had troponin levels in the normal range, high trop I levels 

were associated with an increased probability of inducible myocardial ischaemia, but 
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interestingly, reversible ischaemia was still seen on exercise echocardiography in 

18.8% of patients with undetectable Hs-cTnI vs 33.5% with detectable Hs-cTnI.(53) 

Any detectable level of high sensitivity is associated with an increased risk of 

death.(54). 

Acute chest pain pathways incorporating high sensitivity troponin 

High sensitivity troponins, introduced in clinical practice in 2010, have altered 

pathways of care for acute chest pain/suspected ACS.(55–57) There is increasing 

interest in very low levels of high sensitivity troponin and the delta change between 

serial troponins in the rule out of ACS and generally studies show good results, 

particularly at cut-off levels near the LoD and minimal delta change between samples. 

Both the ESC and NICE have produced guidance recommending high sensitivity 

troponin for the early rule-out of NSTEMI.(56,58) There is increasing evidence that 

these rule-out strategies are very successful in most patients; however, they are not 

100% accurate. Moreover, some of these strategies have a missed AMI rate above a 

commonly accepted threshold of 0.5%.(59) Analysis comparing fourteen rule out 

scores(60) found the NICE algorithm had a missed MI rate of 0.7% when using the 

high sensitivity cTnI assays, albeit improved at 0.1% when using High sensitivity 

Troponin T (Hs-cTnT). The same study also found that the ESC 0/3h algorithms had 

a missed AMI rate of 0.6% and 1.1% for Hs-cTnT and High Sensitivity Troponin I 

(Hs-cTnI) respectively. A large collaborative meta-analysis(61) found that a single hs-

cTnT below the LoD in combination with an ECG that was not ischaemic was able to 

rule out myocardial infarction successfully, with a pooled NPV involving 11 studies 

of 0.993. There has been some investigation as to whether CT angiography could have 
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a role in the management of acute chest pain, but this has not been found to improve 

clinical outcome and increased the hospital length of stay.(62) 

Risk scores 

There are many risk scores that have been developed and validated for risk 

stratification in patients with confirmed or suspected ACS. The HEART, TIMI and 

GRACE scores are popular scores, that have been developed in quite different ways. 

NICE guidelines advocate the use of the GRACE score, although research suggests 

this score may not perform well in the lower risk population.(63) There is no 

consensus as to which risk score should be used in those who are low risk or who have 

had MI excluded. The HEART score was developed by a clinician based on clinical 

experience to stratify patients who present to the ED with chest pain.(64) The initial 

trial was small (125 patients) and performed in a single centre in the Netherlands. The 

TIMI score(65) was developed from early TIMI randomized controlled trials (TIMI 

11B and ESSENCE which were trials investigating low molecular weight heparin and 

unfractionated heparin in unstable coronary disease). The GRACE score was initially 

developed using international registry data with just over 11,000 patients with all 

subsets of ACS included and unstable angina being the most prevalent (38% final 

diagnosis).(66) Table 2 shows the difference in components for scores. Whilst both 

HEART and TIMI risk scores use risk factors for cardiovascular disease in their 

scoring system, the definitions of risk factors have some difference, the definition of 

risk factors can be seen in Table 3. 

The TIMI, GRACE and HEART score were analysed in this study. These scores were 

chosen because they are popular scores that are already in use in the NHS and are 

recommended for use in national guidelines.  
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Table 2. Variables used in the TIMI, GRACE and HEART scores. 
 HEART TIMI GRACE 
Age <45y               0 points 

45-64y            1 point 
≥65y               2 points 

<65y                0 points 
≥65y                1 point 

0-100 points  

Risk 
factors 

No RFs           0 points 
1 RF               1 point 
≥ 2 RFs           2 points 

≥ 3 RF             1 point NA 

ECG No changes    0 points 
Repolarisation changes                    
                       1 point  
STD               2 points 

STD                1 point  STD          0-28 points  

Troponin  <URL             0 points 
1-3xURL        1 point 
>3xURL         2 points  

<URL             0 points 
>URL             1 point 
 

> URL       0-14 points 

History Atypical          1 point 
Typical            2 points 

Severe angina 1 point NA 

Medical 
history 

NA Known coronary 
stenosis           1 point 

NA 

Other  NA Aspirin use     1 point Cardiac arrest    0-39 
Heart rate           0-46 
SBP                    0-58 
Creatinine          0-28 
Killip sign          0-59 

Score 
range 

0-10 0-7 0-372 

Table showing components and contributions of each risk score and range of score 
total. RF risk factor. URL upper reference limit. STD ST depression. SBP systolic 
blood pressure.  
 

Table 3. Definition of risk factors for TIMI and HEART score. 
Risk factors for TIMI score Risk factors for HEART score 

• Hypertension 
• Hypercholesterolaemia 
• Diabetes 
• Family history of coronary artery disease 
• Current smoker  

• Hypertension 
• Hypercholesterolaemia 
• Diabetes 
• Family history of parent or sibling under 
age 65 years 
• Current smoker 
• Obesity  
• Atherosclerotic disease (previous MI, 
PCI, CABG, CVA, TIA, peripheral arterial 
disease). 

Table showing the risk factors that contribute to the TIMI and HEART score.   
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TIMI score  

The TIMI score comprises seven variables and is easy to calculate. It was initially 

designed to predict 14-day mortality, new or recurrent MI and severe recurrent 

ischaemia prompting urgent revascularisation. A diagnosis of UA required ST 

depression or a history of coronary artery disease to be included in the initial trial. The 

model was found to be most accurate for the prediction of all-cause mortality, less so 

for combined or non-fatal endpoints (see Table 4). The score has subsequently been 

externally validated using high sensitivity troponin assays, including in more 

unselected chest pain groups.(67–69) 

Table 4. C-statistic of TIMI score according to outcome. 
Test group TIMI 11b C-statistic  
All-cause mortality, new or recurrent MI, severe recurrent 
ischaemia requiring urgent revascularization.   

0.65 

All-cause mortality 0.74 
MI 0.66 
Urgent revascularization 0.68 
All-cause mortality or MI 0.63 

C-statistic of initial trials assessing TIMI score.   
 

GRACE score 

The GRACE score uses 8 variables that focus on features seen on presentation. 

Calculation of the GRACE score is complex and is usually done using computer 

software. For a diagnosis of UA in the initial trials, patients were required to have 

symptoms consistent with coronary ischaemia, normal cardiac enzymes and either 

ECG changes (transient ST elevation or depression of greater or equal than 1mm, new 

T wave inversion of greater or equal than 1 mm or pseudo-normalization of previously 

inverted T waves), or a history of coronary disease. The score was initially designed 

to predict 6-month mortality. The c-statistics calculated in the original trial can be seen 



 
35 

in Table 5; this shows that the model, like the TIMI score, is more accurate at 

predicting mortality alone over the addition of myocardial infarction. Tang et al. (70) 

performed a retrospective observational study showing that GRACE score had a 

higher C-statistic for UA (0.91) subset of ACS as compared with NSTEMI (0.82) and 

all ACS (0.81) when looking at 6-month mortality; however, numbers for UA were 

small (247) and this was in the non-high sensitivity troponin era. A revised algorithm 

was recently developed substituting variables that might be unavailable to the 

clinicians, the GRACE score 2.0. In the TRACE-CORE(71) cohort, the C-statistic for 

GRACE 2.0 was 0.77, but 0.94 in those with STEMI and 0.78 in those with NSTEMI.  

Table 5. C-statistic of GRACE score according to outcome.  
For unstable angina / NSTEMI 
cohort 

Derivation cohort  
C-statistic  

Validation cohort  
C-statistic  

6-month mortality 0.79 0.81 
Death or non-fatal MI 6 months 0.70 0.73 

C-statistic of initial trials assessing GRACE score.   
 

HEART score 

The HEART score uses 5 variables and is an easily calculable score. Endpoints in the 

initial trial included AMI, revascularisation, and mortality. A ‘low risk’ score of 0-3 

points equated to a risk of 2.5%, 4-6 points correlated to 20.3%, and if the score was 

above 6 points, the risk was 72.7%. The score has since been validated by larger(72) 

and multicentre(73) studies. A score of 0-3 is defined as low risk. A systematic review 

and meta-analysis recently performed by Fernando et al.(74) was recently performed 

which assessed the predictive accuracy of the HEART score, which included 30 

studies and 44,202 patients. Only four studies that remained in the final analysis used 

high sensitivity troponin, and only 1 study was in the UK. Previous work at Aintree 
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across the spectrum of ACS suggests that the HEART score performs well across the 

range of NSTEACS (C-statistic 0.910).  

Comparison of risk scores 

There are several studies comparing the performance of risk scores. In undifferentiated 

chest pain or those with suspected ACS and MI excluded, the HEART score tends to 

outperform the GRACE and TIMI score.(75–77) This is likely due to the GRACE and 

TIMI score using a number of variables that would most likely be normal in patients 

who have had MI excluded. Whilst the discriminative ability of risk scores is 

dependent on the high sensitivity troponin assay used, data suggests that risk scores in 

isolation would not be able to reliably identify those at low risk.(78–80)  

Non necrosis biomarkers in chest pain with MI excluded 

There are a number of studies investigating novel biomarkers in ACS, with many of 

these showing that biomarkers can provide prognostic information.(81,82) However, 

most studies do not assess the incremental value of biomarkers beyond accepted risk 

stratification methods. In this thesis, the following biomarkers: HFABP, GDF-15, 

NTproBNP, Galectin-3 and HS-CRP, are investigated to establish whether they 

provide independent prognostic information beyond the TIMI, HEART and GRACE 

score.  These biomarkers were chosen to be studied as they have all been implicated 

to have a role in risk stratification or cardiovascular disease in some way and were 

able to be measured on the serum samples that were stored.  

Heart type fatty acid binding protein 

Heart type fatty acid binding protein (HFABP) is a small, 15kDa cytoplasmic protein 

primarily responsible for transporting long-chain fatty acids from the cell membrane 
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to the mitochondria, endoplasmic reticulum and other intracellular organelles.(83,84) 

HFABP is located mainly within cardiomyocytes, but lower levels can also be found 

in other tissues, including skeletal muscle, brain, intestines, lung, kidney and 

adrenals.(85) Given the relatively small molecular size of HFABP and the cytoplasmic 

location, it is released rapidly into the serum during myocardial infarction, as early as 

30 minutes after symptoms, reaching peak levels at 4 - 6 hours and returning to 

baseline within 24 hours of the event.(86,87) This early release of HFABP prompted 

research into the diagnostic ability of HFABP in the setting of ACS, and it is a 

sensitive and early marker of myocardial infarction. HFABP has also been found to 

show direct evidence of myocardial ischaemia.(88,89) HFABP predicts long-term 

mortality in the community and after ACS.(90,91) Body et al.(92) developed the 

Manchester Acute Coronary Syndromes decision rule that incorporated HFABP, 

which was able to accurately identify patients at very low risk for MACE at 30 days 

which could potentially be safely discharged but a subsequent study by the same 

author assessed the risk score without the HFABP component and found that this 

provided a model with comparable sensitivity but greater specificity.(55). 

Viswanathan et al.(93) was one of the first large studies in the high sensitivity troponin 

era to assess the role of HFABP in ACS in patients with normal high sensitivity 

troponin levels; the study included 756 patients who presented with chest pain and had 

normal high sensitivity Advia TnI-Ultra troponin levels at 12 hours. Endpoints were 

death or readmission with MI over 12 months. This study found that HFABP was able 

to risk stratify these patients yet did not assess the prognostic information beyond 

standard clinical risk stratification. A previous systematic review(94) conducted by 

our research department and a more recent systematic review performed by an external 
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research unit(95,96) concluded that there was little evidence to support the use of 

HFABP in combination with high sensitivity troponin T.  

Growth Differentiation Factor-15 

GDF-15 is a distant member of the Transforming Growth Factor (TGF) superfamily. 

TGF constitutes a superfamily of cytokines that exert prominent actions in adult 

haemostasis and adaptation by regulating cell survival, proliferation, and 

differentiation. In animal models, GDF-15 is induced in response to ischaemia-

reperfusion injury, pressure overload and heart failure, possibly via pro-inflammatory 

cytokine and oxidative stress-dependent signalling pathways.(97,98) GDF-15 has 

been found to be a promising biomarker in the prediction of heart failure and cardiac 

death in the general population.(99) A secondary analysis of the PLATO biomarker 

study(100) demonstrated that GDF-15 was a strong marker of all-cause mortality over 

17,000 patients with ACS. There is evidence of an adverse outcome in patients with 

an elevated GDF-15 level in highly selected trials with NSTEMI and the non-selected 

chest pain population.(101–103) There is evidence that GDF-15 can provide 

incremental information beyond the GRACE score.(104,105) GDF-15 has also been 

found to be independently associated with cardiovascular events and all-cause 

mortality when adjusted for high sensitivity troponin.(106) Schaub et al.(107) reported 

that GDF-15 could predict all-cause mortality in unselected chest pain independently 

and with greater accuracy than high sensitivity troponin and BNP, however, did not 

aid the early diagnosis of myocardial infarction.(107) Whilst there are several studies 

that show a prognostic role of GDF-15 in ACS, these studies generally include fair 

proportions of patients with confirmed AMI.(107) There is little information about 

whether GDF-15 can provide incremental information beyond the HEART and TIMI 

score, particularly when MI has been excluded.  
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High sensitivity C Reactive protein 

C-reactive protein (CRP) is an acute-phase reactant released in response to 

inflammation. CRP primarily exists in the plasma in its pentameric form, where five 

identical monomers are bonded non-covalently to give rise to the 115,135Da unit 

resembling the structure of a doughnut.(108) It is primarily synthesized in hepatocytes 

under the transcriptional regulation of cytokines including Interleukin-6 (IL-6), 

Interleukin-1 (IL-1) and Tumour Necrosis Factor-α (TNF- α).(109) Hepatic synthesis 

is driven at the transcriptional level by IL-6, expressed mainly by macrophages, T 

cells, and adipocytes. CRP may also be produced by other tissues, including smooth 

muscle cells, arteries, and the kidney. In healthy subjects, CRP levels are usually less 

than 2mg/litre(109) with median concentrations of 0.8mg/l. In the setting of ACS, 

levels of CRP increase.(110,111) There has been considerable debate over the role of 

CRP in cardiovascular disease, and in particular, whether CRP has a direct causal role 

in atherogenesis or whether CRP levels simply reflect the underlying process. Higher 

CRP levels in ACS are an independent predictor of mortality(112–114) heart 

failure(112,113) and future cardiovascular events,(115) and could add prognostic 

information to the TIMI risk score in patients with NSTEACS, but not the GRACE 

score.(116,117) Other studies show a limited role of high sensitivity CRP, particularly 

in those studies using high sensitivity troponin and those with MI excluded.(118–120) 

Natriuretic peptides  

Brain Natriuretic Peptide (BNP) is a hormone secreted along with the prohormone N-

terminal BNP (NTproBNP) from cardiac myocytes in response to increased 

ventricular wall stress. BNP and NTproBNP are already used in screening and the 

prognosis of heart failure, as endorsed by NICE guidelines. After myocardial 
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infarction, BNP rises rapidly and peaks at 24 hours, and the peak levels are 

proportional to the infarct size.(121,122) Prior to the development of high sensitivity 

troponin assays, BNP was found to be elevated in ischaemia in the absence of 

necrosis.(123) NTproBNP has been found to be an independent predictor of outcome 

in ACS, including when assessed in patients with chest pain and the absence of ST 

elevation.(124,125) A sub-study of OPUS TIMI 16(126) demonstrated a relative risk 

of 7.9 for mortality between the lowest and highest quartile of BNP amongst patients 

who had confirmed unstable angina. Morrow et al. reported in the TACTICS-TIMI 18 

trial(127) that BNP level was found to improve risk stratification in patients with 

confirmed ACS who had non-high sensitivity troponin levels in the normal range. 

There have been some studies looking at the role of BNP/NTproBNP beyond the 

GRACE and TIMI score, but was not found to be significant.(128,129) There is a 

paucity of data for the role of BNP/NTproBNP in patients who present with chest pain 

and have MI excluded, particularly beyond risk scores in the high sensitivity troponin 

era. 

Galectin-3 

Galectin-3 is a member of the galectin family, a family of proteins that can bind to 

carbohydrate beta-galactosidase. Galectin-3 is a protein that is approximately 30kDa 

in size and is elevated at 1 – 4 hours following acute myocardial infarction and by 4-

5 days falls below baseline.(130–132) Galectin-3 is involved in a wide range of 

functions, including cell adhesion, cell activation and inflammation. Galectin-3 has 

also been identified to play critical roles in cardiovascular conditions, including 

cardiac remodelling and myocardial fibrosis.(133,134) Galectin-3 is associated with 

cardiovascular disease risk factors and a predictor of all-cause mortality in the general 

population.(135) Galectin-3 is an independent predictor of mortality and heart failure 
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following acute myocardial infarction.(136) Some researchers have speculated that 

Galectin-3 may be an initiator of plaque rupture.(137) Galectin-3, measured post-MI, 

has been found to yield a similar prognostic value to GRACE score in patients with 

confirmed MI.(138) Kittanakom et al.(139) studied Galectin-3 using two high 

sensitivity troponin assays (Abbott and Roche) in patients with chest pain, but this was 

with small numbers and a very short follow up (72 hours); this reported Galectin-3 

was inferior to high sensitivity troponin in early risk prediction, and provided no 

additional information. Tian et al.(140) summarised in a meta-analysis that there 

limited evidence for Galectin-3 in the prediction of outcomes in AMI.  

Statistical methods for analysing biomarkers 

Many different statistical methods can be used in assessing the performance of a 

biomarker, and usually, a number of approaches are used.    

Sensitivity, Specificity, PPV and NPV  

Sensitivity and the Negative Predictive Value (NPV) are useful ways of assessing the 

ability of a test to rule-out a condition. Sensitivity is the ability of a test to identify a 

true positive based on the true positive rate. NPV is the probability that a patient does 

not have the condition if they have a negative test result. These two parameters are 

related. The Specificity and PPV are usually of more relevance when trying to rule-in 

a condition.  

Equation 1 

!"#$%&%'%&( = *+,"	./$%&%'"$/(*+,"	./$%&%'"$ + 345$"	6"74&%'"$) 

Equation 2 

!9":%;%:%&( = *+,"	6"74&%'"$/(*+,"	6"74&%'"$ + 345$"	./$%&%'"$) 
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Equation 3 

./$%&%'"	.+"<%:&"<	=45,"
= *+,"	./$%&%'"$/(*+,"	./$%&%'"$ + 345$"	./$&%'"$) 

Equation 4 

6"74&%'"	.+"<%:"<	=45,"
= *+,"	6"74&%'"$/(345$"	6"74&%'"$ + *+,"	6"74&%'"$) 

 

Table 6. 2x2 contingency table showing sensitivity, specificity, NPV and PPV 
 MACE No MACE  
Biomarker 
elevated 

True positives (TP) 
(Correctly identified) 

False positives (FP) 
(Type I error) 

PPV 
=TP/(TP+FP) 

Biomarker 
not elevated 

False negatives (FN) 
(Type II error) 

True negatives (TN) 
(Correctly identified) 

NPV 
=TN/(TN+FN) 

 Sensitivity 
=TP/(TP+FN) 

Specificity 
=TN/(FP+TN) 

 

2x2 contingency table showing calculations for sensitivity, specificity, NPV and 
PPV. 
 

Receiver Operator Characteristic analysis 

Receiver Operator Characteristic (ROC) analysis is a tool used to evaluate the 

performance of a diagnostic test over the range of values and the accuracy of a 

statistical model (such as logistic regression and Cox proportional hazards regression 

models) with a binary dependent variable. ROC curves are a plot of the True Positive 

Rate (Sensitivity) vs the False Positive Rate (1-Specificity), and the Area Under the 

Curve (AUC) provides the C-statistic. The C-statistic provides information on the 

model as a whole. A test with perfect discrimination between those with a condition 

and those without would have a C-statistic of 1. A C-statistic equal to 0.5 would 

suggest the test is no better than random chance.  
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Suggested C-statistic cut off values(141) 

0.90 - 1.00: Excellent discrimination 
0.80 - 0.90: Good discrimination 
0.70 - 0.80: Fair discrimination 
0.60 - 0.70: Poor discrimination 
0.50 - 0.60: No discrimination 
 

Figure 4. ROC curves for different strengths of models 

 

  

Graph showing ROC curves for three models. Curve A, reaching closest to the upper 
left corner of the chart, has the best model discrimination. Curve B shows some 
discriminatory ability of the model but not as strong as A. Curve C plots a model with 
random chance.   
 

Optimal cut-off value 

The Generalized Youden’s Index (J) is a common measure of the maximal potential 

effect of a variable when equal weighting is assigned to both sensitivity and 

specificity. Graphically, it is represented as the maximum vertical distance between 

the plotted curve and the diagonal line. It is represented by Equation 5. Another 

common measure is the point on the curve closest to the upper left corner, as shown 

in Equation 6. However, when investigating a continuous variable for accurately 

ruling out a condition, the top right-hand side of the graph provides the most useful 
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information.(142) An ideal rule-out test would have a curve that shows high sensitivity 

corresponding to a high NPV (see Figure 5). An ideal ‘rule-in’ test would have a curve 

that shows high specificity corresponding to a high PPV.  

Equation 5 

J = Max	(sensitivity + specificity) − 1 

Equation 6 

Distance = O(1 − sensitivity)! + (1 − specificity)! 

Figure 5. ROC curves showing favourable ‘rule in’ and ‘rule out’ tests 
 

 
 

Curves A and B have an equal AUC; Curve A has a profile more favourable of a test 
that ‘rules out’ a condition, and Curve B has a profile more favourable of a test that 
‘rules in’ a condition.   
 

Kaplan-Meier analysis 

KM analysis is a non-parametric assessment of time to event.  It provides a plot of the 

probability of event-free survival over time in subject groups with different conditions 

or treatments. KM analysis can deal with censored data. The Mantel-Cox Log-Rank 
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is one method used to compare curves across follow-up, with statistical significance 

between curves being usually accepted when the p-value is <0.05. 

Logistic regression 

Logistic regression is a method of assessing variables and provided odds ratios when 

the dependent variable is binary. ROC curve analysis can be performed on logistic 

regression. Equation 7 shows the formula for logistic regression. 

Equation 7 

Logistic Regression = ln Q
P(X)

1 − P(X)	T = b" + β#X# + β!X! +⋯+ β$X$ 

b0 = estimation of regression intercept 
b1 = estimation of regression slope 
X = independent variable 
e = random error component  
 
 

Net Reclassification Index (NRI) 

The NRI was first developed by Pencina(143) for categorical variables, and a method 

for continuous variables (category-free) was created a few years later.(144) The NRI 

measures how well a new model can correctly reclassify patients over a previous 

model. The overall NRI is a sum of the net percentages of patients who have either 

been correctly reclassified (event NRI) or without (non-event NRI) the event in 

question. The maximum value of the overall NRI is 2; an NRI above 0.6 would be 

considered strong, 0.4 intermediate and 0.2 weak.(145) It is essential to also look at 

the values of the non-event NRI and event NRI individually.(146) The event NRI and 

non-event NRI can be interpreted as percentages, ranging between -100% and 100%. 

The formula for NRI is shown in Equation 8.   
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Equation 8 

NRI = P(up|event) − P(down|event) 	+ P(down|nonevent) − P(up|nonevent) 

Cox Proportional Hazards Regression 

Cox Proportional Hazards Regression is a form of survival analysis that assesses 

event-free survival time on predictors. This form of regression provides Hazard Ratios 

(HR).   

Equation 9 

ℎ%(&) = ]^9(α + β#x&# + β!x&! +⋯+ β$x&$) 

hi(t) = hazard function for individual i 
b = regression coefficients estimated from the data 
x = covariates 

 

The population of Liverpool 

Finally, it is important to note that Liverpool is one of the most deprived regions in 

England. The local authority districts of Liverpool and Knowsley are in the top five 

districts in England with the largest proportion of highly deprived neighbourhoods. 

Liverpool has the highest Health Deprivation and Disability index, at a staggering 

45.8% of neighbourhoods.(147) Cardiovascular disease kills 20% of people in 

Liverpool.(148) The Healthy Life Expectancy in Liverpool is six years lower than the 

average across England; there are higher rates of smoking (18.9% vs 15.5%), high 

alcohol consumption (29% vs 26%) and having a Body Mass Index above 25kg/m2 

(65% vs 61%). It has also been calculated that the avoidable admissions rate per 

100,000 population in Liverpool is 1.112 whereas in England is 0.821. Liverpool 

Clinical Commissioning Group (CCG) proposed One Liverpool,(148) a strategic plan 

for improving health in the region. This includes improving the premature mortality 



 
47 

rate from cardiovascular disease and reducing unplanned avoidable admissions with 

cardiovascular disease. Epidemiology data shows that although mortality due to 

coronary heart disease has fallen over the last decade, those in the most deprived 

deciles have a worse prognosis than those in the least deprived.(149) It has also 

previously been demonstrated that unemployed patients or live in deprived areas have 

a worse outcome following PCI.(150)   

Gaps in the literature 

There are many studies looking into the management of patients with ACS, although 

there are some areas in which the evidence is lacking. There is little data on the 

incremental information biomarkers provide beyond standard clinical risk methods in 

the high sensitivity troponin era, particularly when troponin levels are normal.  

This thesis aims to bridge some of the gaps in the current literature. Chapter 3 will 

report the demographics of the study cohort, how these patients are managed and 

associated MACE rates. Chapter 4 will look at the risk scores TIMI, HEART and 

GRACE scores and evaluate the performance of risk score in patients who present 

with ACS who have had MI excluded. Chapter 5 examines levels of novel biomarkers 

and the prognostic information these provide. Chapter 6 is a preliminary analysis 

looking at the role of biomarkers in the rule out of early MACE. Chapter 7 analyses 

the prediction of MACE using established risk scores and whether serological 

biomarkers can provide additional information beyond these scores.  

This thesis describes how serological biomarkers could help manage patients who 

present to the Emergency Department with chest pain and have a ‘normal’ high 

sensitivity troponin level. It will assess how these biomarkers could improve the short 

and long-term prediction of MACE. The ability to accurately identify those at high 
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risk of short-term MACE could facilitate early appropriate cardiovascular 

investigation and treatment of these patients whilst allowing early discharge and 

reducing unnecessary investigation in low-risk patients. The ability to accurately 

identify those at risk of long-term MACE provides an opportunity to intervene for 

lifestyle advice and aggressive risk factor modification to improve their long-term 

prognosis. 

Main research question 

Can non-necrosis biomarkers provide incremental prognostic information to 

established risk scores and high sensitivity troponin levels? 

Aims and objectives 

To investigate the demographics, management and outcome of patients who present 

with chest pain and have high sensitivity troponin T levels below the 99th percentile. 

To determine the risk score that performs best in these patients. 

To establish the prognostic role of serological biomarkers in patients who present with 

chest pain and have MI excluded.  

To examine whether the incorporation of biomarkers to risk scores can improve risk 

stratification. 
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CHAPTER 2. GENERAL METHODS 
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Study design 

A prospective observational study looking at the diagnosis, management and risk 

stratification of patients who present with suspected ACS who have Hs-cTnT levels 

below the 99th percentile, and, the additional role beyond risk scores that non-necrosis 

biomarkers may play. 

Centre of recruitment  

University Hospital Aintree NHS Foundation Trust is a large teaching hospital 

providing acute healthcare to a population of 330,000. There is a catchment area of 

33-square miles, covering the areas of North Liverpool, South Sefton and Kirkby, 

which, include some of the most socially deprived communities in the country. There 

is a large Emergency Department (ED) which treats over 86,000 patients a year. There 

are 712 inpatient beds. At the time of recruitment, within the cardiology unit there is 

a 52-bedded ward and an 8-bedded Coronary Care Unit (CCU). The Heart Assessment 

Centre (HAC) is an 18-bedded inpatient ward aimed to rapidly assess, diagnose, and 

treat patients with potential cardiac pathology, including low to medium risk ACS. 

The department has a strong imaging profile, which includes a stress 

echocardiography, CT coronary imaging and a cardiac MRI service. There is a cardiac 

catheterisation laboratory for diagnostic angiography during normal working hours.    

Invasive treatment of ACS in the region 

UHA does not perform coronary intervention. Liverpool Heart and Chest Hospital 

(LHCH) is the regional tertiary cardiac centre and the only unit covering Merseyside, 

the Wirral and parts of Cheshire that performs PCI and CABG. If a patient with cardiac 

chest pain is identified as having ST elevation or a presumed new LBBB on their ECG, 

the PPCI pathway should be activated and the patient would be taken, or transferred, 
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to LHCH for urgent coronary angiography +/- coronary intervention. When a patient 

presents to a local hospital with an NSTEMI, initial medical treatment will usually be 

provided by that hospital and a referral made to LHCH, with a view to transferring the 

patient for inpatient coronary angiography/coronary intervention. Patients who have 

unstable angina may also be referred via this method, particularly if they have 

convincing on-going symptoms or dynamic ECG changes.  

Participants 

Adult patients who provided written informed consent to take part in the study, after 

presenting to University Hospital Aintree with chest pain who were found to have Hs-

cTnT levels below the 99th percentile when taken between 6-12 hours post chest pain. 

Patients were excluded if they had a history of chronic atrial fibrillation or chronic 

heart failure as biomarker levels are likely to be affected by these underlying 

conditions.(151–153) 

Patient inclusion criteria: 

• Age 18 years and above. 

• Presenting with chest pain that suspected to be ACS by reviewing doctor. 

• Hs-cTnT ≤14ng/l between 6–12 hours of chest pain. 

• Consent for inclusion in the study and consent for follow up. 

Patient exclusion criteria: 

• Known history of chronic heart failure 

• Chronic atrial fibrillation. 

• Recent ACS in preceding 6 weeks. 

• Prisoners 
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• Pregnancy 

• Non-English speakers 

 

Patient identification and recruitment 

All patients who present as an emergency to University Hospital Aintree NHS 

Foundation Trust are logged on to the hospital computer system Sigma, along with the 

presenting complaint. During times of recruitment, this list was reviewed to identify 

patients who may fulfil inclusion criteria. Electronic notes were also reviewed to look 

for established exclusion criteria. If the troponin result was within the normal range, 

the patient's admission case notes were reviewed to ensure suitability. A discussion 

was then made with the patient to review the clinical presentation and recruited to the 

study, if appropriate. Patient recruitment was performed by a single researcher (JJ) 

that primarily worked during daytime and evening hours and mostly over weekdays, 

although weekends were also used to recruit. The facility where serum samples were 

stored was closed between 10pm and 7am, therefore no patients who had troponin 

samples analysed during this time were recruited. It would have been optimal to recruit 

consecutive patients 24/7, but it is not anticipated that this would have led to 

significant bias.  

Standard clinical care  

Patients presenting to the ED with chest pain are triaged by an ED nurse.  An initial 

12 lead ECG is taken at this point. Blood samples for troponin levels were taken at 

least 6 hours after the onset of pain and in some patients with high clinical suspicion 

would have had these repeated at 12 hours. Patients self-presenting to ED or via the 

paramedics would be reviewed doctors in the ED; if admission was felt necessary, 
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patients would have been referred to the Medical Assessment Unit (MAU), Coronary 

Care Unit (CCU) or Heart Emergency Centre (HEC). Patients referred via the GP may 

have bypassed the ED step and been directly admitted to HEC. This study did not 

interfere with standard hospital care. All clinical decisions were made by the patient’s 

clinician who were blinded to biomarker results. Internal pathways and protocols exist 

for the medical management of ACS in UHA, but these are not strictly enforced.   

Electrocardiogram 

It is hospital protocol to perform a 12-lead ECG in patients who present with chest 

pain on admission. Further ECGs are performed depending on the request of the 

clinician looking after the patient and the clinical situation. Only ECGs performed in 

hospital were interpreted. These ECGs were reviewed by a single experienced 

observer (JJ) and the following information was recorded: cardiac rhythm, ventricular 

rate, QRS duration, ECG criteria for left ventricular hypertrophy, ST-T wave changes 

and the presence of ventricular ectopy. Cardiac rate, QRS and QTc interval were 

reported on the automated ECG analysis software, these figures were checked by the 

observer and if they were felt inaccurate - measurements were made manually.  Left 

ventricular hypertrophy was defined as fulfilling either Sokolow-Lyon or Cornell 

voltage criteria, measured manually. ST segment deviation, T wave changes and 

presence of ectopy and Q waves were determined manually.   

Definition of ECG abnormalities  

ST segment depression 

ST segment shift in any lead below the isoelectric line to the nearest 0.5mm.   
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T wave changes 

T waves were classed as either normal, flat, inverted or deeply inverted in any lead 

other than AVR and lead III. Inverted T waves were defined as a negative deviation 

from the isoelectric line. Deep T waves were defined as the nadir of the T wave 

measuring 3mm from the isoelectric line. 

Left ventricular hypertrophy definition 

Left ventricular hypertrophy was defined using the Sokolow-Lyon index and Cornell 

voltage criteria. 

Sokolow-Lyon index 

• S in V1 plus R in V5 or V6 ≥ 35mm 

• R in AVL ≥ 11mm 

Cornell voltage criterion 

• R wave in aVL and S in V3 >28mm in men or >20mm in women 

Abnormal Q waves 

A normal Q wave was defined as narrow <0.04s and should not exceed 25% of the 

amplitude of the following r wave, though exceptions exist in leads III, aVL and aVF.  

An abnormal Q wave was defined as the presence of Q waves that did not fit the 

aforementioned criteria for a normal Q wave. 

General Laboratory procedures 

Post phlebotomy, blood samples are taken to the biochemistry laboratory in a timely 

fashion. All troponin samples are marked 'urgent' and analysis for these samples were 
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prioritised over routine clinical samples. Samples were centrifuged for 10 minutes. 

Troponin samples were analysed as part of clinical care in the UHA biochemistry 

laboratory. For patients recruited to the biomarker study, the remainder of serum was 

divided, depending on the quantity of serum remaining, between 3 and 5 storage 

containers 'Elkay 1.5mL Printed tube with skirted base' with 'Elkay screw cap with O 

ring' and stored at -80 degrees centigrade.  

High sensitivity Troponin T analysis 

Initial troponin samples were analysed on a Roche Elecsys 2010 Immunoassay 

Analyser. In November 2011 there was an upgrade in the analysing equipment in the 

biochemistry laboratory and subsequently troponin samples were analysed on a Roche 

Cobas 8000 e602 Module Analyser. All troponin assays were measured using Roche 

Cobas Troponin T immunoassay, prior to 2012 the Roche Cobas Troponin T HS 

electrochemiluminescence 'ELICIA' immunoassay STAT assay was used, which was 

then substituted for the Roche Cobas Troponin T HS electrochemiluminescence 

ELICIA immunoassay so that Troponin T could be analysed at the same time as other 

standard biochemical tests (renal function and electrolytes, liver function tests, bone 

profile, lipids) in order for a faster turn-around time. During recruitment, Roche 

Diagnostics issued a technical bulletin reporting a downward shift in the 

standardisation against the master lot. This led to an underestimation of Hs-cTnT 

levels, particularly in those with very low concentrations. Affected batches 16019701 

and 16370401 were in use at the time of recruitment and for Hs-cTnT values measured 

on this, adjustments were made in keeping with manufacturer guidelines. The normal 

range for Hs-cTnT is ≤14ng/l. The limit of blank is <3ng/l and LOD and 5ng/l. The 
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coefficient of variation was 10% at a level of 13ng/l. For statistical analysis, levels 

less than the limit of blank were reported as 2ng/l.  

Haemolysis 

If high sensitivity troponin samples were haemolysed, these samples were repeated as 

per routine clinical care and research samples were only taken on non-haemolysed 

serum samples.  

Baseline characteristics 

Baseline characteristics were obtained from patient questioning and their medical 

notes. These included age, gender, time of chest pain, time of arrival, time of 

discharge, if discharged directly from ED, haemoglobin level, platelet count, white 

cell count, packed cell volume, creatinine, troponin, blood pressure, heart rate, 

respiratory rate, past medical history, existing medication and acute medical treatment. 

Clinical scoring systems 

GRACE, HEART and TIMI risk scores, the Charlson Comorbidity Index, and, NICE 

Chest Pain pre-test probability of coronary artery disease, were determined by a single 

physician (JJ). There was a ‘Chest pain proforma clerking document’ produced for the 

emergency department to streamline the clerking procedure and assist with 

management of patients. This included a ‘tick-box’ history section with commonly 

used parameters to describe pain in keeping with the HEART score pain descriptors. 

If these were completed then they would have been used for calculation of the risk 

score, but history was confirmed by patient interview. Whilst the GRACE score was 

in use in the department at the time of recruitment, this score was primarily used for 

those with established myocardial infarction and was infrequently completed for those 
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patients who had normal high sensitivity troponin levels. Therefore, all scores were 

calculated by the author using case notes and patient interview and determined at the 

time of recruitment, thereby reducing bias as outcome events would have not been 

undertaken at this time.   

GRACE 

The absolute GRACE Score was calculated for each patient using the online GRACE 

Score calculator found at the Uniform Resource Locator (URL): 

https://www.outcomes-umassmed.org/grace/acs_risk/acs_risk_content.html   

HEART SCORE 

The HEART Score was determined by using the online HEART Score calculator 

found at the URL: https://www.mdcalc.com/heart-score-major-cardiac-events   

The history graded as ‘Highly suspicious’ if all features of pain were in the high-risk 

features, 'slightly suspicious' if no high-risk features were present and 'moderately 

suspicious' if features from both groups were present. If a patient only had 1 feature 

from the high-risk category and no features from the low-risk features of chest pain 

then the pain was graded as ‘moderately suspicious’. ECG changes were counted, 

repolarization abnormalities if they had T wave inversion.   

TIMI score 

TIMI Score for Unstable Angina / NSTEMI was calculated using the online software 

found at the URL: https://www.mdcalc.com/timi-risk-score-ua-nstemi 
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Charlson Comorbidity Index  

The Charlson Comorbidity Index (CCI)(154) was calculated using the online Charlson 

Comorbidity Index calculator found at the Uniform Resource Locator (URL): 

https://www.mdcalc.com/charlson-comorbidity-index-cci#evidence  

 

Table 7. Risk according to features of chest pain. 

High risk features of chest pain Low risk features of chest pain 

Tight / heaviness / pressing/ crushing / 
squeezing pain 

Retrosternal discomfort 

Nausea and/or vomiting 

Perspiration 

Improved with nitrates 

Exacerbated by cold/ emotion / exercise 

Well localized 

Sharp 

Reproducible with palpation 

Seconds in duration 

Worse on movement 

Positional 

Pleuritic 

Related to food 

Table showing the features of chest pain categorised into high or low risk features, in 
keeping with HEART score typicality of chest pain.   
 
 

Novel biomarker analysis 

Novel biomarkers were analysed using the serum sample alloquots stored at -80 

degrees centigrade. GDF-15 was measured in-house in the University of Liverpool’s 

Clinical Sciences Laboratory. HFABP was analysed in the Countess of Chester 

Hospital Laboratory. The other novel biomarkers Galectin-3, HS-CRP, NTproBNP 

were measured by Abbott’s Laboratories in Illinois, USA. Specialist courier services 
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were used to transport the samples by air on dry ice. Sample temperature was 

monitored throughout and were repeatedly topped up with dry ice.   

Heart type fatty acid binding protein 

HFABP was measured using the HFABP CE marked automated Immunoturbidimetric 

immunoassay from Randox (Randox Laboratories Ltd, Crumlin, UK). This was 

analysed using a AU5800 Beckman Coulter Analyser. The analytical range is between 

3.49-120ng/ml. The coefficient of variation at the Level of Quantification (LoQ) of 

3.19µg/l is 10.4%, with a Level of Blank (LoB) of 0.455µg/l and Level of Detection 

(LoD) of 0.765µg/l.(155) HFABP was analysed as per the manufacturer guidelines.  

GDF-15 

GDF-15 was measured via a quantitative	 sandwich	 enzyme	 immunoassay	

technique using the Quantikine® ELISA Human GDF-15 kit from R&D systems. The 

assay range was 23.4pg/ml– 1,500pg/mL. The coefficient of variation at 225pg/mL 

was 6%. Samples were defrosted to room temperature prior to analysis. 

GDF-15 was analysed as per the manufacturer guidelines: 

• 100μL of assay diluent was added to each well. 

• 50µL of standard or sample was added to each well and incubated for 2 

hours at room temperature on a horizontal orbital microplate shaker. 

• Each well was then aspirated and washed four times using the wash buffer. 

• 200µL of GDF-15 conjugate was added to each well and incubated at room 

temperature for a further 1 hour. 

• Samples were again aspirated and washed. 
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• 200µL of substrate solution was added to each well and incubated for 30 

minutes at room temperature protected from light. 

• 50µL of stop solution was added to each well. 

• The plate was then inserted into the Tecan GENios Plus microplate reader 

set at 450nm. 

The average of duplicate readings for each standard, control and sample were 

calculated and the average zero standard optical density was subtracted. XFLUOR4 

software was used to create a four-parameter logistic curve-fit.   

Galectin-3  

Galectin-3 was measured using the Abbott Architect Galaectin-3 chemiluminescent 

microparticle immunoassay and performed according to manufacturer guidelines at an 

Abbott Laboratory. This assay is designed to have an imprecision of £10% total 

coefficient of variation at concentrations ranging from 4.0 to 114.0ng/ml. The LoB 

was 1.0ng/mL and LoD was 1.1ng/ml.   

High sensitivity C reactive protein 

HS-CRP was measured using the Abbott CRP Vario latex immunoassay for use with 

ARCHITECT. The LoB 0.04mg/l, LoD 0.13mg/l and LoQ 0.30mg/l. The coefficient 

of variation is less than 20% at the level of quantitation.   

N terminal brain natriuretic peptide 

NT-proBNP was measured using the Abbott Architect Alere NT-proBNP 

chemiluminescent microparticle immunoassay and performed according to 

manufacturer guidelines at an Abbott laboratory. The measurable range is between 20 
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and 35,000pg/ml. The LoB 8pg/ml, LoD 20pg/ml and LoQ 48pg/ml. The coefficient 

of variation is 20% at the LoQ.   

Troponin I Architect 

High sensitivity Troponin I was measured using the Abbott Architect STAT High 

Sensitive Troponin I chemiluminescent microparticle immunoassay in accordance 

with manufacturers guidelines at an Abbott laboratory. The precision at the 99th 

percentile of 26.2pg/ml is 4.0%. 

Primary study end points 

The primary end point was MACE. MACE was defined as a composite of 

cardiovascular mortality, adjudicated non-fatal myocardial infarction and unstable 

angina requiring revascularization. Cardiovascular mortality and adjudicated non-fatal 

myocardial infarction are fairly hard endpoints that are relevant to the study question. 

Unstable angina requiring revascularisation is a softer endpoint, but this end point was 

again felt to be relevant to the study question. Secondary end points included repeat 

attendance to UHA with chest pain, any coronary revascularisation and all-cause 

mortality were also analysed.  

A number of methods were used to identify patients who had experienced an end point. 

Electronic medical records (SIGMA) at University Hospital Aintree were searched 

specifically for further AED presentations, hospital admissions, and death; if present, 

notes were reviewed for presence of recorded symptoms, signs or diagnosis 

compatible with an endpoint. Mortality is logged on SIGMA for all in-hospital deaths 

and is updated via the NHS Spine. A 6-month gap between end of follow up period 

and identifying mortality was left to ensure time for data to be uploaded onto electronic 
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patient record. Biochemistry results at University Hospital Aintree were also reviewed 

to determine if further troponin levels had been measured.   

The Patient Administration System (PAS) at the regional tertiary cardiology centre, 

Liverpool Heart and Chest Hospital (LHCH), where CABG and both elective and 

emergency angioplasty (including PPCI) is carried out. This identified patients who 

have had an encounter at this hospital. If present, LHCH electronic medical records 

were then reviewed. If patients were logged on the PAS, then coding information was 

also viewed on this system. The angiography and angioplasty reporting system 

(TOMCAT) at LHCH were reviewed to determine if a patient had been logged as 

having a procedure, primarily those undergoing angioplasty. The angiography 

imaging software (Xcelera) was also reviewed to see which patients may have 

undergone angiography or angioplasty at LHCH. Picture Archiving and 

Communication System (PACS) was used to identify patients who had undergone a 

chest x-ray, which is routine in chest pain, myocardial infarction and CABG and the 

reason sought. Clinical Radiology Imaging system (CRIS) was reviewed to see which 

patients may have been referred for a radiological procedure following admission, 

including chest x-rays and angiography. CRIS is linked between hospitals in the 

region, so activity in local hospitals including The Royal Liverpool Hospital, Whiston 

Hospital, Southport Hospital, Arrowe Park Hospital, Liverpool Heart and Chest 

Hospital, and University Hospital Aintree. For any patients who required chest x-ray 

the indication was reviewed for any admissions that might be compatible with chest 

pain or an end point. The Confidentiality Advisory Group provisionally supported the 

application for Hospital Episode Statistics/linked Office of National Statistics 

mortality data. This was dependent on a further application to the Research and Ethics 

Committee. The results of this were outside of the timeframe of this thesis.  
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Non-fatal myocardial infarction 

Any patient who was found to have a subsequent troponin elevation or coronary 

revascularisation was considered to have potential for achieving the end point 

myocardial infarction. An adjudication pack was produced for all patients who had a 

troponin elevation providing details of the admission (age, gender, admission 

observations, blood results, ECGs, relevant excerpts of clinical history and past 

medical history, relevant imaging up to 6 weeks following admission, and discharge 

details). Adjudication was then performed by an independent cardiologist 

(AK/RD/TH) who were blinded to the novel biomarker results. Details of the universal 

definition were provided in the pack and they were asked if they felt this presentation 

was due to a Type 1 Myocardial Infarction, Type 2 Myocardial Infarction, acute 

myocardial injury, chronic myocardial injury or other. An option for requiring more 

information was given. Patients who presented as part of the PPCI pathway activation 

who went onto have emergency coronary angiography and revascularisation were 

considered as having an AMI. The admission details for any patient who had 

undergone revascularisation, or any patients transferred for revascularisation were 

reviewed to look for the potential of MACE.  

Unstable angina and revascularization 

The end point unstable angina and revascularization was defined as any patient, with 

myocardial infarction excluded or normal troponin levels, who required inpatient 

coronary revascularization, by means of percutaneous intervention or coronary artery 

bypass grafting, after presenting with symptoms felt to be cardiac in nature by the 

treating physicians.  Patients who had ‘early’ or expedited outpatient revascularization 
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after presenting were recorded, but not considered a primary outcome event; as this 

was felt a softer endpoint.    

Mortality 

The cause of death was determined in one of two methods, review of hospital records 

and official death certification. Hospital records of all patients who had died were 

reviewed. For patients who were in hospital at the time of death and the cause of death 

was clear from diagnostic information and had been documented in the notes, this 

cause was used. If a patient was under the care of a palliative care team with a clear 

terminal condition (such as metastatic malignancy) in the 6 weeks prior to death, the 

cause of death was attributed to that condition. If no information was available from 

hospital notes, copies of the official death certificates were retrieved from the General 

Register Office. All-cause mortality was defined as any patient who had died within 

the follow up period of any cause. Cardiovascular mortality was defined as having a 

cause of death in section I(a) on the official death certificate due to coronary artery 

disease, myocardial infarction, and heart failure due to coronary heart disease.   
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Figure 6. Flow chart for diagnosis when troponin levels are elevated 

 

Thygesen et al. Fourth universal definition of myocardial infarction (2018).  

Representation with chest pain 

A record was also kept of patients who had presented to UHA who had a further 

presentation to UHA with chest pain, regardless of the aetiology. 

Sample size calculations 

To fulfil the ‘rule of thumb’ of covariate analysis in logistic regression of 1:10 ratio 

between covariates and number of endpoints would mean the enrolment of 

approximately 500 acute chest pain admissions with a median follow-up of 

approximately 2 years (10 co-variates in the logistic regression analysis). This would 
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equate to an estimated event rate of death or nonfatal acute coronary system in 100 

patients. Assuming that 15% of our sample will have at least one positive biomarker 

and using a significance level of 0.05, a sample of 500 patients will give us 84% power 

to detect a relative risk of 2.3 and 91% power to detect a relative risk of 2.5. 

Timeframe of project 

Patient recruitment took place between January 2011 and February 2013. Follow up 

took place in July 2018 and looked for events up until the end of 2017.  

Time points analysed 

A number of time points were assessed during analysis depending on the outcome 

being assessed. Rule out strategies were assessed using outcome at 8 weeks and 6 

months; these time points were chosen to maximise events whilst trying to retain 

clinically relevant time frames. Logistic regression was performed using 3 year 

outcome data, as this reflected the prespecified study protocol. Cox-Proportional 

Hazards Regression was performed on long term data, as the length of follow up was 

greater than expected and the non-cardiovascular mortality was higher than 

anticipated, and this method takes into account censoring.  

Statistical analysis 

Statistical analysis was performed using IBMâ SPSSâ Statistics Version 27, R, 

Microsoftâ Excel for MAC Version 16.49 and easyROC.(156) Statistical methods are 

described in detail in each results chapter.  Descriptive statistics were performed using 

Microsoftâ Excel for MAC Version 16.49 and IBMâ SPSSâ Statistics Version 27. 

Several methods of analysis were used to assess each of the biomarkers in isolation 

and in combination with other risk stratification methods, including the HEART, TIMI 
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and GRACE scores. ROC analysis using IBMâ SPSSâ Statistics Version 27 and 

easyROC(156) software which is based on R programming language was used to 

assess the overall model fit of risk scores and biomarker levels, and to establish the 

optimal cut-off value defined as a NPV of 99.5%. Sensitivity was calculated using 

easyROC(156) for several different strategies for predicting short-term MACE and the 

distribution of biomarkers between those who experienced MACE and those with 

event-free survival were reviewed. Univariable and multivariable logistic regression 

and Cox Proportional Hazards Regression was performed using IBMâ SPSSâ 

Statistics Version 27 to determine significant predictors of MACE. ROC analysis 

would be calculated to assess logistic regression models using IBMâ SPSSâ 

Statistics Version 27 to determine the C-statistic with confidence intervals for each 

model. The ROC curves produced by different models would be compared visually 

using the classification plots and C-statistics. The Net Reclassification Index (NRI) 

was computed using R for the addition of biomarkers to the risk scores HEART, TIMI 

and GRACE scores. Survival analysis was performed using Kaplain-Meier and Cox 

Proportional Hazards Regression analysis using IBMâ SPSSâ Statistics Version 27. 

ROC analysis would also be calculated to assess Cox regression models using IBMâ 

SPSSâ Statistics Version 27 to determine the C-statistic with confidence intervals for 

each model. The statistical analysis was performed by myself with no influence from 

industry that was involved in biomarker analysis. 

Ethical considerations 

Ethical approval was obtained after review by Greater Manchester East Research and 

Ethics Committee 8. See Appendix for Ethics submission documentation, patient 

information leaflets, consent forms and approval certificate. GCP was obtained by the 
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primary researcher (JJ) and Principal Investigator (AK). Informed consent was 

obtained for each participant. All serum was stored in aliquots with a unique identifier 

number for the study. Minor amendments were made to the Patient Information 

Leaflet (PIL) to shorten the document and make the consent process easier. University 

Hospital Aintree NHS Foundation Trust. The study was registered on 

ClinicalTrials.gov registration number NCT03628586.  

Funding 

Funding for this study was provided in house by University Hospital Aintree.  
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CHAPTER 3. DESCRIPTIVE 

STATISTICS OF THE 

INVESTIGATIVE COHORT.  
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Approximately 700,000 people in England and Wales present to hospital with chest 

pain each year, but less than 15% of these have sustained a myocardial infarction.(13) 

There is emerging evidence that patients who have high sensitivity troponin levels 

below the 99th percentile are not automatically free from risk.(157,158)  The aim of 

this chapter is to gain a greater understanding of the demographics and outcomes of 

the patients who present to hospital with suspected ACS and have MI excluded. The 

baseline characteristics of the patients recruited to the study, clinical features, medical 

history, management, and outcomes will be reported. 

 

 

 

 

  

Introduction 
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The methods of this study have been described fully in the General Methods Chapter.  

In brief, participants were consenting adult patients who presented with chest pain and 

had normal Hs-cTnT levels taken between 6-12 hours post chest pain. Patients were 

excluded if they refused consent, had chronic atrial fibrillation, recent ACS or non-

cardiac pain apparent from the outset. Patient recruitment took place between January 

2011 and February 2013. Demographic information, medical therapy, past medical 

history, and details of symptoms were determined at the time of consent from patient 

interview and medical notes. Chest pain character was recorded from patient notes and 

patient interview. The suspicion of chest pain according to the HEART score(159) 

was assessed, with pain that was strongly suspicious consisting of pain with two 

traditional typical features of ischaemia and the absence of any atypical features, 

moderate suspicion was defined as pain with both typical and atypical features, and 

slight suspicion when there was the absence of any typical features. Traditional typical 

features were defined as radiation to the jaw/left shoulder/arms, duration of 5-10 

minutes, initiated by exercise/cold/emotion, perspiration, nausea or vomiting, or relief 

with nitrates. Traditional atypical features were defined as well-localised, sharp, 

reproducible with palpation or pleuritic. Combinations of features thought to be more 

strongly consistent with a diagnosis of unstable angina were defined as the presence 

of chest tightness (or synonyms chest pressure, heaviness, or restriction) and the 

number of additional typical features in the presence of no atypical features. The 

Charlson Comorbidity Index (CCI)(154) was calculated for each individual. ECGs 

were recorded by a single experienced reviewer (JJ) in keeping with the Minnesota 

Code Classification System for Electrocardiographic Findings. The results of any 

Methods 
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other cardiac investigations were obtained from electronic medical records and logged 

in keeping with the final generated clinical report. The discharge diagnosis was 

recorded as specified in the clinical notes on discharge after relevant inpatient 

investigations had been completed. The primary outcome variable of interest was a 

MACE, defined as unstable angina requiring revascularisation, non-fatal type I 

myocardial infarction and cardiovascular mortality. Variables were analysed 

according to the entire cohort and the subgroups of those who experienced MACE. 

Statistical analysis in this chapter was performed using Microsoft Excel and IBM 

SPSS Statistics Version 25. 

 

 

 

 

 

 

 

 

 

 

 



 
73 

 

487 patients were included in the analysis. Median duration from admission to time of 

follow up was 5.83 year, with a maximum duration of 6.97 years from recruitment 

date. 750 presentations were screened for inclusion. Hs-cTnT above the 99th percentile 

was the primary reason for non-recruitment. 546 patients were approached for 

consideration of inclusion. 38 patients had met the exclusion criteria of atrial 

fibrillation or recent ACS; 2 patients could not provide consent as 1 had significant 

learning difficulties and 1 did not speak English; 8 patients refused participation after 

being approached and 11 patients had insufficient serum samples. See Figure 7 for 

flow chart of recruitment. There was complete data for the variables assessed in this 

chapter.   

Figure 7. Flow chart for recruitment 

 
 
Flow chart showing total number of patients approached for inclusion in study and 
total number showing each outcome and final number of patients included in study. 

Results 
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Baseline characteristics 

Baseline characteristics are reported in Table 8. The median age was 56 (IQR 49-66). 

56% of patients were male. 98.4% patients were Caucasian, 1.85% Asian and 0.21% 

Black. All patients were haemodynamically stable, and there were no patients who 

needed inotropic/mechanical cardiovascular support or a referral to Critical Care. 191 

(39.2%) patients self-presented to the AED, 128 (26.3%) patients were admitted via a 

General Practitioner or Walk-In Centre, 153 (31.6%) patients were brought in by 

ambulance after calling 999, and 15 (3.1%) patients were admitted from the outpatient 

clinic.   

Chest pain features 

The characteristics of chest pain were assessed according to a number of single 

descriptors, typicality of pain in keeping with the HEART score and, NICE definition 

of angina, as shown in Table 9. This shows that most patients have chest tightness as 

a descriptive feature, with nearly a fifth who gain relief with Glycerine Trinitrate 

(GTN). Just over a third have the presence an atypical feature of chest pain. Most 

patients do not fulfil the NICE criteria of angina. Yet, 94% of patients do have a 

moderate or high suspicion history of ischaemic pain according to the HEART score.  

Cardiovascular history and risk factors 

There were high rates of cardiovascular risk factors (Table 8) with nearly two thirds 

(64.7%) of patients with hypertension or hypercholesterolaemia. There were also high 

rates of smoking, with 31.2% of patients being a current smoker.  Just under a quarter 

(22.2%) had a first-degree family member with a history of ischaemic heart disease. 

16.2% were diabetic. There were 27.5% of patients who reported a past medical 



 
75 

history of angina and 20.9% had experienced a previous myocardial infarction. 13.8% 

had undergone percutaneous revascularisation and 5.1% had Coronary Artery Bypass 

Grafting (CABG).   

Medical history 

The most prevalent condition in the non-coronary past medical history was COPD 

(19%). COPD was strongly associated with MACE at 12 months (see Table 8). The 

comorbidity of the cohort was assessed using the Charlson Comorbidity Index 

(CCI).(154) The frequency of the total score can be seen in Figure 5. Most patients 

had a score between 0-3.  

Medical therapy 

Nearly half (46%) of patients were taking a statin before admission, reflecting the high 

rates of risk factors (see Table 8). Just over a third (35%) took aspirin, and just under 

a third (33%) were taking an ACE inhibitor. Only 12% were taking a thienopyridine. 

Those who experienced MACE were more likely to be on pre-admission 

cardiovascular medication.  
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Table 8. Baseline characteristics of patients recruited and according to outcome 
 
 

Total 
487 

12-month MACE 
22 

Long-term MACE 
48 

Demographics 
Age 
Male 
 
Risk factors  
Smoker 
Diabetes 
HTN 
Hchol 
FHx 
 
CV history 
Angina 
MI 
PCI 
CABG 
 
PMH 
COPD 
PVD 
 
Baseline meds 
Aspirin 
Clopidogrel 
Betablocker 
ACE 
Statin 

 
56  [11.8] 
273  (56) 
 
 
152  (31.2) 
79  (16.2) 
232  (47.6) 
239  (49.1) 
108  (22.2) 
 
 
134  (27.5) 
102  (20.9) 
67  (13.8) 
25  (5.1) 
 
 
93  (19.1) 
11  (2.3) 
 
 
172  (35.3) 
58  (11.9) 
116  (23.8) 
161  (33.1) 
222  (45.6) 

 
61  [12.1] 
14  (63) 
 
 
8  (36.3) 
9  (40.9) 
14  (63.6) 
16  (72.7) 
6  (27.3) 
 
 
13  (59.1) 
6  (27.3) 
6  (27.3) 
0 
 
 
7  (31.8) 
1  (4.5) 
 
 
17  (77.3) 
3  (13.6) 
10  (45.5) 
14  (63.6) 
14  (63.6) 

 
61  [12.2] 
31  (64.6) 
 
 
16  (30) 
16  (30) 
33  (68.8) 
30  (62.5) 
15  (32.3) 
 
 
32  (60.0) 
21  (43.8) 
19  (39.6) 
2  (4.2) 
 
 
13  (27.1) 
2  (4.2) 
 
 
33  (68.8) 
11  (22.2) 
22  (45.8) 
30  (62.5) 
34  (70.8) 
 

Age is presented as the median with STD in squared parenthesis. Binary variables are 
displayed as absolute number with percentage of group in rounded parenthesis. HTN 
hypertension, Hchol Hypercholesterolaemia, FHx family history, MI Myocardial 
infarction, PCI percutaneous Intervention, CABG coronary artery bypass grafting, 
PMH past medical history, COPD Chronic Obstructive Pulmonary Disease, PVD 
Peripheral Vascular Disease, ACE Angiotensin 2 receptor blocker. 
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Table 9.  Chest pain features in cohort and according to MACE 
 Total 

487 
12-month MACE Long-term MACE  

 
Single descriptors of chest pain 
Atypical features 178 (36.6%) 4  (2.2%) 11 (6.2%) 
Stress induced 49 (10.1%) 4  (8.2%) 6  (12.2%) 
Relief with GTN 86 (17.7%) 5  (5.8%) 14 (16.3%) 
Chest tightness 286 (58.7%) 12 (4.2%) 31 (10.8%) 
 
NICE definitions of angina 
Non-anginal 378 (77.6%) 12  (3.2%) 27 (7.1%) 

Atypical angina  80 (16.4%) 4   (5%) 13  (16.3%) 

Typical angina 29 (6.0%) 6  (20.7%) 8  (27.6%) 

 
HEART score suspicion of ischaemic chest pain 
Slight suspicion  30 (6.2%) 1 (3.3%) 3 (10%) 

Moderate suspicion 215 (44.2%) 5 (2.3%) 12 (5.6%) 

High suspicion  242 (49.7%) 16 (6.6%) 33 (13.6%) 

Table showing absolute number of patients with each chest pain category and number 
of patients who experienced MACE at 12-months and during long term follow up. 
Stress induced = physical or emotional stress.  
 
 

Figure 8. Bar chart showing frequency of Charlson Comorbidity Score 

 
Frequency of patients according to Charlson Comorbidity Score. 
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Investigations 

279 (57.3%) patients did not have any investigations beyond a standard 12 lead ECG, 

routine haematology and biochemistry, echocardiography, and a chest radiograph. 178 

(36.6%) patients went on to have an investigation for a coronary cause. See Appendix 

for flow charts of coronary investigation.   

Troponin levels 

The median index Hs-cTnT level was 4µg/l (IQR 3–7 µg/l). 277 (56.9%) patients had 

a second Hs-cTnT level requested during the index admission by the clinical team, the 

median level of this second Hs-cTnT sample was 4µg/l (IQR 2-8). The median delta 

between the first and second troponin level was 11µg/l (IQR 0-33), and the median 

duration between these samples was 6.3 hours (IQR 5.1–9.6). Twelve (4.3%) of the 

277 patients who had a repeat Hs-cTnT sample had an elevation of Hs-cTnT beyond 

the 99th percentile. Six (50%) of these patients with an elevated Hs-cTnT on the second 

sample were adjudicated to have experienced a type I myocardial infarction by a 

reviewer (RD) blinded to the non-necrosis biomarker results.   

ECG 

The majority of patients (70.8%) had an ECG that was within normal limits. Most 

patients were in sinus rhythm, with a small proportion (3.6%) having new-onset atrial 

fibrillation. T wave inversion occurred in 98 (20.1%) patients, which was deep 

inversion 2mm or greater in 8 (1.6%) patients. 28 (5.7%) patients had ST segment 

depression, twenty (4.1%) had a QRS duration of over 120ms and 41 (8.4%) patients 

had abnormal Q waves.   
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Table 10. ECG changes in cohort and according to MACE 
 Total 

487 
N (%) 

12-month MACE  
22 
N (%) 

Long-term 
MACE 
48 
N (%) 

ECG 
New atrial fibrillation 
T wave inversion (any) 
T wave >2mm 
ST depression 
BBB 
Q waves 

 
18  (3.6%) 
98  (20.1%) 
8    (1.6%) 
28  (5.7%) 
20  (4.1%) 
41  (8.4%) 

 
1  (5.5%) 
7  (7.1%) 
1  (12.5%) 
4  (18.0%) 
1  (5%) 
2  (4.9%) 

 
2   (11.1%) 
13 (13.3%) 
2   (25%) 
8   (16.2%) 
4   (20%) 
8   (19.5%) 

Table showing number of patients with associated ECG changes according to the 
entire cohort and those who experienced MACE at differing time points. Values are 
absolute number of patients in each category with percentage of cohort in rounded 
parenthesis. BBB Bundle Branch Block.  
 
 

Exercise tolerance tests 

Exercise tolerance tests occurred as a first-line investigation in 63 (12.9%) patients, 

39 (8.0%) of these as an inpatient investigation and 24 (4.9%) as an outpatient (see 

Figure 9 and Table 12). One exercise tolerance test was performed as a second-line 

investigation as an inpatient. There were three (0.6%) patients who had an ETT 

requested, but they did not attend for this. For those who exercised, the intensity varied 

between 3.3 and 15.3 METS. Fifteen (3.1%) patients went on to have further 

investigation; Six (1.2%) had an inpatient coronary angiogram, two (0.4%) had 

outpatient coronary angiograms, five (1.0%) outpatient stress echocardiogram, one 

(0.2%) outpatient CT and one (0.2%) OGD. Figure 10 illustrates these investigations 

and results. PCI was undertaken in two (0.4%) patients because of the ETT and 

subsequent investigations. 
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Figure 9. Diagram of outcome of ETTs. 

 

THR Target Heart Rate, SE stress Echo, RI Reversible Ischaemia, CAD Coronary artery 
disease, MIBI Myocardial Perfusion Scan, CT Computed Tomography, PCI Percutaneous 
Intervention, OGD Oesephagogastroduodenoscopy, med Rx medical treatment, IP Inpatient, 
LAD Left Anterior Descending Coronary Artery.  

40 Inpatient ETTs

14 THR reached, 
normal test

1 SE Normal, nil else 
requested

13 patients, nil else 
requested

6 THR reached, 
abnormal

2 OP SE

1 did not take place

1 unechogenic, 
subsequent MIBI RI, 

normal angio 

3 IP angiogram

2 patients no sig CAD

1 signif CAD, inpt 
PCI SVG to OM1

1 OP angiogram Normal, nil else 
requested

4 THR reached, 
equivocal ECG

1 OP SE Normal, nil else 
requested

1 OP angio, referred 
PCI to LCx

2 Nil else requested

11 THR not reached,  
no abnormality

1 IP angiogram No significant disease, 
nil else requested

1 OP cardiac CT Normal, nil else 
requested

1 OGD Gastritis

8 nil else requested

2 THR not reached, 
abnormal 2 IP angiogram 1 PCI to LCx.  1 90% 

mid LAD med Rx.

3 THR not reached, 
equivocal

1 OP SE normal Normal, nil else 
requested

2 nil else requested

24 Outpatient ETTs 
(3 DNA)

16, normal, nil else 
requested

2 THR reached, chest 
pain developed

No further 
investigations

3 supoptimal, THR 
not reached

No further 
investigations
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Stress echocardiography 

Stress echocardiography was performed in 50 (10.3%) patients as a first-line 

investigation, four as an inpatient and 46 as an outpatient (See Figure 10 and Table 

12). Twelve (2.5%) patients had an outpatient stress echo as an outpatient as a second-

line investigation. 2 (0.4%) patients had an outpatient stress echo as a third-line 

investigation. The outpatient stress echocardiogram did not occur in 37% of the 

patients who had this requested, for reasons unclear.   

Figure 10. Diagram of outcome of stress echocardiograms. 

 

SE stress echo, RI Reversible ischaemia, CAD Coronary artery disease, OCT optical 
coherence tomography, PCI Percutaneous Intervention, Cx Circumflex.   

 

50 stress echos

4 Inpatient SE

3 Normal

1 1-2 segments RI Angiogram significant 
CAD, OCT then PCI

46 Outpatient SE

17 Not done

24 Normal, nil else 
requested

1 1-2 segments RI Nil else requested

1 3+ segments RI
Angiogram showing 

significant Cx lesion, for 
medical treatment initially

1 Suboptimal, nil else 
requested

2 No viability 
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Cardiac catheterisation  

There were 43 (8.8%) patients who underwent cardiac catheterisation as a first-line 

investigation, 33 (6.8%) as an inpatient and 10 (2.1%) as an outpatient (see Figure 11 

and Table 12). In total, 63 patients underwent invasive cardiac catheterisation, 49 

(10.1%) as an inpatient and 14 (2.9%) as an outpatient. There were 10 (2.1%) 

inpatients who underwent cardiac catheterisation as a second-line investigation; 6 

(1.2%) having had an ETT, 1 (0.2%) inpatient stress echo, 1 (0.2%) CT/VQ scan and 

2 (0.4%) relying on cardiac investigations (stress echo) that were completed just prior 

to admission.  

Figure 11. Diagram of outcome of cardiac catheterisations.   

 

CAD Coronary Artery Disease. SE Stress echo. OP outpatient. PCI percutaneous 
Coronary Intervention. Coronary artery stenosis grading: Minimum 1-24%, Mild 
defined as 25-49%, moderate 50-69%, severe 70-99% or left main stem >50% or 3-
vessel disease ³70%. PWS pressure wire study.  

33 inpatient 
angiogram

7 normal

16 min/ mild/ 
mod CAD

1 OP SE, normal

15 nil else 
requested

5 significant 
CAD

3 inpatient PCI

1 PWS, normal

1 OP SE, normal

5 occluded 
vessel

1 inpatient PCI

1 OP SE, normal

1 OP CT, no 
revasc needed

2 nil else 
requested

10 outpatient 
angiogram

2 normal

6 min/ mild/ 
mod CAD 1 OP SE, normal

2 significant 
CAD

Initial medical 
Rx

1 inpatient PCI
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Non-cardiovascular investigations 

There were twelve oesophago-gastro-duodenoscopies (OGDs) requested (see Table 

12); two of these were during the inpatient index admission. The two inpatient OGDs 

demonstrated abnormalities, with one having gastritis and one with gastric antral 

vascular ectasia. There were ten outpatient OGDs requested; this demonstrated 

gastritis in five patients, two cases of hiatus hernia, one ulcer, one was normal, and 

one patient did not attend the appointment. There were eight patients who went on to 

have a CTPA or VQ scan; two of these reported a pulmonary embolism. One patient 

who had an OGD went on to experience MACE at 127 days; this was an outpatient 

OGD which was reported as gastritis. 

Length of stay 

During the index admission, the length of stay ranged up to 23 days, with a mean and 

median duration of two days (48.2 hours). 395 (81.1%) patients were admitted to 

hospital from AED. 95 (19.5%) patients were discharged directly from AED. Most 

patients were discharged to their home address, but nine (1.8%) were transferred 

directly to the local tertiary centre as part of the ACS Percutaneous Intervention 

Pathway.   

Follow-up appointments 

131 (26.9%) patients did not have any further follow-up appointments arranged. 47 

(9.7%) patients had a follow-up appointment booked in a general medical clinic. 212 

(43.5%) patients had a cardiology outpatient appointment organised.   
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Discharge diagnosis 

A staggering 40% of patients were either labelled as ‘atypical chest pain’ or the cause 

of chest pain was not specified (see Table 11). There were 78 patients (15.92%) who 

were thought to have a primary discharge diagnosis of ischaemic cardiac chest pain. 

Other cardiovascular diagnosis included 10 (2.1%) with pericarditis and 21 (4.3%) 

with arrhythmia-related chest pain. The most common non-cardiovascular diagnoses 

were muscular, gastrointestinal, or due to a lower respiratory tract infection.   

Table 11. Discharge diagnosis and associated outcome 
Primary diagnosis Total cohort 12-month MACE 

 

Total 22 

Long term 

MACE 

Total 48 

Atypical/ not specified 196 (40.3%) 6 (3.1%) 14 (7.1%) 

Ischaemic 78 (16.0%) 12 (15.4%) 19 (24.4%) 

Pericarditis 10 (2.1%) 0 0 

Arrhythmia 21 (4.3%) 1 (4.8%) 4 (19.0%) 

Other cardiac 1 (0.2%) 0 0 

Muscular 80 (16.4%) 2 (2.5%) 7 (8.75%) 

Pulmonary emboli 2 (0.4%) 0 0 

Gastrointestinal 58 (11.9%) 0 2 (3.4%) 

LRTI 28 (5.7%) 1 (3.6%) 2 (7.2%) 

Pleurisy 4 (0.8%) 0 0 

Anxiety 4 (0.8%) 0 0 

Asthma 3 (0.6%) 0 0 

NIECOPD 2 (0.4%) 0 0 

Anaemia 1 (0.2%) 0 0 

Cancer 1 (0.2%) 0 0 

Table showing number of patients with associated with discharge diagnosis according 
to the entire cohort and those who experienced MACE at differing time points. Values 
are absolute number of patients in each category with percentage of cohort in rounded 
parenthesis. LRTI Lower Respiratory Tract Infection, NIECOPD Non-Infective 
Exacerbation of Chronic Obstructive Pulmonary Disease. 
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Table 12. Investigations requested across the cohort 
Type of investigation First line 

Investigation 

Second line 

Investigation 

Overall 

Inpatient ETT 39 (8.0%) 1 (0.2%) 40 (8.2%) 

Outpatient ETT 24 (4.9%) 0 24 (4.9%) 

Inpatient angiogram 33 (6.8%) 10 (2.0%) 43 (8.8%) 

Outpatient angiogram 11 (2.2%) 6 (1.2%) 17 (3.5%) 

Inpatient SE 4 (0.8%) 0 4 (0.8%) 

Outpatient SE 46 (9.4%) 12 (2.5%) 59 (12.1%) 

Inpatient CT 2 (0.2%) 0 2 (0.4%) 

OP CT 10 (2.1%) 2 (0.4%) 12 (2.5%) 

CTPA / VQ 9 (1.8%) 1 (0.2%) 10 (2.0%) 

MIBI  5 (1.0%) 1 (0.2%) 8 (1.6%) 

OGD/pH studies 10 (2.1%) 1 (0.2%) 12 (2.5%) 

Cath LHCH 4 (0.8%) 0 4 (0.8%) 

Pressure wire 0 2 (0.4%) 2 (0.4%) 

Other imaging 4 (0.8%) 1 (0.2%) 5 (1.0%) 

Previous test 14 (2.9%) - 14 (2.9%) 

Table showing number of patients according to investigation performed across the 
entire cohort and those who experienced MACE at differing time points. Values are 
absolute number of patients in each category with percentage of cohort in rounded 
parenthesis. ETT Exercise Tolerance Test. SE Stress Echo. CT computed 
Tomography. OP Outpatient. CTPA CT Pulmonary Angiogram. VQ Ventilation 
Perfusion scan.  OGD Oesophagogastroduodenoscopy. LHCH Liverpool Heart and 
Chest Hospital.  
 

Ischaemic diagnosis 

16% of patients were diagnosed with ischaemic pain on discharge. 63 (12.9%) of these 

patients had a history that was highly suspicious of cardiac pain in keeping with the 

HEART score definition; fourteen patients (2.9%) had moderately suspicious pain, 

and 1 (0.2%) had mildly suspicious pain. Twenty-one patients had no functional or 

cardiac radiological investigations. Seven patients had an inpatient ETT, and three had 

an outpatient ETT. Sixteen (3.3%) patients had an inpatient coronary angiogram, and 



 
86 

eight (1.6%) had an outpatient coronary angiogram. One (0.2%) patient had an 

inpatient stress echocardiogram, and ten (2.1%) patients had an outpatient stress 

echocardiogram. One (0.2%) patient had an OGD. Seven patients had a recent cardiac 

investigation performed.   

Revascularisation 

Thirteen patients (2.67%) had revascularisation because of the admission. Three 

(0.6%) inpatient PCI, six (1.2%) outpatient PCI, three (0.6%) inpatient CABG and one 

(0.2%) outpatient CABG.   

MACE 

Event rates for different outcomes and time points are reported in Table 13. There 

were thirteen (2.67%) patients who had a MACE during their index admission; six 

(1.23%) of these were due to myocardial infarction, and seven (1.4%) of these due to 

inpatient revascularisation. The 8-week and 12-month MACE rate was 3.29% and 

4.52%, respectively. Adjudicated MI was diagnosed at 1.4% and 2.46% at 8-weeks 

and 1-year, respectively. By contrast, 7.4% and 21.1% of the cohort represented with 

chest pain to the ER at 8-weeks and 12-months, respectively. Two (0.41%) patients 

had all-cause mortality at 8-weeks and 11 (2.26%) patients by 12-months. The event 

rate from cardiovascular death was exceptionally low, with no patients experiencing a 

cardiovascular death within four years of follow-up. Figure 12 shows a KM curve 

demonstrating MACE over time with non-cardiovascular mortality censored. 
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Table 13. Table showing outcome at varying time points 

 Inpt 30-day 8-week 6-mo 12-mo 24-mo 36-mo 48-mo Long-
term 

Mortality 0 0 2  
(0.41) 

5 
(1.03) 

11 
(2.26) 

14 
(2.87) 

18 
(3.70) 

26 
(5.34) 

42 
(8.62) 

UA/ 
revasc 

7 
(1.44) 

9 
(1.85) 

9 
(1.85) 

11 
(2.26) 

11 
(2.26) 

14 
(2.87) 

14 
(2.87) 

14 
(2.87) 

16 
(3.29) 

MI 6 
(1.23) 

7 
(1.44) 

7 
(1.44) 

9 
(1.85) 

12 
(2.46) 

15 
(3.08) 

23 
(4.72) 

29 
(5.95) 

29 
(5.95) 

CV death 
 

0 0 0 0 0 0 0 0 4 
(0.82) 

MACE  13 
(2.67) 

16 
(3.29) 

16 
(3.29) 

19 
(3.90) 

22 
(4.52) 

28 
(5.75) 

36 
(7.39) 

41 
(8.42) 

48 
(9.86) 

Any revasc 7 
(1.44) 

15 
(3.08) 

16 
(3.29) 

25 
(5.13) 

30 
(6.16) 

34 
(6.98) 

37 
(7.60) 

40 
(8.21) 

44 
(9.03) 

Chest pain NA 27 
(5.54) 

36 
(7.39) 

69 
(14.17) 

103 
(21.15) 

133 
(27.31) 

155 
(31.83) 

189 
(38.81) 

210  
(43.12) 

Table showing outcome at different time points according to type of adverse outcome. 
Data is expressed in total number experiencing the outcome with percentage of total 
cohort in parentheses.  
 
 

Figure 12. Graph showing MACE over time 

 
KM curve showing cumulative freedom from MACE over time with non-
cardiovascular mortality censored.   
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There were extremely high rates of hospital admission, with only 19.5% of patients 

being discharged directly from AED. The average hospital stay for patients was 48 

hours. Considering these patients have an excellent prognosis, there is clear room for 

improvement in expediting discharge. Despite the lengthy hospital stay, 40% of 

patients were not given a clear underlying cause for their chest pain, with no specified 

cause or ‘atypical chest pain’ reported. In patients with atypical chest pain, a fair 

proportion (7%) go on to have long term MACE. Only 16% of patients were given a 

discharge diagnosis of ischaemic pain. The most common non-cardiac cause of chest 

pain was muscular. Some features, such as pre-admission treatment with aspirin or ST 

depression, were much more likely to be present in those who experienced MACE. 

Still, these on their own did not provide enough information to categorise patients into 

risk groups. The testing yield of patients is low. Of the 50 stress echocardiograms 

performed, there was one subsequent revascularisation. Out of the 43 diagnostic 

coronary angiograms performed, there was 5 (11.6%) subsequent revascularisations. 

42 out of 64 (65.6%) patients who had an ETT reached their target heart rate, 13 out 

of 64 (20.3%) patients went onto have a further cardiovascular investigation. Overall, 

three patients (4.7%) who had an ETT subsequently underwent coronary 

revascularisation.  Despite the low pick-up rate of cardiovascular disease from testing, 

patients still go on to experience MACE. 

This cohort justified the label of suspected ACS based on chest pain characteristics 

suspicious of ischaemia. There are high rates of cardiovascular risk factors in this 

Discussion 
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cohort, with 84.8% having at least one traditional modifiable cardiovascular risk factor 

and 120 patients (24.6%) having had a previous MI or coronary revascularisation.  

Although these patients had an initial troponin below the 99th percentile, there is a 

small but significant risk of MI or UA requiring urgent coronary revascularisation by 

12-months.  

Whilst cardiovascular death rates are very low even with long-term follow up, 1.2% 

of patients had an AMI in their index admission, and 3.3% of patients experienced 

MACE by 8-weeks. The MACE event rates justify attempts at further risk 

stratification. The most striking finding was significant representation to the same 

department with further chest pain, with 21.2% and 38.8% of the cohort re-presenting 

at one and four years respectively, despite MACE occurring in 4.52% and 8.42% at 

these time points.  

In subsequent chapters, multi-variate predictors of MACE and whether any additional 

biomarker provided incremental risk stratification beyond traditional risk scores such 

as HEART, GRACE and TIMI scores or high sensitivity troponins will be reviewed. 

These cardiovascular past medical history was considerably higher than some other 

studies, a large multicentre Scottish study of over 32,000 consecutive patients with 

normal high sensitivity troponin levels had roughly half the cardiovascular risk factors 

and previous events (MI in 8%, DM in 6% and PCI in 7%).(160) The risk factor profile 

in this study was more similar to other studies performed in the North West of 

England.(92)  
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Patients who present with chest pain and have Hs-cTnT levels below the 99th 

percentile should not automatically be regarded as low risk. Likewise, most patients 

do not experience MACE. There are high rates of cardiovascular risk factors and 

previous cardiovascular events in this population, making it more challenging to 

differentiate. The next chapter will investigate the risk stratification using the 

established risk scores HEART, TIMI and GRACE.   

  

  

Conclusion 
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CHAPTER 4. RISK 

STRATIFICATION USING 

ESTABLISHED RISK SCORES.    
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It is evident from the previous results chapter that patients who present with suspected 

ACS who have Hs-cTnT levels below the 99th percentile have a good prognosis. Still, 

they are not risk-free, with approximately 5% MACE at 12-months. The ability to 

accurately risk-stratify could safely expedite discharge in most patients and identify 

those who need further investigation and treatment, considerably improving resource 

utilisation and reducing future MACE.  

The HEART, TIMI and GRACE scores are popular validated tools used to risk-stratify 

patients with ACS. Both NICE and ESC guidelines have specifically endorsed the use 

of the GRACE score. Previous data from our centre suggests that the HEART score 

performs better for early discharge of patients, analysis that was done using pre-

specified risk score cut-off ranges in patients with UA and NSTEMI.(161) 

This chapter aims to evaluate the established risk scores GRACE, TIMI and HEART 

in patients who present with suspected ACS and have Hs-cTnT levels below the 99th 

percentile.  

  

Background 
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The HEART, TIMI and GRACE scores were calculated by a single investigator (JJ) 

as described in the General Methods Chapter. Risk scores were assessed according to 

recognised low, medium and high-risk categories. HEART score categories were 

defined as low-risk for a score between 0-3, medium-risk for 4-6 and high-risk for 7-

8.(72) TIMI score categories were defined as low-risk for a score between 0-1, 

medium-risk for 2-3 and high-risk for 4-7.(162) GRACE score categories were 

initially defined as low-risk for a score between 0-88, medium-risk for 89-118 and 

high-risk for 119-263,(163) but this resulted in a very low number of patients and no 

MACE in the ‘high-risk’ group. Alternative GRACE groupings were produced by 

subdividing the cohort into three groups of equal size, which resulted in low-risk being 

defined as a score between 0-61, medium-risk for 62-80 and high-risk for above 80.  

Kaplan-Meier (KM) survival analysis was performed for the HEART, TIMI and 

GRACE risk scores. An event was defined as a MACE which included unstable angina 

requiring revascularisation, myocardial infarction, and cardiovascular death. Right-

censoring occurred due to non-cardiovascular mortality and the end of follow-up. For 

the fulfilment of KM assumptions, groups were reviewed to ensure a similar 

percentage of censored cases. KM curves were produced using cumulative survival 

curves. Statistically significant differences in MACE between groups were analysed 

using the Mantel-Cox log-rank test. MACE was also calculated by raw risk score for 

HEART and TIMI score and in small groups of 10 units for GRACE score. Particular 

interest in the 8-week follow-up for MACE was made, it is acknowledged that 30-day 

MACE is a popular time frame for assessing outcome in rule out strategies, however 

Methods 
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this study was not powered to look at MACE at this early time point, therefore to 

reduce the chance of type II error, an event rate of 8-weeks was chosen. Additionally, 

it was felt that freedom from MACE within this period was likely to represent the 

safety of early discharge from hospital with potential for early outpatient investigation. 

Receiver Operator Characteristic (ROC) curves were produced along with calculating 

the area under the curve, 95% confidence interval and level of significance of each 

risk score.   
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The GRACE, HEART and TIMI score was calculated for all participants. The median 

duration of follow-up, as previous specified, was 5.83 years (range 4.84 – 6.97 years). 

Outcomes stratified by risk score 

The HEART, TIMI and GRACE risk scores were assessed according to the raw score 

and MACE at 8-weeks, 6-months and 12-months (See Table 14, Table 15 and Table 

16). The lowest HEART score that included a patient who experienced a 6-month 

MACE was 3. A HEART score of £3 represented 179 patients (36.8% of the cohort), 

and one patient (0.56%) experienced MACE at six months. A HEART score of £4 

characterised 300 patients (61.6% of the cohort), and five patients (1.67%) 

experienced MACE at 6-months. There were patients with a TIMI score of 0 who went 

onto have a MACE at 8-weeks; 174 patients (35.7% of the cohort) had a TIMI score 

of 0, and 3 of these patients (1.72%) experienced a MACE by 6-months. The lowest 

GRACE score in which a patient experienced an 8-week MACE was 42. A score of 

<43 would represent 39 patients (8.0% of the cohort), with one patient (2.6%) 

experiencing a MACE at 6-months. This breakdown of scores and MACE suggest that 

the HEART score has the greatest ability to discriminate those who are at low risk of 

future events.    

  

Results 
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Table 14. HEART score and MACE 
HEART score Total 487 MACE 6-months MACE 12-month MACE long term 
0 5 0 0 0 
1 22 0 0 1 
2 45 0 0 0 
3 107 1 (0.93) 1 (0.93) 5 (4.67) 
4 121 4 (3.31) 5 (4.13) 9 (7.44) 
5 106 4 (3.77) 5 (4.72) 12 (11.32) 
6 61 7 (11.48) 8 (13.11) 15 (24.59) 
7 18 3 (16.67) 3 (16.67) 6 (33.33) 
8 2 0 0 0 

Table 15. TIMI score and MACE 
TIMI score Total 487 MACE 6-months MACE 12-month MACE long term 
0 174 3 (1.72) 3 (1.72) 8 (4.60) 
1 126 2 (1.59) 2 (1.59) 4 (3.17) 
2 93 2 (2.15) 4 (4.30) 11 (11.83) 
3 58 5 (8.62) 5 (8.62) 13 (22.41) 
4 32 5 (15.63) 6 (18.75) 9 (28.13) 
5 3 1 (33.33) 1 (33.33) 2 (66.66) 
6 1 1 (100.00) 1 (100.00) 1 (100.00) 

Table 16.  GRACE score and MACE 
GRACE score Total 487 MACE 6-months MACE 12-month MACE long term 
<30 3 0 0 0 
30-39 21 0 0 1 (4.76) 
40-49 46 2 (4.35) 2 (4.35) 3 (6.52) 
50-59 81 2 (2.47) 2 (2.47) 6 (7.41) 
60-69 84 4 (4.76) 4 (4.76) 8 (9.52) 
70-79 72 1 (1.39) 1 (1.39) 5 (6.94) 
80-89 63 3 (4.76) 4 (6.35) 7 (11.11) 
90-99 45 2 (4.44) 3 (6.67) 9 (20.00) 
100-109 36 3 (8.33) 3 (8.33) 5 (13.89) 
110-119 18 1 (5.56) 1 (5.56) 1 (5.56) 
120-129 7 0 0 1 (14.29) 
130-139 4 1 (25.00) 1 (25.00) 1 (25.00) 
140-149 3 0 1 (33.33) 1 (33.33) 
>150 2 0 0 0 
Tables showing risk score, number of patients and number experiencing MACE 
according to risk score, percentage experiencing MACE for given risk score or 
category in rounded parenthesis. 
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Receiver operator curve analysis  

ROC curve analysis was performed on each risk score for MACE at different durations 

of follow-up (see Table 17 and Figure 13 to Figure 15). The HEART and TIMI score 

generally performed well in predicting MACE over differing time points of follow-

up. The GRACE score performed poorly, with a lack of statistical significance for 

short-term MACE at 8-weeks to 12 months. Longer-term MACE led to some 

improvement in discriminatory ability with statistical significance, but the overall C-

statistic was still lacking. The visual appearance of the ROC curves can be seen in 

Figure 13 to Figure 15, with HEART and TIMI score having a favourable trace and 

GRACE score being close to the reference line. The HEART score has a more 

favourable trace as a ‘rule out’ test, having a curve that adheres more closely to the 

maximum sensitivity at the upper right-hand corner of the graph.   

Table 17. C-statistics for risk scores at different times points 
 MACE 8 weeks MACE 6-month MACE 12-

month 
MACE long 
term  

HEART 0.756  
(0.650-0.862) 
P<0.001 

0.765  
(0.667-0.862) 
P<0.001 

0.759  
(0.669-0.849) 
P<0.001 

0.725 
(0.652-0.798) 
P<0.001 

TIMI 0.742  
(0.593-0.891) 
P=0.001 

0.749  
(0.618-0.881) 
p<0.001 

0.759  
(0.643-0.875) 
P<0.001 

0.733 
(0.652-0.814) 
P<0.001 

GRACE 0.592  
(0.445-0.740) 
P=0.209 

0.589  
(0.455-0.724) 
P=0.192 

0.625  
(0.502-0.749) 
P=0.051 

0.598 
(0.513-0.683) 
P=0.02 

Table showing C-Statistic, 95% confidence intervals and significance level for each 
risk score at different time points of follow up.   
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Figure 13. ROC curves of risk scores MACE at 6-months 

 
ROC curves showing each risk score with MACE at 6 months. 

Figure 14. ROC curves of risk scores with MACE at 12 months 

 
ROC curves showing each risk score with MACE at 12 months 
 

Figure 15. ROC curves of risk scores with MACE at long term follow up 

 

ROC curves showing each risk score with MACE at long term follow up.  
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Kaplan-Meier analysis 

HEART score 

The HEART score ranged from 0-8 with a median score of 4. When using generally 

accepted cut-offs for risk, the number of events in each group increased when the risk 

tertile increased. There were 6/179 (3.35%) MACE events over long term follow up 

in the low-risk group, 36/288 (12.5%) in the medium-risk group and 6/20 (30%) in the 

high-risk group. There was a similar percentage of censored cases in the groups 

generated by the tertiles. Visually there was good discrimination between curves for 

tertiles (See Figure 16). A Bonferroni correction was made with statistical significance 

accepted at the p <0.0167 level. The survival distributions between groups were 

statistically significantly different, χ2(2)=25.364, p<0.001. Pairwise log-rank 

comparisons demonstrated a statistically significant difference in outcome 

distributions between each set of groups (see below).  This suggests that the HEART 

score can risk-stratify patients.     

Low risk vs medium risk  χ2(1)=11.427  (p=0.001) 

Low risk vs high risk   χ2(1)=37.464   (p<0.001) 

Medium risk vs high risk  χ2(1)=7.629  (p=0.006) 
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Figure 16. Kaplan-Meier curve according to HEART risk score group 

 
KM curves showing probability of freedom from MACE according to individual risk score 
category according to tertiles.  False origin of y-axis set to near 0.6 to allow better 
visualisation of divergence of curves.   
 

TIMI score 

The TIMI score ranged from 0-6 with a median score of 1. When using generally 

accepted cut-offs for risk, the number of events in each group increased when the risk 

tertile increased. In the low-risk group, there was 12/300 (4%) long-term MACE, 

24/151 (15.9%) in the medium-risk group and 12/36 (33.33%) in the high-risk group. 

There was a similar percentage of censored cases in the groups generated by the tertiles 

and the median. On the visual assessment of KM curves created by the tertiles, there 

was good discrimination of curves (See Figure 17). A Bonferroni correction was made 

with statistical significance accepted at the p <0.0167 level. The survival distributions 

pooled over strata were statistically significant different χ2(2)=68.232, p<0.001. Log-

rank pairwise testing over strata found statistical significance between each set of risk 

groups (see below), suggesting the TIMI score can risk-stratify patients.   
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Low risk vs medium risk  χ2(1)=34.077 (p<0.001) 

Low risk vs high risk   χ2(1)=59.077  (p<0.001) 

Medium risk vs high risk  χ2(1)=8.550 (p=0.003)  

 

Figure 17. Kaplan-Meier curve according to TIMI score risk group 

  
KM curves showing probability of freedom from MACE according to individual risk score 
category according to tertiles.  False origin of y-axis set to near 0.6 to allow better 
visualisation of divergence of curves.   
 
 
 

GRACE score 

The GRACE score ranged between 27 and 177, with a median score of 70. For an 8-

week MACE, there were 3/161 (1.86%) events in the low-risk tertile, 5/165 (3.03%) 

in the medium-risk tertile and 8/161 (4.97%) in the high-risk tertile. Visually, the KM 

curves demonstrated divergence in survival according to tertile, but the curves for low 

and medium-risk appeared close (See Figure 18). A Bonferroni correction was made 

with statistical significance accepted at the p <0.0167 level. The survival distributions 
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for the three groups were not statistically significantly different, χ2(2)=5.463, 

p=0.065. Pairwise log-rank (Mantel-Cox) comparisons were conducted to determine 

which groups had different outcome distributions. The difference in outcome 

distribution was not statistically significant for any set of risk groups.    

Low risk vs medium risk  χ2(1)=0.585  (p=0.444) 

Low risk vs high risk   χ2(1)=4.972   (p=0.026) 

Medium risk vs high risk  χ2(1)=2.228  (p=0.136) 

When the GRACE score was assessed according to median value and suggested 

groups in the literature, there was still no statistical significance between groups 

according to log-rank testing (χ2(1)=3.188, p=0.074 and χ2(2)=1.542, p=0.214, 

respectively). This suggests that the GRACE score has some discriminative ability 

between those with a low score vs those with a high score but is not particularly good 

at discriminating across all groups regardless of how assessed.  

 

 

 

 

 

 

 



 
103 

Figure 18. Kaplan-Meier curve according to GRACE score risk group 
 

 
KM curves showing probability of freedom from MACE according to individual risk score 
category according to tertiles.  False origin of y-axis set to near 0.6 to allow better 
visualisation of divergence of curves.   
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The HEART and TIMI show a better overall model fit with comparable C-statistics of 

0.756 and 0.742, respectively, compared with the C-statistic of the GRACE score of 

0.692 for 8-week MACE. The HEART score was able to identify the most significant 

proportion of the cohort at a low risk with a low subsequent MACE rate. 14.8% of the 

cohort had a HEART score of £2, and no patients with this score experienced an 8-

week or 12-month MACE. 36.8% of the cohort had a HEART score of £3, and only 1 

(0.56%) of these experienced a MACE at 8-weeks. A HEART score of £4 increased 

the proportion of patients considerably (61.6%), and four patients (1.33%) 

experienced a MACE at 8-weeks, which may be considered too high an event rate to 

base expedited discharge on. A TIMI score of 0 represented 35.7% of the cohort, but 

there was a higher event rate of 1.72% patients. The lowest GRACE score in which a 

patient experienced an 8-week MACE was 42; a score of £42 only represented 8% of 

the cohort, with 2.6% of these experiencing a MACE at 8-weeks. The HEART and 

TIMI score are superior to the GRACE score in differentiating low, medium, and high-

risk when assessed using KM analysis. Both HEART and TIMI score have statistically 

different KM curves when analysed over pairwise comparison using log-rank testing. 

In contrast, the GRACE score lacks statistical significance between groups regardless 

of the cut-off assessed. It is acknowledged that there is a limitation in a single 

investigator calculating risk scores, these were calculated at a time when future MACE 

was unknown which will reduce any bias.  

 

Discussion 
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The HEART score is better at accurately identifying the greatest number of patients at 

low risk and should be preferentially used over the GRACE and TIMI score to identify 

those patients truly at low risk who may be eligible for discharge. The GRACE score 

performs poorly regardless of the method investigated and should not be used in 

patients without elevation in Hs-cTnT.  

 

  

Conclusion 
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CHAPTER 5. EXPLORATORY 

ANALYSIS OF SEROLOGICAL 

BIOMARKERS IN SUSPECTED ACS 

WITH MI EXCLUDED.  
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There are numerous studies looking at the role of novel biomarkers in ACS. Yet, 

those who have an absence of troponin elevation, particularly in the high-sensitivity 

troponin era are least well-studied. Troponin levels have consistently been shown to 

provide reliable diagnostic and prognostic information in ACS.  Currently, 

guidelines do not endorse the use of non-troponin biomarkers for diagnosis or risk 

stratification in ACS. Suspected ACS without elevation in Hs-cTnT is a 

heterogeneous entity with a variable clinical course, although most patients have an 

excellent prognosis. Accurate identification of those patients who are low risk could 

facilitate expedited discharge from hospital and improve resource utilisation. Precise 

identification of those who are high risk could allow appropriate investigation, 

management, and follow-up. This chapter aims to evaluate a number of biomarkers 

that relate to common substrates for atherosclerosis or are manifest in myocardial 

ischaemia, comprising of HFABP, GDF-15, NTproBNP, HSCRP, Galectin-3, Hs-

cTnI and Hs-cTnT. The distribution of biomarker levels and features of the cohort 

when stratified by the tertiles for each biomarker is described. The tertiles for each 

biomarker were calculated according to cut-offs that gave rise to three groups of 

equal size. The outcomes for each of these biomarker groups is also reported. There 

is emerging data to show that gender specific reference values may improve the 

ability of a high sensitivity troponin test.(164) This is particularly noticeable for high 

sensitivity troponin I, over high sensitivity troponin T. This study did not use gender 

specified cut-offs for high sensitivity troponin T, as at the time of recruitment these 

had not been established and the gender cut-off for male is higher than the 

recruitment cut-off.  

Introduction 
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The methods of this study have been described fully in the General Methods Chapter. 

Levels of HFABP, GDF-15, NTproBNP, Galectin-3, HSCRP, Hs-cTnI and Hs-cTnT 

in patients with suspected ACS who had MI excluded were analysed. The normality 

of biomarkers was assessed by visual inspection of their histograms/normal Q-Q plots 

and the Shapiro-Wilk’s test (see Appendix). Each biomarker was assessed according 

to groupings created using the tertiles, giving rise to low, medium, and high categories. 

Kaplan-Meier (KM) survival analysis was performed for each biomarker, with curves 

produced according to the rank of biomarker level and an event being defined as the 

occurrence of MACE. Right-censoring occurred due to non-cardiovascular mortality 

and the end of follow-up. To fulfil KM assumptions, groups were reviewed to ensure 

there was a similar percentage of censored cases in each group. KM curves were 

produced using cumulative survival curves. Statistically significant differences in 

MACE between groups were analysed using the Mantel-Cox log-rank test. The 

relative risk of having a biomarker level in the medium or high group was calculated. 

Receiver Operator Characteristic (ROC) curves were produced along with calculating 

the area under the curve, 95% confidence interval and level of significance of each 

novel biomarker.  

 

 

 

 

Methods 
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487 patients had values measured for the biomarkers Hs-cTnT, HFABP and GDF-15. 

Due to a limitation in serum samples remaining for analysis, Hs-cTnI was measured 

in 479 patients (98.36%), NTproBNP in 471 (96.71%), HSCRP in 445 (91.38%) and 

Galectin-3 in 386 (79.26%). Table 18 shows the range and median value of each novel 

biomarker.   

Table 18. Range and distribution of biomarker levels 
Biomarker Minimum Maximum Median IQ range 
HFABP 
(ng/ml) 

1.23 33.63 4.25 3.12-7.04 

GDF-15 
(pg/ml) 

53.79 5872.10 281.82 184.527-494.537 

NTproBNP 
(mg/dl) 

0.2 5433.7 110.7 50.5-252.45 

HS-CRP 
(ng/ml) 

0.01 29.85 0.23 0.10-0.66 

Galectin-3 
(pg/ml) 

5 33.1 14 11.5-17.175 

Hs-cTnT 
(ng/l) 

<3 14 4.2 3.2-7.6 

Hs-cTnI 
(pg/ml) 

0.4 53.8 3.2 2.2-5.5 

Table showing range, median value, and interquartile range of each biomarker. 
 

The distribution of all biomarker levels failed to reach the assumption of normality 

when assessed by visual inspection of histograms and normal Q-Q plots (See 

Appendix) and the Shapiro-Wilk test; therefore, all biomarker data was treated as non-

parametric with regards to statistical analysis.   

 

 

Results 



 
110 

HFABP  

HFABP was measured in all 487 study participants; 22 experienced MACE at 12 

months and 48 experienced MACE over a median follow up of 5.8 years. The tertiles 

for HFABP were defined as 3.44ng/ml and 5.63ng/ml. Table 19 shows the difference 

in proportion of patients with risk factors according to biomarker tertile. There is an 

increasing trend of those with diabetes and previous MI with increasing tertile of 

HFABP. KM curves generated by the tertiles of HFABP level (Figure 20) 

demonstrated poor discrimination of MACE, with the intersection of all three curves. 

Each grouped level of HFABP converges to a probability between 0.87 and 0.91 for 

long term follow up.  

Table 19. Patient characteristics according to HFABP level 

Table showing proportion of baseline characteristics, risk score, troponin levels and 
MACE according to biomarker level according to tertiles. Total number is displayed 
in each category along with percentage of group in rounded parenthesis.   
  

 
HFABP 

Variable Low (161) Medium (164) High (162) 
Age >75 years 7 (4.3%) 16 (9.8%) 11 (6.8%) 
Male 76 (47.2%) 102 (62.2%) 95 (58.6%) 
Diabetes 17 (10.6%) 22 (13.4%) 40 (24.7%) 
Smoker 48 (29.8%) 54 (32.9%) 50 (30.9%) 
Hypertension 61 (37.9%) 88 (53.7%) 83 (51.2%) 
Hypercholesterolaemia 68 (42.2%) 88 (53.7%) 83 (51.2%) 
ST depression 15 (9.3%) 7 (4.3%) 6 (3.7%) 
Previous MI 21 (13.0%) 39 (23.8%) 42 (25.9%) 
Hs-cTnT high 34 (19.8%) 65 (37.8%) 73 (42.4%) 
HEART score high 7 (4.3%) 8 (4.9%) 5 (3.1%) 
TIMI score high 8 (5.0%) 15 (9.1%) 13 (8.0%) 
GRACE score high 38 (23.6%) 64 (39.0%) 59 (36.4%) 
Inpatient MACE 4 (2.5%) 5 (3.0%) 4 (2.5%) 
12-month MACE 10 (6.2%) 6 (3.7%) 6 (3.7%) 
3-year MACE 12 (7.5%) 13 (7.9%) 11 (6.8%) 
Long term MACE 18 (11.2%) 14 (8.5%) 16 (9.9%) 
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Figure 19. Histogram showing distribution of HFABP level 

 
Histogram showing distribution of biomarker level across the cohort.   
 
 

Figure 20. KM curves according to HFABP level 

 
KM curves showing probability of freedom from MACE according to biomarker 
levels when categorised by tertiles. False origin of y-axis set to near 0.8 to allow 
better visualisation of divergence of curves.   
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GDF-15 

GDF-15 was measured in all 487 study participants; 22 experienced MACE at 12 

months and 48 experienced MACE over long term follow up (median 5.8 years). The 

tertiles for GDF-15 were defined as 213.76pg/ml and 394.02pg/ml. Table 20 shows 

the difference in proportion of patients with risk factors according to biomarker tertile. 

There is an increasing trend of those with diabetes, hypercholesterolaemia, ST 

depression, previous MI with increasing tertile of GDF-15. There are an increasing 

number of patients with a high HEART, TIMI and GRACE score with increasing 

tertile of GDF-15. KM curves generated by the tertiles of GDF-15 (see Figure 22) 

show that low levels of GDF-15 are associated with a lower probability of MACE. 

Medium and high levels of GDF-15 initially show poor differentiation of MACE with 

the intersection of the curves but appear to diverge well for predicting MACE over 

longer-term follow-up.  

  



 
113 

Table 20. Patient characteristics according to GDF-15 level 
 GDF-15 
 Low (162) Medium (163) High (162) 
Age >75 years 2 (1.2%) 15 (9.2%) 17 (10.5%) 
Male 90 (55.6%) 92 (56.4%) 91 (56.2%) 
Diabetes 8 (4.9%) 32 (19.6%) 39 (24.1%) 
Smoker 42 (25.9%) 57 (35.0%) 53 (32.7%) 
Hypertension 55 (34.0%) 87 (53.4%) 90 (55.6%) 
Hypercholesterolaemia 66 (40.7%) 90 (55.2%) 83 (51.2%) 
ST depression 6 (3.7%) 8 (4.9%) 14 (8.6%) 
Previous MI 19 (11.7%) 33 (20.2%) 50 (30.9%) 
Hs-cTnT high 32 (18.6%) 61 (35.5%) 79 (45.9%) 
HEART score high 3 (1.9%) 7 (4.3%) 10 (6.2%) 
TIMI score high 7 (4.3%) 11 (6.7%) 18 (11.1%) 
GRACE score high 23 (14.2%) 58 (35.6%) 80 (49.4%) 
Inpatient MACE 1 (0.6%) 8 (4.9%) 4 (2.5%) 
12-month MACE 3 (1.9%) 11 (6.7%) 8 (5%) 
3-year MACE 3 (1.9%) 15 (9.2%) 18 (11.1%) 
Long term MACE 5 (3.1%) 17 (10.4%) 26 (16.0%) 

Table showing proportion of baseline characteristics, risk score, troponin levels and 
MACE according to biomarker level according to tertiles. Total number is displayed 
in each category along with percentage of group in rounded parenthesis.   
 
 
 

Figure 21. Histogram showing distribution of GDF-15 level 

 
Histogram showing distribution of biomarker level across the cohort.   
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Figure 22. KM curves according to GDF-15 level 

 
KM curves showing probability of freedom from MACE according to biomarker 
levels when categorised by tertiles. False origin of y-axis set to near 0.8 to allow 
better visualisation of divergence of curves.   
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NTproBNP 

NTproBNP was measured in 471 patients; 21 experienced MACE at 12 months and 

47 experienced MACE over a median follow up of 5.8 years. The tertiles for 

NTproBNP were defined as 68.02pg/ml and 190.54pg/ml for NTproBNP. Table 21 

shows the difference in proportion of patients with risk factors according to biomarker 

tertile. There is an increasing trend of those with female sex, hypercholesterolaemia, 

previous MI, high Hs-cTnT levels with increasing tertile of NTproBNP. There are an 

increasing number of patients with a high TIMI and GRACE score with increasing 

tertile of NTproBNP. KM curves generated by the tertiles of NTproBNP (Figure 24) 

initially show poor differentiation of MACE with the intersection of curves. With 

longer-term follow up the curves diverge according to the level of NTproBNP.  

Table 21. Patient characteristics according to NTproBNP level 
 NTproBNP 
Variable  Low (157) Medium (157) High (157) 
Age >75 years 1 (0.6%) 6 (3.8%) 27 (17.2%) 
Male 107 (68.2%) 80 (51.0%) 71 (45.2%) 
Diabetes 28 (17.8%) 25 (15.9%) 26 (16.6%) 
Smoker 58 (36.9%) 43 (27.4%) 48 (30.6%) 
Hypertension 67 (42.7%)  73 (46.5%) 88 (56.1%) 
Hypercholesterolaemia 69 (43.9%) 79 (50.3%) 87 (55.4%) 
ST depression 9 (5.7%) 6 (3.8%) 13 (8.3%) 
Previous MI 24 (15.3%) 26 (16.6%) 51 (32.5%) 
Hs-cTnT high 31 (18.0%) 57 (33.1%) 84 (48.8%) 
HEART score high 8 (5.1%) 4 (2.5%) 8 (5.1%) 
TIMI score high 5 (3.2%) 14 (8.9%) 17 (10.8%) 
GRACE score high 22 (14.0%) 49 (31.2%) 89 (56.7%) 
Inpatient MACE 1 (0.6%) 7 (4.5%) 4 (2.5%) 
12-month MACE 5 (3.2%) 8 (5.1%) 8 (5.1%) 
3-year MACE 9 (5.7%) 11 (7.0%) 15 (9.6%) 
Long term MACE 11 (7.0%) 15 (9.6%) 21 (13.4%) 

Table showing proportion of baseline characteristics, risk score, troponin levels and 
MACE according to biomarker level according to tertiles. Total number is displayed 
in each category along with percentage of group in rounded parenthesis.   
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Figure 23. Histogram showing distribution of NTproBNP level 

 
Histogram showing distribution of biomarker level across the cohort.   
 
 

Figure 24. KM curves according to NTproBNP level 

 
KM curves showing probability of freedom from MACE according to biomarker 
levels when categorised by tertiles. False origin of y-axis set to near 0.8 to allow 
better visualisation of divergence of curves.   
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HS-CRP 

HS-CRP was measured in 445 patients; 19 had experienced MACE at 12 months and 

45 at a median of 5.8 years follow up. The tertiles for HS-CRP were defined as 

0.14mg/dl and 0.47mg/dl. Table 22 shows the difference in proportion of patients with 

risk factors according to biomarker tertile. There is an increasing trend of those with 

diabetes and smoking with increasing tertile of HS-CRP. KM curves generated by the 

tertiles of HS-CRP (Figure 26) show poor differentiation of MACE according to the 

level of HS-CRP with curves following the same trajectory and frequently intersecting 

throughout follow-up.  

Table 22. Patient characteristics according to HSCRP level 
 HSCRP 
 Low (146) Medium (150) High (149) 
Age >75 years 17 (4.8%) 8 (10.6%) 4 (2.7%) 
Male 83 (56.8%) 83 (55.3%) 85 (57.0%) 
Diabetes 19 (13.0%) 26 (17.3%) 28 (18.8%) 
Smoker 43 (29.5%) 45 (30.0%) 48 (32.2%) 
Hypertension 67 (45.9%) 75 (50.0%) 69 (46.3%) 
Hypercholesterolaemia 81 (55.0%) 72 (48.0%) 67 (45.0%) 
ST depression 10 (6.8%) 4 (2.7%) 11 (7.4%) 
Previous MI 34 (23.3%) 25 (16.7%) 35 (23.5%) 
Hs-cTnT high 48 (32.0%)  56 (37.3%)  46 (30.7%)  
HEART score high 6 (4.1%) 9 (6.0%) 4 (2.7%) 
TIMI score high 14 (9.6%) 8 (5.3%) 10 (6.7%) 
GRACE score high 50 (34.2%) 54 (36.0%) 44 (29.5%) 
Inpatient MACE 4 (2.7%) 3 (2.0%) 3 (2.0%) 
12-month MACE 9 (6.2%) 4 (2.7%) 6 (4.0%) 
3-year MACE 10 (6.8%) 11 (7.3%) 12 (8.1%) 
Long term MACE 16 (11.0%) 13 (8.7%) 16 (10.7%) 

Table showing proportion of baseline characteristics, risk score, troponin levels and 
MACE according to biomarker level according to tertiles. Total number is displayed 
in each category along with percentage of group in rounded parenthesis.   
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Figure 25. Histogram showing distribution of HSCRP level 

 
Histogram showing distribution of biomarker level across the cohort.   
 
 

Figure 26. KM curves according to HSCRP level 

 
KM curves showing probability of freedom from MACE according to biomarker 
levels when categorised by tertiles. False origin of y-axis set to near 0.8 to allow 
better visualisation of divergence of curves.   
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Galectin-3 

Galectin-3 was measured in 386 patients. There were 15 MACE events at 12 months 

and 37 MACE events over a median of 5.8 years. The tertiles of Galectin-3 were 

defined as 12.30ng/ml and 16.00ng/ml. Table 23 shows the difference in proportion 

of patients with risk factors according to biomarker tertile. There is an increasing trend 

of those with diabetes, those with a high Hs-cTnT, GRACE risk with increasing tertile 

of Galectin-3. KM curves generated by the tertiles of Galectin-3 (Figure 28) show 

divergence of the curves generated by low and high levels of Galectin-3, although the 

curves generated by medium levels initially tracks and intersects the low-level curve 

before tending towards the high-level curve.  

Table 23. Patient characteristics according to Galectin-3 level  
Galectin-3 levels 

 Low (128) Medium (129) High (129) 
Age >75 years 5 (3.9%) 5 (3.9%) 17 (13.2%) 
Male 87 (68%) 67 (51.9%) 60 (%) 
Diabetes 17 (13.3%) 18 (14%) 28 (21.7%) 
Smoker 39 (30.5%) 47(36.4%) 38 (29.5%) 
Hypertension 60 (46.9%) 56 (43.4%) 68 (52.7%) 
Hypercholesterolaemia 59 (46.1%) 54 (41.9%) 68 (52.7%) 
ST depression 10 (7.8%) 6 (4.7%)  8 (6.2%) 
Previous MI 25 (19.5%) 21 (16.3%) 32 (24.8%) 
Hs-cTnT high 37 (27.4%) 40 (29.6%) 58 (43.0%) 
HEART score high 6 (4.7%) 3 (2.3%) 5 (3.9%) 
TIMI score high 8 (6.3%) 8 (6.2%) 10 (7.8%) 
GRACE score high 24 (18.8%) 38 (29.5%) 61 (47.3%) 
Inpatient MACE 2 (1.6%) 3 (2.3%) 4 (3.1%) 
12-month MACE 5 (3.9%) 4 (3.1%) 6 (4.7%) 
3-year MACE 7 (5.5%) 9 (7.0%) 12 (9.3%) 
Long term MACE 10 (7.8%) 13 (10.1%) 14 (10.9%) 

Table showing proportion of baseline characteristics, risk score, troponin levels and 
MACE according to biomarker level according to tertiles. Total number is displayed 
in each category along with percentage of group in rounded parenthesis.   
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Figure 27. Histogram showing distribution of Galectin-3 level  

 
Histogram showing distribution of biomarker level across the cohort.   
 
 

Figure 28. KM curves according to Galectin-3 level 

 
KM curves showing probability of freedom from MACE according to biomarker 
levels when categorised by tertiles. False origin of y-axis set to near 0.8 to allow 
better visualisation of divergence of curves.   
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Hs-cTnI 

Hs-cTnI was measured in 479 patients. There were 22 MACE events at 12 months and 

48 events over a median of 5.8 years. The tertiles for Hs-cTnI were defined as 

2.60pg/ml and 4.30pg/ml. Table 24 shows the difference in proportion of patients with 

risk factors according to biomarker tertile. There is an increasing trend of those with 

hypercholesterolaemia, high Hs-cTnT levels, and high levels of GRACE score with 

increasing tertile of Hs-cTnI. KM curves generated by the tertiles of Hs-cTnI (Figure 

29) show that high levels of Hs-cTnI are associated with a higher probability of MACE 

than the cohort. Low and medium levels of Hs-cTnI consistently show poor 

differentiation of MACE with curves running a similar trajectory with multiple 

intersections of the curves.  

Table 24. Patient characteristics according to Hs-cTnI level 
 Hs-cTnI 
 Low (159) Medium (158) High (162) 
Age >75 years 5 (3.1%) 8 (5.1%) 21 (13.0%) 
Male 72 (45.3%) 96 (60.8%) 97 (59.9%) 
Diabetes 24 (15.1%) 22 (13.9%) 33 (20.4%) 
Smoker 63 (39.6%) 44 (27.8%) 41 (25.3%) 
Hypertension 58 (36.5%) 66 (41.8%) 106 (65.4%) 
Hypercholesterolaemia 67 (42.1%) 74 (46.8%) 96 (59.3%) 
ST depression 10 (6.3%) 5 (3.2%) 12 (7.4%) 
Previous MI 27 (17.0%) 25 (15.8%) 49 (30.2%) 
Hs-cTnT high 21 (12.2%) 46 (26.7%) 105 (61.1%) 
HEART score high 6 (3.8%)  5 (3.2%) 8 (4.9%) 
TIMI score high 7 (4.4%) 7 (4.4%) 21 (13.0%) 
GRACE score high 39 (24.5%) 47 (29.7%) 75 (46.3%) 
Inpatient MACE 1 (0.6%) 2 (1.3%) 10 (6.2%) 
12-month MACE 4 (2.5%) 4 (2.5%) 14 (8.6%) 
3-year MACE 7 (4.4%) 10 (6.3%) 19 (11.7%) 
Long term MACE 12 (7.5%) 12 (7.6%) 24 (14.8%) 

Table showing proportion of baseline characteristics, risk score, Hs-cTnT levels and 
MACE according to biomarker level according to tertiles. Total number is displayed 
in each category along with percentage of group in rounded parenthesis.   
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Figure 29. Histogram showing distribution of Hs-cTnI level 

 
Histogram showing distribution of biomarker level across the cohort.   
 
 

Figure 30.  KM curves according to Hs-cTnI level 

 
KM curves showing probability of freedom from MACE according to biomarker 
levels when categorised by tertiles. False origin of y-axis set to near 0.8 to allow 
better visualisation of divergence of curves.   
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Table 25.  Patients who had normal Hs-cTnT and elevation in Hs-cTnI  
Patient 
 

A B C D E F 

Hs-cTnT 
ng/l 

14 10 11 8 9 6 

Hs-cTnI 
pg/ml 

34.1 53.8 26.0 41.4 15.8 21.6 

Gender 
1=female 

0 1 0 1 0 0 

HEART 
RFs  

5 3 1 3 3 3 

HEART 
score 

6 6 6 5 6 6 

TIMI  
score 

4 3 1 2 4 1 

Discharge 
diagnosis 

Atypical  
CP  

Ischaemic 
CP 

Arrhythmia Atypical  
CP 

Ischaemic 
CP 

Atypical 
CP 

Time to 
MACE (d) 

- 8 - - 0 - 

Patients included who had elevation in Hs-cTnI beyond the gender-specific cut-offs 
for the 99th percentile (15.6ng/L for females, 34.2ng/L for males). HEART RF=total 
number of risk factors as used in HEART score. CP=chest pain. HEART and TIMI 
scores are displayed as absolute score.   
 

There were 6 patients who had normal Hs-cTnT levels but had an elevated Hs-cTnI 

above the 99th percentile for gender-specific cut-off values. The associated Hs-cTnT 

levels and other important findings are displayed in Table 25. Of these patients, two 

experienced the MACE end-point unstable angina requiring revascularisation; one as 

an inpatient and one at day 8 post discharge. No patients experienced MI or mortality. 

These patients did have high HEART scores between 5-6. The TIMI score was 

variable between 1-4. There were no ST changes in these patients. Patient A 

underwent elective revascularisation at 229 days. Patient D underwent an inpatient 

cardiac catheterisation, and this was reported as normal.  
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Hs-cTnT 

Hs-cTnT was measured in all study participants as part of routine clinical care. There 

were 22 MACE events at 12 months and 48 MACE events over a median follow up 

of 5.8 years. Adjustments were made in keeping with the manufacturer guidance in 

196 patients (67%) due to the use of assay batches affected by a downward shift in the 

standardisation against the master lot, as described in the methods section. The tertiles 

for Hs-cTnT were defined as 3.2ng/l and 6.2ng/l for Hs-cTnT. Table 26 shows the 

difference in proportion of patients with risk factors according to biomarker tertile. 

KM curves generated by the tertiles of Hs-cTnT (Figure 32) show good discrimination 

of MACE according to the rank of Hs-cTnT with the clear divergence of the curves, 

particularly as follow-up progresses. A Mantel-Cox log-rank test reported statistical 

significance in freedom from MACE (χ2(2)=23.825, p<0.001). Pairwise log-rank 

comparisons were conducted to determine which groups had different MACE 

distributions. A Bonferroni correction was made with statistical significance accepted 

at the p<0.0167 level. There was a statistically significant difference in outcome 

distributions for low vs medium and low vs high levels of Hs-cTnT, but not for 

medium vs high levels.  

Low Hs-cTnT vs medium Hs-cTnT  χ2(1)=11.954   p=0.001 

Low Hs-cTnT vs high Hs-cTnT  χ2(1)=24.557  p<0.001 

Medium Hs-cTnT vs high Hs-cTnT  χ2(1)=1.488  p=0.223 

  



 
125 

Table 26. Patient characteristics according to Hs-cTnT level  
Hs-cTnT 

 Low (116) Medium (199) High (172) 
Age >75 years 1 (0.9%) 5 (2.5%) 28 (16.2%) 
Male 54 (46.6%) 112 (56.3%) 107 (62.2%) 
Diabetes 14 (12.1%) 20 (15.1%) 79 (16.2%) 
Smoker 39 (33.6%) 77 (38.7%) 36 (20.9%) 
Hypertension 44 (37.9%) 83 (41.7%) 105 (61.5%) 
Hypercholesterolaemia 47 (40.5%) 86 (43.2%) 106 (61.6%) 
ST depression 5 (4.3%) 10 (5.0%) 13 (7.6%) 
Previous MI 15 (12.9%) 36 (18.1%) 51 (29.7%) 
HEART score high 3 (2.6%) 7 (3.5%) 20 (4.1%) 
TIMI score high 1 (0.9%) 1 (0.5%) 2 (1.2%) 
GRACE score high 0 (0.0%) 1 (0.5%) 3 (1.7%) 
Inpatient MACE 2 (1.7%) 1 (0.5%) 4 (2.3%) 
12-month MACE 2 (1.7%) 4 (2.0%) 16 (9.3%) 
3-year MACE 2 (1.7%) 9 (4.5%) 25 (14.5%) 
Long term MACE 2 (1.7%) 15 (7.5%) 31 (18.0%) 

Table showing proportion of baseline characteristics, risk score and MACE according 
to biomarker level according to tertiles. Total number is displayed in each category 
along with percentage of group in rounded parenthesis.   

 

Figure 31. Histogram showing distribution of Hs-cTnT level 

 
Histogram showing distribution of biomarker level across the cohort.  
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Figure 32. KM curves according to Hs-cTnT level 

 
KM curves showing probability of freedom from MACE according to biomarker 
levels when categorised by tertiles. False origin of y-axis set to near 0.8 to allow 
better visualisation of divergence of curves.   
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Relative risk  

The relative risk of having a biomarker level in the upper two tertiles or upper tertile 

compared with the lower tertile are demonstrated in the table below. This shows that 

patients with a GDF-15 value in the top two tertiles is associated with a relative risk 

of 3.433, and a value of Hs-cTnT in the top two tertiles is associated with a relative 

risk of 6.232. HFABP, NTproBNP, Galectin-3, HSCRP and medium to high levels of 

Hs-cTnI do not have statistically significant relative risk.   

Table 27. Relative risk associated with biomarker level and long-term MACE 
Biomarker RR for long-term MACE 
GDF-15 level medium or high 3.433 (1.484-7.945) 
GDF-15 level high 1.506 (1.100-2.601) 
HFABP level medium or high 1.079 (0.858-1.356) 
HFABP level high 1.001 (0.811-1.236) 
NTproBNP level medium or high 1.468 (0.861-2.503) 
NTproBNP level high 1.229 (0.943-1.602) 
Galectin-3 level medium or high 1.251 (0.722-2.167) 
Galectin-3 level high 1.079 (0.830-1.402) 
HSCRP level medium or high 0.912 (0.600-1.385) 
HSCRP level high 1.037 (0.826-1.302) 
Hs-cTnT level medium or high 6.232 (1.590-24.426) 
Hs-cTnT level high 1.917 (1.301-2.824) 
Hs-cTnI level medium or high 1.364 (0.821-2.266) 
Hs-cTnI level high 1.571 (1.148-2.148) 

Table showing the relative risk associated with levels of biomarker when assessed 
according to the tertiles.   
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ROC analysis 

ROC analysis was performed on each of the biomarkers for MACE at 12 months and 

long term follow up. Table 28 shows the C-statistics for each of the biomarkers at 

these time points. Using the prespecified cut-off values as specified on page 42 of the 

Introduction section, Hs-cTnT and Hs-cTnI show fair discrimination of MACE at 12 

months, and Hs-cTnT also shows this for long term MACE. Figure 33 and Figure 34 

show the ROC curves for MACE at 12-months and long-term.  

 

 

Table 28. C-statistic for novel biomarkers at different durations of follow up 

Biomarker MACE 12-months MACE Long term 

HFABP 0.504 (0.341-0.665) p=0.965 0.528 (0.426-0.630) p=0.577 

GDF-15 0.593 (0.468-0.715 p=0.223 0.665 (0.583-0.746) p=0.001 

NTproBNP 0.604 (0.445-0.763) p=0.174 0.644 (0.541-0.746) p=0.004 

HSCRP 0.508 (0.350-0.666) p=0.924 0.482 (0.388-0.576) p=0.719 

Galectin-3 0.465 (0.308-0.621) p=0.646 0.538 (0.439-0.638) p=0.444 

Hs-cTnI 0.722 (0.584-0.861) p=0.004 0.623 (0.525-0.721) p=0.014 

Hs-cTnT 0.715 (0.582-0.849) p=0.005 0.705 (0.625-0.785) p<0.001 

C-statistic of biomarkers for MACE at 12 months and long term.  
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Figure 33. ROC curves for MACE at 12 months 

 
ROC curves for biomarkers and MACE at 12 months 
.  

Figure 34. ROC curves for MACE long term.  

 
ROC curves for biomarkers and MACE at long term follow up 
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In this analysis, Galectin-3, HFABP and HSCRP do not appear to provide any 

prognostic information on their own, whereas NTproBNP, GDF-15, Hs-cTnI and Hs-

cTnT do show a potential discrimination of outcome. Hs-cTnT appears to show good 

discrimination of risk according to tertile of Hs-cTnT level beyond the first year of 

follow up, but prior to that the low and medium level group suggest similar risk, 

however Hs-cTnT is likely to be affected by the calibration adjustment and 

furthermore, precision at these very low levels of biomarker could be inadequate. Hs-

cTnI does hold some ability to risk stratify when assessed according to tertiles; high 

levels are associated with worse prognosis, but low and medium levels convey similar 

risk. GDF-15 is good at long-term discrimination, but medium and high levels do not 

discriminate well during the first part of follow up. Low levels of GDF-15 confer a 

low risk of MACE across the whole study duration. Medium and high levels of Hs-

cTnT and GDF-15 have more than a 3-fold greater risk of MACE when compared 

with low levels of these biomarkers. NTproBNP does seem to show some ability to 

risk stratify for long-term MACE but does not show ability to predict MACE in the 

short-term. Hs-cTnT shows fair discrimination for MACE at 12 months and long term, 

when analysed using ROC curve analysis. Hs-cTnI has fair discrimination for 12-

month MACE but is a poor discriminator of long-term MACE. GDF-15 and 

NTproBNP do show some ability to predict long term MACE in isolation, but this 

discrimination is still poor according to ROC analysis. This chapter describes only a 

basic analysis, all biomarkers will still be considered in subsequent analysis, but these 

initial findings may help contextualise later results. In particular, biomarker levels will 

Discussion 
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be assessed in their continuous form, as information may be lost when assessing data 

according to tertile level.  
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NTproBNP, GDF-15, Hs-cTnI and Hs-cTnT show some ability to predict future 

MACE. On this initial analysis, Galectin-3, HFABP and HSCRP do not appear to 

provide any useful prognostic information on their own. Each biomarker will be 

studied in more detail in future chapters.   

 

 

 

 

 

  

Conclusion 
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CHAPTER 6. BIOMARKERS IN THE 

RULE OUT OF EARLY MACE 
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Chest pain is one of the most common presenting complaints that lead to hospital 

attendances. The early identification of ACS facilitates appropriate treatment and 

investigation, yet most patients who present with chest pain do not have ACS. Patients 

without elevation in troponin levels are generally considered to be low risk but it is 

clear from the work in Chapter 3 that this population is not free from risk, with 2.67% 

experiencing inpatient MACE and 3.29% at 8-weeks. Identifying those patients at 

truly at low risk of short-term MACE could facilitate expedited discharge, saving NHS 

resources. As clinical history has repeatedly been shown to be unreliable in the 

prediction of MI, other methods to help risk stratify are required.(165,166) A 

biomarker that could assist in the identification in those truly low risk could be an 

attractive method in early rule out. This chapter provides a preliminary analysis of the 

role of biomarkers in the rule-out of early MACE, however, due to the low MACE 

rate at early follow up, the findings would not be powered to provide definite evidence 

but could be used to provide information to power future larger studies.  

 

 

 

 

 

  

Introduction 
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All biomarkers were included in this investigation. Receiver Operator Characteristic 

(ROC) analysis was performed to produce ROC curves and ROC-derived cut-off 

values were investigated for a rule-out of MACE at 8 weeks and 6 months, 

corresponding with an NPV of 99.5%. The acceptable miss-rate of myocardial 

infarction is an area of much debate. A survey of Emergency Care Physicians had 

found that a miss rate 0.5% was generally considered to be acceptable. Therefore a 

NPV of 99.5% was chosen to comply with this miss rate of 0.5%.(167) The proportion 

of the cohort with a biomarker corresponding to below the value associated with a 

NPV of 99.5% was calculated along with the sensitivity. Distribution curves and plots 

comparing those who experienced MACE and those with freedom from MACE were 

produced. For biomarkers that identified the potential to provide useful information 

regarding early MACE, algorithms were evaluated to identify rule-out strategies that 

maximise the number of patients eligible for expedited discharge whilst maintaining 

a MACE rate of £0.5%. This was done by combining biomarker levels and using 

HEART score, which was previously identified in Chapter 4 as showing value in the 

rule-out of MACE. MACE was assessed at two time points, 8-weeks and 6-months. 

Freedom from MACE at 8-weeks was deemed appropriate to facilitate discharge; 

however, it was acknowledged that proper outpatient investigation, review and 

treatment might not be completed at this point in an overburdened NHS. MACE at 6-

months was also chosen as it was felt most services would be able to complete the 

appropriate investigations and management over this time frame. ROC analysis was 

Methods 
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performed using SPSS version 25 and online software easyROC,(156) which is based 

on R programming language. 
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487 patients had values measured for the biomarkers Hs-cTnT, HFABP and GDF-15. 

Due to the limitation in serum samples remaining for analysis, Hs-cTnI was measured 

in 479 patients (98.36%), NTproBNP in 471 (96.71%), HSCRP in 445 (91.38%) and 

Galectin-3 in 386 (79.26%). Of the total population, there were 3.29 and 3.90% MACE 

events by 8-weeks and 6-months of discharge. These MACE events comprised of UA 

requiring revascularisation (1.85% at 8 weeks, 2.26% at 6 months) and AMI (1.44% 

at 8 weeks, 1.85% at 6 months), there were no cardiovascular mortality in this duration 

of follow up. The ROC curves for each biomarker are demonstrated in Figure 35 and 

Figure 36, for MACE at 8-weeks and 6-months respectively. These show similar traces 

for all biomarkers, apart from Hs-cTnI, which on review of the upper right area of the 

ROC curve has a favourable trace for rule out (as discussed in Chapter 1) at 8 weeks 

follow up, but is closer to the line of random chance at 6 months. GDF-15 also has a 

favourable trace for a rule-out test, but this extends to both time points of follow up. 

The coordinates of the ROC analysis computed were reviewed to establish the lowest 

value of biomarker that the first MACE occurred and are reported in Table 29. The 

patient with the lowest level of NTproBNP experienced a MACE at 8-weeks, meaning 

this biomarker was not assessed any further in this chapter. The biomarker GDF-15 

and Hs-cTnI show higher numbers of patients (greater or equal to 100) when an NPV 

of 99.5% for 8-week MACE, which infer that these may have some utility in the rule 

out of early MACE. The other non-necrosis biomarkers HFABP, Galectin-3, and 

HSCRP, have only very low numbers of patients below the values associated with an 

NPV of 99.5%; therefore, are unlikely to be helpful at ruling out early MACE in this 

population. 

Results 
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Figure 35. ROC curves of biomarkers and 8-week MACE 

 
ROC curves of each biomarker with outcome at 8 weeks 
 

Figure 36. ROC curves of biomarkers and 6-month MACE 

 
ROC curves of each biomarker with outcome at 6 months 
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Table 29. Biomarker levels and MACE 
Biomarker [cohort size] Lowest level 

biomarker  
8-week MACE 

Lowest level 
biomarker  
 6-month MACE 

HFABP  [487] 1.99ng/ml 1.99ng/ml 

GDF-15  [487] 172.106pg/ml 172.106pg/ml 

NTproBNP [471] 0.2mg/dl 0.2mg/dl 

HSCRP [445] 0.03ng/ml 0.03ng/ml 

Galectin-3 [386] 6.8pg/ml 6.8pg/ml 

Hs-cTnI [479] total 2.3pg/ml 1.4pg/ml 

Hs-cTnT [487] total 3ng/l 3ng/l 

Lowest absolute value of biomarker where MACE experienced at 8-weeks and 6-
months. 
 
 
 

Table 30. ROC optimised cut-off for minimum NPV 99.5% 
Biomarker (units) 
[cohort size] 

8-week 
MACE 

Number 
below this 
(% of cohort) 

6-month 
MACE 

Number 
below this 
(% of cohort) 

HFABP [487] 1.99ng/ml 16 (3.3%) 1.99ng/ml 16 (3.3%) 

GDF-15 [487] 172.106pg/ml 102 (20.9%) 172.368pg/ml 102 (20.9%) 

NTproBNP [471] - - - - 

HSCRP [445] 0.03ng/ml 11 (2.5%) 0.03ng/ml 11 (2.5%) 

Galectin-3 [386] 6.8pg/ml 6 (1.6%) 6.8pg/ml 6 (1.6%) 

Hs-cTnI [479] 3.2pg/ml 229 (47.0%) 1.4pg/ml 36 (7.5%) 

Hs-cTnT [487] 3ng/l 10 (2.1%) 3ng/l 10 (2.1%) 

ROC optimised cut-off of biomarker levels associated with a NPV of 99.5% for 8-
week and 6-month MACE.   
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ROC curve analysis for Hs-cTnI and GDF-15 

Further ROC analysis was performed on the biomarkers Hs-cTnI and GDF-15, in light 

of the more favourable ROC trace and the larger cohort of patients below the ROC 

optimised cut-off for a minimum NPV of 99.5%. See Figure 37 and Figure 38.  

Hs-cTnI 

The optimal cut-off for Hs-cTnI based on an NPV for 99.5% for MACE at 8-weeks is 

3.2pg/ml (with 47% of the cohort below this value) and 6-months is 1.4pg/ml (with 

7.5% below this cohort).These cut-off values give a sensitivity of 93.8 (69.8-99.8) and 

100 (82.4-100) for 8-week and 6-month MACE, respectively (See Table 31 and Table 

32). Hs-cTnI is the only biomarker that shows a considerable difference in its ability 

in the rule out of early MACE between 8-weeks and 6-months; suggesting a more 

powerful ability to rule out very early MACE at 8-weeks, but less so at 6-months, this 

is reflected in the curves for Hs-cTnI shown in Figure 37 and Figure 38. The 

distribution graphs are shown in Figure 39 and Figure 40 and demonstrate that those 

who do not experience early MACE generally have lower Hs-cTnI level. 

GDF-15 

The optimal cut-off for GDF-15 based on an NPV for 99.5% is 172.106pg/ml for 

MACE at both 8-weeks and 6-months, with 21% of patients having a GDF-15 below 

this level. This cut-off gives a sensitivity of 100 (79.4-100) and 1.000 (82.4-100) for 

8-week and 6-months MACE, respectively (See Table 33 and Table 34). The 

distribution graphs are shown in Figure 41; due to the profile and range of GDF-15 it 

is difficult to fully interpret the findings at the given scale, therefore Figure 43 shows 

the distribution graphs for GDF-15, specifically for levels below 400pg/ml, to better 
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visualise the curves at lower levels, which show the large number of patients that do 

not experience MACE below the NPV of 99.5%.  

Figure 37. ROC curve of GDF-15 and Hs-cTnI for 8-week MACE 

 
ROC curves of biomarkers GDF15 and Hs-cTnI for MACE at 8 weeks. 
 

Figure 38. ROC curve of GDF-15 and Hs-cTnI for 6-month MACE 

 
ROC curves of biomarkers GDF15 and Hs-cTnI for MACE at 6 months. 
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Table 31. Performance measures for Hs-cTnI and MACE at 8-weeks 

 
Table showing optimal cut off level and associated sensitivity, specificity, positive 
and negative predicted value, and positive and negative likelihood ratio of 
biomarker according to MACE at 8 weeks according to ROC analysis.  
 

Figure 39. Sensitivity, specificity, and distribution of Hs-cTnI 

 
Top left. ROC curve of biomarker showing sensitivity vs 1-specificity. Top right. Plot 
of sensitivity and specificity. Bottom left.  Distribution of biomarker level according 
to those with MACE and those with freedom from MACE. Bottom right. Distribution  
of biomarker according to outcome. 
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Table 32. Performance measures for Hs-cTnI and MACE at 6 months 

 
Table showing optimal cut off level and associated sensitivity, specificity, positive 
and negative predicted value, and positive and negative likelihood ratio of 
biomarker according to MACE at 6 months according to ROC analysis.  
 
 

Figure 40. Sensitivity, specificity, and distribution of Hs-cTnI at 6 months 

 
Top left. ROC curve of biomarker showing sensitivity vs 1-specificity. Top right. Plot 
of sensitivity and specificity. Bottom left.  Distribution of biomarker level according 
to those with MACE and those with freedom from MACE. Bottom right. Distribution 
of biomarker according to outcome.   



 
144 

Table 33. Performance measures for GDF-15 and MACE at 8 weeks 

 
Table showing optimal cut off level and associated sensitivity, specificity, positive 
and negative predicted value, and positive and negative likelihood ratio of 
biomarker according to MACE at 6 months according to ROC analysis.  
 

Figure 41. Sensitivity, specificity, and distribution of GDF-15 

 
Top left. ROC curve of biomarker showing sensitivity vs 1-specificity. Top right. Plot 
of sensitivity and specificity. Bottom left.  Distribution of biomarker level according 
to those with MACE and those with freedom from MACE. Bottom right. Distribution 
of biomarker according to outcome.   
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Table 34. Performance measures for GDF-15 and MACE at 6 months 

 
Table showing optimal cut off level and associated sensitivity, specificity, positive 
and negative predicted value, and positive and negative likelihood ratio of 
biomarker according to MACE at 6 months according to ROC analysis.  
 

Figure 42. Sensitivity, specificity, and distribution of GDF-15 

 
Top left. ROC curve of biomarker showing sensitivity vs 1-specificity. Top right. Plot 
of sensitivity and specificity. Bottom left.  Distribution of biomarker level according 
to those with MACE and those with freedom from MACE. Bottom right. Distribution 
of biomarker according to outcome. 
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Figure 43. Distribution of GDF-15 for levels below 400pg/ml  

 
Distribution of GDF-15 for those with/without MACE at levels below 400pg/ml to 
allow better visualisation of distribution between subjects. 

 

Combinations of GDF-15, Hs-cTnI and HEART score to rule out early 

MACE 

Table 35 shows the performance of combining GDF-15 and Hs-cTnI in the early rule 

out of MACE; for reference, the performance of GDF-15 and Hs-cTnI are also 

reported. This shows that these cut-offs and combinations do have an appropriate NPV 

for 8-week MACE of greater than 99.5%. This also shows that the improvement of 

adding GDF-15<172.106pg/ml to Hs-cTnI <3.2pg/ml increases the number of patients 

that could be defined as low risk from 47% of the cohort to 56.5%, with acceptable 

MACE rates at 8 weeks; this change is larger than what could be achieved by 

combining Hs-cTnI and the HEART score, however, combining Hs-cTnI, GDF-15 

and HEART score values does lead to the largest cohort of patients that could be 

defined as low risk, with 60% of the cohort being eligible for discharge. It is important 

to note that the acceptable MACE rates do not extend to 6 months in these strategies, 

therefore early investigation/intervention would be required following discharge.  
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Table 35. NPV, Sensitivity, Specificity for different discharge strategies 
Model NPV for MACE 

8 weeks 

(95% CI) 

Sensitivity for 

MACE 8 weeks 

(95% CI) 

Discharged 

N (% of cohort) 

MACE 8/52 

 N (% of 

discharged) 

MACE 6/12 

N (% of 

discharged) 

Hs-cTnI <3.2pg/ml 

 

99.6  

(97.2-99.6) 

93.8 

(69.8-99.8) 

229 (47.0) 1  

(0.44%) 

3 

(1.31%) 

GDF-15 <172.106pg/ml 

 

100  

(96.1-100) 

100 

(0.794-NaN) 

102  

(20.9%) 

0 0 

Hs-cTnI or 

GDF<172.106pg/ml 

99.6 

(97.7-99.7) 

93.8 

(69.8-99.8) 

275 

(56.5%) 

1 

(0.36%) 

3 

(1.09%) 

Hs-cTnI <3.2pg/ml or 

HEART <3 

99.6 

(97.5-99.7) 

93.8  

(69.8-99.8) 

254 

(52.2%) 

1 

(0.39%) 

3 

(1.18%) 

Hs-cTnI<3.2pg/ml or 

HEART <3 or GDF 

<172.106pg/ml 

99.7 

(97.8-99.7) 

93.8  

(69.8-99.8) 

293 

(60.2%) 

1 

(0.34%) 

3 

(1.02%) 

Table showing the NPV and sensitivity with 95% confidence intervals in rounded parenthesis, the number of patients eligible for 
discharge according to strategy, with proportion as a percentage in rounded parenthesis, and the MACE rates at 8 weeks and 6 
months with percentages in rounded parenthesis.  
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The results in this chapter show that using low level cut-off values of GDF-15 and Hs-

cTnI might be useful in the early rule out of short-term MACE. GDF-15 appears to 

improve the number of patients that could be identified as low-risk, in addition to Hs-

cTnI. Even if patients are identified as low risk of short-term MACE, care must be 

made that appropriate outpatient investigation and management continues. GDF-15 is 

a marker that is a non-specific marker that can be increased for many different reasons, 

such as having risk factors, any physiological stress; therefore, it is probable that levels 

are lower in those patients who are less likely to have significant underlying coronary 

disease or other significant illnesses. It is imperative to note that Hs-cTnT will have 

been affected by the adjustments made to the raw data because of transformations due 

to the technical issues with the assays as previously stated. This transformation 

increased the values of Hs-cTnT for 40% of the study population, which meant that 

those with very low levels of Hs-cTnT would have had their results amplified. This 

meant that even when assessing the cut-off at the level of detection, which has 

previously been known to have a very high sensitivity for MACE, in this population 

is associated with a miss rate of greater than 1%. HFABP, HSCRP, Galectin-3, 

NTproBNP do not appear to have a role in identifying patients who are low risk in this 

analysis.   
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GDF-15 may be a useful and clinically relevant biomarker in improving the rule out 

of early MACE in patients who present with suspected ACS and have troponin levels 

below the 99th percentile. Larger studies assessing GDF-15 in various rule out 

strategies would be warranted before its use; studies with troponins taken at early time 

points and in combination with delta change in troponin would be of particular interest. 

Other important issues to also consider would be the turnaround time of testing and 

cost effectiveness.  
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CHAPTER 7. THE INCREMENTAL 
ADDED VALUE OF BIOMARKERS 

TO RISK SCORES IN THE 
PREDICTION OF MACE 
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The vast majority of patients presenting to the ED with suspected ACS do not have 

elevation of troponin.(161,168) Cardiovascular outcomes in this population, 

particularly in the longer term, have not been well studied. There are considerable 

resources deployed to risk stratify these patients, usually in an outpatient setting with 

cardiac imaging, with uncertain impact on outcomes.(169–172) 

This chapter studies the role of serological biomarkers, either alone or in concert with 

composite risk scores, to effectively risk stratify this population. It is reasonable to 

assume that improved risk stratification may enable more targeted investigation and 

intervention, thereby improving outcome.  
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All patients were included in the analysis for Hs-cTnT, HFABP and GDF-15. Due to 

limitations in serum samples, Hs-cTnI was measured in 479 (98.36%), NTproBNP in 

471 (96.71%), HSCRP in 445 (91.38%) and Galectin-3 in 386 (79.26%) patients. 

MACE was defined as a composite endpoint of unstable angina requiring 

revascularization, type I myocardial infarction and cardiac mortality. For definitions 

of MACE and method of adjudication see Chapter 2. 

Univariable logistic regression was performed to assess risk scores and novel 

biomarkers with MACE at 3 years following discharge. The risk scores were 

calculated as per previous chapters, with high sensitivity troponin levels effectively 

not contributing as these were all below the 99th percentile. The lower levels of high 

sensitivity troponin levels below the 99th percentile were then added into the analysis. 

Logistic regression was performed as this method was defined a priori. The 

assumptions of logistic regression were assessed and met prior to analysis; the Box-

Tidwell procedure was used to assess the linear relationship between continuous 

variables and the logit transformation of the dependent variable. Multicollinearity was 

assessed by the inspection of correlation coefficients and Variance Inflation Factor 

(VIF). Biomarkers values were transformed on a natural logarithmic scale prior to 

logistic regression.  

Univariable logistic regression modelling was constructed to calculate odds ratios, 

95% confidence intervals and significance level. Variables that were significant 

predictors of MACE at the 5% level from the univariable logistic regression analysis 

were used for different multivariate models. Hs-cTnT and Hs-cTnI were not assessed 

Methods 
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in the multivariable model due to their moderate correlation. A maximum of 3 

variables were used in each multivariable analysis model, to reduce the likelihood of 

overfitting.(173)  

Independent predictors of MACE on multivariable analysis were identified by the 

backward stepwise (likelihood ratio) elimination method. Variables with a 

significance value of <0.05 were considered for entry into the model and removed if 

>0.10. ROC curve analysis with computation of c-statistic was used to assess model 

discrimination. Logistic regression models were compared using likelihood ratio test, 

to assess the benefit of incorporating biomarkers that were significant on univariable 

analysis to risk scores.  

Category-free net reclassification index (NRI) was also performed using 3-year 

MACE to assess how well the addition of biomarkers to risk scores can improve the 

individual prediction of risk.  

Cox Proportional Hazards Regression was performed to assess risk scores and novel 

biomarkers with MACE over full study follow up. Cox Proportional Hazards 

Regression was performed due to the lengthy follow up, that was unanticipated during 

the planning stage. Cox Proportional Hazards Regression takes into consideration 

censoring from all-cause mortality, which was higher than expected. Univariable Cox 

regression analysis was performed on variables that fulfil the Cox proportional-

hazards (PH) assumptions, giving Hazard Ratios (HR), 95% confidence intervals and 

statistical significance for long term MACE.  

The assumptions of Cox PH regression were assessed and met prior to analysis. 

Evaluation of the Cox PH assumptions were performed graphically by plotting scaled 
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Schoenfeld’s residuals to assess their independence with transformed time (see 

Appendix) and confirmed using the p-value for the Schoenfeld Individual Test, with 

a threshold of 0.05. Continuous covariates were assessed for linearity graphically by 

plotting the Martingale residuals against a given covariate and using a LOWESS line. 

Deviance residuals were plotted to evaluate for outliers of continuous variables.  

Variables with statistical significance on univariate analysis were used in the 

multivariable analysis. Due to the moderate correlation between Hs-cTnT and Hs-

cTnI, these were not assessed in the same multivariable model. A backward 

Likelihood Ratio method was used to assess the independent predictors of MACE. A 

p-value of <0.05 was taken as an entry criterion, and a p-value of > 0.10 was taken as 

a removal criterion. The results are presented as a hazard ratio with 95% confidence 

intervals. Each multivariable model was assessed by the adjusted hazards ratio, -2log 

likelihood and Harrell’s C-index.  

SPSS version 25 was used for KM analysis, logistic regression and Cox PH regression. 

NRI was performed in R using the ‘NRIcens’ package. ROC analysis was performed 

using SPSS version 25 and online software easyROC(156) (based on R programming 

language.  
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i) Biomarkers and MACE at 3 years 

There were 36 composite MACE events at 3 years; these included 14 episodes of 

unstable angina requiring revascularisation and 22 adjudicated type 1 myocardial 

infarctions. There were no deaths due to cardiovascular causes during this follow-up.  

Net Reclassification Index (NRI) 

Table 36 shows the Net Reclassification Index (NRI) for the addition of each 

biomarker to the baseline risk scores; HEART, TIMI and GRACE. As per study 

design, all high sensitivity troponin T levels were below the 99th percentile, therefore 

high sensitivity troponin T had no bearing on the calculation of the risk score. 

However, the addition of high sensitivity troponin T levels below the 99th percentile 

were added into the model to see if these low levels of high sensitivity troponin 

contributed. Hs-cTnT is the only biomarker assessed that leads to an improvement in 

both the prediction of events and non-events, regardless of the risk score assessed. 

Adding Hs-cTnT to TIMI score led to a 37.63% net improvement in the prediction of 

a non-event and a 23.35% net improvement in the prediction of an event, with a total 

NRI of 0.610; an NRI above 0.6 can be considered strong improvement in risk 

prediction.(145) The addition of Hs-cTnT to the HEART and GRACE score show 

intermediate strength, as does the addition of Hs-cTnI to each risk score. The non-

necrosis biomarker GDF-15 has an intermediate effect with each risk score, and this 

appears to be in the prediction of non-events.   

Results 
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Whilst the biomarkers HFABP, NTproBNP, HSCRP, Galectin-3 may hold some value 

in improvement in a single category (either prediction of events or non-events) this is 

offset by a similar magnitude of decline in the prediction of the other category, leading 

to a NRI that shows no overall significant effect.  

Table 36. NRI of risk scores and with inclusion of biomarkers 

Models 

Net Reclassification Index 

(95% CI) 

Improvement in 

the prediction 

of events 

(NRIe) 

Improvement in 

the prediction 

of non-events 

(NRIne) 

    

GRACE score + biomarker 

HFABP 0.134 (-0.201,0.418) 44.67% -31.23% 

GDF-15 0.316 (-0.271,0.636) -14.95% 46.51% 

NTproBNP -0.056 (-0.337, 0.421) -48.71% 43.10% 

HSCRP 0.145 (-0.274,0.360) 57.64% -43.19% 

Galectin3 -0.015 (-0.180,0.479) 6.40% -7.88% 

Hs-cTnT 0.495 (0.149,0.824) 11.48% 38.00% 

Hs-cTnI 0.479 (-0.111,0.590) -11.06% 58.97% 

        

HEART score + biomarker 

HFABP 0.052 (-0.152, 0.388) 39.10% -33.90% 

GDF-15 0.332 (-0.333, 0.673) -14.68% 47.86% 

NTproBNP 0.160 (-0.153, 0.489) -52.91% 68.94% 

HSCRP -0.018 (-0.421, 0.406) 51.09% -52.95% 

Galectin3 -0.189 (-0.331,0.649) -1.42% -17.46% 

Hs-cTnT 0.547 (0.180, 0.927) 17.17% 37.58% 

Hs-cTnI 0.440 (-0.066, 0.777) -11.35% 55.34% 

    

TIMI score + biomarker 

HFABP 0.0699 (-0.154, 0.385) 39.12% -32.12% 

GDF-15 0.335 (-0.295, 0.647) -14.79% 48.30% 

NTproBNP -0.427 (-0.882, 0.729) -53.75% 11.00% 

HSCRP 0.215 (-0.311, 1.047) 51.54% -30.07% 

Galectin3 -0.148 (-0.311, 0.568) -1.16% -13.51% 

Hs-cTnT 0.610 (0.295, 0.899) 23.35% 37.63% 

Hs-cTnI 0.347 (-0.135, 0.740)) -16.96% 51.71% 

Table shows individual risk score in combination with individual biomarkers. The 
NRI shows the total NRI with 95% confidence intervals. NRIe denotes the net 
proportion of events assigned as higher risk.  NRIne denotes the net proportion of 
non-events assigned a lower risk. 
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Logistic regression  

The results from the univariable analysis are displayed in Table 37. Statistically 

significant variables included TIMI score, HEART score, GRACE score, ln(GDF-15), 

ln(Hs-cTnT) and ln(Hs-cTnI). For each unit increase in ln(Hs-cTnT) and ln(Hs-cTnI) 

patients are 4.458 and 2.095 times more likely to experience an event (p<0.001), 

respectively. The only non-necrosis biomarker that was significant on univariable 

analysis was GDF-15, for each unit increase in ln(GDF-15) patients are 1.804 times 

more likely to experience MACE (p=0.007).  

Table 37. Univariate logistic regression 
 Total Events Odds ratio 95% CI p value 

 TIMI 487  36 2.727 1.738-2.971 <0.001 

 HEART 487   36 2.215 1.662-2.950 <0.001 

 GRACE 487  36 1.018 1.004-1.031 0.009 

Ln(HFABP) 487 36 1.105 0.606-2.016 0.744 

Ln(GDF-15) 487 36 1.804 1.174-2.770 0.007 

Ln(Galectin-3) 386 28 1.576 0.443-5.608 0.483 

Ln(HSCRP) 445 33 0.969 0.756-1.243 0.805 

Ln(NTproBNP) 471 35 1.275 0.969-1.678 0.082 

Ln(Hs-cTnT) 487 36 4.458 2.285-8.699 <0.001 

Ln(Hs-cTnI) 479 36 2.095 1.360-3.228 <0.001 

Univariable analysis showing odds ratio of variables with 95% confidence intervals 
and significance.  
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Multivariable logistic regression models involving the HEART score 

HEART score 

For reference, the HEART score in isolation when assessed using logistic regression, 

was statistically significant, with a χ2(1) of 36.933, p<0.001. The HEART score model 

had an AUC 0.787 (0.721-0.853), p<0.001. 

HEART score with the inclusion of biomarkers 

Log Model 1A (HEART score and Hs-cTnT) 

The variables assessed included HEART score, ln(Hs-cTnT) and ln(GDF15). 

ln(GDF15) was removed due to lack of statistical significance.  

The final variables included in Log Model 1A included HEART score and ln(Hs-

cTnT). This model was statistically significant for 3 year MACE 

[χ2(2)=46.926, p<0.001]. Table 38 shows the results of the multivariable analysis. For 

each increase in unit of ln(Hs-cTnT), patients are 2.961 times more likely to 

experience an adverse outcome when HEART score is kept constant. The AUC for 

this final model was 0.829 (0.721-0.853), p<0.001 (see Figure 44). When comparing 

Model 1A over the baseline HEART model, there was a difference between the areas 

of 0.0419 with a p-value of <0.001 (see Table 42).   

Table 38. Model 1A (HEART score/Hs-cTnT). Odds ratios and significance  
Variable Patients Events Odds ratio (95% CI) P value 

HEART 487 36 2.027 (1.506-2.727) <0.001 

ln(Hs-cTnT) 487 36 2.961 (1.480-5.924) 0.002 

Adjusted odds ratio of variables within the logistic regression model with 95% 
confidence intervals and significance.  
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Log Model 1B (HEART score, Hs-cTnI and GDF-15) 

The variables for Model 1B include HEART score, ln(Hs-cTnI) and ln(GDF15). All 

variables remained in the model. This logistic regression model was statistically 

significant, with a χ2(2)=43.795, p<0.001. Table 39 shows the results of the 

multivariable analysis.  

With each increase in unit of ln(Hs-cTnI), patients are 1.621 times more likely to 

experience MACE when HEART score and ln(GDF15) are kept constant. For each 

unit increase in ln(GDF15) there was an increased risk of 1.590.  

The AUC for Model 1B was 0.818 (0.760-0.876), p<0.001 (see Figure 44). The 

improvement between the AUC for the HEART score and Model 1B was 0.0314 with 

a significance level of 0.02 (see Table 42).   

Table 39. Model 1B. Odds ratios and significance  
Variable Patients Events Odds ratio (95% CI) P value 

HEART score 479 36 2.069 (1.530-2.796) <0.001 

ln(Hs-cTnI) 479 36 1.621 (1.030-2.550) 0.037 

Ln(GDF15) 479 36 1.590 (0.947-2.669) 0.080 

Adjusted odds ratio of variables within the logistic regression model with 95% 
confidence intervals and significance.  

 

 

 

 

 

 

 

 

 



 

160 

Multivariable logistic regression models involving the TIMI score 

TIMI score 

For reference, the TIMI score logistic regression model was statistically significant, 

with a χ2(1) of 41.605, p<0.001. The TIMI score model had an AUC 0.787 (0.709-

0.865), p<0.001. 

TIMI score with the inclusion of biomarkers 

Log model 2A (TIMI score and Hs-cTnT) 

The variables used for Model 2A include TIMI score, ln(GDF15) and ln(Hs-cTnT). 

After backwards selection, both TIMI score and ln(Hs-cTnT) were left in the model.  

This logistic regression model was statistically significant, with a χ2(2) = 53.425, p < 

0.001. Table 40 shows the results of the multivariable analysis. The AUC for this 

model was 0.825 (0.762-0.888) p<0.001 (see Figure 45).  

For each increase in ln(Hs-cTnT) unit, patients are 3.173 times more likely to 

experience an adverse outcome when TIMI score is kept constant. The improvement 

in the AUC between the TIMI score and Model 2A was 0.0400, with statistical 

significance of p<0.001 (see Table 43).   

Table 40. Model 2A. Odds ratios and significance 
Variable Patients Events Odds ratio (95% CI) P value 

TIMI 471 36 2.162 (1.632-2.865) <0.001 

Ln(Hs-

cTnT) 

471 36 3.173 (1.582-6.362) 0.001 

Adjusted odds ratio of variables within the logistic regression model with 95% 
confidence intervals and significance.  
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Log Model 2B (TIMI score and Hs-cTnI) 

The variables used for Model 2B include TIMI score, ln(GDF15) and ln(Hs-cTnI). 

After backwards selection, both TIMI score and ln(Hs-cTnI) were left in the model.  

This logistic regression model was statistically significant, with a 

χ2(2)=45.198, p<0.001.  Table 41 shows the results of the multivariable analysis. The 

AUC for this Model 2B was 0.801 (0.732-0.870) p<0.001 (see Figure 45). With each 

increase in unit of TIMI score, patients are 2.272 times more likely to experience an 

adverse outcome when other variables in the model are kept constant (p<0.001).  With 

each increase in ln(Hs-cTnI) unit, patients are 1.573 times more likely to experience 

an adverse outcome when other variables in the model are kept constant (p=0.008).  

The improvement in the AUC between the TIMI model and Model 2B is 0.0141 with 

statistical significance of p=0.028 (see Table 43). 

Table 41. Model 2B. Odds ratios and significance 
Variable Patients Events Odds ratio (95% CI) P value 

TIMI 465 36 2.272 (1.648-2.863) <0.001 

Ln(Hs-

cTnI) 

465 36 1.573 (0.999-2.476) 0.05 

Adjusted odds ratio of variables within the logistic regression model with 95% 
confidence intervals and significance.  
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Logistic regression models involving the GRACE score 

GRACE score 

For reference, the GRACE score logistic model was statistically significant, with a 

χ2(1) of 6.502, p=0.034. The GRACE score model had an AUC 0.629 (0.538-0.721), 

p=0.006. 

GRACE score with inclusion of biomarkers 

Models were assessed using GRACE score in combination with ln(NTproBNP), 

ln(Hs-cTnT), but regardless of combination of biomarker assessed, GRACE score was 

removed due to lack of statistical significance, therefore ROC analysis was not 

performed on models incorporating the GRACE score.  
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Figure 44. ROC curve of HEART models 

 
Visual comparison of ROC curves produced by Log Model 1A [ln(Hs-cTnT) and 
HEART score], Log Model 1B [ln(Hs-cTnI), ln(GDF-15) and HEART score] and 
HEART Score. 

Figure 45. ROC curve of TIMI models 

 
Visual comparison of ROC curves produced by Log Model 2A [ln(Hs-cTnT) and 
TIMI score], Log Model 2B [ln(Hs-cTnI) and TIMI score] and TIMI Score. 
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Comparison of logistic regression models 

Table 42 shows the performance of the HEART-based logistic regression models with 

regards to AUC and -2 log likelihood. The HEART based models that include 

biomarkers outperform HEART score in isolation. The HEART based model with the 

greatest AUC is Model 1A which incorporates HEART score and Hs-cTnT. Both 

Model 1A and Model 1B are statistically superior to the HEART score in isolation.  

Table 43 shows the performance of the TIMI-based logistic regression models. Again, 

the TIMI based models that include biomarkers outperform the TIMI score in 

isolation. The TIMI based model with the greatest AUC is Model 2A, that incorporates 

TIMI score and Hs-cTnT. Model 2A and Model 2B are statistically superior to the 

TIMI score in isolation. 
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Table 42.  Comparison of logistic regression HEART models 
 HEART score Model 1A  

(HEART score, 

Hs-cTnT) 

Model 1B  

(HEART score, 

Hs-cTnI, 

GDF15) 

AUC 0.786 (0.719-

0.853) p<0.001 

0.827 (0.768-

0.886) p<0.001 

0.818 (0.760-

0.876) p<0.001 

-2log likelihood 

 

219.880 209.887 211.778 

Significance from  

HEART score 

- <0.001 0.02 

Table showing AUC with confidence intervals/p-values and -2log likelihood for 
HEART based models. Significance from baseline HEART score model calculated by 
likelihood ratio test.  
 

Table 43. Comparison of logistic regression TIMI models 
 TIMI score Model 2A  

(TIMI score, Hs-

cTnT) 

Model 2B  

(TIMI score, Hs-

cTnI) 

AUC 0.786 (0.707-

0.864) p<0.001 

0.825 (0.762-

0.888) <0.001 

0.801 (0.732-

0.870) <0.001 

-2log likelihood 

 

215.207 203.926 210.375 

Significance from TIMI 

score 

- <0.001 0.028 

Table showing AUC with confidence intervals/p-values and -2log likelihood for 
TIMI based models. Significance from baseline TIMI score model calculated by 
likelihood ratio test.  
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ii) Long term MACE 

487 patients were included with a median follow up of 5.8 years. 48 patients 

experienced a composite end point of MACE; 16 of these consisted of UA requiring 

revascularisation, 27 patients experienced adjudicated myocardial infarction and 4 had 

cardiovascular death. 42 patients experienced all-cause mortality during follow up.  

Univariable Cox Proportional Hazards Regression 

Univariable Cox PH regression was used to analyse individual variables and long-term 

MACE to produce Hazard Ratios (HR), with confidence intervals. The following 

variables were significant predictors of a MACE in univariate analysis: 

ln(NTproBNP), ln(GDF-15), ln(Hs-cTnT), ln(Hs-cTnI), GRACE score, TIMI score 

and HEART score (See Table 44).   

Table 44. Univariable Cox Regression analysis 
Variable Coeff HR 95% CI Significance 

Ln(HFABP) 0.047 1.048 0.632-1.735 0.856 

Ln(GDF-15) 0.616 1.851 1.319-2.598 <0.001 
Ln(NTproBNP) 0.341 1.407 1.116-1.773 0.004 
Ln(HSCRP) -0.037 0.964 0.786-1.183 0.726 

Ln(Galectin-3) 0.450 1.568 0.538-4.566 0.407 

Ln(Hs-cTnT) 1.317 3.733 2.184-6.381 <0.001 
Ln(Hs-cTnI) 0.595 1.814 1.275-2.580 <0.001 
GRACE   0.016 1.016 1.004-1.029 0.009 
TIMI 0.503 1.654 1.371-1.996 <0.001 
HEART  0.590 1.804 1.436-2.266 <0.001 

Univariable analysis of variables showing hazard ratios, 95% confidence intervals 
and significance.  
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Multivariable Cox Proportional Hazard Regression models using the 

HEART score 

Univariable Cox proportional regression shows for each unit increase in HEART 

score, there is a 1.804-fold risk of MACE. HEART score as a continuous variable has 

a Harrell’s c-index of 0.725 (see Table 49). 

Cox Model 1A (HEART score, Hs-cTnT and GDF-15) 

HEART score, ln(GDF15), ln(NTproBNP) and ln(Hs-cTnT) were assessed in this 

model in their continuous forms. After backwards selection, ln(NTproBNP) was 

excluded from the model due to lack of statistical significance. The final Cox Model 

1A consisted of HEART score, ln(GDF-15) and ln(Hs-cTnT). The Harrell’s c-index 

for Cox Model 1A is 0.783 (see Table 49 and Figure 46).  

The results of the multivariable analysis are shown in Table 45. This shows that for 

each unit increase in ln(Hs-cTnT), patients are 2.512 times more likely to experience 

an event when HEART score and ln(GDF15) remain constant. For each unit increase 

in ln(GDF15), patients are 1.514 times more likely to experience an event when 

HEART score and ln(Hs-cTnT) are kept constant.  

The improvement in the AUC between Cox Model 1A and the baseline HEART score 

in isolation was 0.0579 with a p-value of <0.001 (see Table 49). 

Table 45. Cox Model 1A multivariable analysis 
Variable aHR 95% CI Significance 

HEART score 1.583 1.262-1.985 <0.001 

Ln(Hs-cTnT) 2.512 1.445-4.366 <0.001 

Ln(GDF-15) 1.514 1.003-2.287 0.048 

Adjusted hazard ratio of variables within the Cox Model with 95% confidence 
intervals and significance.  
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Cox Model 1B (HEART score, Hs-cTnI and GDF-15) 

HEART score, ln(GDF-15), ln(NTproBNP) and ln(Hs-cTnI) were assessed in this 

model. After backwards selection, again, ln(NTproBNP) was excluded from the 

model. The final Cox Model 1B consisted of HEART score, ln(GDF-15) and ln(Hs-

cTnI). The Harrell’s c-index of this model was 0.761 (see Table 50 and Figure 46).  

Table 46 shows the results of the multivariable analysis. With each increase in unit of 

ln(Hs-cTnI), patients are 1.428 times more likely to experience MACE when ln(Hs-

cTnI) and HEART score are kept constant. With each increase in unit of ln(GDF-15), 

patients are 1.706 times more likely to experience an adverse outcome when HEART 

score and ln(Hs-cTnI) are kept constant.  

The improvement in the AUC between Cox Model 1B and the baseline HEART score 

in isolation was 0.0355 with a p-value of 0.003 (see Table 50).  

Table 46. Cox Model 1B multivariable analysis 
Variable aHR 95% CI Significance 

HEART score 1.642 1.315-2.051 <0.001 

Ln(Hs-cTnI) 1.428 0.990-2.060 0.057 

Ln(GDF-15) 1.706 1.145-2.541 0.009 

Adjusted hazard ratio of variables within the Cox Model with 95% confidence 
intervals and significance.  
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Multivariable Cox proportional regression models including the TIMI 

score 

Univariable Cox proportional regression of TIMI score has an HR of 1.654. TIMI 

score as a continuous variable has a Harrell’s c-index of 0.733 (see Table 50). 

Cox Model 2A (TIMI score and Hs-cTnT) 

TIMI score, ln(GDF-15), ln(NTproBNP) and ln(Hs-cTnT) were assessed for inclusion 

in the model. After backwards selection, ln(NTproBNP) and ln(GDF-15) were 

excluded from the model. The final Cox Model 2A consisted of TIMI score and ln(Hs-

cTnT). Harrell’s c-index 0.788 (0.722-0.854) (see Table 50 and Figure 47).  

Table 47 shows the results of the multivariable analysis. With each increase in unit of 

ln(Hs-cTnT), patients are 2.789 times more likely to experience MACE when ln(Hs-

cTnT) is kept constant. The improvement in the AUC between Cox Model 2A and the 

baseline TIMI score is 0.0552 with a p-value <0.001 (see Table 50).   

Table 47. Cox Model 2A multivariable analysis 
Variable aHR 95% CI Significance 

TIMI score 1.846 1.490-2.287 P<0.001 

Ln(Hs-cTnT) 2.789 1.621-4.799 P=0.001 

Adjusted hazard ratio of variables within the Cox Model with 95% confidence 
intervals and significance.  
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Cox Model 2B (TIMI score, Hs-cTnI and GDF-15) 

TIMI score, ln(GDF-15), ln(NTproBNP) and ln(Hs-cTnI) were assessed for inclusion 

in the model. After backwards selection, ln(NTproBNP) was excluded. The final Cox 

Model 2B consisted of TIMI score, ln(Hs-cTnI) and ln(GDF-15).  Harrell’s c-index 

was 0.768 (see Table 50 and Figure 47).  

Table 48 shows the results of the multivariable analysis. With each increase in unit of 

ln(Hs-cTnI), patients are 1.373 times more likely to experience MACE when 

ln(GDF15) and TIMI score are kept constant. With each increase in unit of ln(GDF-

15), patients are 1.627 times more likely to experience an adverse outcome when TIMI 

score and ln(Hs-cTnI) are kept constant. The improvement in the AUC between Cox 

Model 2B and the TIMI score in isolation is 0.0348 with a p-value <0.001 (see Table 

50).   

Table 48. Cox Model 2B multivariable analysis 
Variable aHR 95% CI Significance 

TIMI score 1.816 1.466-2.249 <0.001 

Ln(Hs-cTnI) 1.373 0.960-1.963 0.083 

Ln(GDF-15) 1.627 1.087-2.435 0.018 

Adjusted hazard ratio of variables within the Cox Model with 95% confidence 
intervals and significance.  
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Multivariable Cox regression models including GRACE score 

Univariable Cox proportional regression demonstrates that the GRACE score has a 

hazard ratio of 1.016. GRACE score, when assessed as a continuous variable, has a 

Harrell’s c-index of 0.598. 

GRACE score with inclusion of biomarkers 

Models were assessed using GRACE score in combination with ln(GDF15), ln(Hs-

cTnT), ln(Hs-cTnI) and ln(NTproBNP), but regardless of combination of biomarker 

assessed, GRACE score was removed by the algorithm, therefore ROC analysis was 

not performed on models incorporating the GRACE score.  
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Figure 46.  ROC curves comparing HEART Score models 

 
ROC curves produced by Cox Model 1A [ln(Hs-cTnT), ln(GDF-15) and HEART 
score], Cox Model 1B [ln(Hs-cTnI), ln(GDF-15) and HEART score] and HEART 
Score. 

Figure 47. ROC curves comparing TIMI Score models 

 
ROC curves produced by Cox Model 2A [ln(Hs-cTnT) and TIMI score], Cox Model 
2B [ln(Hs-cTnI), ln(GDF-15) and TIMI score] and TIMI Score. 
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Comparison of Cox PH models 

Table 49 shows the performance of the HEART-based Cox PH regression models with 

regards to AUC and -2 log likelihood. The HEART based models that include 

biomarkers outperform HEART score in isolation. The HEART based model with the 

greatest AUC is Cox Model 1A which incorporates HEART score, GDF-15 and Hs-

cTnT. Both Cox Model 1A and Model 1B are statistically superior to the HEART 

score in isolation. 

Table 50 shows the performance of the TIMI-based Cox PH regression models. Again, 

the TIMI based models that include biomarkers outperform the TIMI score in 

isolation. The TIMI based model with the greatest AUC is Cox Model 2A, that 

incorporates TIMI score and Hs-cTnT. Cox Model 2A and Cox Model 2B are 

statistically superior to the TIMI score in isolation. 
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Table 49. Comparison of HEART-based Cox PH regression models 
 HEART score Cox Model 1A  

(HEART score, 

Hs-cTnT, 

GDF15) 

Cox Model 1B  

(HEART score, 

Hs-cTnI, 

GDF15) 

AUC 

 

0.725 (0.653-

0.798)  

0.783 (0.719-

0.848) 

0.761 (1.690-

0.831) 

-2log likelihood 

 

554.424 537.856 543.032 

Significance from 

HEART score 

- <0.001 0.003 

Table showing AUC with confidence intervals/p-values and -2log likelihood for 
HEART-based Cox models. Significance from baseline HEART score model 
calculated by likelihood ratio test. 

 

Table 50. Comparison of TIMI-based Cox PH regression models 
 TIMI score Cox Model 2A  

(TIMI score, Hs-

cTnT) 

Cox Model 2B  

(TIMI score, Hs-

cTnI, GDF15) 

AUC 

 

0.733 (0.652-

0.814) 

0.788 (0.722-

0.854) 

0.768 (0.696-

0.840) 

-2log likelihood 

 

545.862 531.676 535.472 

Significance from TIMI 

score 

- <0.001 <0.001 

Table showing AUC with confidence intervals/p-values and -2log likelihood for 
TIMI-based Cox models. Significance from baseline TIMI score model calculated by 
likelihood ratio test. 
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In this analysis, several non-necrosis biomarkers linked to atherosclerosis and 

coronary disease were studied, to evaluate their ability to improve risk stratification 

for long term MACE, beyond risk scores, in patients with suspected ACS when MI 

has been excluded.  

The TIMI and HEART score in isolation show fair discrimination in terms of 

predicting 3-year MACE, both with AUC of 0.786. The GRACE score in isolation has 

poor discrimination. The GRACE score is likely to perform poorly because of most of 

the variables included in this score are most likely to be normal in patients who have 

had MI excluded (such as cardiac arrest at admission, Killip class, troponin level) and 

the only variables that are likely to be contributary are age, ST depression, and 

creatinine.  

What was very apparent in this analysis was the incremental value of high sensitivity 

troponins beyond the risk scores. By study design, all index Hs-cTnT values were in 

the normal range, below the 99th percentile. Whilst some patients still had an elevation 

in Hs-cTnI, nearly all (98.7%) had Hs-cTnI levels below the 99th percentile. Both the 

HEART and TIMI score perform well in predicting MACE in isolation, yet the 

incorporation of absolute levels of Hs-cTnT and Hs-cTnI, even below the 99th 

percentile, improves the performance of both risk scores and still offers significant 

prognostic information.  

Of the non-necrosis biomarkers assessed, GDF-15 was the only marker that provided 

independent prognostic information beyond risk scores. GDF-15 was complementary 

Discussion 
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to the HEART score and Hs-cTnI, when assessed using logistic regression over 3-year 

follow up. Yet, it was excluded from logistic regression models including the TIMI 

score and high sensitivity troponin, and, the HEART score in combination with Hs-

cTnT.  

Similar findings were seen in the longer-term analysis looking at freedom from MACE 

using Cox PH regression. The TIMI and HEART score had fair discrimination with 

AUC of 0.725 and 0.733 respectively. The AUC was poor for GRACE score at 0.598. 

Again, troponins were able to improve the performance of the TIMI and HEART 

score.   

GDF-15 was also informative over longer term freedom from MACE when assessed 

using Cox regression, showing that it provided incremental information beyond the 

HEART score and high sensitivity troponin, regardless of the assay. It also provided 

prognostic information above the TIMI score with Hs-cTnI model, but not with TIMI 

score and Hs-cTnT. 

NTproBNP was a significant predictor of the long-term MACE on univariable Cox 

regression; however, this was no longer significant on multivariable analysis. HSCRP, 

Galectin-3, HFABP did not show any prognostic information for long term MACE in 

this analysis.  
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HEART and TIMI scores perform well in patients with normal Hs-cTnT levels, yet 

there is an improvement in the predictive value of these scores for longer term MACE 

when high sensitivity troponin levels are incorporated. GDF-15 can provide useful 

prognostic information beyond risk scores and high sensitivity troponins in some 

multivariable analysis models.  

 

 

 

 

  

Conclusion 
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CHAPTER 8. SUMMARY, 
DISCUSSION AND CONCLUSION 
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The work in Chapter 3 describes the baseline characteristics, management and 

outcome of the investigative cohort using descriptive statistics. The patients who 

presented with suspected ACS and had MI excluded had high rates of cardiovascular 

risk factors and pre-existing cardiovascular disease. 85% of patients had at least one 

traditional cardiovascular risk factor (not including gender) and nearly a third (28%) 

of patients had a history of angina. In terms of clinical history, 94% of patients had 

characteristics of chest pain that would score 1 or 2 in the history component of the 

HEART score (i.e. moderate or high suspicion). Despite exclusion of MI in this cohort, 

the high proportion with risk factors for ischaemic heart disease and at least of 

moderate suspicion of myocardial ischaemia in history challenge the assumption that 

this is a low-risk population. There were high rates of hospital admission, prolonged 

hospital stays and resource utilisation. There were large numbers of patients (>40%) 

who were discharged without a firm diagnosis. Important non-cardiovascular 

diagnosis included pulmonary embolism in 2 patients, gastric ulceration in 1 patient 

and malignancy in 1 patient. 3% of patients experienced MACE as an inpatient during 

their index admission. Over four years, nearly 8.5% had experienced MACE, which 

was principally type 1 MI (5.95%) or revascularisation due to unstable angina 

(2.87%). There were no deaths due to cardiovascular causes at 4 years (all-cause 

mortality was 5.3% at 4 years). It was also worth noting that there was a surprisingly 

high number of representations with chest pain to the same AED, with 7% of patients 

representing by 8-weeks and 39% of patients representing by four years. Given the 

event rates despite a highly sensitive troponin within normal limits, at presentation, 

Summary of chapters 
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there is a compelling case for effective risk factor stratification and in some, risk factor 

modification and/or revascularisation to improve outcome 

 

Chapter 4 investigated the utility of HEART, TIMI and GRACE risk score to 

effectively risk stratify this population. The findings reveal that the GRACE score is 

a poor discriminator of risk in patients who present with chest pain and have normal 

Hs-cTnT levels. The TIMI and HEART scores perform well, with AUC being 0.76 

and 0.74, respectively, for 8-week MACE. The HEART score has a more favourable 

profile than the TIMI score of ruling out future MACE, as it has the greatest ability to 

classify patients at low risk. A HEART score of <3 was present in 15% of patients 

with no patient experiencing MACE at 6 months. A score of <4 categorised 37% of 

the cohort, but the 6-month MACE was 0.6%  

 

The work in Chapter 5 analyses the distribution of biomarkers and their ability to risk 

stratify this population. the analysis reveals that both high sensitivity troponins Hs-

cTnT and Hs-cTnI, between limit of detection and 99th percentile are relatively 

powerful prognostic tools. Moreover these ‘outperform’ any of the non-necrosis 

biomarkers. The highest tertile of Hs-cTnT has a much higher event rate than the first 

and second tertile. Hs-cTnT tertile discriminated particularly well across all tertiles 

beyond the first 500 days. Surprisingly biomarkers linked directly to ischaemia, such 

as HFABP and NTproBNP, did not effectively risk stratify the population nor did 

those indicative of inflammation such as HSCRP. GDF-15 did hold some promise in 

our population. Low levels of GDF-15 (GDF-15 <172pg/ml) in this cohort, were 
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associated with a MACE event rate of 0% at 6 months. The second and third tertiles 

of GDF-15 do not discriminate well during the first 3 years of follow up but do after 

this time point. This could be reflection of underpowering of the sample size or an 

association with a ‘slow burn’ pathology such as atherosclerosis. There was synergy 

between highly sensitive troponins and GDF-15. Patients with a Hs-cTnT or GDF-15 

in their respective second or third tertiles had more than a 3-fold risk of MACE 

compared with the first tertile. Larger cohorts would be needed to confirm the utility 

of GDF-15 and whether they are truly additive in a meaningful manner to highly 

sensitive troponins. Also, larger possibly combined data sets would allow cut-points 

to be explored. 

 

Chapter 6 analyses trends for short-term MACE association with biomarkers. The 

study was not powered for short-term MACE and the aim of this chapter was to be 

hypothesis generating for future studies.  The principal finding was that both Hs-cTnI 

and GDF-15 may have the potential to identify fair proportions of the cohort at low-

risk of early MACE. A Hs-cTnI below the ROC optimised cut-off of <3.2pg/ml 

identified nearly half of the cohort as low-risk of MACE at 8-weeks and GDF-15 

identified 21% of the cohort at low risk of early MACE. The additive role of GDF-15 

to Hs-cTnI improved the cohort identified suitable for discharge from 47% to 57%.  

 

Chapter 7 investigates longer term (>3 years) MACE and specifically whether the 

selected non-necrosis biomarkers and highly sensitive troponins below the 99th 

percentile can provide incremental prognostication beyond conventional HEART, 
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TIMI and GRACE risk scores. Whilst troponin levels are incorporated into each of 

these scores already; these are dichotomised at the 99th percentile, therefore troponin 

levels would not contribute to the risk scores in this study population. We specifically 

investigated how absolute values of troponin below the 99th percentile could add to 

composite risk scores in effectively risk stratifying this cohort. In univariable logistic 

regression at 3-year follow up, values of Hs-cTnT, Hs-cTnI, and GDF-15 were 

significantly correlated with MACE. On multivariable logistic regression, each risk 

score was improved by the addition of biomarkers. The addition of high sensitivity 

troponins significantly improved each of the risk scores in terms of AUC or NRI. 

GDF-15 was able to provide independent information in a multivariate model 

incorporating HEART score and Hs-cTnI. The other non-necrosis biomarkers 

investigated (HFABP, Galectin-3, HSCRP and NTproBNP) do not risk stratify or aid 

GRACE, TIMI or HEART in multivariable logistic analysis. Net Reclassification 

Index (NRI) was also analysed in this chapter as an additional but alternative means 

of assessing the value of adding a specific biomarker to risk stratification. This 

demonstrated Hs-cTnT, to be the only biomarker that was able to improve the risk 

scores’ prediction of both MACE events and event free survival. Both Hs-cTnI and 

GDF-15 improved the prediction of event free survival, when added to the risk scores. 

Chapter 7 also investigated longer-term outcome, a median of 5.8 years, using Cox 

Proportional Hazards Models. GDF-15, NTproBNP, Hs-cTnT and Hs-cTnI were 

statistically significant predictors of long-term MACE in univariable analysis. In 

multivariable models, Hs-cTnT and Hs-cTnI remained statistically significant beyond 

risk scores. GDF-15 was also significant in multivariable analysis when assessed with 

the HEART score with either high sensitivity troponin assay and the TIMI score when 

assessed with Hs-cTnT.  
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I have determined that 2 of the gold-standard highly sensitive troponin assays provide 

prognostic value in the ‘troponin-negative’ suspected ACS population. Furthermore, 

I have demonstrated, for the first time, that Hs-cTnT and Hs-cTnI outperform many 

promising non-necrosis biomarkers for both short and long-term MACE and provide 

complementary prognostic information to composite risk scores. Larger data sets 

could allow development of cut-points for use in risk stratification for more targeted 

investigation and risk factor modification and/or revascularisation. The only non-

necrosis biomarker that provides complementary information to existing means for 

risk stratification is GDF-15. GDF-15 was shown to be a promising biomarker 

primarily due to its ability to provide information beyond what can be collected as part 

of routine care. Limitations of adding new biomarkers to routine clinical care may 

include cost, increased turn around-time and there may not be meaningful difference 

in outcome.  These results show that GDF-15 is worthy of further exploration, but the 

next steps would include assessing the role GDF-15 in accelerated rule out strategies 

then reviewing cost implications and whether there was an improvement in clinical 

outcomes.   

 

  

Summary of results 
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Patients who present with suspected ACS who have had MI excluded are a 

heterogeneous population that are not free from risk and lead to considerable health 

care resource utilisation. Understanding this population in greater detail is crucial to 

plan health care and resource health care services such as cardiac imaging. Accurate 

risk stratification could save lives and improve the allocation of clinical resources. 

Identifying patients at medium and high-risk could ascertain those who would benefit 

from intensive risk factor modification and/or revascularisation thus potentially 

improving outcome. This body of work is observational and does not demonstrate this 

strategy would be effective but provides a rationale to test this approach. Although the 

cohort could be criticised for its relatively small size it did have the advantage of being 

well-characterised. Knowledge of number and type of symptoms and meticulous 

documentation of risk factors is testament to its granularity, a feature often lacking in 

‘big data’.  

The primary aim of this thesis was to investigate biomarkers, intimately linked to 

ischaemia, wall stress, inflammation that are consequences of or triggers for ACS. The 

hypothesis tested was whether the biomarkers incrementally improved current means 

of risk-stratification of patients with suspected ACS with MI excluded. This is a 

diverse but rarely studied subpopulation of suspected ACS. Risk scores can risk 

stratify patients at no additional cost, therefore, the ability of biomarkers to help 

beyond standard risk stratification was studied. 

Discussion 
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Risk scores 

The biomarkers were assessed in addition to the TIMI, HEART and GRACE risk 

scores. The HEART performed best in the ability to ‘rule out’ future MACE. The 

HEART and TIMI score had a similar ability to predict future MACE. The GRACE 

score performed poorly in the rule out and prediction of MACE in this population (and 

had never been intended for use in those with MI excluded). The HEART and TIMI 

score do have variables that are more relevant in differentiating this population. Binary 

logistic regression analysis demonstrated similar AUC for both TIMI and HEART 

score. However, the use of the HEART score is preferable because of its ability to 

both identify those at low risk of short-term MACE and those high risk of long-term 

MACE 

High sensitivity troponins 

The most striking finding was the incremental value of high sensitivity troponins 

beyond risk scores, for risk stratification, even when the absolute values was capped 

by the 99th percentile. This finding was unexpected given the narrow range of absolute 

values of either highly sensitive troponin assay and the absence of myocyte necrosis 

implicated by capping at 99th percentile of Hs-cTnT. Whilst some patients still had an 

elevation in Hs-cTnI, nearly all (98.7%) had Hs-cTnI levels below the 99th percentile. 

Hs-cTnI performed best in the early rule-out of MACE allowing discharge of 47% of 

the cohort. Both the HEART and TIMI score perform well in predicting MACE, yet 

the incorporation of absolute levels of Hs-cTnT and Hs-cTnI, even below the 99th 

percentile, improves the performance of both risk scores and still offers significant 

prognostic information.  
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NRI also demonstrated that the high sensitivity troponins have a role in the 

reclassification of risk at 3 years. Hs-cTnT was able to lead to an improvement in each 

risk score’s ability to predict both events and event free survival. Hs-cTnI enabled 

improved prediction of event free survival. High sensitivity troponins also improved 

upon composite risk score prediction of MACE when analysing outcome over the long 

term. To the best of our knowledge, this is the first analysis investigating the value of 

low levels of high sensitivity troponin assays to both TIMI and HEART scores in this 

cohort of suspected ACS. The mechanisms behind the prognostic role of detectable 

troponin levels below the 99th percentile were established in this study, yet it is most 

likely that this is due to the association with the severity of coronary disease and 

plaque burden. (51–53) 

GDF-15 

This body of work also provides promising data on GDF 15 for risk stratification in 

this population and builds on the clinical utility of this biomarker in acute chest pain. 

This was evident across several different assessment methods and time points of 

follow up. The preliminary analysis in chapter 6 alluded to GDF-15 levels being able 

to identify patients who are low risk of early MACE. A discharge strategy using either 

low levels of GDF-15 or Hs-cTnI could improve the cohort that could be discharged 

to 57%, when compared with using Hs-cTnI alone that would identify 47%. If these 

findings were replicated in larger studies, GDF-15 could be additive to low levels of 

highly sensitive troponins. However much larger, multicentre cohort studies in a range 

of health care environments are required to study in particular optimal dichotomisation 

for gdf-15 for rule-out. 
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The results in Chapter 7 demonstrate that GDF-15 had some ability to provide 

incremental information beyond standard risk scores in the prediction of MACE over 

longer term follow up. Logistic and Cox regression modelling using 3-year and 5.8 

year follow up, respectively, demonstrated incremental benefit to models containing 

the HEART score and Hs-cTnI, when adding GDF-15. There was also an 

improvement in the prediction of some (but not all) models using Hs-cTnT or the TIMI 

score. Hs-cTnT has been identified as a superior prognostic marker to Hs-

cTnI(174,175) which may account for GDF-15 to bolster Hs-cTnI containing models. 

The TIMI score also shows a heavier weighting to those who may have a higher risk 

of CAD (due to the variables ‘known coronary stenosis’ and ‘aspirin use in the last 7 

days’) which are associated with higher GDF-15 levels.(104) To the best of our 

knowledge, this is the first study to investigate the role of GDF-15 beyond the 

HEART/TIMI scores in the high sensitivity troponin era. The exact pathophysiology 

for its prognostic impact in our population is not elucidated. However, as these patients 

have Hs-cTnT levels below the 99th percentile, it is more likely due to GDF-15’s 

correlation is with atherosclerosis and plaque burden, rather than a relationship with 

plaque rupture.  

NTproBNP 

NTproBNP was a significant predictor of the long-term MACE on univariable Cox 

regression; however, this was no longer significant on multivariable analysis. 

NTproBNP may not be informative in this study because chronic heart failure was an 

exclusion criterion for this cohort. Patients with heart failure are more likely to have 

left ventricular systolic dysfunction, higher natriuretic levels and be at an adverse risk 

of MACE. However, the results were unexpected as wall stress due to myocardial 
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ischaemia is likely to trigger natriuretic peptide release and this has been demonstrated 

previously to be a powerful adverse predictor of outcome in MI.(125)  Most of the 

adverse prognostic impact of natriuretic peptides have been in the MI 

population.(124,127,176) It is probable that other markers for MACE in this cohort, 

such as risk score and high sensitivity troponin level, have much greater adverse 

prognostic impact, in the medium and long term, thus ‘drowning out’ any influence of 

natriuretic peptides.  

HFABP 

HFABP was assessed in a number of ways, but there was no evidence that HFABP 

predicted short- or long-term MACE. Whilst Viswanathan et al.(93) had demonstrated 

an impressive prognostic role of HFABP in patients with normal high sensitivity 

troponin levels, this was not replicated in this study. There are a number of key 

differences in the study designs that might account for this discrepancy. Viswanathan 

had assessed troponin levels using Siemens Advia cTnI Ultra assay, whereas we had 

used Roche High Sensitivity Troponin T to base recruitment on. 5% of the patients 

included in their study had a history of heart failure. Heart failure was associated with 

higher HFABP levels and subsequent MACE. We had excluded patients with a history 

of heart failure. They had evaluated MACE as MI and all-mortality over a median of 

18 months follow up and had an event rate of 5.29%. Although we had a lower MACE 

rate, by our definition, at a comparable time point, we had a similar rate of MI and all-

cause mortality at 2 years (29/487 = 5.95%). HFABP has been found to be a predictor 

of all-cause mortality in community with a 7 year follow up,(91) which may reflect 

the positive findings of HFABP with their end points. The study had used a cut-off 

value to define a normal Hs-cTnI as below 50ng/l, but since publication, the cut-off 
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for 99th percentile for the assay has been reduced to 47.34ng/l, so a small number of 

patients may have fulfilled criteria for MI by today’s standard. The lack of any signal 

for HFABP is surprising considering ischaemia is likely to have been prevalent in a 

sizable proportion given the documented symptoms and risk factors in our population. 

Recent evidence however has ‘diminished’ ischaemia as a predictor of adverse 

outcome compared to plaque burden.(177–179)  

Galectin-3 

Galectin-3 failed to show any meaningful prognostic information in this work. The 

studies that have shown a potential useful role of Galectin-3 in chest pain, have been 

in those with confirmed AMI and those who are high-risk. To our knowledge, this is 

the first study that has looked at the role of Galectin-3 and risk scores in patients with 

suspected ACS but high sensitivity troponin levels at or below the 99th percentile.   

HSCRP 

HSCRP did not show any prognostic information. This is similar findings to other 

studies who have found no role for HSCRP in chest pain patients with MI 

excluded.(118–120) Although inflammation is central to atherosclerosis and its 

progression(180) there are competing and more reliable barometers of the degree of 

inflammation, such as GDF-15. It is also possible competing non-cardiovascular 

diagnoses for chest pain and an endpoint of cardiovascular death, but not all cause 

mortality, ‘diminished’ the impact of HSCRP.  

Strengths of the study 

There are a number of strengths to this study. This was a prospective design of a fair 

population size using several statistical analysis methods. the population was well-
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characterised with detailed documentation of both nature and quality of symptoms and 

likelihood of myocardial ischaemia. The follow-up length was also sufficient to 

document the temporal risk of this important subgroup of suspected ACS. Very few 

similar studies have documented follow-up to 5 years and beyond thus enabling a more 

complete profile of the outcome of these patients.  

Although studied historically there are few contemporary analyses of cohorts of this 

size in the highly sensitive troponin era. Very few studies have analysed the much 

greater proportion of patients (compared to confirmed ACS or troponin positive 

suspected ACS). There is no pathway or consistent plan for the cohort of MI excluded 

chest pain presentations to accident and emergency, as opposed to confirmed MI. 

Whilst early discharge is appropriate targeting and/or type of investigation for 

underlying IHD remain variable.  

This study provides novel evidence beyond risk scores. High sensitivity troponins, 

even in the narrow range studied could allow for targeting of investigation and 

intensive risk factor modification in an effort to forestall downstream MACE. The 

implications of this study and its analysis are clear. Targeting of investigations such 

as coronary CT scans to those identified as potentially high risk is useful. The burden 

of testing and follow-up for this largest subpopulation of suspected ACS is onerous 

for any healthcare system. Identification of high plaque burden or ischaemia would 

allow intensive treatment and risk factor modification. However, the validity of this 

approach need testing in large scale prospective multicentre studies and ideally for the 

latter strategy a randomised controlled trial. Such as study may well randomise 

between testing for all approach for instance with coronary CTs (with treatment and 

RF modification for those at risk) versus targeted investigations based on composite 
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risk scores allied to absolute values of high sensitivity troponins and risk factor 

modification and treatment for those identified. An assessment of outcome and cost-

effectiveness could thus be derived. 

There was assessment of multiple relevant non-necrosis biomarkers in isolation and 

the incremental role that these biomarkers provide beyond standard risk stratification 

methods, including high sensitivity troponin levels and risk scores. Two high 

sensitivity troponin assays that are widely available and are considered gold standard 

were assessed.  

The MACE in this analysis was defined as cardiovascular death, non-fatal myocardial 

infarction and unstable angina requiring revascularisation. Cardiovascular death and 

non-fatal myocardial infarction are hard endpoints. Unstable angina requiring 

revascularisation is an important endpoint, but the clinical diagnosis is open to 

interpretation; however, the clinicians and operators did not have access to the novel 

biomarker results. The diagnosis of type 1 myocardial infarction was adjudicated by 

independent 2 physician assessment with blinding of index presentation troponins and 

biomarkers. Such an approach is considered gold standard. 

Study limitations 

As with all studies, there are some limitations. Hs-cTnT was analysed in real-time in 

keeping with clinical need, but the other biomarkers were analysed once recruitment 

was complete, after being stored at -70 degrees centigrade. Each of the biomarkers has 

been demonstrated to be stable after freeze/thaw cycles, but there may be some 

variation relative to the same sample taken on admission.(181–185) 
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A very small percentage of NTproBNP results could have been affected by calibrators. 

It was unclear which samples may have been affected but was approximately 1%; this 

is unlikely to have had a meaningful impact on the analysis. Whilst adjustments were 

made for the downward shift experienced by batches of the Hs-cTnT assays, some 

truly low values will have been erroneously amplified.   

Several follow up methods were used to identify patients who had experienced 

MACE. Still, it is possible some patients experienced MACE outside of our 

geographical area that we did not identify. A small number of silent events or events 

occurring outside of the Merseyside region would not be expected to produce any bias 

to the results. Other large studies in peer-reviewed journals have used similar follow-

up methods.(186)  

Finally, there was additional data we had hoped to collect and analyse in this study, 

including exercise echocardiography, changes in biomarkers before and after exercise, 

and heart rate variability, but these were reluctantly forfeited to improve recruitment 

rates.  

Future work 

Despite the limitations of this work, it does highlight areas for future research. Whilst 

GDF-15 may improve the identification of low-risk patients; it is unclear whether this 

would lead to any improvement in outcome or resource utilisation. Assessing the role 

of novel biomarkers, particularly GDF-15, taken at earlier time points in the admission 

and whether these can assist or expand rapid rule-out strategies is important. Rapid 

testing using point of care may improve the overall length of stay and early 

identification of those at risk. Optimal ranges of GDF-15 would need to be established. 

GDF-15 may also be helpful in those with low-level elevation in troponin where MI 
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is excluded. The investigation of the performance of biomarkers according to gender 

would also be welcomed.   
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The HEART score should be used in preference over the TIMI or GRACE score for 

the risk stratification of patients who present with suspected ACS and have MI 

excluded. Absolute high sensitivity troponin levels should be incorporated to the 

conventional HEART score in this large subpopulation of suspected ACS to aid risk 

stratification. GDF-15 could help expand early safe discharge. However, studies into 

the clinical and cost effectiveness of this strategy are required before implementation 

to clinical practice. 

  

Conclusion 
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Appendix for Chapter 2.  

Original PIS Version 5.   

Patient Information Sheet 
 

Biomarkers in Acute Chest Pain Study 
We would like to invite you to take part in our research study. However, before you 

decide, we need you to understand the reason for the research and what it involves.  A 
member of our Research Team will go through the information sheet with you 
and answer any questions you may raise.  This will take about 20 minutes.  You 

may talk to others about the study if you so wish.  Part 1 tells you the purpose of the 

study and what to expect if you take part.  Part 2 gives you more detailed information 

about the conduct of the study.  Please ask, if there is anything you do not understand. 

Background 
 

Every year, approximately 700,000 people with chest pain attend Accident and 

Emergency Departments in the UK.  A proportion of these patients are admitted to 

hospital.  Chest pain can be the result of a sudden blockage of a coronary artery, which 

may be easily identified by the findings on an ECG or by a blood test measuring of 

Troponin (part of heart muscle released into the blood when there has been damage to 

the heart muscle).  However, these tests can sometimes be normal despite the presence 

of significant narrowing of the coronary arteries.  There is no easy way to identify 

patients with chest pain who are not having a heart attack but who may still be at 

considerable risk. Further tests take time, resources and specialist interpretation to 

determine an individual patient’s risk.  New biomarkers (chemicals released by the 

body into the bloodstream associated with either an interrupted blood supply to the 

heart muscle or a ‘severe stress’ to the body) are continuously being identified, but 

further research is required to find more accurate biomarkers which may help identify 

those at risk of a heart attack or death in the near future.  Furthermore, there is a strong 

link between diabetes and heart disease, but less is known about how a pre-diabetic 

state could be responsible for triggering angina or heart pain in some of these patients.   

 

What is the purpose of the study?  
 

We propose to study a number of biomarkers.  This may grant an insight into an 

individual’s risk of death or heart attack in the near future.  We aim to compare the 

performance of these biomarkers to standard investigations and Exercise 

Echocardiography (a specialist test to examine the heart under stress).  There could be 

a potential to improve care by allowing safe, early discharge to patients identified to 

be a low risk thereby reassuring patients and freeing up hospital beds.  We also want 

to look for the presence of the pre-diabetic state in people who present with chest pain, 

which can be achieved by a blood test. 
 
Why have I been invited? 
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You have been invited to take part in this study as you have been admitted to hospital 

with chest pain but neither your ECG, nor your blood tests, indicate that you have had 

a heart attack.  We want to assess whether a number of biomarkers will allow us to 

determine, more precisely, the risk of individuals like yourself suffering a heart attack 

in the future.  We intend to recruit 500 patients to take part in the project and 25 healthy 

volunteers. 

 
Do I have to take part?  
 

It is up to you to decide whether to join this study or not. We will describe the study 

and go through this information sheet. If you agree to take part, we will then ask you 

to sign a consent form. You are free to withdraw from this study at any time, without 

giving a reason. This would not affect your medical care or legal rights. 

 
What will happen to me if I take part?  
 

Normal investigations will not be withheld as part of this study.  However, we will be 

performing a number of additional tests (see below), some of which can be done on 

admission.  Others tests will require a return visit to hospital.  We aim to keep these 

visits to a minimum.  At most, they would require two further visits for investigations 

which should occur in the 2 months following discharge.  We may also invite you 

back for a clinic appointment with the researcher in a few months to see how you are 

doing.  This would take part at University Hospital Aintree and last for twenty minutes 

at most.   

With your permission, information will be gathered by the research team from your 

medical notes (medical history, medications, investigation results) and we will also 

ask you a number of questions related to the risk of heart disease and complications 

of heart disease.   

The only people who will have access to your medical notes as part of this study are a 

few members of the research team who are qualified doctors or nurses working in the 

NHS, and the regulatory bodies overseeing the research.  

Blood tests:  As part of this study, an additional 4 blood samples (at most  40mls of 

blood) will be required; one during admission and one fasting sample (one of these 

samples can be taken the same time as blood taken for clinical reasons), and the other 

two, before and after exercise (these will be taken from a cannula – see below).  These 

are to look at biomarkers and for the pre-diabetic state.  These blood samples will be 

stored in the biochemistry laboratory at University Hospital Aintree.  Most of these 

tests will be performed at University Hospital Aintree laboratory, but, with your 

permission, we may have to send some of these tests which will have your personal 

details removed, to an outside laboratory for analysis. 

Transthoracic echocardiogram:  This is an ultrasound scan used to look at the heart.  

This is a safe procedure which takes about 30 minutes to perform.  This is most likely 

to be performed during your initial admission, but may be performed in the cardio-

respiratory department of the hospital, as an outpatient, at a later date.   

Cannulation: Before the exercise echocardiogram begins, a cannula will be inserted (a 

plastic sheath inserted into one of the veins in your arm using a needle).  This will 

allow us to take blood samples before and after exercise using a needle only once.  

Exercise Echocardiogram:  If you are able to exercise then an ultrasound scan of your 

heart will be undertaken whilst you are pedalling a bicycle or immediately after a 
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treadmill test.  This is a simple ultrasound scan to assess how your heart responds to 

exercise and rest; this should take less than 30 minutes.  In order to be able to get the 

desired heart rate, if you are taking medications that may slow down your heart rate, 

then these may need to be stopped 48 hours before the test.  If you are unable to 

exercise at all then you would not undergo this aspect of the research.  If we cannot 

clearly see the pictures of your heart using ultrasound, then echo contrast will be 

injected to visualise your heart more clearly.   

Blood pressure readings: Blood pressure will be measured on the arm and ankle using 

a standard blood pressure cuff, this will be performed during your initial admission or 

when you return for one of the additional tests. 

10 minute ECG recording: This will be performed by attaching a number of sticky 

pads across your chest and monitoring your heart rate whilst you are resting. 

Follow up:  We would like to contact everyone included in this study in 6 months, 1 

year and then at yearly intervals over 5 years.  We will contact you by your preferred 

method of communication (post, telephone, email).  We would also like to look at your 

hospital records and may contact your GP.  We would also appreciate if you would 

contact us if you have any heart problems after you have seen your GP or have 

attended hospital.  

What will I have to do?  
 

If, after reading this leaflet, you wish to take part, one of our research team will speak 

with you to make sure that you understand what is involved.  You will then be asked 

to sign a consent form. 

 

We will try to carry out as many investigations whilst you are still an inpatient, but 

some of these tests require special equipment which is not always available – 

therefore, we will arrange a mutually convenient time for you to return to the hospital. 

 

With regards to follow up, we will ask you if you would prefer to be contacted by post, 

telephone or email (you may change this at any time).  We will be contacting you to 

see how you are doing, and if you have developed any new health problems or started 

any new medication. 

 

What are the possible disadvantages or risks of taking part? 
 

Inconvenience of having further investigations (blood tests, echocardiogram, exercise 

echocardiogram, 10 minute ECG recordings).   

 

Inconvenience of further visits to the hospital for these investigations (maximum 2 

visits).   

 

Inconvenience of being contacted by the research team.  

 

The possible disadvantages and risks of the additional investigations are: 

 

Blood tests:  There may be discomfort, bleeding and bruising as a result of having 

additional blood tests.  Blood tests will only be taken by a member of staff qualified 

to do so.   

   

10 minute ECG: Occasionally the sticky electrodes can cause skin irritation. 
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Echocardiography:  Ultrasound is a safe procedure.  Sticky electrodes are also used 

during this procedure which may cause skin irritation.  You will be asked to lie towards 

your left-hand side during this scan, which may be uncomfortable. 

 

Exercise Echocardiography:  Exercise tests are generally regarded as safe.   There is a 

rare risk of heart attack, abnormal heart rhythm or collapse.  This investigation will 

take place on the main hospital site, you will be monitored throughout and a doctor 

who is trained in dealing with these complications will be present.  

 

Cannulation: a cannula is inserted using a needle similar to those used in taking 

standard blood tests.  This may cause pain, bleeding or bruising.  This is usually 

slightly more uncomfortable than a blood test but once the cannula is in place should 

not cause you any real discomfort.  This will be placed by a member of staff trained 

to do so.  This cannula will be removed once the test is complete (less than 2 hours) 

unless you become unwell during the test and require this cannula for medical reasons.  

An additional risk of cannulation is infection.  A previous study of hospital patients 

reported the risk of serious infection of 2/10,000.  The risk should be less as part of 

this study as the cannula will only be in place for a short time. 

 

Stopping medication prior to exercise:  if you are taking medications such as a 

betablockers or calcium channel antagonist (the research team will tell you if you are 

taking these) then these may need to be stopped 48 hours before your exercise 

echocardiogram in order for the desired heart rate to be achieved.  The research team 

will determine if they think it is safe for you to temporarily withhold these 

medications, and only then will this be suggested.  As a result of stopping these 

medications for 48 hours your blood pressure may rise slightly during this time or you 

may develop palpitations.  

 

Echo Contrast:  In some people it may not be possible to get clear enough pictures of 

the heart using ultrasound alone.   If this is the case it would be extremely difficult to 

fully assess the heart muscles response to exercise.  This problem can be overcome by 

using a small injection of contrast/dye.  The product we would be using in this research 

project is called Sonovue®.  Sonovue® is frequently used to assist in stress 

echocardiography at University Hospital Aintree.  Sonovue® is generally regarded as 

a safe product and is licensed for this use.  In a study of 4440 patients, the side effects 

tended to be mild and short-lived, and include:  Headache (2.3%), nausea (1%), chest 

pain (0.7%), chest discomfort (0.7%), injection-site pain (0.5%) and feeling hot 

(0.5%).  There is a small possibility of an allergy-like or anaphylactic type reaction 

which may occur in approximately 1 in 10,000 patients.  During administration of this 

product a doctor will be present who is trained to deal with these problems should they 

arise. 

 

What are the side effects of any treatment received when taking part?  
 

See above for side effect profile of Sonovue® which may be used in this study.    

 

What are the possible benefits of taking part?  
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We cannot promise that the study will help you but the information we gather may 

help improve the management of people who present with chest pain and identify 

those who are at an increased risk of suffering from a heart attack or conversely those 

that can be safely discharged from hospital earlier.     

 

As a result of the additional investigations, we may discover that you have an 

underlying heart problem or have a narrowing in the coronary arteries, which may 

require further evaluation or treatment.  Any abnormal results will be discussed with 

you and the results of these investigations will be made available to the doctor 

responsible for you during your initial admission. 

What happens when the research study stops?  
 

If there is an important finding that has an implication in the way you should be 

managed, we may invite you to attend for further discussions/tests if we think you are 

at increased risk of having a heart problem. 

 

Once the initial investigations are collected we would like to follow up as stated above. 

 

What if there is a problem?  
 

Any complaints about the way you have been treated during the study or any possible 

harm you may suffer will be addressed. Detailed information regarding this option is 

given in Part 2.  

 

Will my taking part in the study be kept confidential?  
 

Yes. We will follow ethical and legal practices and all information about you will be 

handled in confidence. The details are included in Part 2.  If the information in Part 1 

has interested you and you are considering participating, please read the additional 

information in Part 2 before making a decision.  
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Part 2 

What if relevant new information becomes available?  
 

On receiving new information, your doctor may consider it to be in your best interests 

to withdraw from further investigations in the study.  For instance, if your 

Echocardiogram or routine Exercise Tolerance Test suggests there is a reason why it 

may be unsafe to put you through the exercise echocardiogram.  If anything does arise, 

your research doctor will explain the reason and inform your medical team and GP.  

 

What will happen if I don’t want to carry on with the study?  
 

If you wish to withdraw from the study, you can contact the Research Team to notify 

them whether you want to withdraw from the study entirely, or just from part of it.  

We will remove you from our follow-up database if you do not want to be contacted 

again. 

We will destroy all blood samples collected and stored as part of the research. 

We would be unable to destroy the results of investigations already performed as part 

of this study which may assist standard medical care. (Echocardiogram, Exercise 

Echocardiogram). 

We would be unable to destroy any information from your general medical notes. 

 

What if there is a problem?  
 

If you have a concern about any aspect of this study, you should ask to speak with the 

researchers who will do their best to answer your questions and can be contacted via 

The Aintree Cardiac Centre on 0151 529 2343.  If you remain unhappy and wish to 

complain formally, you can do this via the NHS Complaints Procedure. Details can be 

obtained from the Research Team or through the Patient Advice and Liaison Services 

on 0151 529 2400.  

 

This study is covered by The NHS Indemnity Scheme.  In the event that something 

does go wrong and you are harmed during the research, and, this is due to someone‘s 

negligence, then you may have grounds for a legal action for compensation against 

University Hospital Aintree NHS Trust but you may have to pay your own legal costs. 

The normal National Health Service complaints mechanisms will still be available to 

you.  

 

Will my taking part in this study be kept confidential?  
 

With your consent we would normally inform your general practitioner that you are 

participating in the study. 

 

The results of your Exercise Echocardiogram will be made available to the team who 

looked after you during your admission with chest pain and reports of these 

investigations will be placed in your medical notes. 

 

All patient information collected in this study will be stored on password protected 

computers or in locked rooms at University Hospital Aintree.  When the results of the 

study are reported, individuals who have taken part will not be identified in any way. 
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All data will remain confidential and no personal details will be made available to any 

third parties or transferred outside of the hospital.  Details about you will be stored on 

computer during the research project but your data will only be looked at by members 

of the research team.  Blood will be stored in a secure storage facility at the University 

Hospital Aintree NHS Trust.  If some blood tests need to be analysed in an alternative 

lab, these samples will be anonomysed beforehand.  The data will only be used for 

research purposes in this project.  No other use of the data will be undertaken without 

seeking your prior consent.   

 

Involvement of the General Practitioner/Family doctor (GP)  
 

With your consent, your GP will be notified of your participation in the study.  If any 

investigations show results which may affect the way you should be treated medically, 

your GP will be made aware of these changes.   

 

What will happen to any samples I give?  
 

Blood samples will be frozen and stored on-site in the biochemistry laboratory in 

University Hospital Aintree. 

 

All blood samples will be handled as any other blood samples are at Aintree Hospital.  

All samples will be kept securely and only accessed by research and laboratory staff. 

 

Some blood tests may need to be sent to different laboratories, but these samples 

would have your personal details removed.   

 

I understand that by giving my blood sample I will be donating that sample as a gift 

for use in future research. 

 

Once the study is complete all blood samples will be destroyed. 

 

 

Will any genetic tests be done?  
 

No 

 

What will happen to the results of the research study?  
 

You will not be personally identified in any report or publication.  The results of the 

study will be disseminated via the hospital intranet scheme, electronic and paper 

medical journals as well as presentations in various major medical societies 

throughout the world. 

 

Who is organising and funding the research?  
 

The study is being funded largely by in-house funds from Aintree University Hospital 

NHS Trust.  There will also be a contribution from industry and possibly various 

research groups.  The research group performing this research project has no conflict 

of interests.  Your research nurse/doctor will not receive any additional money for 

including you in this study. 
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Who has reviewed the study?  
 

All research in the NHS is looked at by an independent group of people, called a 

Research Ethics Committee, to protect your interests. This study has been reviewed 

and given favourable opinion by North West 8 Research Ethics Committee – Greater 

Manchester East.  

 

Detailed summary 
 

The purpose of this research project is to investigate a number of cardiac biomarkers 

in patients presenting with chest pain which is suspicious of being heart related but 

initial tests have excluded a heart attack.  Participants who give their consent will be 

asked a number of questions about their general medical history, have a physical 

examination and additional blood tests looking for a number of biomarkers and the 

pre-diabetic state.  At most, 4 samples of blood may need to be taken (at most 10mls 

of blood for each sample), some of these tests can be taken at the same time as blood 

tests taken for clinical reasons.  Most samples will be analysed in the biochemistry 

laboratory at University Hospital Aintree, however, some tests may need to be carried 

out in an independent laboratory.  If this is the case then samples will be anonymised.  

Participants will also undergo an Exercise Echocardiogram and a 10 minute ECG 

recording which may require a return visit to the hospital.  The aim of this study is to 

help determine those individuals who are at low risk and can be safely discharged.  We 

intend to recruit 500 patients and carry out follow up by preferred method of contact 

(post, telephone or email) at 6 months, 12 months, then yearly for 5 years.  Your 

participation is entirely voluntary and you would be able to withdraw from follow up 

at any time.  During this study, it is possible that we may identify a heart abnormality 

or narrowing of the coronary arteries.  If this is the case, the research doctor will 

discuss this with you and arrange the appropriate course of action.  

 

 

Further information and contact details   
 
Further information regarding this project can be obtained from The Research Team, 

who can be contacted by calling the Aintree Cardiac Centre on 0151 529 2343. 

 

Dr Julia Jones, Clinical Research Fellow, principally involved in the day to day 

running of the study. 

 

Dr Aleem Khand, Consultant Interventional Cardiologist, Chief Investigator of the 

study. 

 

Sister Doireann McGowan, Chief Research Nurse.  

 

Further information about research in general can be found at the National Institute 

for Health Research, at the following web address:  www.nihr.ac.uk/research 

 

If you develop any concerns about the study, you can contact any member of the 

research team above.   
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Updated PIS version 6 for patients who could exercise. 

Patient Information Sheet 

Biomarkers in Acute Chest Pain Study 

We would like to invite you to take part in our research study. However, before you 

decide, we need you to understand the reason for the study and what it involves.  Please 

take time to read the following information and discuss it with others if you wish.  

Please ask the research team if there is anything that is not clear or if you would like 

more information.   

Background 
Every year, thousands of people with chest pain attend Accident and Emergency Departments 
in the UK.  Chest pain can be the result of a sudden blockage of a coronary artery, which may 
be easily identified by the ECG or blood tests.  However, these tests can sometimes be normal 
despite the presence of significant narrowing of the coronary arteries.  There is no easy way 
to identify patients with chest pain who are not having a heart attack but who may still be at 
considerable risk.  New biomarkers (natural chemicals released by the body into the 
bloodstream) are continuously being identified, but further research is required to find more 
accurate biomarkers which may help identify those at higher risk.   
 
What is the purpose of the study?  
To study a number of biomarkers to see if these can predict an individual’s risk of future heart 
problems. This could improve care by allowing early discharge for low risk patients.   
 
Why have I been invited? 
You have been invited to take part in this study as you have come to hospital with chest pain 
but your ECG and blood test indicate that you have not had a heart attack.   
 
Do I have to take part?  
It is up to you to decide whether to join this study.  If you decide to take part, we will ask you 
to sign a consent form. You are free to withdraw from this study at any time, without giving 
a reason. This would not affect your medical care or legal rights. 
 
What will happen to me if I take part?  
We will be performing a number of additional tests (see below), some of which can 

be done on admission.  Others tests will require a return visit to hospital but we aim 

to keep these visits to a minimum.  At most, they would require two further visits for 

investigations which should occur in the 2 months following discharge.   

Information will be gathered by the research team from your medical notes and we 

will also ask you a number of questions related to the risk of heart disease and 

complications of heart disease.   

The only people who will have access to your medical notes as part of this study are a 

few members of the research team who are qualified doctors or nurses working in the 

NHS, and the regulatory bodies overseeing the research.  

Blood tests: 4 samples (30mls of blood) will be needed, 2 can probably be taken the 

same time as clinical blood tests.  The 2 before and after exercise blood samples will 
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be taken through a cannula.  Samples will be stored at Aintree Hospital and will be 

anonymised if sent outside of the hospital. 

Transthoracic echocardiogram:  This is an ultrasound scan used to look at the heart.  

This is a safe procedure which takes about 30 minutes to perform.   

Cannulation: Before the exercise echocardiogram begins, a cannula will be inserted (a 

plastic sheath inserted into one of the veins in your arm using a needle).  This will 

allow us to take blood samples before and after exercise using a needle only once.  

Exercise Echocardiogram:  This is an ultrasound scan of your heart whilst you are 

pedalling a bicycle.  This is a simple test to see how your heart responds to exercise; 

this should take less than 30 minutes.  If we cannot clearly see the pictures of your 

heart using ultrasound, then echo contrast will be injected to visualise your heart more 

clearly.   

Blood pressure readings: Blood pressure will be measured on the arm and ankle using 

a standard blood pressure cuff. 

ECG recordings: This will be performed by attaching a number of sticky pads across 

your chest and monitoring your heart rate whilst you are resting. 

Follow up:  We would like to contact you at 6 months, 1 year and then at yearly 

intervals over 5 years.  This can be done by your preferred method (post, telephone, 

email).  We would also look at your hospital records and may contact your GP.   

What will I have to do?  
If you wish to take part, our research team will speak with you to make sure that you 
understand what is involved.  You will then be asked to sign a consent form.  We will try to 
carry out as many investigations whilst you are still an inpatient, but some of these tests require 
special equipment which is not always available – therefore, we will either not perform these 
tests, or arrange a time for you to return.  For follow up we will contact you to see how you 
are doing, and if you have developed any heart condition. 
 
What are the possible disadvantages or risks of taking part? 
Inconvenience of having further investigations (blood tests, echocardiogram, exercise 
echocardiogram, ECG recordings) and being contacted by the research team 
 
The possible disadvantages and risks of the additional investigations are: 
Blood tests: There may be discomfort, bleeding and bruising as a result of blood tests.  Blood 
will only be taken by a member of staff qualified to do so.     
Echocardiography:  Ultrasound is a safe procedure.  You will be asked to lie towards your 
left-hand side during this scan, which may be uncomfortable. 
Exercise Echocardiography:  Exercise tests are generally regarded as safe.   There is a rare 
risk of heart attack, abnormal heart rhythm or collapse.  You will be monitored throughout 
and a team trained in dealing with complications will be present.  
Cannulation: There may cause slight pain, bleeding or bruising.  This cannula will be removed 
once the test is complete unless you become unwell and require this for medical reasons.  
There is a very small risk of infection with cannulas.  In hospital patients the risk of serious 
infection is 2/10,000 but the risk should be less in this study as the cannula will only be in 
place for a very short time. 
Stopping medication prior to exercise:  if you are taking medications which affect your heart 
rate then these may need to be stopped 48 hours before your exercise echocardiogram.  This 
will only be done if thought safe to do so.  As a result of stopping these medications for 48 
hours your blood pressure may rise slightly during this time or you may develop palpitations. 
Echo Contrast:  In some people it may not be possible to get clear enough pictures of the heart 
using ultrasound alone, clearer pictures can be obtained by using a small injection of 
contrast/dye.  The product we would use is called Sonovue®.  Sonovue® is frequently used 
in stress echocardiography at Aintree Hospital.  In a study of 4440 patients, side effects were 
mild and short-lived, and included: Headache (2.3%), nausea (1%), chest pain (0.7%), chest 



 

220 

discomfort (0.7%), injection-site pain (0.5%) and feeling hot (0.5%).  There is a small 
possibility of an allergy-like or anaphylactic type reaction which may occur in approximately 
1 in 10,000 patients.  During administration of this product a doctor will be present who is 
trained to deal with these problems should they arise. 
 
What are the side effects of any treatment received when taking part?  
See above for side effect profile of Sonovue® which may be used in this study.    
 
What are the possible benefits of taking part?  
We cannot promise that the study will help you but the information we gather may help people 
who present with chest pain in the future.   
As a result of the additional investigations, we may discover that you have an underlying heart 
problem, which may require further evaluation or treatment.  Any abnormal results will be 
discussed with you and the doctor responsible for you during your admission. 
 
What happens when the research study stops?  
Once the initial investigations are collected we would like to follow up as stated above. 
 
What if there is a problem?  
Complaints about how you have been treated during the study, or possible harm you may 
suffer, will be addressed.  Information regarding this option is given regarding this later on. 
 
Will my taking part in the study be kept confidential?  
Yes.  We will follow ethical and legal practices and all information about you will be handled 
in confidence.  Details included later in the form. 
 
What if relevant new information becomes available?  
If anything relevant does arise, your research doctor will inform you.   

 
What will happen if I don’t want to carry on with the study?  
If you wish to withdraw from the study, you can contact the Research Team to notify them 
whether you want to withdraw from the study entirely, or just from part of it.  
Removal from our follow-up database if you do not want to be contacted again. 
We can destroy blood samples collected and stored as part of the research. 
We would be unable to destroy the results of investigations already performed as part of this 
study which may assist standard medical care.  
 
What if there is a problem?  
If you have concerns about the study, you should speak with the researchers.  If you remain 
unhappy or wish to complain formally, this can be done via the NHS Complaints Procedure. 
Details can be obtained from the research team or through PALS on 0151 529 2400.  
 
This study is covered by The NHS Indemnity Scheme.  In the event that something does go 
wrong and you are harmed during the research, and, this is due to someone‘s negligence, then 
you may have grounds for a legal action for compensation against University Hospital Aintree 
NHS Trust but you may have to pay your own legal costs. The normal NHS complaints 
mechanisms will still be available to you.  
 
Will my taking part in this study be kept confidential?  
With your consent we would inform your GP that you are participating in the study.   
The results of your Exercise Echocardiogram will be made available to the team who looked 
after you during your admission with chest pain and reports of these investigations will be 
placed in your medical notes. 
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All patient information collected in this study will be stored on password protected computers 
or in locked rooms at Aintree Hospital.  When the results of the study are reported, individuals 
who have taken part will not be identified in any way. 
 
All data will remain confidential and no personal details will be made available to any third 
parties or transferred outside of the hospital.  Details about you will be stored on computer 
during the research project but your data will only be looked at by members of the research 
team.  Blood will be stored in a secure storage facility at the Aintree Hospital and any samples 
sent to external laboratories will be anonymised.  Data will only be used for research purposes 
in this project.  No other use of the data will be undertaken without seeking prior consent.   
 
What will happen to any samples I give?  
Blood samples will be frozen and stored on-site in the biochemistry laboratory in University 
Hospital Aintree.  All blood samples will be handled as any other blood samples are at Aintree 
Hospital.  All samples will be kept securely and only accessed by research and laboratory 
staff.  Some blood tests may need to be sent to different laboratories, but these samples would 
have your personal details removed.   
 
The blood samples you donate would be treated as a gift for use in future research. 
 
Once the study is complete all blood samples will be destroyed. 
 
What will happen to the results of the research study?  
You will not be personally identified in any report or publication.  The results of the study 
will be disseminated via the hospital intranet, medical meetings and medical journals. 
 
Who is organising and funding the research?  
The study is being funded largely by in-house funds from Aintree University Hospital.   
 
Who has reviewed the study?  
This study has been reviewed by North West 8 Research Ethics Committee. 
 
Detailed summary 
The purpose of this research project is to investigate a number of cardiac biomarkers in 
patients presenting with chest pain which is suspicious of being heart related but initial tests 
have excluded a heart attack.  Participants who give their consent will be asked a number of 
questions about their general medical history, have a physical examination and additional 
blood tests looking for a number of biomarkers and the pre-diabetic state.  At most, 2 samples 
of blood may need to be taken (at most 10mls of blood for each sample).  The aim of this 
study is to help determine those individuals who are at low risk and can be safely discharged.  
We intend to recruit 500 patients and carry out follow up by preferred method of contact (post, 
telephone or email) at 6 months, 12 months, then yearly for 5 years.  Your participation is 
entirely voluntary and you would be able to withdraw from follow up at any time.  During this 
study, it is possible that we may identify a heart abnormality.  If this is the case, the research 
doctor will discuss this with you and arrange the appropriate course of action.  
 
Further information and contact details   
Further information regarding this project can be obtained from The Research Team, who can 
be contacted by calling the Aintree Cardiac Centre on 0151 529 2343. 
 
Dr Julia Jones, Clinical Research Fellow, principally involved in the day to day running of the 
study. 
 
Dr Aleem Khand, Consultant Interventional Cardiologist, Chief Investigator of the study. 
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Sister Doireann McGowan, Chief Research Nurse.  
 
Further information about research in general can be found at the National Institute for Health 
Research, at the following web address:  www.nihr.ac.uk/research 
 
If you develop any concerns about the study, you can contact any member of the research 
team above.   
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Updated PIS version 6 for patients who could not exercise. 

Patient Information Sheet 

 

Biomarkers in Acute Chest Pain Study 

 

We would like to invite you to take part in our research study. However, before you 

decide, we need you to understand the reason for the research and what it involves.  A 
member of our Research Team will go through the information sheet with you 
and answer any questions you may raise.  This will take about 20 minutes.  You 

may talk to others about the study if you so wish.  Part 1 tells you the purpose of the 

study and what to expect if you take part.  Part 2 gives you more detailed information 

about the conduct of the study.  Please ask, if there is anything you do not understand. 

Background 
 

Every year, approximately 700,000 people with chest pain attend Accident and 

Emergency Departments in the UK.  A proportion of these patients are admitted to 

hospital.  Chest pain can be the result of a sudden blockage of a coronary artery, which 

may be easily identified by the findings on an ECG or by a blood test measuring of 

Troponin (part of heart muscle released into the blood when there has been damage to 

the heart muscle).  However, these tests can sometimes be normal despite the presence 

of significant narrowing of the coronary arteries.  There is no easy way to identify 

patients with chest pain who are not having a heart attack but who may still be at 

considerable risk. Further tests take time, resources and specialist interpretation to 

determine an individual patient’s risk.  New biomarkers (chemicals released by the 

body into the bloodstream associated with either an interrupted blood supply to the 

heart muscle or a ‘severe stress’ to the body) are continuously being identified, but 

further research is required to find more accurate biomarkers which may help identify 

those at risk of a heart attack or death in the near future.  Furthermore, there is a strong 

link between diabetes and heart disease, but less is known about how a pre-diabetic 

state could be responsible for triggering angina or heart pain in some of these patients.   

 

What is the purpose of the study?  
 

We propose to study a number of biomarkers.  This may grant an insight into an 

individual’s risk of death or heart attack in the near future.  We aim to compare the 

performance of these biomarkers to standard investigations.  There could be a potential 

to improve care by allowing safe, early discharge to patients identified to be a low risk 

thereby reassuring patients and freeing up hospital beds.  We also want to look for the 

presence of the pre-diabetic state in people who present with chest pain, which can be 

achieved by a blood test. 
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Why have I been invited? 

 

You have been invited to take part in this study as you have been admitted to hospital 

with chest pain but neither your ECG, nor your blood tests, indicate that you have had 

a heart attack.  We want to assess whether a number of biomarkers will allow us to 

determine, more precisely, the risk of individuals like yourself suffering a heart attack 

in the future.  We intend to recruit 500 patients to take part in the project and 25 healthy 

volunteers. 

 
Do I have to take part?  
 

It is up to you to decide whether to join this study or not. We will describe the study 

and go through this information sheet. If you agree to take part, we will then ask you 

to sign a consent form. You are free to withdraw from this study at any time, without 

giving a reason. This would not affect your medical care or legal rights. 

 
What will happen to me if I take part?  
 

Normal investigations will not be withheld as part of this study.  However, we will be 

performing a number of additional tests (see below), some of which can be done on 

admission.   

With your permission, information will be gathered by the research team from your 

medical notes (medical history, medications, investigation results) and we will also 

ask you a number of questions related to the risk of heart disease and complications 

of heart disease.   

The only people who will have access to your medical notes as part of this study are a 

few members of the research team who are qualified doctors or nurses working in the 

NHS, and the regulatory bodies overseeing the research.  

Blood tests:  As part of this study, an additional 2 blood samples (at most  40mls of 

blood) will be required; one during admission and one fasting sample (these samples 

will most likely be taken the same time as blood taken for clinical reasons).  These are 

to look at biomarkers and for the pre-diabetic state.  These blood samples will be stored 

in the biochemistry laboratory at University Hospital Aintree.  Most of these tests will 

be performed at University Hospital Aintree laboratory, but, with your permission, we 

may have to send some of these tests which will have your personal details removed, 

to an outside laboratory for analysis. 

Transthoracic echocardiogram:  This is an ultrasound scan used to look at the heart.  

This is a safe procedure which takes about 30 minutes to perform.  This is most likely 

to be performed during your initial admission, but may be performed in the cardio-

respiratory department of the hospital, as an outpatient, at a later date.   

Follow up:  We would like to contact everyone included in this study in 6 months, 1 

year and then at yearly intervals over 5 years.  We will contact you by your preferred 

method of communication (post, telephone, email).  We would also like to look at your 

hospital records and may contact your GP.  We would also appreciate if you would 

contact us if you have any heart problems after you have seen your GP or have 

attended hospital.  

 

What will I have to do?  
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If, after reading this leaflet, you wish to take part, one of our research team will speak 

with you to make sure that you understand what is involved.  You will then be asked 

to sign a consent form. 

 

We will try to carry out as many investigations whilst you are still an inpatient, but 

some of these tests require special equipment which is not always available – 

therefore, we will either not perform these tests, or arrange a mutually convenient time 

for you to return to the hospital. 

 

With regards to follow up, we will ask you if you would prefer to be contacted by post, 

telephone or email (you may change this at any time).  We will be contacting you to 

see how you are doing, and if you have developed any new health problems or started 

any new medication. 

 

 

What are the possible disadvantages or risks of taking part? 
 

Inconvenience of having further investigations (echocardiogram, blood tests).   

 

Inconvenience of being contacted by the research team.  

 

The possible disadvantages and risks of the additional investigations are: 

 

Blood tests:  There may be discomfort, bleeding and bruising as a result of having 

additional blood tests.  Blood tests will only be taken by a member of staff qualified 

to do so.   

Echocardiography:  Ultrasound is a safe procedure.  Sticky electrodes are also used 

during this procedure which may cause skin irritation.  You will be asked to lie towards 

your left-hand side during this scan, which may be uncomfortable. 

 

 

What are the side effects of any treatment received when taking part?  
 

No treatment will be given as part of this research project. 

 

 

What are the possible benefits of taking part?  
 

We cannot promise that the study will help you but the information we gather may 

help improve the management of people who present with chest pain and identify 

those who are at an increased risk of suffering from a heart attack or conversely those 

that can be safely discharged from hospital earlier.     

 

As a result of the additional investigations, we may discover that you have an 

underlying heart problem or have a narrowing in the coronary arteries, which may 

require further evaluation or treatment.  Any abnormal results will be discussed with 

you and the results of these investigations will be made available to the doctor 

responsible for you during your initial admission. 

 

What happens when the research study stops?  
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If there is an important finding that has an implication in the way you should be 

managed, we may invite you to attend for further discussions/tests if we think you are 

at increased risk of having a heart problem. 

 

Once the initial investigations are collected we would like to follow up as stated above. 

 

What if there is a problem?  
 

Any complaints about the way you have been treated during the study or any possible 

harm you may suffer will be addressed. Detailed information regarding this option is 

given in Part 2.  

 

 

Will my taking part in the study be kept confidential?  
 

Yes. We will follow ethical and legal practices and all information about you will be 

handled in confidence. The details are included in Part 2.  If the information in Part 1 

has interested you and you are considering participating, please read the additional 

information in Part 2 before making a decision.  

Part 2 

What if relevant new information becomes available?  
 

On receiving new information, your doctor may consider it to be in your best interests 

to withdraw from further investigations in the study.  If anything does arise, your 

research doctor will explain the reason and inform your medical team and GP.  

 

What will happen if I don’t want to carry on with the study?  
 

If you wish to withdraw from the study, you can contact the Research Team to notify 

them whether you want to withdraw from the study entirely, or just from part of it.  

We will remove you from our follow-up database if you do not want to be contacted 

again. 

We will destroy all blood samples collected and stored as part of the research. 

We would be unable to destroy the results of investigations already performed as part 

of this study which may assist standard medical care.  

We would be unable to destroy any information from your general medical notes. 

 

What if there is a problem?  
 

If you have a concern about any aspect of this study, you should ask to speak with the 

researchers who will do their best to answer your questions and can be contacted via 

The Aintree Cardiac Centre on 0151 529 2343.  If you remain unhappy and wish to 

complain formally, you can do this via the NHS Complaints Procedure. Details can be 

obtained from the Research Team or through the Patient Advice and Liaison Services 

on 0151 529 2400.  

 

This study is covered by The NHS Indemnity Scheme.  In the event that something 

does go wrong and you are harmed during the research, and, this is due to someone‘s 

negligence, then you may have grounds for a legal action for compensation against 
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University Hospital Aintree NHS Trust but you may have to pay your own legal costs. 

The normal National Health Service complaints mechanisms will still be available to 

you.  

 

Will my taking part in this study be kept confidential?  
 

With your consent we would normally inform your general practitioner that you are 

participating in the study. 

 

All patient information collected in this study will be stored on password protected 

computers or in locked rooms at University Hospital Aintree.  When the results of the 

study are reported, individuals who have taken part will not be identified in any way. 

 

All data will remain confidential and no personal details will be made available to any 

third parties or transferred outside of the hospital.  Details about you will be stored on 

computer during the research project but your data will only be looked at by members 

of the research team.  Blood will be stored in a secure storage facility at the University 

Hospital Aintree NHS Trust.  If some blood tests need to be analysed in an alternative 

lab, these samples will be anonomysed beforehand.  The data will only be used for 

research purposes in this project.  No other use of the data will be undertaken without 

seeking your prior consent.   

 

Involvement of the General Practitioner/Family doctor (GP)  
 

With your consent, your GP will be notified of your participation in the study.  If any 

investigations show results which may affect the way you should be treated medically, 

your GP will be made aware of these changes.   

 

What will happen to any samples I give?  
 

Blood samples will be frozen and stored on-site in the biochemistry laboratory in 

University Hospital Aintree. 

 

All blood samples will be handled as any other blood samples are at Aintree Hospital.  

All samples will be kept securely and only accessed by research and laboratory staff. 

 

Some blood tests may need to be sent to different laboratories, but these samples 

would have your personal details removed.   

 

I understand that by giving my blood sample I will be donating that sample as a gift 

for use in future research. 

 

Once the study is complete all blood samples will be destroyed. 

 

 
Will any genetic tests be done?  
 

No 

 

What will happen to the results of the research study?  
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You will not be personally identified in any report or publication.  The results of the 

study will be disseminated via the hospital intranet scheme, electronic and paper 

medical journals as well as presentations in various major medical societies 

throughout the world. 

 

Who is organising and funding the research?  
 

The study is being funded largely by in-house funds from Aintree University Hospital 

NHS Trust.  There will also be a contribution from industry and possibly various 

research groups.  The research group performing this research project has no conflict 

of interests.  Your research nurse/doctor will not receive any additional money for 

including you in this study. 

 

Who has reviewed the study?  
 

All research in the NHS is looked at by an independent group of people, called a 

Research Ethics Committee, to protect your interests. This study has been reviewed 

and given favourable opinion by North West 8 Research Ethics Committee – Greater 

Manchester East.  

 

Detailed summary 
 

The purpose of this research project is to investigate a number of cardiac biomarkers 

in patients presenting with chest pain which is suspicious of being heart related but 

initial tests have excluded a heart attack.  Participants who give their consent will be 

asked a number of questions about their general medical history, have a physical 

examination and additional blood tests looking for a number of biomarkers and the 

pre-diabetic state.  At most, 2 samples of blood may need to be taken (at most 10mls 

of blood for each sample), some of these tests can be taken at the same time as blood 

tests taken for clinical reasons.  Most samples will be analysed in the biochemistry 

laboratory at University Hospital Aintree, however, some tests may need to be carried 

out in an independent laboratory.  If this is the case then samples will be anonymised.  

The aim of this study is to help determine those individuals who are at low risk and 

can be safely discharged.  We intend to recruit 500 patients and carry out follow up 

by preferred method of contact (post, telephone or email) at 6 months, 12 months, then 

yearly for 5 years.  Your participation is entirely voluntary and you would be able to 

withdraw from follow up at any time.  During this study, it is possible that we may 

identify a heart abnormality.  If this is the case, the research doctor will discuss this 

with you and arrange the appropriate course of action.  

 

 

Further information and contact details   
 
Further information regarding this project can be obtained from The Research Team, 

who can be contacted by calling the Aintree Cardiac Centre on 0151 529 2343. 

 

Dr Julia Jones, Clinical Research Fellow, principally involved in the day to day 

running of the study. 
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Dr Aleem Khand, Consultant Interventional Cardiologist, Chief Investigator of the 

study. 

 

Sister Doireann McGowan, Chief Research Nurse.  

 

Further information about research in general can be found at the National Institute 

for Health Research, at the following web address:  www.nihr.ac.uk/research 

 

If you develop any concerns about the study, you can contact any member of the 

research team above.   
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Appendix for Chapter 3. 

Investigations requested 

279 (57.3%) patients did not have any investigations beyond a standard 12 lead ECG, 

routine haematology and biochemistry, echocardiography and a chest x ray. 178 

(36.6%) patients went on to have an investigation for a coronary cause.  

Troponin levels 

The mean index troponin level was 5.28µg/l with a median of 4 µg/l (IQR 3 – 7 µg/l). 

Pain to index troponin was between 6 and 12 hours; the mean duration was 10.3 hours, 

with a median of 12 hours. 277 (56.9%) patients had a second troponin level measured. 

The median 2nd troponin value was 4 (IQR 2-8). The time interval between first and 

second Hs-cTnT was 6.3 hours (IQR 5.1 – 9.6 hours) and the median delta change in 

first and second troponin was 11µg/l (IQR 0-33). 12 of the patients (4.3%) the second 

sample of Hs-cTnT was elevated (>99th percentile) 12 (2.5%) patients had a troponin 

elevation at some time during admission and of these, 6 patients had a troponin >50% 

of baseline troponin. r patients (%) were adjudicated to have suffered an MI. (>20% 

in all patients). 

ECG 

The majority of patients (70.8%) had an ECG that was within normal limits. Most 

patients were in sinus rhythm, with a small proportion with new onset atrial 

fibrillation. T wave inversion occurred in 98 (20.1%) patients, which was deep 

inversion 2mm or greater in 8 (1.6%) patients. 28 (5.7%) patients had ST depression.  

20 patients had a QRS duration of over 120ms. 41 (8.4%) patients had abnormal Q 

waves.   
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 Total 

 

 

487 

12-month MACE  

22 

Long-term 

MACE 

48 

ECG 
Atrial fib 

T wave inversion (any) 

T wave >2mm 

ST depression 

BBB 

Q waves 

 

18 (3.6%) 

98 (20.1%) 

8 (1.6%) 

28 (5.7%) 

20 (4.1%) 

41 (8.4%) 

 

1 (5.5%) 

7 (7.1%) 

1 (12.5%) 

4 (18.0%) 

1 (5%) 

2 (4.9%) 

 

2 (11.1%) 

13 (13.3%) 

2 (25%) 

8 (16.2%) 

4 (20%) 

8 (19.5%) 

 

Exercise tolerance tests 

Exercise tolerance tests were requested as a first line investigation in 63 (12.9%) 

patients, 39 (8.0%) of these as an inpatient investigation and 24 (4.9%) as an outpatient 

1 (0.2%) further exercise tolerance test was performed as a second line investigation 

as an inpatient. There were 3 (0.6%) patients in which an outpatient ETT was intended 

to occur, but this did not happen. For those who exercised, the intensity varied between 

3.3 and 15.3 METS. 15 (3.1%) patients went on to have further investigation; 6 (1.2%) 

had an inpatient coronary angiogram, 2 (0.4%) had outpatient coronary angiograms, 5 

(1.0%) outpatient stress echocardiogram, 1 (0.2%) outpatient CT and 1 (0.2%) OGD. 

Figure 10 illustrates these investigations and results. PCI was undertaken in 2 (0.4%) 

patients as a consequence of ETT and subsequent investigations. 
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Non-cardiovascular investigations 

There were 12 OGD requested, 2 of these as an inpatient. 2 inpatient gastritis and gave. 

There were 10 outpatient OGDs, these demonstrated gastritis in 5 patients, 2 cases of 

hiatus hernia, 1 ulcer, 1 DNA and 1 was normal. 1 patient who had an outpatient OGD 

(which was reported as gastritis) went on to suffer MACE at 127 days. There were 8 

patients who went on to have a CTPA or VQ scan, 2 of these shown PE. 

Type of 

investigation 

First line 

Investigation 

Second line 

Investigation 

Third line 

Investigation 

Overall 

Nil 

 

279  

(57.3%) 

453 

(93.0%) 

485 

(99.6%) 

- 

Inpatient ETT 39 

(8.0%) 

1 

(0.2%) 

0 40 

(8.2%) 

Outpatient ETT 24 

(4.9%) 

0 0 24 

(4.9%) 

Inpatient angio 33 

(6.8%) 

10 

(2.0%) 

0 43 

(8.8%) 

Outpatient angio 11 

(2.2%) 

6 

(1.2%) 

0 17 

(3.5%) 

Inpatient SE 4 

(0.8%) 

0 0 4 

(0.8%) 

Outpatient SE 46 

(9.4%) 

12 

(2.5%) 

2 

(0.4%) 

59 

(12.1%) 

Inpt CT 2 

(0.2%) 

0 0 2 

(0.4%) 

OP CT 10 

(2.1%) 

2 

(0.4%) 

0 12 

(2.5%) 

CTPA / VQ 9 

(1.8%) 

1 

(0.2%) 

0 10 

(2.0%) 

MIBI  5 

(1.0%) 

1 

(0.2%) 

2 

(0.4%) 

8 

(1.6%) 

OGD/pH studies 10 

(2.1%) 

1 

(0.2%) 

1 

(0.2%) 

12 

(2.5%) 

Cath LHCH 4 

(0.8%) 

0 0 4 

(0.8%) 

PW study 

intracoronary 

0 

 

2 

(0.4%) 

0 2 

(0.4%) 

Other imaging 4 

(0.8%) 

1 

(0.2%) 

0 5 

(1.0%) 

Previous relevant 

investigation 

14 

(2.9%) 

- - 14 

(2.9%) 
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Appendix for Chapter 5.   
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Appendix for Chapter 8. 

Schoenfeld residuals 
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Martingale residuals 
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Table. Correlation of biomarkers. 

  Hs-cTnT Hs-cTnI HFABP GDF15 NTproBNP HSCRP Galectin-3 Creatinine Age 

Hs-cTnT 

Correlation Coefficient 1 0.447 0.220 0.114 0.283 0.037 0.104 0.102 0.386 

Sig. (2-tailed) . <0.001 <0.001 0.012 <0.001 0.433 0.042 0.024 <0.001 

N 487 479 487 487 471 445 386 485 487 

Hs-cTnI 

Correlation Coefficient Moderate  1 0.231 0.142 0.354 0.026 0.093 0.219 0.314 

Sig. (2-tailed)   . <0.001 0.002 <0.001 0.591 0.07 0<0.001 <0.001 

N   479 479 479 465 443 384 477 479 

HFABP 

Correlation Coefficient Weak  Weak  1 0.147 0.128 0.078 0.110 0.203 0.199 

Sig. (2-tailed)     . 0.001 0.006 0.1 0.03 <0.001 <0.001 

N     487 487 471 445 386 485 487 

GDF15 

Correlation Coefficient Very weak  Very weak  Very weak  1 0.240 0.125 0.165 0.218 0.332 

Sig. (2-tailed)       . <0.001 0.008 0.001 <0.001 <0.001 

N       487 471 445 386 485 487 

NTproBNP 

Correlation Coefficient Weak  Weak  Very weak  Weak  1 0.027 0.285 -0.013 0.458 

Sig. (2-tailed)         . 0.571 <0.001 0.786 <0.001 

N         471 434 377 469 471 

HSCRP 

Correlation Coefficient Very weak  Very weak  Very weak  Very weak  Very weak  1 0.163 0.038 -0.024 

Sig. (2-tailed)           . 0.001 0.428 0.611 

N           445 380 443 445 

Galectin3 

Correlation Coefficient Very weak  Very weak  Very weak  Very weak  Weak  Very weak  1 0.005 0.302 

Sig. (2-tailed)             . 0.927 <0.001 

N             386 384 386 

Creatinine 

Correlation Coefficient Very weak  Weak  Weak  Weak  Very weak  Very weak  Very weak  1 0.039 

Sig. (2-tailed)               . 0.393 

N               485 485 

Age 

Correlation Coefficient Weak  Weak  Very weak  Weak  Moderate  Very weak  Weak  Very weak  1 

Sig. (2-tailed)                 . 

N                 487 
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