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Abstract

Cardiovascular diseases (CVD) is a leading cause of death in the world. Despite
effective treatment regimens for ischaemic heart disease (IHD) and ischaemic
stroke, mortality and recurrence rates remain high. Antiplatelet therapy is on
effective treatment and reduces the risk of recurrent heart attack and stroke.
Nevertheless, there are patients who stopped or interrupted their antiplatelet
therapy for certain reasons or some patients may be resistant or poor
responders to antiplatelet therapy. Furthermore, there is evidence of rebound
effect in platelet activity after antiplatelet cessation and this may associate
with increased risk of cardiovascular event. This thesis is divided into five main
chapters (chapters 3 to 7) which attempt to provide data to help resolve the

uncertainty.

Chapter 1 highlights the background of cardiovascular diseases and the global
burden of cardiovascular and cerebrovascular diseases. The metabolism of
platelets, antiplatelet therapy and current antiplatelet therapy guidelines are
described, followed by discussion of the risk of cardiovascular event and

changes in antiplatelet therapy.

Chapter 2 describes the data source from Virtual International Stroke Trial
Archive (VISTA) and National Health Service Greater Glasgow and Clyde

(NHSGGC) Safe Haven, followed by definition of outcome measures.

In chapter 3, Virtual International Stroke Trial Archive (VISTA) data was
examined to test whether continue with the same antiplatelet therapy or
changing to a new antiplatelet regimen reduces the risk of subsequent events
in patients who experience a stroke whilst taking antiplatelet therapy. The
findings indicate that subjects who switch to a new antiplatelet regimen after
stroke did not have a lower early recurrence rate than subjects who continued
with the same antiplatelet therapy. Observations on bleeding complications
were similar in both groups. However, changing antiplatelet regimen after
stroke was associated with more favourable functional outcome across a full

scale modified Rankin Scale (mRS) at 90 days.
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In chapter 4, association between early or later initiation of antiplatelet with

a recurrent ischaemic stroke and bleeding complications was assessed using
VISTA data. The findings indicate that there was no association between a
recurrent ischaemic stroke and timing of initiation of antiplatelet drug after
stroke. However, early initiation was associated with increased risk of bleeding.
In terms of functional outcomes, this study demonstrated that the mid-time
and late initiation of antiplatelet therapy after acute stroke are associated with

better functional outcomes compared with early initiation.

In chapter 5, a nested case-control study was performed to explore the rate of
antiplatelet cessation and interruption in a sample of patients with recent
ischaemic stroke and to assess the risk of cardiovascular events associated with
cessation and interruption of antiplatelet. It was found that there was no
increased risk of cardiovascular event among patients who had early cessation
or interrupted/stopped antiplatelet therapy within 90 days following acute

ischaemic stroke.

In chapter 6, the incidence and predictors of cardiovascular events after DAPT
cessation were evaluated. The incidence of cardiovascular event while taking
DAPT and following discontinuation of DAPT was 15.7% and 16.7% respectively.
This study found that increasing age was associated with an increased risk of
cardiovascular event, whereas, revascularization-treated patients and longer
duration of DAPT, were each associated with a decreased risk. The duration of
DAPT six months and less was associated a significantly higher risk for

cardiovascular event.

In chapter 7, an untargeted metabolomics analysis was performed while on
DAPT (aspirin plus ticagrelor) and once they stopped ticagrelor to identify
metabolite changes associated with cardiovascular events after stopping DAPT.
Ten ACS patients were recruited in this study and data were analysed for seven
patients. Three hundred eleven putative metabolites were identified. This
study found 16 putative metabolites significantly altered following ticagrelor
cessation. Of these, seven metabolites were from lipid pathway and down-
regulated some up to 3-fold. On the other hand, adenosine, from nucleotide

metabolism was upregulated up to 2.6-fold. It concluded that there are changes
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in numerous pathways following DAPT discontinuation and whether these

changes differ in patients who have cardiovascular event after stopping DAPT

warrant further investigation.

In chapter 8, a summary of the findings of this thesis are presented as well as

the future directions of research in this area.
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1 Introduction

1.1 Antiplatelet therapy and cardiovascular diseases

Antiplatelet therapy is a key in pharmacological treatment for prevention of
coronary heart disease (CHD) and stroke. Depending on indication, duration of
antiplatelet monotherapy or dual therapy is varied. Antiplatelet therapy is
indicated to prevent a recurrence of cardiovascular event, however, extended
duration of dual antiplatelet therapy (DAPT) associated with increased risk of
bleeding. Furthermore, antiplatelet therapy itself is known to associate with
adverse events (AE) like gastrointestinal and non-gastrointestinal bleeding,
intracranial haemorrhage (ICH) and allergic reactions. Thus, this leads to
premature discontinuation of antiplatelet therapy which later associates with
increased risk of cardiovascular event after antiplatelet cessation. In this
chapter, | am going to discuss the background of cardiovascular diseases and

antiplatelet therapy used in patients with cardiovascular disease.

1.2 Cardiovascular diseases

Cardiovascular disease (CVD) is defined by World Health Organisation (WHO) as
any disorder related to the heart and blood vessels. It is the most serious and
common disease in the world. CVD disorders include CHD, stroke
(cerebrovascular disease), hypertension, peripheral artery disease, rheumatic
heart disease, congenital heart disease and heart failure. In 2015, CVD was the
leading cause of death from non-communicable diseases (GBD 2015 Mortality
and Causes of Death Collaborators, 2016). It is estimated that approximately
17.9 million people died due to CVD in 2015. The number of global deaths due
to cardiovascular disease increased by 12.5% between 2005 and2015 (GBD 2015
Mortality and Causes of Death Collaborators, 2016). Circulatory disease and CVD
accounts for 11.8% of global DALY (Murray, et al., 2012).

In this section, | am going to discuss in depth CHD and stroke exploring the
burden of these two disorders, their pathophysiology, signs and symptoms and

evidence based treatment.
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1.3 Coronary heart disease

1.3.1 Background

Coronary heart disease is also known as ischaemic heart disease (IHD) and can
present with symptoms of stable angina, sudden death, an acute coronary
syndrome (ACS) or symptoms of heart failure. ACS are caused by disruption of
blood flow to the heart muscle due to rupture of fatty substance or
atherosclerotic plaques in coronary arteries (Grech and Ramsdale, 2003).
Traditionally, ACS is subdivided into unstable angina, non-ST elevation
myocardial infarction (NSTEMI) and ST elevation myocardial infarction (STEMI).
Unstable angina occurs due to partially or totally block of the blood coronary
blood vessel leading to myocardial ischaemia. Acute myocardial infarction
occurs due to prolonged myocardial ischaemia which causes myocardial necrosis
(Thygesen, et al., 2012).

Coronary heart disease is the leading cause of death globally (GBD 2015
Mortality and Causes of Death Collaborators, 2016). In 2015, CHD killed 8.9
million people, and deaths increased by 16.6% between 2005 and 2015. Its has
an impact worldwide, in every country and population. CHD burden globally
was 150 million DALY in 2013, which represents an increase of 8.4% compared
to 2005 (GBD 2013 DALYs and HALE Collaborators, 2015). In the United Kingdom
(UK), CHD burden was 1.4 million in 2010 (Murray, et al., 2013). In Scotland, it
is estimated 8000 people die from CHD and in 2012, it is estimated around 7.3%
male and 5.7% female are living with CHD (NHS National Services Scotland,
2014).

One month after the acute event, patients with ACS are very vulnerable
physically, mentally and emotionally due to chest pain and anxiety
(Kristofferzon, et al., 2005; Bach, et al., 2011; Ranci¢, et al., 2013). Besides
that, the rates of all-cause mortality increased in the first 6 months, especially
in the first 30 days after an acute episode of ACS (Das, et al., 2006). In Scotland,
around 92% of people survived 30 days or more following heart attack in year
2012/2013 and the age and sex standardised mortality rate for heart attacks

was 47.4 per 100,000 population in the same year (NHS National Services
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Scotland, 2014). In terms of risk of recurrence AMI, a study found about 14%

men and 17% women who survived their first AMI experienced a recurrence AMI

within 7 years (Smolina, et al., 2012).

In order to minimise risk of recurrence and death, patients with ACS are
typically offered pharmacotherapy in the form of antiplatelet therapy, lipid
lowering therapies and blood pressure lowering drugs and many undergo
procedures such as percutaneous angioplasty and stenting. Dual antiplatelet
therapy (DAPT) is normally prescribed following ACS. At present there are few
combinations of DAPT available such as aspirin plus clopidogrel or aspirin plus
ticagrelor. Current guidelines recommend that DAPT should be continued for
between three and 12 months after the acute episode (O'Gara, et al., 2012;
Scottish Intercollegiate Guidelines Network (SIGN), 2013a). After this period,
all patients with ACS will continue aspirin in whom it is not contraindicated for

lifelong to prevent a recurrence of ACS.
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Figure 1-1: Healthy years of life lost (above) and mortality rates (below) attributed
to coronary heart disease within European countries.

Source: www.who.int (Permissions obtained from World Health Organization
(Permission authorization for WHO copyrighted material); ID number 196107 &
196108) (World Health Organization, 2004c; World Health Organization, 2004a)
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1.3.2 Pathophysiology of acute coronary syndrome

Acute coronary syndrome is caused by atherosclerotic plaque build-up inside
coronary arteries. The atherosclerotic plaque narrows the coronary arteries and
decreases blood flow to the heart. There are two forms of atherosclerotic
lesions in human coronary arteries; stenotic and non-stenotic lesions (Libby and
Theroux, 2005). Stenotic lesions are few but in the form of smaller lipid cores
and covered with thick fibrous caps. Non-stenotic lesions tend to have large

lipid cores with thin fibrous caps and are vulnerable to rupture and thrombosis.

The fibrous caps of atherosclerotic plaque consists of macrophages and smooth
muscle cells and may disintegrate, tear or break at any point (Falk, et al., 1995)
This will cause the atherosclerotic plaque to be exposed to the flowing blood
and provoke thrombosis. Platelet activation is triggered by the collagen
(produced by the smooth muscle cells in the plaque) and the coagulation
cascade is activated by macrophages and smooth muscle cells (Libby and
Theroux, 2005). Once platelets become activated, fibrin is formed and von
Willebrand factor is released (Figure 1-2). The thrombus can either grows until
it occludes the blood vessel or breaks away from the atherosclerotic plaque and
embolise distally (Guyton and Hall, 2006).

The resting coronary blood flow in the heart is about 225 ml/min, which is 70
ml/min/100g of cardiac tissue (Guyton and Hall, 2006). When the occlusion of
coronary arteries more than 80%, this condition will cause ischaemia to the
surrounding tissue due to the insufficient blood flow to cardiac muscle and lack
of oxygen. Extreme cardiac ischaemia will lead to infarction to the tissue
(Guyton and Hall, 2006). For unstable angina and NSTEMI, coronary arteries are
partially or intermittently occluded, whereas in STEMI, there is typically

complete occlusion (Kumar and Cannon, 2009; Overbaugh, 2009).
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Figure 1-2: Determinants of thrombosis in coronary atherosclerotic plaques.

tPA=tissue plasminogen activator, uPA=urokinase-type plasminogen activator, PAI-
1=plasminogen activator inhibitor, SMC=smooth muscle cell. Adapted from Libby and
Theroux (2005). (Permissions obtained from Wolters Kluwer Health, License Number
3785951496889)

1.3.3 Differences between types of acute coronary syndrome

There are three types of ACS that occur due to an atherosclerotic plaque
rupture and the abrupt narrowing and occlusion in the coronary arteries. The
type of ACS is depending on the location of the blockage, the amount of time
that blood flow is blocked and the amount of damage to the myocardium area.
Diagnosis of ACS are depending on the clinical presentation,
electrocardiographic (ECG) changes and biochemical cardiac markers (Scottish
Intercollegiate Guidelines Network (SIGN), 2013a).

Unstable angina does not cause myocardial damage, but it may progress to
myocardial infarction. Signs and symptoms include pain with or without
radiation to the arm, neck or epigastric region and shortness of breath,

diaphoresis, and nausea. Signs and symptoms of unstable angina are less severe
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than in ST- and NSTEMI and the diagnosis is supported by the absence of ECG

changes and with normal cardiac biomarkers (Overbaugh, 2009).

NSTEMI is less serious than STEMI as the blood supply to the myocardium is not
completely blocked but it still causes damage to the myocardium. The
myocardial damage is followed by the release of a biomarker of myocardial
necrosis into the circulation, i.e. troponins T or |, or creatinine kinase (CK-MB)
(Kumar and Cannon, 2009). Signs and symptoms of NSTEMI can be more severe
than in unstable angina. Cardiac biomarkers are also elevated with ECG changes

show either ST-segment depression or T-wave inversion.

STEMI is the most serious types of ACS. A thrombus fully occludes the coronary
artery and caused infarction and ischaemia to the surrounding tissue of
myocardium. Signs and symptoms of STEMI are longer in duration and more
severe than in unstable angina. Cardiac biomarkers are elevated in this type of
ACS with ECG changes show ST-segment elevation or a new left bundle branch
block (Overbaugh, 2009).

1.3.4 Current management of acute coronary syndrome

Once a patient has arrived at the hospital and received a diagnosis of ACS,
management aims to decrease the extent of myocardial damage and prevent
major cardiovascular events such as death and nonfatal MI. The therapeutic
approach for ACS are depending on the underlying pathophysiology of unstable
angina, NSTEMI and STEMI.

In unstable angina and NSTEMI, the related coronary artery is usually partially
or intermittently occluded, thus the goal of treatment is to prevent further
thrombosis, reocclusion and recurrent ischaemia. In early management, DAPT
and anticoagulant should be offered. For intermediate and high risk patients
(based on Global Registry of Acute Coronary Events [GRACE] or Thrombolysis in
Myocardial Infarction [TIMI] scoring system), coronary angiography will be
offered and follow with percutaneous coronary intervention (PCl) if indicated
(National Institute for Health and Care Excellence, 2010; Scottish

Intercollegiate Guidelines Network (SIGN), 2013a). Once a patient has
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stabilized, lipid-lowering therapies, beta-blocker and angiotensin-converting-

enzyme (ACE) inhibitor are used over the long term. The medications and doses

of therapy used for ACS are shown in Table 1-1.

Whereas in STEMI, as the coronary artery is totally occluded, the goal is to
obtain normal coronary blood flow via pharmacological approach or catheter-
based reperfusion. Percutaneous coronary intervention should be initiated
within 120 minutes of ECG diagnosis or if this cannot be provided, a patient
should receive thrombolytic therapy such as streptokinase (O'Gara, et al., 2012;
Scottish Intercollegiate Guidelines Network (SIGN), 2013a). The timing of
reperfusion therapy in STEMI treatment is important to improve patient
outcomes (Andersen, et al., 2003a; Andersen, et al., 2003b). The rest of
pharmacological treatment should be initiated as soon as possible or once a
patient has stabilized (Table 1-1).
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Table 1-1: Selected routine medical therapies

Therapy

Medications

Unstable angina / NSTEMI

Antiplatelet

Anticoagulant

Anti-ischaemic
Beta-blocker

ACE inhibitor / ARB

Cholesterol-lowering

STEMI
Fibrinolytic

Antiplatelet

Anticoagulant

Anti-ischaemic
Beta-blocker

ACE inhibitor / ARB

Cholesterol-lowering

Aspirin 300mg stat, then 75mg daily

Clopidogrel 600mg stat, then 75mg daily

Prasugrel 60mg stat, then 10mg daily

Ticagrelor 180mg stat, then 90mg twice a day
Unfractionated heparin iv bolus 60ii/kg then
infusion 12ii/kg/h for 48 hours

Enoxaparin 1mg/kg sc every 12 hours up to 8 days
Fondaparinux 2.5mg iv, then 2.5mg sc daily up to 8
days

Nitroglycerin 0.4 mg sublingual every 5 min
Metoprolol 25-50mg every 6-12 hours

Carvedilol 6.25-25mg twice daily

Lisinopril 2.5-10mg daily

Captopril 6.25-50mg three times daily

Ramipril 2.5-5mg twice daily

Valsartan 20-160mg twice daily

Atorvastatin 80mg daily

Tenecteplase Single iv weight-based bolus
Reteplase 10ii + 10ii iv bolus given 30 min apart
Alteplase 90-min weight-based infusion
Streptokinase 1.5 MU iv over 30-60min

Aspirin 300mg stat, then 75mg daily
Clopidogrel 600mg stat, then 75mg daily
Prasugrel 60mg stat, then 10mg daily
Ticagrelor 180mg stat, then 90mg twice a day
Unfractionated heparin iv bolus 60ii/kg then
infusion 12ii/kg/h for 48 hours

Enoxaparin 1mg/kg sc every 12 hours up to 8 days
Fondaparinux 2.5mgq iv, then 2.5mg sc daily up to 8
days

Nitroglycerin 0.4 mg sublingual every 5 min
Metoprolol 25-50mg every 6-12 hours
Carvedilol 6.25-25mg twice daily

Lisinopril 2.5-10mg daily

Captopril 6.25-50mg three times daily

Ramipril 2.5-5mg twice daily

Valsartan 20-160mg twice daily

Atorvastatin 80mg daily

ACE=angiotensin-converting-enzyme, ARB=Angiotensin receptor blocker,
mg=milligrams, MU=mega unit, iv=intravenous, sc=subcutaneous.
(O'Gara, et al., 2012; Scottish Intercollegiate Guidelines Network (SIGN), 2013a)

32
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1.4 Stroke

1.4.1 Background

Forty years ago, the WHO introduced definition of stroke as ‘rapidly developing
clinical signs of focal (or global) disturbance of cerebral function, lasting more
than 24 hours or leading to death, with no apparent cause other than that of
vascular origin’ (Aho, et al., 1980). In 2013, the American Heart
Association/American Stroke Association suggested a new definition of stroke
reflecting the greater understanding of pathophysiology and the wide spectrum
of cerebrovascular diseases (Table 1-2). There are two major subtypes of
stroke; ischaemic stroke and haemorrhagic stroke. Ischaemic stroke occurs due
to reduction blood flow to the brain and causing neurological dysfunction and
infarction. Haemorrhagic stroke occurs after rupture of a blood vessel in brain

tissue.

In 2015, 6.3 million people died of cerebrovascular disease. Of these, about 3
million people died of ischaemic stroke and 3.3 million died of haemorrhagic
stroke (GBD 2015 Mortality and Causes of Death Collaborators, 2016). In 2005,
stroke burden was 107 million DALYs and the number increased to 112 million
DALYs in year 2015 (GBD 2013 DALYs and HALE Collaborators, 2015). In 2010,
stroke was the third leading cause of years of life lost in the UK (Murray, et al.,
2013). Many stroke survivors suffer prolonged disability and neurological
complications such as cognitive decline, dementia, depression or seizures
(O'Brien, et al., 2003; Rothwell, et al., 2004; Hong, et al., 2010). The UK spends

about 9 billion pounds a year caring for these patients (Saka, et al., 2009).

A patient who presents with an acute onset of ischaemic stroke may be offered
a therapy with fibrinolytic treatment within 4.5 hours and oral aspirin
antiplatelet therapy within 24 to 48 hours after stroke onset. A patient with a
first-ever ischaemic stroke, single antiplatelet therapy is offered normally
aspirin unless contraindicated. As per guidelines, this treatment should be

continued for a life-long.
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Table 1-2: Definition of stroke

The term “stroke” should be broadly used to include all of the following:

Definition of CNS infarction: CNS infarction is brain, spinal cord, or retinal
cell death attributable to ischemia, based on

1. pathological, imaging, or other objective evidence of cerebral, spinal cord,
or retinal focal ischemic injury in a defined vascular distribution; or

2. clinical evidence of cerebral, spinal cord, or retinal focal ischemic injury
based on symptoms persisting =224 hours or until death, and other etiologies
excluded. (Note: CNS infarction includes hemorrhagic infarctions, types | and
II; see “Hemorrhagic Infarction.”)

Definition of ischemic stroke: An episode of neurological dysfunction
caused by focal cerebral, spinal, or retinal infarction. (Note: Evidence of CNS
infarction is defined above.)

Definition of silent CNS infarction: Imaging or neuropathological evidence
of CNS infarction, without a history of acute neurological dysfunction
attributable to the lesion.

Definition of intracerebral hemorrhage: A focal collection of blood within
the brain parenchyma or ventricular system that is not caused by trauma.
(Note: Intracerebral hemorrhage includes parenchymal hemorrhages after
CNS infarction, types | and Il—see “Hemorrhagic Infarction.”)

Definition of stroke caused by intracerebral hemorrhage: Rapidly
developing clinical signs of neurological dysfunction attributable to a focal
collection of blood within the brain parenchyma or ventricular system that is
not caused by trauma.

Definition of silent cerebral hemorrhage: A focal collection of chronic blood
products within the brain parenchyma, subarachnoid space, or ventricular
system on neuroimaging or neuropathological examination that is not caused
by trauma and without a history of acute neurological dysfunction attributable
to the lesion.

Definition of subarachnoid hemorrhage: Bleeding into the subarachnoid
space (the space between the arachnoid membrane and the pia mater of the
brain or spinal cord).

Definition of stroke caused by subarachnoid hemorrhage: Rapidly
developing signs of neurological dysfunction and/or headache because of
bleeding into the subarachnoid space (the space between the arachnoid
membrane and the pia mater of the brain or spinal cord), which is not caused
by trauma.

Definition of stroke caused by cerebral venous thrombosis: Infarction or
hemorrhage in the brain, spinal cord, or retina because of thrombosis of a
cerebral venous structure. Symptoms or signs caused by reversible edema
without infarction or hemorrhage do not qualify as stroke.

Definition of stroke, not otherwise specified: An episode of acute
neurological dysfunction presumed to be caused by ischemia or hemorrhage,
persisting 224 hours or until death, but without sufficient evidence to be
classified as one of the above.

Ref: Sacco, et al. (2013)
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Figure 1-3: Healthy years of life lost (above) and mortality rates (below) attributed

to stroke within European countries.

Source: www.who.int (Permissions obtained from World Health Organization
(Permission authorization for WHO copyrighted material); ID number 196109 &
196110). (World Health Organization, 2004d; World Health Organization, 2004b)



Chapter 1 Introduction 36
1.4.2 Pathophysiology of ischaemic stroke

Ischaemic stroke occurs due to occlusion of intracranial arteries the blood
vessels that supply blood to the brain tissue. The occlusion can be caused by a
thrombus formed once the atherosclerotic plaque ruptures and activates
platelet aggregation. The occlusion can also be caused by embolus, blood clot
or other particles, travelling in the arteries from the central circulation. This
obstruction leads to a reduction of blood flow in the brain that will cause lack

of oxygen, brain ischaemia and acute loss of brain function in a localized area.

The normal rate of blood flow through the brain is between 50-65ml/min/100g
of brain tissue. Neuron, a nerve cell in the brain requires a constant supply of
oxygen and glucose and susceptible to hypoxic changes. Once blood flow
reduces below 15ml/min/100g, ischaemic cascade at cellular level stimulates
(Paciaroni, et al., 2009). Ischaemic cascade causes loss of potassium ion and
adenosine triphosphate (ATP), thus lead to malfunction of an ion gradient. At
the same time, ischaemia releases glutamate and aspartate, excitatory
neurotransmitters in the brain, which leads to activation of disordered enzymes
(e.g. lipases, proteases) and ultimately leads to cell death (Deb, et al., 2010).
The extent of brain tissue damage is depending on the severity of ischaemia. If
tissue ischaemia is mild, restoring blood flow may reduce and reverse the brain
injury as the area is not yet infarcted (penumbra). However, if severe ischaemia

happens the affected tissues dies (infarction) (Giraldo, 2013).

1.4.3 Types of ischaemic stroke

The complete occlusion of an artery may lead to an ischemic infarction, an area
of necrotic cells caused by the obstruction of blood flow. There are four main
types of ischaemic stroke i.e. cardioembolic, cryptogenic, small vessel and
large artery disease. Large vessel disease is caused by ischaemia via embolism
or reduction of blood flow. Whereas, small vessel disease is caused by
accumulation of hyaline (a pathological protein) in the subendothelial which
leads to narrowing and occlusion of a single deep perforating artery (Brainin
and Heiss, 2009). Narrowing of carotid arteries in the neck and small arteries

inside the brain, usually because of atherosclerotic plaque, reduces blood flow
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to the brain. The complete occlusion of an artery may lead to an ischaemic

infarction. Around 20% of ischaemic strokes are due to occlusion of carotid
artery (Petty, et al., 1999). On the other hand, the occlusion of arteries caused
by an embolus is called embolic stroke. The embolus carried in the bloodstream
will lodge in the intracranial artery and caused occlusion which will lead to a
reduction of blood flow (Frizzell, 2005; Deb, et al., 2010).

Diagnosis of stroke is important to provide optimal patient care and treatment.
Diagnosis of stroke should include a full neurological and cardiovascular
assessment; diagnostic testing (e.g. ECG, chest x-ray, blood work) and brain
imaging (computed tomographic scan or magnetic resonance imaging) (Frizzell,
2005). A graded stroke severity assessment, the National Institute of Health
stroke scale (NIHSS), would be used to rate the severity as a result of stroke
(National Institute of Neurological Disorders and Stroke, 2008). Signs and
symptoms of ischaemic stroke are depending on the area of the brain affected
(Table 1-3).

1.4.4 Current management of stroke

Once a patient has arrived at the hospital and diagnosis has been made, the
aims of management are to preserve tissue in the ischaemic penumbra, reduce
the high risk of recurrent stroke and disability after stroke. The therapeutic

approach for acute ischaemic stroke is to limit the severity of ischaemic tissue.

In early management of ischaemic stroke, the time window after stroke onset
is important as this is the fibrinolytic therapy (alteplase) is administered.
Alteplase is recommended for patients, who met the eligibility criteria, be
treated within 4.5 hours after the onset of ischaemic stroke (Hacke, et al.,
2008a; Scottish Intercollegiate Guidelines Network (SIGN), 2008; Wahlgren, et
al., 2008; Kernan, et al., 2014). Aspirin, should be initiated within 24 to 48
hours after stroke onset, but it should be delayed for 24 hours if patients

received alteplase.
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Table 1-3: Clinical presentation in ischaemic stroke (Brainin and Heiss, 2009)

Artery Symptoms
Anterior cerebral dysarthria, aphasia; unilateral contralateral motor
(Arboix, et al., weakness (leg/shoulder > arm/hand/face); minimal
2009; Brainin sensory changes (two-point discrimination) in the same

and Heiss, 2009) distribution as above left limb apraxia; urinary
incontinence

Middle cerebral contralateral hemiparesis, hemi-hypesthesia,
hemianopsia, and ipsilateral conjugated eye and head
deviation; left lesion: aphasia and ideomotor apraxia; right
lesion: contralateral multimodal hemineglect (visual,
motor, sensitive, visual, spatial, auditive), anosognosia
(denial of illness), anosodiaphoria (indifference to illness)

Vertebral contralateral hemiparesis sparing the face (corticospinal
tract), contralateral lemniscal sensory loss (medial
lemniscus) and ipsilateral tongue paresis; contralateral
thermoalgesic deficit (spinothalamic tract), dysphagia,
dysphonia, pharynx and vocal cord weakness

Basilar paresthesias, dysarthria, hemiparesis, dizziness
Posterior dyschromatopsia, visual agnosia or alexia-without
cerebral agraphia with a left lesion, spatial disorientation

(topographagnosia), palinopsia, amusia, Balint syndrome
(asimultanognosia or incapacity to see a scene as a
whole, ocular apraxia or poor hand—-eye coordination and
optic ataxia or apraxia of gaze), metamorphosia, and
prosopagnosia

For a patient with embolic stroke from cardiac source should be offered vitamin
K antagonist (VKA) i.e. warfarin (Kernan, et al., 2014). There is likelihood that
cardiogenic embolism happened in patients with atrial fibrillation; acute
myocardial infarction and left ventricular thrombus; cardiomyopathy; vulvular
heart disease and prosthetic heart valves. Other than warfarin, newer agent
such as apixaban, dabigatran and rivaroxaban are all indicated in patients with

nonvulvular atrial fibrillation to prevent future stroke

On the other hand, antiplatelet therapy is recommended for patients with non-
cardioembolic stroke (Kernan, et al., 2014). Initiation of aspirin or clopidogrel
as a monotherapy or combination of aspirin and extended-release dipyridamole
is indicated after ischaemic stroke. However, in a patient who had an ischaemic
stroke while taking aspirin, currently, there is no study to show that single agent
or combination treatment is appropriate for this patient. Secondary
preventative medications should be initiated as soon as possible and these may

include antihypertensive, lipid-lowering therapies and lifestyle modification.
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1.5 Platelet metabolism

Platelets, the smallest of human blood cells, were first described in 1865 by
Professor Max Schultze (1825-1874). The discovery of the role of platelets in
haemostasis was later established by Dr Giulio Bizzozero (1846-1901) (Brewer,
2006). Platelets are produced in the bone marrow and released in the form of
megakaryocytes into the blood circulation (Thon and Italiano, 2010). A mature
platelet with a diameter size 2-3micrometer is usually remains alive for about
5 to 9 days. Only 2/3 of the platelets circulate in the blood and the rest is
stored in the spleen. The normal platelet count in the body is about 150,000-
400,000 per microliter of blood. In a day, a healthy adult can produce about
1,000 million platelets and for old platelets, they are destroyed in the spleen
and liver (Ghoshal and Bhattacharyya, 2014).

Platelets are essential in haemostasis. In normal condition, when the
endothelium remains biochemically and physically intact, platelets remain in
an inactive state. When there is vascular injury, collagen and von Willebrand
factor (VWF) in the endothelium wall are exposed. Platelets in the blood
circulation bind to the exposed collagen through interaction with glycoprotein
VI/la receptor on the platelet surface and the exposed VWF binds to
glycoprotein Ib/V/IX receptor. These bindings form a monolayer of activated
platelets and lead to platelet adhesion (Brass, 2003; Jennings, 2009). Then, the
adherent platelets release adenosine diphosphate (ADP) and thromboxane A2

(TxA2) where it leads to platelets change in shape and platelet activation.

When platelets become activated, platelet activation is initiated via multiple
pathways. Other than stimulated by collagen exposure, ADP and TxA2,
serotonin and thrombin pathways are also involving in platelet activation
(Brass, 2003; Davi and Patrono, 2007; Varga-Szabo, et al., 2008). Secretion and
accumulation of these agonists leads to recruitments of platelets from the
blood circulation and formed platelet aggregations or stable platelet plugs. This
stage is also known as primary aggregation. The secretion of platelet activators
such as ADP, TxA2 and other substances, initiate secondary aggregation by

provide positive feedback and strengthen the platelet-rich clot (Ghoshal and
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Bhattacharyya, 2014). These processes lead to wound healing of the vascular

injury.

Platelets are also responsible for the formation of arterial thrombus that
normally occurs at sites of atherosclerosis and results in acute coronary
syndrome or cerebral infarction (Ghoshal and Bhattacharyya, 2014). Rupture of
atherosclerotic plaque will expose collagen and tissue factor to circulating
platelets and thus promoting platelet activation and coagulation cascade.
Activated platelets stimulate production of thrombin from prothrombin. Then,
thrombin converts fibrinogen to fibrin leading to the formation of platelet and
fibrin plug and further platelet activation and aggregation (Libby and Theroux,
2005; Guyton and Hall, 2006). This process can lead to thrombus formation,

ischaemia and infarction of the affected area.

1.5.1 Adenosine diphosphate

ADP released from damaged endothelium and also from activated platelets will
bind to platelet ADP receptors and consequently releasing more ADP (Geiger,
et al., 1999; Kunapuli, et al., 2003). This will lead to further enhance platelet
activation and recruit more platelets by coupled to inhibitory G-protein and
release of intracellular calcium. The available ADP receptor antagonists are
thienopyridines i.e. clopidogrel, ticlopidine and prasugrel; and non-
thienopyridine i.e. ticagrelor. Mechanism of actions of these antiplatelet agents
have been discussed in section 1.4.2. There are two ADP receptors on the
platelet membrane i.e. P2Y1 and P2Y1,. When the antiplatelet binds to the P2Y
receptor, it will result in release of intracellular calcium and leads to transient
inhibition of platelet aggregation. On the other hand, binding to the P2Yi;
receptor results in more powerful and continuous inhibition of platelet

aggregation (Bavry, et al., 2007).

1.5.2 Thromboxane

Thromboxane A2, produced via the arachidonic acid (AA) pathway, is an
important platelet activation pathway (Figure 1-4). This pathway activates the

TP-receptor and induces further platelet activation. Activation of platelets and
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platelet bridging encourage production of thrombin and procoagulant activity

and the formation of stable platelet plugs (Andrews and Berndt, 2004). Aspirin,
a drug widely used in treating cardiovascular diseases, inhibits platelet
aggregation via inactivation of cyclooxygenase (COX) and thus resulting in the

blockage of production of TxAZ2.

As shown in Figure 1-4, 11-dehydro-thromboxane B2 (11-dhTXB2) is one of the
product produced from the AA pathways and it is a stable metabolite of TxA2.
11-dhTxB2 is useful in testing the extent of TxA2 inhibition for aspirin resistance
and also in monitoring platelet activation for those who did not taking aspirin
(Catella, et al., 1986; Eikelboom, et al., 2002; Baigent, et al., 2009). 11-dhTxB2
levels can be measured in plasma or urine. A study (McConnell, et al., 2001)
found that 11-dhTxB2 levels are elevated during acute ischaemic stroke,
especially in those who did not taking aspirin. A high concentration of 11-
dhTxB2 level in patients treated with aspirin therapy indicate an inadequate
inhibition of TxA2 synthesis. Furthermore, higher concentrations of 11-dhTXB2
level have been associated with an increased risk of cerebral infarction,
myocardial infarction, saphenous vein graft thrombosis after coronary artery
bypass graft surgery, and cardiovascular death (Eikelboom, et al., 2002;
Eikelboom, et al., 2008; Gluckman, et al., 2011).
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Figure 1-4: Arachidonic acid thromboxane pathway.
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1.5.3 Antiplatelet withdrawal and the rebound phenomenon

There is evidence of increased risk of cardiovascular events following
antiplatelet cessation. There are suggestions that this event maybe due to a
rebound in platelet activity (Lordkipanidze, et al., 2009; Sambu, et al., 2011a;
Sambu, et al., 2011b). Lordkipanidze, et al. (2009) has proposed that
suppression of TxA2 by aspirin might lead to higher production of TxA2 than
normal and it can cause rebound platelet aggregation once aspirin is
discontinued. Similarly, while on clopidogrel, the P2Y:; receptor increase in
expression and sensitivity, thus, once discontinued, resulting in more efficiently

activation of GP lIb/llla and cause an increase in platelet aggregation.

There is clinical evidence that cardiovascular events increased when changing
from dual to mono antiplatelet therapy. While on DAPT, such as the
combination of aspirin and clopidogrel, both pathways would be affected i.e.
AA pathway and ADP pathway, as discussed earlier. There is evidence that
clopidogrel influences AA pathways, thus resulting more effective inhibition
platelet aggregation by aspirin (Frelinger, et al., 2006; Shankar, et al., 2006;
Armstrong, et al., 2009; Armstrong, et al., 2010). Therefore, it is suggested
that after discontinuation of clopidogrel, the synergistic effect will be lost and
resulting in rebound attenuation of the antiplatelet effect of aspirin (Sambu,
et al., 2011b).

With all these theories of rebound effect, there are studies done to support
these theories. Diehl, et al. (2011) found levels of ADP increased at 2 weeks
after clopidogrel cessation. Mylotte, et al. (2011) found an increased in platelet
aggregation response to ADP and epinephrine when compared before and one
week after cessation of clopidogrel. On the other hand, studies by Sambu, et
al. (2011a) and Djukanovic, et al. (2011) found no evidence to support these
theories. However, most of these studies do not include any measurement

before the antiplatelet therapy.
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1.6 Antiplatelet therapy

Platelets play an important role in haemostasis and thrombosis. There are many
studies to support that inhibition of platelet aggregation significantly reduce
mortality and morbidity in ischaemic atherothrombotic events (Gent, et al.,
1996; Chen, et al., 1997; Sandercock, et al., 2014). Therefore, antiplatelet is
a key in pharmacological treatment and prevention of CHD and cerebrovascular
disease. The current antiplatelet agents available include acetylsalicylic acid
(aspirin); thienopyridines (ticlopidine, clopidogrel, and prasugrel); reversible
P2Y1, receptor antagonists (ticagrelor, cangrelor) and dipyridamole. In this
section, we are going to discuss the background of antiplatelet development,

their mechanism of action, their indications and their common side effects.

1.6.1 Aspirin

The first antiplatelet drug is acetylsalicylic acid or commonly known as aspirin.
Aspirin was first developed in 1897 as an analgesic and antipyretic agent (Miner
and Hoffhines, 2007). In 1968, Weiss, et al. (1968) found that aspirin may
prolong bleeding time and inhibited platelet aggregation and subsequently few
years later others (Smith and Willis, 1971; Hamberg, et al., 1975; Roth and
Majerus, 1975) had found the molecular mechanism of action of aspirin. Since
the first introduction of antiplatelet, several new antiplatelet agents have been

developed and marketed (Figure 1-5).

Antiplatelet drugs prevent thrombus formation and reduce platelet
aggregation. Mechanisms of the platelet activation site and site of action of
antiplatelet agents are shown in Figure 1-6. Aspirin has shown irreversible
antiplatelet activity by reducing production of TxA2 through inhibition of the
enzyme cyclooxygenase 1 (COX-1) (Roth and Majerus, 1975; Catella-Lawson, et
al., 2001) and thus, inhibits thrombus formation and decreases platelet
aggregation. Aspirin as antiplatelet therapy is used to prevent and reduce the
risk of cardiovascular events. Aspirin is the most prescribed drug in antiplatelet

therapy and cheaper than any other antiplatelet.
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There are many trials have evaluated the effects of aspirin alone and in

combination with P2Yq; inhibitor in patients with ACS. In patients with acute
myocardial infarction and patients with previous myocardial infarction,
antiplatelet therapy, aspirin reduced the outcome of any vascular event
compared to placebo (Baigent, et al., 2002; Baigent, et al., 2009). However,
coronary lesions behave like unstable plaques and dual antiplatelet
combination (e.g. aspirin plus clopidogrel) has proven to reduce cardiovascular
death, nonfatal MI, or stroke compared to aspirin alone in non-ST elevation ACS
(Yusuf, et al., 2001).

Ticagrelor (2010}

Prasugrel (2009)

Clopidogrel (1998)

Ticlopidine (1978)

Number of antiplatelet drugs
S

Dipyridamole (1960s)

Aspirin (1897)

1850 1900 1950 2000 2050
Year of introduction

Figure 1-5: Year of introduction of antiplatelet drugs to the clinical management of
cardiovascular disease.

[Ref: Sugidachi, et al. (2000); Sugidachi, et al. (2001); van Giezen and Humphries
(2005); Born and Patrono (2006); Miner and Hoffhines (2007); Maffrand (2012)]



Chapter 1 Introduction 46

Thromboxane

A ol 5HT «——  5HT T?_er;op}(;_ridines
Coagulation 2 ollagen ADp » Ticlopidine
’ =0 ADF  Clopidogrel
ATP <« ATP ¢ Prasugrel
Thrombin
TPa l
PARA Active
metabolite
Dense ‘—J
granule
Thrombin Platelet ol e
generation activation L o
o | el
1le}
o F e Elinoare
Shape Amplification
change Alpha Dipyridamole
granule
Aggregation

Coagulation factors @ Fibrinogen

Inflammatory mediators

GPIlIb/llla Antagonists

Figure 1-6: Platelet activation targets for antiplatelet agents.

ADP=adenosine diphosphate, ATP=adenosine triphosphate, GP=glycoprotein,
PAR=protease-activated receptor, TPa=thromboxane receptor protein antagonist,
5HT=serotonin, 5HT2A=serotonin 2A receptor, a;;B3;=GPIIb/llla. Adapted from Storey
(2011) and Angiolillo (2012). (Permission obtained from Springer, License Number
3957510629094)

Aspirin has been proven to reduce recurrence stroke among patients with a
recent stroke or TIA (Farrell, et al., 1991; Altman, et al., 1994). In a meta-
analysis conducted by Johnson, et al. (1999), aspirin reduces the risk of stroke
by 15% compared with placebo in patients with previous TIA or stroke (risk ratio
(RR), 0.85; 95% Cl, 0.77-0.94). Another study by The SALT Collaborative Group
(1991) also found aspirin alone reduced recurrent stroke or death in patients
with TIA or minor ischaemic stroke compared with placebo. A time-course
analysis of randomized trials by Rothwell, et al. (2016) found that aspirin
reduces the six weeks risk of recurrent ischaemic stroke by 60% (HR, 0.42; 95%
Cl, 0.32-0.55) compared with controls and reduces disabling or fatal ischaemic
stroke by 70% (HR, 0.29; 95% Cl, 0.20-0.42). In the first six weeks after
randomization in trials in secondary prevention after TIA and ischaemic stroke,
patients treated with aspirin shifted to better functional outcome (OR, 0.42;
95% Cl, 0.26-0.70) (Rothwell, et al., 2016).
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Antiplatelet therapy is indicated in patients undergone coronary artery bypass

grafting (CABG) to prevent major complication such as graft occlusion and to
prevent long-term cardiovascular events. Aspirin is essential to prevent platelet
activation and should be initiated before undergoing surgery and continue long-
term therapy post-CABG (Baigent, et al., 2002; Kulik, et al., 2009; O'Gara, et
al., 2012). In a meta-analysis of 17 randomized trials, aspirin was significantly
reduced the odds of graft occlusion compared with placebo (odds ratio (OR),
0.60; 95% Cl, 0.51-0.71; p<0.0001) (Fremes, et al., 1993).

1.6.2 Dipyridamole

Dipyridamole was introduced in the early 1960s as a coronary vasodilator (Born
and Patrono, 2006). Bunag, et al. (1964) found that dipyridamole inhibited
adenosine uptake by platelet on platelet aggregation and soon few more studies
(Emmons, et al., 1965; Elkeles, et al., 1968) found that dipyridamole inhibited
platelet aggregation. Dipyridamole was then developed as an antithrombotic

agent.

Dipyridamole acts by increase local adenosine concentration and also inhibits
intracellular phosphodiesterase (PDE) enzyme. By these two actions,
intracellular cyclic adenosine monophosphate (CAMP) concentration increased
and prevent platelet activation and aggregation (Harker and Kadatz, 1983).

Dipyridamole is a prodrug and irreversible inhibit PDE.

1.6.3 Ticlopidine

Ticlopidine was first marketed in France in 1978 but the drug was found few
years earlier by Dr Ferdinand Eloy. In 1972, he was looking for new anti-
inflammatory drugs related to Tinoridine, a thienopyridine with anti-
inflammatory and analgesics property. While he was testing these new
compounds, none of the new compounds had anti-inflammatory or analgesic
effect. However, some of these thienopyridine compounds showed antiplatelet
and antithrombotic properties. This is where they found ticlopidine, one of the

most active thienopyridine compound (Maffrand, 2012).
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Ticlopidine is selective and irreversibly inhibits the P2Y1, receptor and prevent

platelet activation. Ticlopidine is a prodrug and once absorbed in the intestine,
they metabolized in the liver to form active metabolites (Savi and Herbert,
2005). However, the usage of ticlopidine was limited because of severe
haematological disorders and life threatening side effects, including
leucopenia, neutropenia, thrombocytopenia, agranulocytosis, pancytopenia
and thrombotic thrombocytopenic purpura. This led to the development of

clopidogrel with an improved safety profile.

Ticlopidine has been evaluated in three large trials of patients with
cerebrovascular disease. In CATS (Canadian American Ticlopidine Study) trial,
the risk of stroke, MI or vascular death was lowered in ticlopidine group
compare to placebo (10.8% vs 15.3% per year; relative risk reduction (RRR),
30.2%; 95% Cl, 7.5-48.3%) in patients who had sustained a thromboembolic
stroke (Gent, et al., 1989). In another trial, ticlopidine has been found to be
superior to aspirin (Hass, et al., 1989). Due to ticlopidine life-threatening side

effect, ticlopidine is rarely used in current clinical practice.

1.6.4 Clopidogrel

Due to the life-threatening side effect of ticlopidine, the researchers tried to
look for more stable and powerful antiplatelet effect. They synthesized more
than thousand ticlopidine analogues, and found dextrogyre (S)-isomer
(clopidogrel) which is more active and better tolerated than ticlopidine

(Maffrand, 2012). Clopidogrel was launched in 1998 after 10 years development.

Clopidogrel has a similar mechanism of action as ticlopidine. It is selectively
and irreversibly inhibit the P2Y:, receptor and prevent platelet activation.
Clopidogrel is also a prodrug where it needs to metabolize in the liver to form
active metabolites (Savi and Herbert, 2005). Clopidogrel used was limited to
high inter-individual variability and potential of drug-drug interaction.
However, clopidogrel is preferred over ticlopidine, as clopidogrel has better

tolerability and enhanced safety (Bertrand, et al., 2000).



Chapter 1 Introduction 49
There are many data to support the clinical benefit of clopidogrel in the

treatment of CVD. For example, in clopidogrel versus aspirin in patients at risk
of ischemic events (CAPRIE) study, a randomized trial, to evaluate the efficacy
of clopidogrel versus aspirin monotherapy in the secondary prevention of
atherosclerotic vascular diseases. This study involved 19,185 patients observed
that patients treated with clopidogrel had an 8.7% reduction in the relative risk
of ischaemic stroke, MI or vascular death compared with aspirin (p=0.043)
(Gent, et al., 1996).

In the clopidogrel for high atherothrombotic risk and ischemic stabilization,
management, and avoidance (CHARISMA) trial, a prospective, multicentre,
randomized, double-blind, placebo-controlled study, compared the efficacy
and safety of clopidogrel compared with placebo in aspirin treated patients.
The combination of clopidogrel and aspirin demonstrated similar efficacy to
aspirin among patients at high risk for a cardiovascular event in reducing MI,
stroke or death (RR, 0.93; 95% ClI, 0.83-1.05; p=0.22) (Bhatt, et al., 2006).

Clopidogrel, when given together with aspirin and fibrinolytic therapy has been
shown to reduce the rate of death or re-infarction without major increased
bleeding risk following ST-elevation MI (Chen, et al., 2005; Sabatine, et al.,
2005b). Further, in the CURE trial, patients who presented within 24 hours after
the onset of ACS were randomised to receive clopidogrel or placebo in addition
to aspirin for 3 to 12 months. Compared to placebo, patients who were treated
with clopidogrel had lower rates of death from cardiovascular causes, non-fatal
MI or stroke (9.3 % vs 11.4 % in placebo) (Yusuf, et al., 2001).

Intracoronary thrombosis is likely to occur following PCl, thus, aspirin and P2Y1,
inhibitors has been used to reduce the risk of stent thrombosis (Schomig, et al.,
1996; Bertrand, et al., 1998; Leon , et al., 1998). The combination of aspirin
and ticlopidine has been shown to reduce the bleeding rates and subacute stent
occlusion compared with an oral anticoagulant (Bertrand, et al., 1998). Few
years later, another study by Bertrand, et al. (2000) demonstrated that
clopidogrel and ticlopidine in combination with aspirin have similar efficacy in
reducing cardiac events and the safety of clopidogrel is superior compared with

ticlopidine. Recently, there is evidence that clopidogrel pre-treatment before
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PCl significantly decreased the incidence of cardiac events (Mehta, et al., 2001;

Sabatine, et al., 2005a). Major study findings of antiplatelet therapy for ACS

are summarized in Table 1-4.

For ACS patients treated with CABG, the combination of aspirin plus clopidogrel
had a lower rate of graft occlusion (RR, 0.59; 95% Cl, 0.43-0.82; p=0.02) and in-
hospital or 30-day mortality (0.8% vs 1.9%; p<0.0001) compared to aspirin alone
(Deo, et al., 2013). In the TRITON-TIMI 38 trial, 346 CABG patients who were
treated with prasugrel had a lower rate of death compared to patients treated
with clopidogrel (adjusted OR, 0.26; 95% CI, 0.08-0.85; p=0.025) (Smith, et al.,
2012).

Clopidogrel monotherapy is indicated for secondary prevention of stroke. In the
prevention regimen for effectively avoiding second strokes (PRoOFESS) trial, the
efficacy and safety between clopidogrel versus aspirin plus extended-release
dipyridamole regimen were compared. No difference was found in the risk of
stroke recurrence between clopidogrel and aspirin plus extended-release
dipyridamole (ERDP) (HR, 1.01; 95% Cl, 0.92-1.11) (Sacco, et al., 2008).

In the clopidogrel in high-risk patients with acute non-disabling cerebrovascular
events (CHANCE) study, the combination of aspirin and clopidogrel versus
aspirin alone were compared among patients with TIA or minor ischaemic
stroke. In the first 90 days, aspirin plus clopidogrel group had lower risk of
stroke compared those in the aspirin group (8.2% vs 11.7%; hazard ratio (HR),
0.68; 95% ClI, 0.57-0.81; p<0001) without increased risk of bleeding (Wang, et
al., 2013). Major study findings of antiplatelet therapy following ischaemic
stroke are summarized in Table 1-5. On the other hand, clopidogrel has become
another reasonable option for those who is allergic to aspirin or unable to

tolerate combination aspirin and dipyridamole.

1.6.5 Prasugrel

Prasugrel was found in 1993 by Japanese scientists. It is the third generation of
thienopyridine. The group tested a series of hydropyridine compound and found

some of the compound showed antithrombotic activities (Koike, et al., 1993).
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They found prasugrel which is more potent than clopidogrel (Sugidachi, et al.,

2000; Sugidachi, et al., 2001). Prasugrel was launched in 2009 and approved by
the United State Food and Drug Administration (US FDA). The mechanism of

action of prasugrel is similar to other thienopyridine.

Prasugrel has similar efficacy and risks of bleeding over clopidogrel in patients
with unstable angina or NSTEMI treated medically. In TRILOGY-ACS trial,
compared with clopidogrel, prasugrel therapy was not associated with
significantly lowered rates of cardiovascular death, MI or stroke in 7243 with

unstable angina or Ml who did not undergo PCI (Roe, et al., 2012).

Prasugrel is another proven antiplatelet used for the treatment of ACS after
PCI. In the TRITON-TIMI 38 trial, prasugrel was compared with clopidogrel
among aspirin treated patients with ACS scheduled for PCI. The rates of
ischaemic complications were reduced in prasugrel treated group but the risk

of major bleeding was increased (Wiviott, et al., 2007).

1.6.6 Ticagrelor

Ticagrelor, the first reversibly-binding oral ADP receptor antagonist, was
launched in 2010. It was started when investigators looking for an analogue of
ATP, a compound known to inhibit the ADP-induced platelet aggregation. A
series of potent P2Yi; receptors’ antagonist was identified and discovered
cangrelor. However, cangrelor is intravenous, short-acting and no clinical
efficacy was found. Further development of P2Y1; receptors antagonist lead to
identification of selective P2Y1; receptor antagonist, ticagrelor (van Giezen and
Humphries, 2005).

Ticagrelor is a non-thienopyridine agent. It is reversibly inhibit the P2Yi;
receptor and prevent platelet aggregation (Husted and van Giezen, 2009).
Ticagrelor is not a prodrug, thus, it has a rapid onset of action that can be
achieved within 30 minutes following the loading dose (Gurbel, et al., 2009).
Ticagrelor has the shortest duration of the antiplatelet effect following
cessation (Gurbel, et al., 2009) and it has no genetic variants of the CYP2C19
gene compared with clopidogrel (Tantry, et al., 2010).
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Ticagrelor, in combination with aspirin is also indicated for the treatment of
ACS. The PLATO trial, the efficacy and safety of ticagrelor and clopidogrel was
evaluated. The findings showed that among ACS patients treated with aspirin,
ticagrelor significantly reduced the rate of ischaemic complications compared
with clopidogrel (9.8% vs 11.7%; HR, 0.84; 95% Cl, 0.77-0.92) (Wallentin, et al.,
2009a).

Ticagrelor, co-administered with low-dose aspirin is also indicated for the
treatment of post-ACS after PCI. In the PLATO trial, among 11,289 patients who
received a stent and treated with aspirin, ticagrelor versus clopidogrel
significantly reduced the rate of stent thrombosis (2.9% vs 3.8%; HR, 0.77; 95%
Cl, 0.62-0.95; p=0.01) (Wallentin, et al., 2009a). With this new evidence,

ticagrelor is recommended over clopidogrel in post-ACS patients with PCI.

The use of ticagrelor in ACS patients with CABG was supported by the post-hoc
analysis of 1261 patients who underwent CABG within 7 days of receiving study
drug treatment in PLATO. In this subgroup analysis, the occurrence of cardiac
events at 1 year was similar in ticagrelor and clopidogrel (HR, 0.84; 95% ClI,
0.60-1.16; p=0.29). However, total mortality for ticagrelor was decreased
compared with clopidogrel (4.7% vs 9.7%; HR, 0.49; 95% Cl 0.32-0.77; p<0.01)
(Held, et al., 2011).
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Table 1-4: Key trials in antiplatelet therapy after ACS.
_ _ _ Number of events/patients _
Trial Details Comparison Effect size
Intervention group Reference group
NSTEMI / Unstable angina
ARMYDA-2 Antiplatelet (600mg vs 300mg loading dose . . Conventional
(Patti, et al., ll\jIISg/N—SZEi) of clopidogrel) and risk of death, Ml or High l%?flznﬁg dose loading dose p-value=0.041
2005) a target vessel revascularization 16/129
8(%55 ot al Ll\j”S'(A;]/N_STE Antiplatelet (aspirin + clopidogrel vs Aspirin + clopidogrel  Aspirin + placebo  RR=0.80, 95%
2001) ’ N 12 565) aspirin) and risk of Ml, stroke or CV death 582/6259 719/6303 Cl: 0.72-0.90
TRILOGY- Antiplatelet (aspirin + prasugrel vs aspirin +
ACS USAINSTE 1 '? o0ro) ang iy of} i Stroke o (?v Aspirin + prasugrel  Aspirin + clopidogrel HR=0.91, 95%
(Roe, etal.,  MI (n=7243) ph g ! 364/3620 397/3623 Cl: 0.79-1.05
2012) deat
STEMI
CLARITY Antiplatelet (aspirin + clopidogrel vs . . .
, STEMI g . Aspirin + clopidogrel  Aspirin + placebo  OR=0.64, 95%
(Sabatine, et _ aspirin) and risk of TIMI flow grade 0 or 1, , i
al., 2005b) (n=3,491) M or death 262/1752 377/1739 Cl: 0.53-0.76
COMMIT : - . . . . _
(Chen, et al STEMI Antiplatelet (aspirin + clopidogrel vs Aspirin + clopidogrel  Aspirin + placebo  OR=0.91, 95%
' " (n=45,852) aspirin) and risk of death, Ml or stroke 2121/22961 2310/22891 Cl: 0.86-0.97

2005)
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ACS
CURRENT- _ Antiplatelet (aspirin + clopidogrel 150mg vs Aspirin + clopidogrel Aspirin + clopidogrel Adjusted
OASIS 7 ACS (n= irin + clopidogrel 75 d risk of M 150 75 HR=0-86, 95%
(Mehta, etal,, 25,086) aspirin + clopidogrel 75mg) and risk of M, mg mg =0-86, 0
2010) ’ ' ’ stroke or CV death 330/8560 392/8703 Cl: 0.74-0.99
PLATO _ Antiplatelet (aspirin + ticagrelor vs aspirin + , , _

. ACS (n= ; . Ticagrelor Clopidogrel HR=0.84, 95%
(Wallentin, et 18,624) clopidogrel) and risk of MI, stroke or CV 864/9333 1014/9291 Cl: 0.77-0.92
al., 2009a) death

Percutaneous coronary intervention

ACCOAST NTSEMI Antiplatelet (aspirin + prasugrel vs aspirin)
(Montalescot, before PClI  and risk of MI, stroke, urgent PCl or CV
et al., 2013) (n=4033) death

Aspirin + prasugrel Aspirin + placebo  HR=1.02, 95%
203/2037 195/1996 Cl: 0.84-1.25

After Antiplatelet (aspirin + clopidogrel vs aspirin
CLASSICS + ticlopidine) and risk of major peripheral

. . - : -, _ 0
(Bertrand, et coronary or bleeding complications, neutropenia, Aspirin + clopidogrel  Aspirin + ticlopidine RR=0.50, 95%

al., 2000) ste_ntmg thrombocytopenia or early discontinuation 31/680 31/340 Cl-0.31-0.81
(n=1,020)
of study drugs
CREDO Before Antiplatelet (aspirin + clopidogrel for 12 Aspirin + clopidogrel  Aspirin + clopidogrel oo oo
(Steinhubl, et coronary months vs aspirin + clopidogrel for 30 for 12 months for 30 days 950¢ E:I' 3 9(_’;14 4
al., 2002) stenting days) and risk of death, Ml or stroke 89/1053 122/1063 0l S
(n=2,116)
After i
FANTASTIC coronar Antiplatelet vs anticoagulant and risk of Aspirin + ticlopidine Antlcoagqlant * OR=0.12, 95%
(Bertrand, et ol subacute stent occlusion 1/249 aspirin Cl: 0.01-0.91
al., 1998) stenting 8/236 Ithaihg

(n=439)
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After

o et STy O e komy  Tcondne  Phenprocoumon  RR=0.25,95%

9, stenting : . y byp gery 41257 16/260 Cl: 0.06-0.77
al., 1996) _ or repeated angioplasty

(n=257)
PCl- Antiplatelet (aspirin + clopidogrel vs . . .
CLARITY STEMI-PCI aspirin) and MI, CV death or stroke from Aspirin + clopidogrel  Aspirin + placebo  OR=0.54, 95%
(Sabatine, et  (n=1863) P ’ 34/933 58/930 Cl: 0.35-0.85
PCI
al., 2005a)
PCI-CURE NSTEMI- Antiplatelet (aspirin + clopidogrel vs . : - B 0
(Mehta, et al., PCI aspirin) and risk of Ml, CV death or urgent Aspirin + clopidogrel  Aspirin + placebo RR-O.?O, 95%
- . 59/1313 86/1345 Cl: 0.50-0.97

2001) (n=2658) angioplasty

PRAGUE-18 AMI with Antiplatelet (aspirin + ticagrelor vs aspirin +
(Motovska, et PCI prasugrel) and risk of death, re-infarction,
al., 2016) (n=1230) urgent revascularization, stroke, bleeding

Moderate to
TRITON-TIMI high risk

Aspirin + ticagrelor ~ Aspirin + prasugrel OR=0.98, 95%
24/596 25/634 Cl: 0.55-1.73

Antiplatelet (aspirin + prasugrel vs aspirin +

38 ACS . : Aspirin + prasugrel  Aspirin + clopidogrel HR=0.81, 95%
(Wiviott, et scheduled g'eoa'i’t'gogre') and risk of MI, stroke or CV 643/6813 781/6795 ClI: 0.73-0.90
al., 2007) for PCI

(n=13,608)

ACCOAST=Pre-treatment at the Time of Diagnosis in Patients with Non-ST Elevation Myocardial Infarction, ACS=acute coronary syndrome, ARMYDA=Atorvastatin for
Reduction of MYocardial Damage during Angioplasty, Cl=confidence interval, CLARITY= Clopidogrel as Adjunctive Reperfusion Therapy, CLASSICS=CLopidogrel
ASpirin Stent International Cooperative Study, COMMIT=ClOpidogrel and Metoprolol in Myocardial Infarction Trial, CREDO=Clopidogrel for the Reduction of Events
During Observation, CURE=Clopidogrel in Unstable Angina to Prevent Recurrent Events, CURRENT-OASIS 7= Clopidogrel and Aspirin Optimal Dose Usage to Reduce
Recurrent Events-Seventh Organization to Assess Strategies in Ischemic Syndromes, CV=cardiovascular, HR=hazard ratio, ISAR= Intracoronary Stenting and
Antithrombotic Regimen, MI=myocardial infarction, NSTEMI=non-ST-elevation MI, OR=o0dds ratio, PCl=Percutaneous coronary intervention, PLATO= Platelet
Inhibition and Patient Outcomes, RR=relative risk, STEMI=ST-elevation MI, TRILOGY-ACS= Targeted Platelet Inhibition to Clarify the Optimal Strategy to Medically
Manage Acute Coronary Syndromes, TRITON-TIMI= Trial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition with Prasugrel-
Thrombolysis in Myocardial Infarction, USA=unstable angina.
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Table 1-5: Key trials in antiplatelet therapy after ischaemic stroke.
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Number of events/patients

Trial Details Comparison Effect size
Intervention group Reference group
Eé;AeZ? ot al gglrigrgggﬁén Antiplatelet (ticlopidine vs placebo) and risk Ticlopidine Placebo RRR=30.2%,
' " . of stroke, MI, or vascular death 74/525 118/528 95% CI: 7.5-48.3
1989) (n=1072)
gll\/_'ﬁnNgCEt al -srtlél?er minor Antiplatelet (aspirin + clopidogrel vs Aspirin + clopidogrel Aspirin alone HR=0.68. 95%
2013) (n=5,170) aspirin) and risk of stroke 212/2584 303/2586 Cl: 0.57-0.81
Acute . . o
. . Antiplatelet (early aspirin + dipyridamole vs . o
EARLY ischaemic . cirin + dipyridamole after 7 days aspirin) ~ CanY spirin + Aspirin +later b4 73 950
(Dengler, et stroke, and risk of vascular adverse events and dipyridamole dipyridamole Cl: 0.44-1.19
al., 2010) NIHSS<20 death 28/283 38/260 C '
(n=543)
ESPRIT TIA or minor Antiplatelet (aspirin + dipyridamole vs Aspirin + . _ 0
(Halkes, et al., stroke aspirin) and risk of death from all vascular dipyridamole Aszp;g/nlgI?ofsne 25606200 %586
2006) (n=2,739) causes, stroke, Ml or major bleeding 173/1363 T '
(EDS|ePnSer2 ot al _I?&cent IS or Antiplatelet (aspirin + dipyridamole vs dipA;rIiOégrr]nzle Placebo OR=0.71, 95%
1996) (n=6602) placebo) and risk of death and/or stroke 586/1650 378/1649 Cl: 0.59-0.84
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FASTER
(Kennedy, et
al., 2007)

IST
(International
Stroke Trial
Collaborative
Group, 1997)

MATCH
(Diener, et al.,
2004)

PROFESS
(Sacco, et al.,
2008)

SOCRATES
(Johnston, et
al., 2016)

SPS3 (The
SPS3
Investigators,
2012)

TIA or minor
stroke
(n=392)

1S
(n=19,435)

Recent IS or
TIA
(n=7,599)

Recent IS
(n=20,332)

High risk
TIA or non-
severe
stroke
(n=13199)

Symptoma-
tic lacunar
infarct
(n=3020)

Antiplatelet (aspirin + clopidogrel vs Aspirin + clopidogrel

aspirin) and risk of stroke 14/198
Antiplatelet (aspirin vs placebo) and risk of Aspirin
any cause (stroke, CHD, PE, ECH, 872/9720

vascular or non-vascular cause)

Antiplatelet (aspirin + clopidogrel vs

clopidogrel) and risk of MI, stroke, vascular Aspirin + clopidogrel

death or rehospitalisation for acute 596/3797
ischaemia

Antiplatelet (aspirin + dipyridamole vs Aspirin +
clopidogrel) and risk of first recurrence of dipyridamole
stroke 916/10,181
Antiplatelet (ticagrelor vs aspirin) and risk Ticagrelor
of stroke, MI, death 442/6589

Antiplatelet (aspirin + clopidogrel vs
aspirin) and risk of recurrent stroke

Aspirin + clopidogrel
125/1517

Aspirin alone
21/194

Placebo
909/9715

Clopidogrel alone
636/3802

Clopidogrel
898/10,151

Aspirin
497/6610

Aspirin
138/1503

RR=0.70, 95%
Cl: 0.3-1.2

Event prevented
4 per 1000 (SD 4)

RRR=6.4%, 95%
Cl: -4.6-16.3

HR=1.01, 95%
Cl: 0.92-1.11

HR=0.89, 95%
CIl: 0.78-1.01

HR=0.92, 95%
Cl, 0.72-1.16
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Cerebral/
TASS retinal . . - . .
. . Antiplatelet (ticlopidine vs aspirin) and risk : - . RRR=21%, 95%
(1223 etal, |Osrc_r|1_i€fmla of recurrence of stroke Ticlopidine Aspirin Cl: 4-38
(n=3069)

CATS=Canadian American Ticlopidine Study, CHANCE= Clopidogrel in High-Risk Patients with Acute Nondisabling Cerebrovascular Events,
Cl=confidence interval, CHD=coronary heart disease, CV=cardiovascular, EARLY=Early treatment with aspirin plus extended-release dipyridamole for
transient ischaemic attack or ischaemic stroke within 24 h of symptom onset, ECH=extracranial haemorrhage, ESPRIT= European/Australasian Stroke
Prevention in Reversible Ischaemia Trial, ESPS-2=Second European Stroke Prevention Study, FASTER= Fast Assessment of Stroke and TIA to prevent
Early Recurrence, HR=hazard ratio, IS=ischaemic stroke, IST=International Stroke Trial, MATCH=Management of ATherothrombosis for Continued
Health, MI=myocardial infarction, NIHSS=National Institutes of Health Stroke Scale, OR=0dds ratio, PE=pulmonary embolism, PROFESS=Prevention
Regimen For Effectively avoiding Second Strokes, RRR=relative risk reduction, SD=standard deviation, SOCRATES=Acute Stroke or Transient Ischaemic
Attack Treated with Aspirin or Ticagrelor and Patient Outcomes, SPS3=Secondary Prevention of Small Subcortical Strokes, TASS=Ticlopidine ASpirin
Stroke trial, TIA=transient ischaemic attack.
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1.7 Current antiplatelet therapy guidelines

Antiplatelet therapy is a cornerstone of treatment for patients with
atherosclerotic vascular disease. We have discussed pathophysiology of ACS and
ischaemic stroke in the previous section and we understood that these events
are triggered by rupture of atherosclerotic plaque which results in platelet
activation and formation of thrombus. Therefore, therapeutic platelet
inhibition is a crucial aspect of ACS and stroke management and secondary
prevention. Antiplatelet therapy is also indicated for secondary prevention in
patients discharged from hospital following post-PCl, and post-CABG, TIA and

patients with peripheral arterial disease (PAD).

1.7.1 ACS and PCI

In patients presented or suspected with STEMI, the National Institute for Health
and Care Excellence (NICE) and Scottish Intercollegiate Guidelines Network
(SIGN) guidelines recommend a loading dose of aspirin 300mg in all patients and
followed by aspirin 75mg daily as maintenance therapy and continued
indefinitely (National Institute for Health and Care Excellence, 2013; Scottish
Intercollegiate Guidelines Network (SIGN), 2013a). In those patients to be
treated with primary PCI, a loading dose of ticagrelor 180mg is recommended
followed by maintenance therapy with 90mg twice daily for up to 12 months

(National Institute for Health and Clinical Excellence, 2011).

In patients who had STEMI and treated with a bare metal stent (BMS) or drug
eluting stent (DES), a loading dose of clopidogrel 300mg or 600mg is
recommended. Clopidogrel 75mg daily is then continued for up to 12 months.
On the other hand, in patients with STEMI and medically managed with or
without thrombolytic agent, clopidogrel 75mg daily should be continued for at
least one month and may consider to continue for up to 12 months (Chen, et
al., 2005; Sabatine, et al., 2005b; National Institute for Health and Clinical
Excellence, 2013). NICE guideline recommends prasugrel as a treatment of
option in those to be treated for primary PCl, patients with stent thrombosis
while on clopidogrel or patients who had diabetes (National Institute for Health

and Clinical Excellence, 2014).
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In patients with NSTEMI or unstable angina, initial treatment includes a loading

dose aspirin 300mg and ticagrelor 180mg or clopidogrel 300mg (Yusuf, et al.,
2001; Wallentin, et al., 2009a). A maintenance dose of aspirin 75mg daily should
be continued indefinitely. It is recommended ticagrelor 90mg twice daily or
clopidogrel 75mg daily continued as maintenance therapy for up to 12 months
(National Institute for Health and Care Excellence, 2010; National Institute for
Health and Clinical Excellence, 2010; National Institute for Health and Clinical
Excellence, 2011).

For all patients with ACS, following hospital discharge, it is recommended to
continue low dose aspirin for a long term without interruption. For patients
allergic or intolerance of aspirin, clopidogrel is indicated as an alternative to
aspirin (Gent, et al., 1996). The recommended duration of antiplatelet therapy

for ACS patients with or without PCl are summarized in Table 1-6.

For ACS patients with obstruction coronary arteries, PCl is indicated to induce
atherosclerotic plaque rupture and followed by the implantation of stent in the
artery. PCl has been proven to reduce rates of recurrent angina,
rehospitalisation, Ml and death (Bavry, et al., 2006; Hoenig, et al., 2010). DAPT
is prescribed at the time of procedure and following the placement of BMS or
DES in order to prevent stent thrombosis (Mehta, et al., 2001; Steinhubl, et al.,
2002).
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Table 1-6: Recommended duration of antiplatelet therapy
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Antiplatelet
drug and Indication Duration
dosage
Aspirin ACS (with or without PCI) Long term

(300mg loading,
then 75-150mg
daily)

Clopidogrel
(300-600mg
loading, then
75mg daily)

Prasugrel
(60mg loading,
then 10mg
daily)

Ticagrelor
(180mg loading,
then 90mg
twice a day)

Dipyridamole
ER (200mg
twice a day)

TIA or ischaemic stroke

Unstable angina/ NSTEMI (medically
managed)

Unstable angina/ NSTEMI (with PCI
and BMS or DES)

Unstable angina/ NSTEMI (managed
by CABG)

STEMI (with or without fibrinolysis)

STEMI (with PCI and BMS or DES)

TIA or ischaemic stroke
STEMI (with PCI and BMS or DES)

Unstable angina/ NSTEMI (moderate
to high risk*)

Unstable angina/ NSTEMI (medically
managed)

Unstable angina/ NSTEMI (with PCI
and BMS or DES)

Unstable angina/ NSTEMI (managed
by CABG)

STEMI (with PCl and BMS or DES)

TIA or ischaemic stroke

Long term (alone)
At least 1 month
and up to 12 months
At least 12 months
Minimum 1 months

and up to 12 months

At least 1 month or
up to 12 months

At least 12 months

Long term (alone)

At least 12 months

Up to 12 months
Up to 12 months
At least 12 months
At least 12 months

At least 12 months

Long term (alone)

*as defined in >2 or more of (1) ischaemic ST changes on electrocardiogram; (2)
positive biomarkers; or (3) 1 of the following: 260 years of age, previous Ml or CABG,
Coronary artery disease >50% stenosis in 2 vessels, previous ischaemic stroke,
diabetes, peripheral arterial disease, or chronic renal dysfunction.

ACS=acute coronary syndrome, BMS=bare-metal stents, CABG= coronary artery bypass
grafting, DES=drug-eluting stents, ER= extended-release, PCl=percutaneous coronary
intervention, TIA=transient ischaemic attack. (Wallentin, et al., 2009a; Bell, et al.,
2011; National Institute for Health and Clinical Excellence, 2011; O'Gara, et al.,
2012; Scottish Intercollegiate Guidelines Network (SIGN), 2013a; Tanguay, et al.,
2013; Amsterdam, et al., 2014)
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1.7.2 Ischaemic stroke

Following TIA or non-cardioembolic stroke, patients should be treated with
antiplatelet therapy. NICE and SIGN guidelines on the management of acute
ischaemic stroke and TIA recommend that for patients who had a suspected
TIA, either high or low risk, aspirin 300mg daily should be started immediately.
Whereas for patients with acute ischaemic stroke, as soon as possible, aspirin
300mg should be given within 24 hours of symptom onset. Thereafter, aspirin
should be continued for 2 weeks after the onset of stroke symptoms, at which
time definitive long term antiplatelet therapy should be initiated (National
Institute for Health and Clinical Excellence, 2008; Scottish Intercollegiate
Guidelines Network (SIGN), 2008). An alternative antiplatelet agent should be

given for those who is allergic or intolerant to aspirin.

In recent NICE and SIGN guidelines, clopidogrel is recommended as an option
for patients diagnosed with ischaemic stroke. DAPT with aspirin and modified-
release dipyridamole is recommended for those patients with TIA or patients in
whom clopidogrel is contraindicated or not tolerated (National Institute for
Health and Clinical Excellence, 2010; Scottish Intercollegiate Guidelines
Network (SIGN), 2013b).

1.7.3 Peripheral artery disease (PAD)

Antiplatelet therapy is also recommended for vascular prevention in patients
with PAD. There are two types of patients with PAD, asymptomatic and
symptomatic patients. For patients with asymptomatic PAD, with either a bruit
along the major blood vessel or reduced or absent peripheral pulsation with an
ankle-brachial index (ABI) < 0.9, low-dose aspirin may be considered. Aspirin is
indicated for those with high risk of atherosclerotic risk factors and without risk
for bleeding (Fowkes, et al., 2010). For patients with symptomatic PAD with
evident IHD or cerebrovascular disease, antiplatelet therapy is as indicated for
ACS or ischaemic stroke treatment, which have been discussed in the previous
section. Whereas for patients without IHD or ischaemic stroke, low-dose aspirin
or clopidogrel is recommended, providing the risk of bleeding is low (Berger, et
al., 2009).
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NICE guidelines on the management of lower limb PAD recommend aspirin 75mg

daily (National Institute for Health and Clinical Excellence, 2012). The dose was
as effective as higher doses. The NICE technology appraisal 210 (National
Institute for Health and Clinical Excellence, 2010) recommends clopidogrel as
an option for those with PAD. However, in treating patients with PAD,
combination therapy of aspirin and clopidogrel should be used cautiously as the
combination of both drugs had a higher risk of bleeding complications (Bhatt,
et al., 2006).

1.7.4 Duration of antiplatelet therapy

According to NICE guidelines for management of ischaemic stroke and PAD,
antiplatelet regimen should be continued for a long term in order to reduce the
risk of recurrence event. Whereas, for ACS with or without PCl, after a period,
DAPT is stopped and continue with mono antiplatelet therapy. The reason
behind this is that the long term usage of DAPT beyond certain period does not
lower the risk of major cardiovascular event and at the same time, it is
associated with an increased risk of bleeding. Table 1-6 summarized the

recommendation duration of DAPT in patients with ACS.

1.7.5 Adverse events of antiplatelet therapy

Antiplatelet therapy is associated with adverse events like gastrointestinal and
non-gastrointestinal bleeding, intracranial haemorrhage (ICH) and allergic
reactions (swelling of the lips, tongue or face, coughing, wheezing or shortness
of breath and anaphylaxis). The risk of bleeding due to antiplatelet therapy is
because antiplatelet inhibits platelet activation or aggregation pathways
(Meadows and Bhatt, 2007). There are about 3% incidence of gastrointestinal
tract bleeding in patients treated with antiplatelet (Alli, et al., 2011). Bleeding
at puncture and surgery site is another common types of bleeding, especially in
patients undergoing PCl or CABG surgery, with an incidence of 1-2% patients
(Mehta, et al., 2001; Kastrati, et al., 2004; Kapetanakis, et al., 2006). However,
among patients treated with antiplatelet therapy, ICH is rare but it is associated
with increased death (Gent, et al., 1996; Yusuf, et al., 2001; Chen, et al., 2005;
Sandercock, et al., 2014).
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Aspirin is associated with an increased risk of bleeding that is mainly

gastrointestinal and rarely intracranial when compared with placebo. Low-dose
aspirin (<100mg) was associated with the lowest risk, and moderate doses (100-
200mg) caused slightly high bleeding event rate, particularly in minor,
gastrointestinal, stroke and total bleeding (Serebruany, et al., 2005a). Side
effects of aspirin include allergic reaction and gastrointestinal complications.
The risk of symptomatic ulcer was higher in aspirin user compared to non-users
and increased with any doses as low as 75mg daily (Garcia Rodriguez and
Hernandez-Diaz, 2004).

Incidence of ICH and gastrointestinal bleeding in clopidogrel is comparable with
aspirin (Gent, et al., 1996). However, a combination of DAPT is associated with
an increased risk of bleeding than those who received aspirin alone (Yusuf, et
al., 2001). Other side effects of clopidogrel are gastrointestinal problems.
Severe rash also associated with clopidogrel which was more frequent with
clopidogrel than aspirin (Gent, et al., 1996). Neutropenia was rare with
clopidogrel. Although prasugrel reduced the incidence of ischaemic events
when compared with clopidogrel, prasugrel was found to associate with about
30% increase in the relative risk of bleeding (Wiviott, et al., 2007). Adverse
reactions following prasugrel include hypersensitivity reaction including

angioedema and thrombotic thrombocytopenic purpura .

On the other hand, ticagrelor has similar rates of total major bleeding or life-
threatening or fatal bleeding when compared with clopidogrel (Wallentin, et
al., 2009a; Cannon, et al., 2010). Ticagrelor is associated with dyspnea.
Incidence of dyspnea in patients treated with ticagrelor was between 14% to
39% and it was reported higher in ticagrelor group compared with clopidogrel
(Wallentin, et al., 2009b; Storey, et al., 2010).

Hematologic adverse reactions are a known adverse event caused by
ticlopidine. Ticlopidine is associated with an incidence of neutropenia of up to
2.1% of ticlopidine-treated patients (Gent, et al., 1989). Other side effects of
ticlopidine include diarrhea, nausea and vomiting and occur in 30% to 50% of
patients (McTavish, et al., 1990).
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Recently, there are doubts about the safety of discontinuation of DAPT in ACS

population (Ho, et al., 2010; Charlot, et al., 2012), and this is discussed in

details in the next section.

1.8 Can antiplatelet be better targeted?

Despite major improvements in antiplatelet therapy, ischaemic complications
remain a concern after ACS and ischaemic stroke. Recently, there have been
reports of increased risk of cardiovascular events from discontinuation of
antiplatelet therapy (D'Ascenzo, et al., 2014). This cardiovascular event
includes all-cause mortality, hospitalization for Ml and/or stent thrombosis (Ho,
et al., 2010; Mehran, et al., 2013). In this section, we are going to discuss the
risk of cardiovascular event in patients, despite with antiplatelet therapy, in
those who changed from DAPT to single antiplatelet and those who stopped or

interrupted antiplatelet treatment.

1.8.1 Cardiovascular event despite antiplatelet therapy

Survivors of Ml and ischaemic stroke are at increased risk of recurrent
infarctions and recurrent ischaemic stroke. They have been prescribed with
evidence based interventions for secondary prevention includes the use of
antiplatelet therapy. However, there is evidence that the cardiovascular event

still occurred despite the use of antiplatelet therapy in these populations.

In ACS patients, despite treatment with antiplatelet therapy, recurrent MI
occurred. In a study by DOnges, et al. (2001), 91% of the patients with recurrent
MI had been prescribed with aspirin therapy previously. Later, a study by Thune,
et al. (2011) also showed that in their recurrent Ml sample, 89.2% of patients

had been taking aspirin before the recurrent event.

Antiplatelet therapy indicated for acute ischaemic stroke or TIA are for a long
term. Similarly, a cardiovascular event still occurred, whilst patients still taking
antiplatelet therapy. In the recently published CHANCE study, at least 20% of
patients had a history of previous stroke and 11% of patients had their index

stroke whilst taking antiplatelet therapy (Wang, et al., 2013). In North Dublin
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Stroke study, 34.8% patients in their sample were taking antiplatelet therapy

before first-ever stroke (Kelly, et al., 2012). However, there was not mentioned
any assessment on medication adherence before the hospital admission. At the
same time, guidelines acknowledge that in patients who experience a stroke
whilst taking antiplatelet therapy, there are no clinical trials to show whether
switching antiplatelet agents decreases the risk of subsequent events (Furie, et
al., 2011; Kernan, et al., 2014).

This evidence, has raised questions what are the possibilities that the events
happened in these patients. There are many factors associated with
antiplatelet response. There might be resistance or non-response to
antiplatelet agent. Published data suggest that underdosing, poor compliance,
poor drug absorption, drug-drug interaction and stress-induced generation
enzyme cyclooxygenase (COX-2) in platelets or polymorphisms of COX-1 might
be responsible for the insufficient response to aspirin (Michos, et al., 2006).
The mechanism of aspirin and clopidogrel resistance are likely to be
multifactorial and figure 1-7 summarised possible causes for aspirin and

clopidogrel resistance.

Resistance to antiplatelet therapy might be one of the reasons behind this
event. Resistance to clopidogrel and aspirin exists and studies have shown that
aspirin or clopidogrel resistance is associated with an increased risk of
cardiovascular events (Matetzky, et al., 2004; Mason, et al., 2005; Ozben, et
al., 2011). Resistance to aspirin is common and may be present in 25 to 30% of
patients (Alberts, et al., 2004; Hovens, et al., 2007). Studies by Bennett, et al.
(2008), Boncoraglio, et al. (2009) and Ozben, et al. (2011) did not find any
significant difference between aspirin-resistant and aspirin-sensitive patients
with regard to demographics, clinical characteristics, and risk factors. At the
same time, Karepov, et al. (2008) reported that patients with aspirin resistance
had significantly increased level of triglycerides compared with aspirin-
sensitive patients. Moreover, Jeon and Cha (2008) and Ozben, et al. (2011)
found that patients with aspirin resistance had higher stroke severity scores and
Englyst, et al. (2008) pointed out that patients with aspirin resistance is

associated with more severe strokes.
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The dose of aspirin is important to prevent aspirin resistance. Inadequate dosing

due to poor gastrointestinal absorption maybe possible. There are studies found
enteric-coated aspirin had insufficient and decreased antiplatelet effect
compared to plain aspirin (Maree, et al., 2005; Cox, et al., 2006; Peace, et al.,
2010). On the other hand, low-dose of aspirin has been found to reduce
antiplatelet effect. Lee, et al. (2005) found aspirin dose less than 100mg/day
is associated with a higher incidence of aspirin resistance in patients with
coronary artery disease. Moreover, interaction of antiplatelet agent with other
medications may reduce antiplatelet efficacy. For examples, between aspirin
and nonsteroidal anti-inflammatory drugs (Catella-Lawson, et al., 2001); or

clopidogrel and omeprazole (Sibbing, et al., 2009).

Another possible mechanism associates with antiplatelet resistance is increased
platelet turnover. Previous studies suggested that patients with accelerated
platelet turnover may have reduced antiplatelet effects (Kour, et al., 2006;
Airee, et al., 2008; Zimmermann and Hohlfeld, 2008; Li, et al., 2009; Grove, et
al., 2011). A study by Grove, et al. (2011) pointed out that smoking, diabetes
and thrombopoietin levels were identified as significant predictors of platelet
turnover. Synthesis of thromboxane A2 by COX-2 may be another possible cause
of aspirin resistance but inhibition of COX-2 might need higher doses of aspirin
(500mg/day) (Kour, et al., 2006; Airee, et al., 2008). Other than COX-2,
platelets can be activated towards other aggregating factors such as
erythrocyte induced platelet activation; cigarette smoking; or diabetic patients
caused increased production of prostaglandin F2 (Kour, et al., 2006; Gupta and
Casterella, 2007; Airee, et al., 2008; Zimmermann and Hohlfeld, 2008; Li, et
al., 2009).
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Figure 1-7: Proposed mechanisms for (a) aspirin and (b) clopidogrel resistance.

ACS=acute coronary syndrome; COX=cyclooxygenase; NSAIDs=nonsteroidal anti-
inflammatory drugs; TXA2=thromboxane A2. (Permissions obtained from Elsevier,
License Number 3742560329349)(Michos, et al., 2006)
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Genetic polymorphisms involved in platelet activation may lead to less

antiplatelet effect. For example, individuals with genetic variants of CYP2C19*2
and CYP2C19*3, had a decreased conversion of clopidogrel to its active
metabolite (Hulot, et al., 2006; Mega, et al., 2009; Sofi, et al., 2011). Thus,
they may experience a subsequent thrombotic event despite receiving
clopidogrel (Kour, et al., 2006; Gupta and Casterella, 2007; Gurbel and Tantry,
2007; Airee, et al., 2008; Zimmermann and Hohlfeld, 2008; Bonello, et al.,
2009; Li, et al., 2009). On the contrary, prasugrel may offer as an alternative
in clopidogrel resistance as it is not activated in the liver (Gupta and Casterella,
2007; De Miguel, et al., 2008; Bonello, et al., 2009; Angiolillo, et al., 2010).

It is possible that patients who resistance to a certain antiplatelet agent should
be switched to another class of antiplatelet. Furthermore, there are no trials
to show switching antiplatelet agents after an acute event decreases the risk
of subsequent events. Thus, we are going to answer this question by using acute

stroke trial population.

1.8.2 Risks of changing from DAPT to single

Antiplatelet therapy is required after an ACS. DAPT typically using aspirin and
an ADP receptor antagonist such as clopidogrel, is superior to use than a single
agent in terms of reducing subsequent cardiovascular risk. There were patients
who experience thrombotic events within the first 3 to 6 months after

completed the recommended duration of DAPT.

There are reports supported the cardiovascular risk is increased in the period
following cessation of DAPT and initiation of monotherapy. This has been
reported in both medically and PCl-treated patients after ACS. In 2008, a study
from the Veterans Health Administration (Ho, et al., 2008b) found the first 90
days after stopping clopidogrel were associated with an increased risk of
cardiovascular events. Later on, another study by Ho, et al. (2010) found a
higher risk of death or Ml at day 0 to 90 days compared to day 91 to 180 days
after stopping clopidogrel. They found the risk of death or MI in the 0-90-day
interval after clopidogrel cessation was two times higher compared with later
time intervals. The timing of the events suggests they are specific to clopidogrel

discontinuation and there were no differences in terms of the type of stent
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used. Further, they found no increase in event rate after stopping ACE inhibitors

further suggesting a causal relationship with clopidogrel cessation rather than

a general effect of discontinuing medications.

The evidence of cardiovascular event after DAPT discontinuation did not only
observed in observational studies, but also observed in a systematic review and
meta-analysis which has higher power and precision of estimates of treatment
effects and exposure risks. In a systematic review and meta-analysis of 49,586
patients found that ACS patients undergoing PCl experienced more
cardiovascular events (OR, 1.19; 95% CI, 1.07-1.32) than medically-treated
patients (OR, 1.13; 95% Cl, 0.95-1.35) if they stopped DAPT over 12 months
(D'Ascenzo, et al., 2014). They concluded that this result was hypothesis

generating and should be confirmed in randomized controlled trials.

There is one prospective observational study tried to address these clinical
important issues. The Patterns of non-adherence to Antiplatelet Regimens In
Stented patients (PARIS) study recently showed that the effect of DAPT
cessation on cardiac risk after PCI may be related to the reason that DAPT was
stopped. This study includes patients undergoing PCl with stent implantation
and followed them up at 1, 6, 12 and 24 months after implantation. They found
out that there was no excess risk if DAPT was stopped as planned post ACS.
Where it was interrupted due to a planned procedure such as surgery there was
similarly no increased risk. However, where DAPT was stopped due to bleeding

or non-compliance, there was an increased risk (Mehran, et al., 2013).

In patients undergoing PCl, stent thrombosis is the common cardiovascular
event occurred after discontinuation of DAPT. lakovou, et al. (2005) found that
premature DAPT discontinuation as an independent predictors of stent
thrombosis. Similarly, Park, et al. (2006) found the incidence of stent
thrombosis is significantly increased in patients with premature discontinuation
of aspirin or clopidogrel or both. Later, Airoldi, et al. (2007) showed
discontinuation of thienopyridine therapy was the predictors of stent

thrombosis within the first six months.
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It is clear that data showed cessation of DAPT therapy, may put patients at risk.

This has raised demands what are the possibilities that events happened in
these patients and a better understanding of this may allow strategies to

mitigate this risk.

There are few factors associated with increased risk of cardiovascular events
while changing from dual to single antiplatelet therapy. Duration of DAPT plays
an important role to cause increased risk of cardiovascular event following
DAPT discontinuation. Several studies (Airoldi, et al., 2007; Ho, et al., 2008b;
Ho, et al., 2010; Mauri, et al., 2014) have established associations between
duration of DAPT and risk of cardiovascular event. Duration of clopidogrel
treatment less than 6 months was associated with increased risk of death or Ml
within 90 days after stopping clopidogrel (Ho, et al., 2010). Boggon, et al.
(2011) found that the hazard of death or non-fatal Ml was significantly higher
among patients who discontinued clopidogrel compared with patients who
continued to receive a clopidogrel prescription. However, some studies (Mauri,
et al., 2014; Bulluck, et al., 2015) found that longer DAPT duration more than

one year was associated with increased risk of bleeding.

Patients with ACS can be managed with medication regimens or with PCI.
Medically-treated patients without other cardiac interventions were found to
have higher risk of death or recurrent ACS within 90 days after discontinuation
of clopidogrel (Ho, et al., 2008b; Ho, et al., 2010; Stephenson, et al., 2011). In
addition, Stephenson, et al. (2011) found patients with BMS experienced a
higher incidence of death or recurrent ACS compared with DES. In contrast, a
recent systematic review and meta-analysis pointed out the risk of
cardiovascular events was higher in patients receiving stents but not in
medically-treated patients (D'Ascenzo, et al., 2014). However, the meta-

analysis only included studies evaluating DAPT duration longer than 12 months.

Different modes of DAPT discontinuation also plays an important role in
increased risk of thrombotic events following DAPT discontinuation. There were
three modes of DAPT cessation studied by Mehran, et al. (2013) i.e.
discontinuation, interruption and disruption. Between these three modes,

disruptions of DAPT due to bleeding or non-compliance were associated with
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increased risk of major adverse cardiovascular events (MACE) following DAPT

withdrawal. On the other hand, this study found that discontinuation of DAPT

by physician-guided was associated with lower MACE.

There are suggestions that the clustering of cardiovascular events occurs
following DAPT cessation maybe due to rebound phenomena that associated
with prothrombotic or proinflammatory response (Sambu, et al., 2011b).
Previous studies have investigated the effect of clopidogrel discontinuation on
inflammatory biomarkers (Wykrzykowska, et al., 2009), platelet reactivity
(Sibbing, et al., 2010) and combination of inflammatory biomarker and platelet
reactivity in diabetic population (Angiolillo, et al., 2006). Recently, Sambu, et
al. (2011a) investigated the effect of clopidogrel withdrawal after one year DES
PCl on arachidonic acid-induced platelet aggregation and ADP-induced platelet
aggregation, and biomarkers of vascular inflammation, including soluble CD40
ligand (sCD40L), high-sensitivity C-reactive protein (hsCRP) and interleukin 6
(IL-6) at multiple time-points following clopidogrel cessation. There was a
significant increased in ADP-induced platelet aggregation, arachidonic acid-
induced platelet aggregation and a decreased in IL-6 at 1, 2 and 4 weeks; and
a decreased hsCRP at 4 weeks following clopidogrel cessation. Table 1-7

summarises the key trials on mechanism occurs following DAPT cessation.
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Table 1-7: Key trials on mechanism occurs following DAPT cessation.

Studies Details Comparison Findings
Angiolillo, et 54 patients with ~ Within 1 month Significant increased
al. (2006) diabetes, while patients on in ADP-induced

undergone PCI  aspirin and platelet aggregation
and treated with  clopidogrel vs 1 and inflammatory
clopidogrel for 1  month after biomarker (CRP)
year withdrawal
(patients only on
aspirin)
Wykrzykowsk 98 non-diabetic Last day on Significant increased
a, etal. patients, clopidogrel in sCD40L biomarker
(2009) following drug- (baseline) vs 1,2,3  at 4 time-points;
eluting stents and 4 weeks after  significant increased
and treated with  withdrawal in P-selectin at week
clopidgrel for 12 1 and 2; significant
months decreased in CRP at
week 1, 2 and 3.
Sibbing, et al. 69 patients After study Increased in ADP-
(2010) following DES inclusion and at induced platelet
were weeks 2,3 and 4 aggregation for both
randomized to after randomization groups during weeks
tapering group (while tapering 5 to 8 (after complete
vs abrupt clopidogrel dose or clopidogrel
clopidogrel abrupt clopidogrel  withdrawal)
group withdrawal); and
weeks 5,6,7 and 8
(complete
clopidogrel
withdrawal for both
groups)
Sambu, etal. 33 patients after At 4 weeks and 24  Significant increased
(2011a) one year DES hours before in ADP-induced

PCI treated with
clopidogrel for 1
year

clopidogrel
withdrawal and at
24,48 hours, 1,2,4
weeks after
clopidogrel
withdrawal

platelet aggregation,
AA-induced platelet
aggregation and a
decreased in IL-6 at
1, 2 and 4 weeks;
and a decreased
hsCRP at 4 weeks
following clopidogrel
cessation

AA=arachidonic acid; ADP=adenosine diphosphate; CRP=C-reactive protein; DES=drug-
eluting stent; hsCRP=high-sensitivity C-reactive protein; IL=interleukin;
PCl=percutaneous coronary intervention; sCD40L=soluble CD40 ligand.
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1.8.3 Cardiovascular event after stopped or interrupted
antiplatelet therapy

As listed in Figure 1-7, non-compliance or non-adherence to antiplatelet
therapy may be one of the possible mechanisms of antiplatelet resistance and
it is the most common cause of inadequate of antiplatelet effect (Schwartz, et
al., 2008). About 50% of patients who were prescribed with aspirin or
clopidogrel either discontinue taking their medication, or fail to adhere to their
given dose at 1 year (Hamann, et al., 2003; Serebruany, et al., 2009; Herlitz,
et al., 2010).

A clustering of cardiovascular events has been reported previously after aspirin
cessation as well as after cessation of heparin. A study by Collet, et al. (2004)
compared the rates of death and death or myocardial infarction between
patients who were nonusers of oral antiplatelet, prior users of oral antiplatelet
and recent withdrawers of oral antiplatelet. They found that, recent
withdrawers (aspirin, n=70; ticlopidine, n=3) had a 2-fold increase in the rates
of both death and death or myocardial infarction compared with prior users and
nonusers. Kulkarni, et al. (2006) found the rates of patients who discontinued
aspirin after one year was 18% of patients with established coronary artery
disease. They found that the risk factors of withdrawal medication were older

age, female, low levels of education, and unmarried status.

Withdrawal of antiplatelet therapy has been shown to have association with
increased risk of stroke. The reported rates of aspirin discontinuation vary from
less than 10% to almost 50% (Sud, et al., 2005; Lago, et al., 2006). One study
found that among the 2197 cases of ischaemic stroke, 5.2% cases occurred
within 60 days after antithrombotic withdrawal (Broderick, et al., 2011). In this
study, stroke events were clustered mostly in the first 7 days after stopping
medication and the antithrombotic medication was stopped for various reasons
such as stopped by physicians for procedures, patient compliance, bleeding

complications and cost.

In another study by Garcia Rodriguez, et al. (2011), among 673 patients who
had diagnosed with ischaemic stroke or TIA, 71.3% patients were taking aspirin

on the day of event and 10% discontinued aspirin within 31-180 days before the
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event. The group who discontinued aspirin, is associated with a 40% increased

risk of stroke. This study shown that the events happened while patients still

taking aspirin and within 6 months after aspirin withdrawal.

There are many reasons antiplatelet medication was stopped or interrupted.
Antiplatelet therapy is commonly interrupted by physicians for procedures. In
order to reduce the risk of bleeding during procedures, physicians make a
decision to stop antiplatelet therapy, but this may expose patients to an
increased risk for cardiovascular event and death (lakovou, et al., 2005; Biondi-
Zoccai, et al., 2006; Rossini, et al., 2011; Fleisher, et al., 2014). In contrast, if
they decided to continue antiplatelet therapy in order to prevent
cardiovascular event, this may cause increased risk of bleeding and need for
blood transfusions during invasive procedures (Antiplatelet Trialists'
Collaboration, 1994; Pulmonary Embolism Prevention (PEP) trial Collaborative
Group, 2000; Burger, et al., 2005; Devereaux, et al., 2014). Figure 1-8 showed
the balance between thrombotic and haemorrhagic risk in patients with
coronary stents requiring surgery. Other reasons for stopping or interrupted
antiplatelet therapy include patient non-compliance, bleeding complications

and financial pressure.
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Figure 1-8: Balance between thrombotic and haemorrhagic risk in patients with coronary stents requiring surgery.
(Permissions obtained from Wolters Kluwer Health, License Number 3742551222999)(Franchi, et al., 2014)
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1.9 Metabolomics profiling in cardiovascular diseases

Despite the advancements in treatment of cardiovascular diseases, the
pathophysiology of these diseases is very complex. Thus, if we are able to
predict who is at risk for an acute cardiovascular event, it would be beneficial
as we can prevent this event. One of the development and technology that
facilitate the discovery of biomarkers is metabolomics technique. Metabolomics
has been used as a research tool to understand pathophysiology and
mechanisms involve in pathways of interest and also as detection and

identifying new biomarkers in diseases of interest.

Metabolomics involves a technology using the methods of separation and
detection complex of small molecules that characterize biochemical pathways
of interest. The small molecules can be either from intermediate or final
products of metabolism within a biological sample. The small molecules include
carbohydrates, peptide, lipids, amino acids and drug metabolites (Martinez-
Pinna, et al., 2010). In sets of biological samples, the patterns and changes of
these metabolites can be measured. Thus, these detected and significant
metabolites are useful for identifying new biomarkers. In patients who are
taking DAPT and at risk of developing cardiovascular event after stopping DAPT,
identification of significant biomarker could reveal pathophysiologic

mechanisms behind this.

1.10 Summary of literature review and rationale for the

present study

Cardiovascular disease is a leading cause of death and disability worldwide.
Effective treatments exist, but there are several outstanding questions. We do
not know whether a person who has a stroke or TIA and is already taking aspirin
be prescribed the same or an increased dose of aspirin after the stroke. We do
not know whether to change their antiplatelet regimen for this group of patient.
Furthermore, we are not sure the risk associated with stopping or interrupting
antiplatelet early after stroke. At the same time, we want to know more about

the risk associated when changing DAPT to single and we do not know if there
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are any metabolite changes associated when stopping DAPT. Thus, the aims and

objectives listed below will be used as knowledge gaps that need to be filled.

1.11 Aim and objectives of the thesis

1.11.1 Aim

To assess certain aspects of clinical equipoise when using antiplatelet in routine

practice.

1.11.2 Objectives

1. To evaluate whether, in patients who suffer ischaemic stroke whilst taking
antiplatelet, a change of antiplatelet regimen is associated with a lower risk

of recurrence than continuing on the same antiplatelet drug.

2. To evaluate whether, in patients who have suffered ischaemic stroke, early
initiation of antiplatelet is associated with better outcomes than later

initiation.

3. To evaluate whether, in patients who have suffered ischaemic stroke, early
cessation, stopped or interrupted of antiplatelet is associated with an

increased risk of cardiovascular event than persistent antiplatelet regimen.

4. To assess the incidence and predictors of cardiovascular event after

discontinuation of DAPT in patients who have suffered ACS.

5. To determine whether, in patients who have suffered ACS, there are

metabolite changes that are affected after stopping of DAPT.
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2 Materials and Methods

2.1 Introduction

Several studies have been conducted in order to achieve the aims and
objectives listed in the previous chapter. These include data analyses using
multiple data sources and a prospective experimental study. The studies

included patients with CHD and cerebrovascular disease.

Three studies were performed using data from the Virtual International Stroke
Trials Archive (VISTA) and one study was performed using data contained in the
National Health Service Greater Glasgow and Clyde (NHSGGC) Safe Haven. The
prospective study included patients with recent acute coronary syndrome who
were taking DAPT.

2.2 Data source

2.2.1 VISTA database

VISTA is a collaborative registry that collates and provides access to completed
acute stroke trial data and it was established in 2001. VISTA data are stored at
the Robertson Centre for Biostatistics, University of Glasgow, Glasgow, UK.
Data in VISTA are anonymized in relation to patients’ and trials’ identity, as the
majority of the informed consent and institutional review board approvals that
have been gathered restrict storage and transmission to anonymized data (Ali,
et al., 2007).

VISTA contains patients’ demographic data such as age, sex and ethnicity;
smoking history and medical histories including diabetes, hypertension, prior
stroke, transient ischaemic attack and myocardial infarction. The date of stroke
onset, race, height, weight, and baseline blood pressure are also available for
selected trials. The majority of data in VISTA includes acute trials, thus, only
short-term outcomes (between 21 to 180 days) are available within VISTA. The
outcome measures available include 90-day Scandinavian Stroke Scale; Barthel
Index; modified Rankin Scale (mRS); National Institutes of Health Stroke Scale

(NIHSS); and Orgogozo, Mathews, and European Stroke Scales. Medication
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details are also available within VISTA. Adverse events (AE) and some laboratory

measurements are available from certain trials. While the main aim of VISTA
is to facilitate the planning of future randomized clinical trials, the VISTA
database does not permit further testing of any trial data that will test
treatment effects in any individual trial (Ali, et al., 2007; Ali, 2008).

Data extraction

For the purpose of my research, VISTA data were obtained from VISTA Acute
which contains trials that were conducted between 1998 and 2008. A proposal
to acquire VISTA data was sent and data on patient’s baseline characteristics;
drug history which include prior and current medications; outcomes which
include recurrent stroke, cardiovascular event, mRS at 90 days and NIHSS at 90
days; and AEs which include minor and major bleeding and ICH were requested.
Based on these data requirements, | was given accessed to an anonymised
dataset of 10,304 patients from VISTA. The use of the anonymised dataset for
research studies is approved by the VISTA-Acute Steering Committee (letter
dated 7 Feb 2013) (Appendix 1).

Data cleaning and coding

The anonymised dataset obtained from VISTA were given in five different
datasets. There were datasets for baseline and clinical characteristics, prior
medications, current medications, AEs and serious adverse events (SAE). The
baseline and clinical characteristics dataset was straightforward. However, the

rest of datasets are needed to be cleaning and coding before it can be used.

In VISTA, the majority of medications were coded using the World Health
Organization’s Anatomical Therapeutic Chemical (ATC) classifications. In this
classification system, drugs are divided according to the organ or system on
which they act and according to their chemical, pharmacological and
therapeutic properties (World Health Organization (WHO) Collaborating Centre,
2003). For medications without ATC codes, their ATC codes were coded
manually. Medications that used brand names were changed manually to their
generic names, for example, Trombyl which is also known as aspirin. The coding
for both prior and current medications were done separately. Then, each

dataset was sorted by patient identification number and medication’s generic
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name. The data on prior antiplatelet treatment with ATC code: BO1AC were

extracted into a new dataset (prior antiplatelet dataset). SAS software was used
to transpose antiplatelet generic name, start day and end day of each
antiplatelet agent according to patient identification number. This step was
repeated for the current medication dataset. These datasets i.e. prior
antiplatelet and current antiplatelet were then merged with the baseline and

clinical characteristics dataset based on patient identification number.

Whereas for AE and SAE dataset, specific keywords were used and searched.
For recurrent stroke, the keywords used include infarct or ischaemia or
ischaemic or stroke or cerebrovascular accident (CVA). The terms used for the
extraction can be found in Appendix 2. For ACS, the terms used were unstable
angina or acute coronary syndrome or myocardial infarction. For transient
ischaemic attack, the term used as it is. For bleedings, the terms used to
extract this information is listed in Appendix 3. Afterwards, each dataset was
sorted by patient identifier and recurrent stroke event. SAS software was used
to transpose recurrent stroke, the AE start day and end day according to patient
identification number. These datasets then merged with the baseline and
clinical characteristics dataset by patient identification number. The process
was repeated for the rest of AE, i.e. ACS, TIA, intracranial haemorrhage (ICH)

and extracranial haemorrhage (ECH).

Patient selection in VISTA

For VISTA analysis, all patients with missing baseline characteristics and
antiplatelet information were excluded especially patients with missing
information on initiation day of antiplatelet therapy. Furthermore, patients
with concurrent use of vitamin K antagonist such as warfarin were excluded as
it may influence clinical (Abdul-Rahim, et al., 2014) and safety (Shireman, et
al., 2004) outcomes in acute ischaemic stroke patients. A flow diagram showing
the selection of final data from VISTA is presented in figure 2.1. The inclusion
and exclusion criteria for each study using VISTA dataset are described in their

individual section in Chapter 3, 4 and 5.
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Figure 2-1: Flow chart for selection of ischaemic stroke patients from VISTA.
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2.2.2 NHS Greater Glasgow and Clyde Safe Haven

NHS Scotland has set up regional Safe Havens located within Aberdeen, Dundee,
Edinburgh and Glasgow, for delivering research excellence and the need for
rapid access to high quality health data for research purposes (NHS Research
Scotland, 2016). NHSGGC and the Robertson Centre for Biostatistics develop a
Safe Haven and provide access to local healthcare data in the West of Scotland.
In the Safe Havens, they consist of many administrative datasets that are useful
for research purposes such as Scottish Morbidity Record (SMRO1), General
Register Office for Scotland (GROS) death registration and Prescribing
Information System. The SMRO1 collects information on all admissions to acute
care hospitals in Scotland, including the date of the admission, the type of
admission, the disease codes for the current admission and admissions for
surgical procedures. The GROS death registration collects information on all
deaths that occur in Scotland including the date of death. The PIS database
records the date dispensed and the number of days supplied for each dispensed

medication.

Data extraction

For the purpose of my research, the SMRO1 database was used to search all
admission for ACS that occurred in the West of Scotland. A proposal to acquire
this dataset was sent to NHSGGC Safe Haven team and data on patient’s
baseline characteristics; prescribing history; diagnosis of ACS which include
unstable angina, STEMI and NSTEMI; stroke; death and major bleeding
complications which include subarachnoid, intracranial, intraocular and
retroperitoneal haemorrhage were requested. Based on these data
requirements, | was given accessed to an anonymised dataset of 7232 ACS
patients hospitalised from between 2008 and 2013. The use of the anonymised
dataset for research studies is approved by the Local Privacy Advisory
Committee (LPAC) group, NHSGGC (GSH/13/CA/005) (Appendix 4). The details

of patient extraction are shown in Figure 2-2.

Data cleaning and coding
The anonymised dataset obtained from NHSGGC were given in three different

datasets. There were datasets for demographic data, admissions for ACS and
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antiplatelet prescribing history. Demographic dataset contains information on

patient date of birth, date of death and gender. Demographic dataset was
straightforward. Similarly, as VISTA data, the rest of datasets are needed to be

cleaning and coding before it can be used.

The admission dataset contains information on date of admission, diagnosis for
the current admission and admissions for surgical procedures. This dataset was
also used to search for recurrent ACS, ischaemic stroke, TIA, heart failure,
cardiac death and major bleeding following the first admission of ACS. The ACS,
ischaemic stroke, heart failure, cardiac death (Appendix 5) and major bleeding
(Appendix 6) were coded based using the International Classification of
Diseases, Tenth Revision (ICD-10) codes. There were patients with more than
one admission, thus each event was reviewed with their date of admission
manually. Then, this dataset was sorted by patient identifier. SAS software was
used to transpose recurrent stroke, AE start day and end day according to
patient identification number. These datasets then merged with the

demographic dataset based on patient identification number.

Antiplatelet prescribing dataset in NHS Scotland data were coded using the BNF
(British National Formulary). The BNF Code contains 15-digit code, where the
first seven digits are according to the drug classes in the BNF and the last 8
digits characterize the medicinal product, form, strength and the link to the
generic equivalent product (NHS National Services Scotland). In this dataset, it
also includes antiplatelet strength dispensed to the patient, dispensed date and
dispensed quantity. Dual antiplatelet therapy regimen (Figure 2-2) and duration
of antiplatelet prescribed for each patient were searched and calculated
manually using the data provided. Then, this dataset was sorted by patient
identification number and antiplatelet regimen. SAS software was used to
transpose antiplatelet regimen, start day and end day of each medication
according to patient identification number. This dataset then merged with the

demographic dataset according to patient identification number.
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¢ Incidence rate of cardiovascular events
e Clinical predictors associated with cardiovascular events

Figure 2-2: Flow chart for selection of acute coronary syndrome from NHS
Scotland National Safe Haven.

ICD=International Classification of Diseases, DAPT=dual antiplatelet therapy.
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2.3 Outcome measures

2.3.1 VISTA analysis

There are several outcomes measured in VISTA analysis. Because of VISTA
characteristics, short-term outcomes within 90 days after acute ischaemic
stroke were used. The primary efficacy outcome was a recurrent ischaemic
stroke at 90 days. This information about recurrence ischaemic stroke was

extracted in all patients from AE and SAE reports.

The primary safety outcome was a bleeding complication. This information was
extracted from AE and SAE datasets. Bleeding complications were divided into
two different categories i.e. ICH and ECH. Intracranial haemorrhage was
defined as any ICH and haemorrhagic transformation 1 and 2 of cerebral
infarction were excluded. Whereas, ECH was defined as gastrointestinal (Gl)
and non-Gl bleeding. Gastrointestinal bleeding was defined as patients with
overt Gl bleeding, whereas non-Gl bleeding with no evidence of overt Gl
bleeding. The list of key terms used to identify ICH and ECH is listed in
Appendix 3.

Another outcome measures used in VISTA analysis is modified Rankin Scale
(mRS). It is one of the common outcome measures that were used in stroke
research (Quinn, et al., 2009). The mRS is a scale used to assess degree of
disability or dependence in daily activities after stroke. It is ordinal hierarchical
scale ranging from 0 to 6 which assess functional status of patients. This
information is available within VISTA, thus it was used to measure functional
outcome at day 90 after acute ischaemic stroke. The mRS scores as described
in Table 2-3.
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Table 2-1: Scores on a modified Rankin scale (Saver, 2007).

Score Description
0 No symptoms at all
1 No significant disability despite symptoms; able to
perform all usual duties and activities
5 Slight disability; unable to perform all previous activities,
but able to take care of self without assistance
3 Moderate disability; requiring some help, but able to walk

without assistance

Moderately severe disability; unable to walk without
4 assistance and unable to attend to own bodily needs
without assistance

Severe disability; bedridden, incontinent, and requiring
constant nursing care and attention

6 Dead

2.3.2 NHS Scotland National Safe Haven analysis

For NHS SNSH analysis, cardiovascular events occurred following ACS and after
DAPT cessation were measured. Cardiovascular events include recurrent ACS,
ischaemic stroke and death. Further description of this study will be described

more in Chapter 6.

2.4 Experimental study

The study participants, ethics approval, inclusion and exclusion criteria, and

study methods for the prospective study are described in Chapter 7.

2.5 Statistical analysis

Statistical advice was sought from Stroke Trials statistician Dr Rachael Maclsaac

at Acute Stroke Unit, Institute Cardiovascular and Medical Sciences, University
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of Glasgow. The statistical methods used for each study are described in the

methodology section of each chapter.

2.6 Statistical software for analyses

Statistical analyses were performed with IBM SPSS Statistics version 21.0 (IBM
Corp, 2012).
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3 Antiplatelet therapy following ischaemic

stroke - Continue or change pre-existing

therapy?

3.1 Introduction

Antiplatelet therapy is recommended for patients with ischaemic stroke or
transient ischaemic attack (TIA) due to atherosclerotic disease (Hacke, et al.,
2008b; Furie, et al., 2011; Lansberg, et al., 2012; Jauch, et al., 2013).
Antiplatelet drugs are prescribed to prevent further ischaemic stroke, minimize
the risk of early death and to improve long-term outcome (Gent, et al., 1996).
Use of aspirin leads to fewer deaths (nine per 1000 treated) and more patients
with a good functional outcome (seven per 1000 treated) at 30 days after
ischaemic stroke compared to no aspirin use (Sandercock, et al., 2008) and in
the longer term antiplatelet drugs reduce the risk of recurrent cardiovascular
events and prevents approximately 1/5 of recurrent strokes (Baigent, et al.,
2002; Baigent, et al., 2009).

Guidelines recommend that antiplatelet regimens choices are individualised
based on numerous factors including patient risk factor profiles, cost,
tolerability and relative effectiveness (Kernan, et al., 2014). One potentially
important factor is pre-existing anti-platelet therapy. In the recently published
CHANCE study, at least 20% of patients had a history of previous stroke and 11%
of patients had their index stroke whilst taking antiplatelet therapy (Wang, et
al., 2013). In North Dublin Stroke study, 34.8% patients in their sample were
taking antiplatelet therapy before first-ever stroke (Kelly, et al., 2012).

Guidelines acknowledge that in patients who experience a stroke whilst taking
antiplatelet therapy, there are no clinical trials to show whether switching
antiplatelet agents decreases the risk of subsequent events (Furie, et al.,
2011). There are reasons why switching regimen may be advantageous. Failure
of antiplatelet treatment could be due to disease severity (no drug will be 100%

effective), lack of adherence or resistance to the effect of the antiplatelet
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drug. Resistance to clopidogrel may be present in 10 to 25% of patients and

associated with an increased risk of cardiovascular events (Muller, et al., 2003;
Matetzky, et al., 2004; Serebruany, et al., 2005b; Wang, et al., 2010). It is
possible resistant patients should be switched to another class of antiplatelet.
In this study, we compared the rate of recurrent stroke and bleeding
complications after ischaemic stroke in patients who were already taking
antiplatelet drugs according to whether they continued on the same drugs or

changed regimen.

3.2 Methods

3.2.1 Study setting and study population

General details of the study setting and study population are described in
section 2.2.1. Briefly, the data used are contained in the Virtual International
Stroke Trials Archive (VISTA) database. The VISTA data are anonymous to
included patients and clinical trials. We included participants who had suffered
ischaemic stroke whilst taking antiplatelet drugs (for at least 7 days prior to
stroke) and who were recommenced on antiplatelet therapy within 90 days

after ischaemic stroke.

3.2.2 Definition of antiplatelet Exposure

Data on antiplatelet treatments were based on platelet aggregation inhibitors
(which includes derivatives of salicylic acid, thienopyridine and dipyridamole).
Patients were divided into two different groups; a change or continue group.
The change group comprised patients who changed to a new antiplatelet
regimen after the index ischaemic stroke. The continue group comprised
patients who continued the same antiplatelet therapy after the index ischaemic

stroke. Further details will be explained using Figure 3-1.

Schematic diagram for antiplatelet exposure and recurrent events for four
subjects is shown in Figure 3-1. Antiplatelet regimen before the stroke
represented by continuous line. For those who continued with similar

antiplatelet regimen following an acute stroke, the continuous line continued
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until an event occurred, represented by black dots (subject A) or until the study

end, represented by unfilled circle at the end of individual’s line segment
(subject B). Subject A and subject B were categorized as continue group. On
the other hand, for patients who changed to a new antiplatelet regimen, the
continuous line was changed to the dashed line (subject C and subject D).
Subject C and subject D were categorized as change group. Among those
subjects, two had an event (subject A and subject C). Two of the subjects were

censored (subject B and subject D) at the end of the study, at 90 days.

O W »r
'
—/

A N
) Time T
Acute Day 90
ischemic stroke (end of study)
(start of study) . |

O no event . event

change to new

— 2Ntiplatelet pre-stroke antiplatelet regime

Figure 3-1. Schematic depiction of antiplatelet exposure (represented by
continuous or dashed line), recurrent event (represented by black dots) and
censoring data (represented by unfilled circle) for four patients, with a time
dependent covariate.

3.2.3 Outcome measures

The primary outcome was the occurrence of recurrent ischaemic stroke and the
secondary outcome was bleeding complications within 90 days post-stroke. The
modified Rankin Scale (mRS) at 90 days was used to measure functional

outcomes. The information about recurrent ischaemic stroke and bleeding
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complications in all patients were extracted from AE and SAE reports. A

recurrent ischaemic stroke was defined as a clear statement of a new adverse
event including terms ischaemic stroke, cerebral infarction or cerebrovascular
accident. Other events such as worsening of initial stroke symptoms or oedema

were not included.

For bleeding complication, the event was identified using these key terms:
hematoma, haemorrhage, bleeding, blood or melaena. Bleeding complications
were categorized into two i.e. intracranial haemorrhage (ICH) and extracranial
haemorrhage (ECH). Intracranial haemorrhage was defined as any ICH but
excluding haemorrhagic transformation infarction 1 and 2. Exclusion of
haemorrhagic transformation was done by identifying these key terms:
haemorrhagic conversion (1 and 2) or haemorrhagic transformation (1 and 2).
Whereas, ECH was defined as any bleeding episode from another source and
this includes gastrointestinal (Gl) and non-Gl bleeding. The information on data
extraction from the VISTA has been described in Chapter 2 (section 2.2.1 and

section 2.3.1).

3.2.4 Statistical analysis

Descriptive statistics were recorded for recent stroke patients, comparing those
who changed antiplatelet regimen versus those who continued the same
antiplatelet regimen post-stroke. For categorical variables such as
demographics and medical history data, they were summarised using
frequencies and proportions and were compared using the Chi-square test or
Fisher’s exact test, where appropriate. Whereas for continuous variables, they
were summarised using mean [standard deviation (SD)] or median [interquartile
range (IQR)] and were compared using Student t-test or non-parametric Mann-
Whitney test.

Our outcome measures were the occurrence of recurrent stroke, ICH, ECH by
90 days post-stroke and the ordinal shift of the mRS at day 90 using the full
scale. We calculated the odds ratio (OR) and corresponding 95% confidence
intervals (95% Cl) using binary logistic regression for dichotomized outcome and

ordinal logistic regression for mRS distribution. Adjustments were made for age
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and baseline NIHSS. Age and baseline severity are the two most powerful

prognostic factors for stroke and are usually included in outcome distribution
analyses (Lees, et al., 2006; Konig, et al., 2008; Bath, et al., 2012).

We also assessed the effect of changed or continued antiplatelet regimen on
outcome measures in subgroups: clinical condition (atrial fibrillation or not,
prior stroke or not and treated with intravenous thrombolysis or not). We
conducted subgroup analyses in these populations as their stroke risk
recurrence (Burn, et al., 1994; Penado, et al., 2003) and neurological recovery
(The National Institute of Neurological Disorders and Stroke rt-PA Stroke Study
Group, 1995) are different. Similarly, the same method was repeated by
comparing patients who were changed from aspirin to clopidogrel to those who

continued aspirin with aspirin post-stroke.

A p-value <0.05 was used to define statistical significance. All analyses were
performed using IBM SPSS Statistics version 21.0 (IBM Corp, 2012).

3.3 Results

3.3.1 Patients sample

Complete data on antiplatelet therapy were available for analysis of the
outcome measures in 4050 patients. (See Figure 2-1 for information on the

completeness of VISTA data).

Of 4050 ischaemic stroke patients, 2921 were excluded as they have no prior
use of antiplatelet therapy. Demographic and patient characteristics for the
remaining 1129 stroke patients who were included cohort (Figure 3-2) are
shown in Table 3-1. Of the 1129 patients, 538 (47.7%) were changed to a new
antiplatelet drug post-stroke, whereas 591 (52.3%) were not. The change group
comprised a higher percentage of men, a lower rate of atrial fibrillation, a

lower NIHSS score, and a higher percentage of previous stroke.

Table 3-2 shows proportion of antiplatelet used based on prior antiplatelet. The

majority of subjects in this study were taking aspirin prior to stroke and



Chapter 3 Continue or Change Pre-existing AP? 94
approximately half of them continued on aspirin after stroke. Likewise, about

half of subjects were taking aspirin after stroke. Nearly half of those subjects
in change group were changed to clopidogrel and about half of those subjects

were taking aspirin previously.

VISTA analysis
n=4050
Patients with no prior
antiplatelet, n=2921
\ 4

Patients prescribed with AP
pre- and post-stroke
n=1129

|
v v

[ Change group ] [ Continue group ]

n=538 n=591

Change Continue
aspirin-clopidogrel aspirin-aspirin
n=227 n=534

Figure 3-2: Selection of eligible patients includes in data analyses.
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Table 3-1: Baseline characteristics

Continue or Change Pre-existing AP?

Characteristics Change Continue p-value
(n=538) (n=591)
Age, years* 70.91 (11.25) 72.08 (10.49) 0.091
Male 332 (61.7) 329 (55.7) 0.040
Caucasian 469/527 (89.0) 531/571 (93.0) 0.020
Current Smoker 172/524 (32.8) 145/471 (30.8) 0.491
Baseline NIHSST 13 (9-17) 14 (9-18) 0.036
Medical history
Hypertension# 444/537 (82.7) 448/590 (75.9) 0.005
Diabetes* 153/538 (28.4) 155/590 (26.3) 0.414
AFF 79/537 (14.7)  135/590 (22.9) 0.000
Heart failure¥ 48/513 (9.4) 51/548 (9.3) 0.978
IHD* 229/525 (43.6) 204/471 (43.3) 0.922
Prior TIA¥ 68/490 (13.9) 67/554 (12.1) 0.391
Prior stroke# 190/527 (36.1) 133/568 (23.4) 0.000
Thrombolysed, rt-PA 234 (43.5) 174 (29.4) 0.000
AP duration post-stroke
< 30 days 109 (20.3) 156 (26.4) 0.041
31- 60 days 36 (6.7) 31(5.2)
61- 90 days 393 (73.0) 404 (68.4)

All values are reported as no. (%) unless otherwise noted. *Values are reported as
mean (SD); Tmedian (IQR); *missing some data at baseline. AF=atrial fibrillation,

95

AP=antiplatelet, IHD= ischaemic heart disease, NIHSS=National Institutes of Health

Stroke Scale, rt-PA=recombinant tissue plasminogen activator. TIA=transient
ischaemic attack, SD=standard deviation, IQR=interquartile range.
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Table 3-2: Proportion of antiplatelet pattern pre- and post-stroke

Continue or Change Pre-existing AP?

Antiplatelet post-stroke

Antiplatelet Total
Pre-stroke . Aspirin+ Aspirin+ . I
Aspirin Clopidogrel Dipyridamole Clopidogrel Dipyridamole Others

ASDiri 534 27 64 227 13 35 900

spirin (82.3) (62.8) (73.6) (85.7) (86.7) (50.0) (79.7)
Aspirin+clopid I 19 y ° ° y y iy
spirin+clopidogre (2.9) (9.3) (5.7) (2.3) (0.0 (0.0) (3.0
renirinadiourid | 11 2 10 3 0 2 28
SPiinTAlpynidamoie — 1.7) 4.7) (11.5) (2.2) (0.0) (2.9) (2.5)
Clopidogrel 46 10 3 21 0 0 80
opidogre (7.1) (23.3) (3.4) (7.9) (0.0) 0.0 (7.1)
I | 6 0 2 1 1 1 11
ipyridamole (0.9) (0.0) (2.3) (0.4) (6.7) 1.4) (2.0)
33 0 3 7 1 32 76

Others (5.1) (0.0) (3.4) (2.6) (6.7) (45.7) (6.7)
649 43 87 265 15 70 1129

All values are reported as no. (%) unless otherwise noted.
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3.3.2 Clinical outcomes

There was no difference in recurrent stroke rate between groups. Recurrent
stroke occurred in 22 patients (4.1%) in the change group, as compared with 25
patients (4.3%) in the continue group (adjusted OR, 0.97; 95% Cl, 0.54-1.75;
p=0.929) (Table 3-3).

The numbers of patients with ICH were 13 (2.4%) in the change group and 15
(2.6%) in the continue group. We found no significant difference between the
two groups (adjusted OR, 1.02; 95% Cl, 0.48-2.18; p=0.955) (Table 3-3).
Similarly, there was no significant difference in the rate of ECH event between
the change (25 [4.7%]) and continue groups (17 [2.9%]) (adjusted OR, 1.82; 95%
Cl, 0.96-3.43; p=0.065).

The distribution of mRS at 90 days for change versus continue group is shown in
Figure 3-3(a). We found that change to a new antiplatelet post-stroke was
associated with more favourable functional outcome across a full scale mRS at
90 days after adjustments for age and baseline NIHSS (adjusted OR, 1.48; 95%
Cl, 1.19-1.86; p=0.0006), compared with continue group. Additional analyses
adjusted for age, baseline NIHSS, hypertension, AF, previous TIA, previous
stroke, and treated with rt-PA are shown and illustrated in Appendix 7, showing
a significant increase risk of ECH in change group compared with continue group
(adjusted OR, 2.03; 95% Cl, 1.04-3.98; p=0.039).

Table 3-3: Clinical outcomes at 90 days (adjusted for age and baseline NIHSS)

Change Continue Adjusted OR

Outcomes n=538 n=591 (95% Cl) p-value
Recurrent 22/532 25/588
stroke 4.1) (4.3) 0.97 (0.54-1.75) 0.929
13/532 15/581
ICH 2.4) (2.6) 1.02 (0.48-2.18) 0.955
ECH 25/527  17/584 4 o5 (0.96-3.43) 0.065

(4.7) (2.9)

All values are reported as no. (%) unless otherwise noted. Cl=confidence interval,
ICH=intracranial haemorrhage, ECH=extracranial haemorrhage, OR=0dds ratio.
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(a) Change vs continue group
oo my| o2 o3 m4 m5 m6

Continue 7.3 13.0 9.4 13.0

Change 10.1 19.8 13.8

(b) Aspirin-clopidogrel vs aspirin-aspirin group

0o o1 o2 @3 m4 m5 m6
Aspirin-Aspirin | 7.7 12.8 9.5 13.2
Aspirin- 10.3 21.4 15.6
Clopidogrel : ) :

Figure 3-3: Distribution of MRS outcome at day 90 in patients suffering ischaemic stroke.

Diagram showing association of functional outcome at day 90 between (a) change and continue group and (b) aspirin-clopidogrel and aspirin-aspirin
group. Values provided in each box denote the percentage of patients belonging to a specific treatment category (change or continue) and
representing the mRS score corresponding to the box.
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3.3.3 Subgroup analysis

There is a significant difference in the prevalence of atrial fibrillation between
the two groups being higher in the continue group, and the prevalence of prior
stroke and thrombolysis treated patients being higher in the change group
(Table 3-1). Analyses of these subgroups are presented in Figure 3-4. However,
we did not find a significant influence on the occurrence of recurrent stroke,
ICH and ECH events between the change and continue group in these

populations.
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Change Continue Adjusted OR Adjusted OR
n=538 n=591 (95% Cl) (95% Cl) p-value
Recurrent ischaemic stroke
AF 5’3{_788) 5(@13)2 b 1.05(0.24-4.70)  0.946
No AF 12{_425)3 28{_‘;5)5 _ 4 0.96 (0.51-1.83)  0.906
Prior stroke 1/212)7 7(/513)1 ST 0.39(0.11-1.36)  0.140
No prior stroke 1?5/?43)4 12?1?34 e 1.32(0.68-2.60)  0.414
Thrombolysed %22)1 %1;)1 S 0.75 (0.27-2.05)  0.568
Non-thrombolysed 1&’?70)1 1(74{_411)7 B 114 (0.55-2.36)  0.723
Intracranial haemorrhage
AF 5’3/_78% 3(/21:;;‘ . 226 (0.42-12.32)  0.346
No AF 1?2/_425)3 1(22/_47‘;6 - 0.84 (0.36-1.98)  0.698
Prior stroke 5(/21§§5 ‘Eglg)z 1.01(0.26-3.92)  0.985
No prior stroke 3’2325’ 3’2‘%3 I 1.30 (0.49-3.48)  0.596
Thrombolysed 9(’32_3)9 5(/31_855 e 1.44 (0.47-4.43)  0.522
Non-thrombolysed A{fg? 1?2/‘21)5 —_— 0.59 (0.18-1.91) 0.377
Extracranial haemorrhage
AF (5é_7£ %1;;‘ N 1.66 (0.47-5.84)  0.433
No AF 28{_445)0 1(12/_‘;‘;9 [ 1.93(0.91-4.09)  0.087
Prior stroke 1?5/148)4 %12)1 SN 1.31 (0.46-3.75) 0.614
No prior stroke 1?4?53)3 1(12/f"63;l —— 1.98 (0.89-4.41) 0.096
Thrombolysed 52/325)7 3&’11;)1 ; 250 (0.63-9.83)  0.191
Non-thrombolysed 1(7;?70)0 12‘3/_‘%3 SR 1.82 (0.87-3.78)  0.111

Ch\ange better

01

pd

0203 05 1 23 5§

10

N

Ji\

Continue better

Figure 3-4: Clinical outcomes at 90 days (adjusted for age and baseline NIHSS) by

subgroup

All values are reported as no. (%) unless otherwise noted. AF=atrial fibrillation,
OR=odds ratio, Cl=confidence interval.
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3.3.4 Additional analyses

We formed another cohort from 761 ischaemic stroke patients, of whom 227
(29.8%) were changed from aspirin to clopidogrel and 534 (70.2%) were
remained with aspirin post-stroke. A flow diagram showing the selection of this
cohort is presented in Figure 3-2. Detailed baseline characteristics are given in
Table 3-4.

The effect of aspirin-clopidogrel group versus aspirin-aspirin group on the rates
of the recurrent stroke, ICH and ECH were comparable between these two
groups. Similarly, in subgroup analysis, there was no significant different on the
occurrence of recurrence stroke, ICH and ECH across subgroups. Adjusted ORs
(95% Cl) are provided in Figure 3-5. We also found that change from aspirin to
clopidogrel post-stroke was associated with more favourable functional
outcome across full scale mRS at 90 days after adjustments for age and baseline
NIHSS (adjusted OR, 1.59; 95% CI, 1.19-2.13; p=0.0018), compared with aspirin-
aspirin group (Figure 3-3(b)).
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Table 3-4: Baseline characteristics

Aspirin-Clopidogrel  Aspirin-Aspirin

Characteristics n=027 n=534 p-value
Age, years* 71.56 (11.213) 72.17 (10.427) 0.497
138 296
Male (60.8) (55.4) 0.172
, 207/226 478/515 0.562
Caucasian
(91.6) (92.8)
82/227 131/429 0.146
Current Smoker
(36.1) (30.5)
Baseline NIHSST 12 (8-16) 14 (9-19) 0.014
Medical history
Hvpertensiont 195/227 407/534 0.003
P (85.9) (76.2)
_ 65/227 141/534 0.526
Diabetes*
(28.6) (26.4)
AF 31/227 126/534 0.002
(13.7) (23.6)
Heart failuret 17/222 44/493 0.575
ilu
(7.7) (8.9)
98/227 186/429 0.964
IHD*
(43.2) (43.4)
Prior TIAL 22/209 56/506 0.833
(10.5) (11.1)
] ket 67/227 111/513 0.021
Prior stroke (29.5) (21.6)
104 159 0.000
Thrombolysed, rt-PA (45.8) (29.8)
AP duration post-stroke
38 142 0.014
< 30 days (16.7) (26.6)
14 30
31- 60 days 6.2) (5.6)
61- 90 d 175 362
- o0 days (77.1) (67.8)

All values are reported as no. (%) unless otherwise noted. *Values are reported as
mean (SD); Tmedian (IQR); *missing some data at baseline. AF=atrial fibrillation,
AP=antiplatelet, IHD=ischaemic heart disease, IQR=interquartile range,
NIHSS=National Institutes of Health Stroke Scale, rt-PA=recombinant tissue
plasminogen activator, SD=standard deviation, TIA=transient ischaemic attack.
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Aspirin-  Aspirin- .
Clopidogrel Aspirin Adjusted OR (95% CI) Adjusted OR p-value
- _ (95% CI)
n=227 n=534
Recurrent stroke
9/226  24/531
All (4.0) (4.5) —ah— 0.87 (0.40-1.90) 0.723
1/30 5/123
AF (3.3) (4.1) 0.95 (0.10-8.90) 0.966
8/196  19/408 |
No AF (4.1) 4.7) —H 0.86 (0.37-2.01) 0.730
. 2/67 7/109 B
Prior stroke (3.0) (6.4) i 0.44 (0.09-2.19) 0.316
. 7/159  17/401
No prior stroke (4.4) (4.2) — 1.04 (0.42-2.59) 0.929
2/104 8/156 .
Thrombolysed (1.9) (5.1) i 0.35(0.7-1.70) 0.192
7/122  16/375
- — -
Non-thrombolysed 5.7) 4.3) 1.33(0.53-3.36) 0.545
Intracranial haemorrhage
3/226  12/524
All (1.3) 2.3) —— 0.63 (0.18-2.29) 0.487
0/31 2/125
AF - 0.998
(0) (1.6)
3/195  10/399
No AF (1.5) (2.5) — T 0.62 (0.17-2.30) 0.474
. 2/67 4/110
Prior stroke (3.0) (3.6) ik 0.87 (0.15-4.97) 0.878
. 1/159 6/395 .
No prior stroke (0.6) (1.5) i 0.52 (0.06-4.49) 0.550
3/103 4/151 .
Thrombolysed (2.9) (2.6) i 1.22 (0.25-6.03) 0.804
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Figure 3-5: Clinical outcomes at 90 days (adjusted for age and baseline NIHSS)

All values are reported as no. (%) unless otherwise noted. AF=atrial fibrillation,

OR=0dds ratio, Cl=confidence interval.
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3.4 Discussion

In the present study, we found that subjects who experience stroke while on
antiplatelet therapy and who switch to a new class of antiplatelet regimen after
stroke did not have a lower early recurrence rate than subjects who continued
with the same antiplatelet therapy. In terms of safety outcomes, there was no
difference in the occurrence of ICH. Conversely, patients in the continue group
tended to have a lower though non-significant risk of ECH. Furthermore, the
clinical outcomes were not significantly different across pre-defined subgroups.
We found that change group was associated with an increase in the odds of a

favourable functional outcome.

Currently, aspirin, a combination of aspirin/dipyridamole, clopidogrel and
ticlopidine are recommended to prevent recurrent stroke in patients with
stroke and TIA (Kernan, et al., 2014). In this study, we found that a single
antiplatelet agent i.e. aspirin was frequently used in our cohort, followed by
clopidogrel and a combination of aspirin/dipyridamole following ischaemic
stroke. This may indicate the underutilization of combination antiplatelet
therapy for prevention of recurrent stroke. The reason behind this probably
because VISTA contains clinical trial data conducted during the years 1989 to
2006. Furthermore, the recommendation of clopidogrel alone and combination
aspirin/dipyridamole are only become available after the European Stroke
Prevention Study (ESPS-2) (Diener, et al., 1996) trial in 1996 and Prevention
Regimen for Effectively Avoiding Second Strokes (ProFess) (Sacco, et al., 2008)
trial in 2008.

There are no trials that show changed antiplatelet therapy after a stroke event
reducing the risk of subsequent stroke (Kernan, et al., 2014). A recent
retrospective cohort study by Lee, et al. (2014) compared clopidogrel initiation
versus aspirin re-initiation among patients with ischaemic stroke who took
aspirin at least 30 days prior to their index of stroke. They found those who
changed to clopidogrel after a stroke was associated with fewer vascular events
than aspirin. In contrast, we did not find any significant relation between those
who change and continue antiplatelet therapy. The reasons might be because

our study follow-up was shorter i.e. 90 days compared to study by Lee, et al.
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(2014) and other related trials which are normally more than 2 years (Sacco, et

al., 2008). Furthermore, we divided patients into two different groups, whether
they change or continue with the same antiplatelet therapy and not according
to specific antiplatelet agent. Although we repeated the analysis and compared

between aspirin re-initiation vs clopidogrel initiation, the results are similar.

In this study, we tried to answer this question and the risks and benefits of
either approach have not been well studied. In further analyses of this study,
we found those who changed antiplatelet regimen or who changed from aspirin
to clopidogrel was associated with good functional outcome at 90 days than
those in continue group. There are limited trials compare clopidogrel and
aspirin monotherapy and assessed functional outcomes such as mRS at 3 months
in patients with stroke. In PROFESS trial, the functional outcomes at 90 days
were similar between clopidogrel and combination aspirin/dipyridamole
treatment group (Sacco, et al., 2008). Whereas in ESPRIT trial, combination
aspirin/dipyridamole has superior efficacy to aspirin monotherapy (Halkes, et
al., 2006). Based on these two trials, we could indirectly assume that
clopidogrel may be better than aspirin in prevention of recurrent stroke.
Although the present study found better functional outcomes in change group,
this might be due to confounding with other variables at the baseline. There
are differences exist between change and continue groups. In change group,
stroke severity and patients with atrial fibrillation at baseline were significantly
lower than continue group and these two factors are known to associate with
an increased risk of poor outcome following an ischaemic stroke (Muir, et al.,
1996; Adams, et al., 1999; Andersen, et al., 2011; Saposnik, et al., 2011;
McGrath, et al., 2013).

There are several limitations to this study. The analysis was performed using a
non-randomized registry data that derived from various clinical trials. Thus,
selection and other biases could have confounded antiplatelet therapy and the
decision to stop and continue. The number of included participants was low due
to the selection criteria and need to be on antiplatelet therapy before and after
a stroke. Although the recurrent stroke rate was identical and lower between
groups, we lack statistical power to exclude a potentially clinically significant

difference between groups. Revised antiplatelet therapy was associated with a
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lower rate of bleeding that did not reach statistical significance. There are

studies suggesting differences in stroke recurrence while on antiplatelet
therapy based on stroke subtype. However, we were unable to investigate this
association due to the information is not available in most of the patients. On
the other hand, study subjects were not randomized and the duration and the
dose of antiplatelet, and the extent of medication adherence for antiplatelet
agent before and after a stroke were not available. The interpretation of the
study data might be more meaningful if we have more information on certain
aspects of medical care such as use of lipid-lowering agents, diabetic and

hypertensive control or lifestyle changes.

In this study, the analyses were adjusted for age and baseline severity. These
variables are the two most powerful factors influence stroke prognosis and are
commonly included in analyses of the distribution of functional outcomes (Lees,
et al., 2006; Konig, et al., 2008; Bath, et al., 2012). We also provided additional
analyses adjusted for every patient characteristic that differed between groups
at baseline. Subgroup analyses in patients with and without prior stroke and

atrial fibrillation were also included.

There are also strengths in the present study. The data are derived from
prospective trials with standardized assessments and careful data monitoring,
providing high quality data. In addition, we were able to adjust for the most

important prognostic variables.

3.5 Conclusion

In summary, in patients who suffer ischaemic stroke whilst taking antiplatelet,
a change of antiplatelet regimen was not associated with a lower risk of
recurrence than continuing on the same antiplatelet regimen. Despite no clear
evidence for changing antiplatelet strategies following a cardiovascular event,
over 50% of patients had their medication changed. Although, the results might
be applicable to clinical practice, as recommended by the guideline, the
selection of antiplatelet regimen after ischaemic stroke should be
individualized on the basis of patient risk factor profiles, cost, tolerance,

relative known efficacy of the agents and other clinical characteristics (Kernan,
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et al., 2014). However, this was a small retrospective analysis and future

prospective trials will be needed.
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4 Association of between outcomes and the
timing of antiplatelet therapy after ischaemic

stroke

4.1 Introduction

Patients with ischaemic stroke have high risk of recurrent stroke, which often
occurs in the first few days after the index stroke (Dhamoon, et al., 2006; Giles
and Rothwell, 2007; Rothwell, et al., 2007; Mohan, et al., 2011). Guidelines
suggest initiation of antiplatelet therapy within 24 to 48 hours after ischaemic
stroke onset, unless thrombolytic therapy has been administered where it must
be avoided for 24 hours. In the US, the American Stroke Association guidelines
suggest initiation of aspirin within 24 to 48 hours after stroke onset (Jauch, et
al., 2013). The National Institute for Health and Care Excellence (NICE)
guideline recommends initiation of the anti-platelet aspirin within 24 hours
(National Institute for Health and Clinical Excellence, 2008) and the European
Stroke Organisation (ESO) guidelines suggest aspirin be given within 48 hours
after ischaemic stroke (Hacke, et al., 2008b). The recommendations are based
on data from two large trials, the Chinese Acute Stroke Trial (CAST) and
International Stroke Trial (IST), where outcomes were improved with aspirin
therapy, commenced within the first 48 hours (Chen, et al., 1997; International
Stroke Trial Collaborative Group, 1997).

Dual antiplatelet therapy is recommended to be given immediately following
the diagnosis of ACS (National Institute for Health and Care Excellence, 2013).
Early initiation of antiplatelet therapy in ACS safely reduces mortality,
recurrent myocardial infarction and major vascular events (Yusuf, et al., 2001;
Chen, et al., 2005; Sabatine, et al., 2005b). In CURE trial, although major
bleeding was significantly higher in DAPT treatment group, there was no excess
in bleeding that leads to haemorrhagic stroke compare to aspirin monotherapy
group (Yusuf, et al., 2001). Based on these trials, we could indirectly infer that
there are benefits of early initiation of antiplatelet therapy immediately after

ischaemic stroke.
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The initiation of clopidogrel and aspirin within 24 hours and continued for 3

weeks reduces recurrent stroke with acceptable risk in comparison to aspirin
mono-therapy in patients with high-risk transient ischaemic attack or minor
ischaemic stroke (Wang, et al., 2013). This suggests there are benefits to very
early initiation (<24 hours after ischaemic stroke) of antiplatelet drugs, but
whether these benefits extend to very early initiation of antiplatelet drugs in

the wider stroke population is not known.

The present study assessed recurrent ischaemic stroke rate and bleeding
complications associated with early or later initiation of anti-platelets using
data from the Virtual International Stroke Trials Archive (VISTA).

4.2 Methods

4.2.1 Study setting and study population

General details of the study setting and study population are described in
section 2.2.1. Briefly, the data used are contained in the VISTA database. The

VISTA data are anonymous to patients and clinical trials.

4.1.1 Definition of antiplatelet Exposure

In VISTA, data on antiplatelet treatment were based on platelet aggregation
inhibitors with ATC code: BO1AC (which includes derivatives of salicylic acid,
thienopyridine and dipyridamole). Details on data extraction, cleaning and

coding as described in Chapter 2 (section 2.2.1).

Patients were divided into two different groups based on when they
commenced their antiplatelet therapy. Medication data on antiplatelet therapy
in VISTA were recorded as the date the medication was started or first given.
Patients were defined as early when they initiated antiplatelet therapy on the
same or following day after stroke; day 0 or 1 and late; day 2 or later. The late

group was further divided into mid-time initiation (defined as antiplatelet
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initiation on day 2 or 3 post stroke) and late initiation (antiplatelet initiation

on day 4 or later). Detailed of study flow chart is presented in Figure 4.1.

VISTA analysis
n=4050

Mid-time Late
n=1446 n=919

Figure 4-1. Flow diagram describing the selection of data from the Virtual
International Stroke Trials Archive for the analysis reported.

4.2.2 Outcome assessment

The primary efficacy outcome was recurrent ischaemic stroke within 90 days.
The primary safety outcome was intracranial haemorrhage (ICH) and the
secondary safety outcome was extracranial haemorrhage (ECH). The modified
Rankin Scale (mRS) at 90 days was used to measure the functional outcomes.
Definition and data extraction for each outcome measures as described in

Chapter 2 (section 2.2.1 and section 2.3.1).
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4.2.3 Statistical analysis

Descriptive statistics were recorded for recent stroke patients, comparing two
groups (early vs late) and three groups (early vs mid-time vs late) of antiplatelet
initiation. For categorical variables, such as demographics and medical history
data, they were summarised using frequencies and proportions and were
compared using the Chi-square test or Fisher’s exact test, where appropriate.
Whereas for continuous variables, they were summarised using mean [standard
deviation (SD)] or median [interquartile range (IQR)] and were compared using
Student t-test or non-parametric Mann-Whitney test when comparing two
groups and one-way analysis of variance (ANOVA) or non-parametric Kruskal

Wallis test when comparing three groups.

The occurrence of recurrent stroke, ICH and ECH within 90 days were compared
between the early and late group; and between the early, mid and late time
antiplatelet initiation. The odds ratio (OR) of achieving the studied outcome(s)
against the comparator, and corresponding 95% confidence intervals (95% Cl),
were calculated using logistic regression. Early initiation group was considered
as the reference group. To account for potential immortal time bias in exposure
duration (Lévesque, et al., 2010; Liu, et al., 2012), bleeding complications
analysis was repeated excluding bleeding events within the first four days post
stroke. We then explored the effect of prior antiplatelet therapy and
thrombolytic therapy. We also measured the ordinal shift of the functional
outcome i.e. mRS at day 90 using the full scale and we calculated the OR (95%

Cl) using ordinal logistic regression for mRS distribution.

The effect of between three groups on the outcome measures in subgroup: prior
antiplatelet therapy and thrombolytic therapy were assessed. Subgroup
analyses in these populations were conducted as their stroke risk outcome
(Bejot, et al., 2013) and neurological recovery (The National Institute of
Neurological Disorders and Stroke rt-PA Stroke Study Group, 1995) are
different.

All models were adjusted for age and baseline National Institutes of Health
Stroke Scale (NIHSS) (Konig, et al., 2008; Bath, et al., 2012). A p<0.05 was
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considered significant. All analyses were performed using IBM SPSS Statistics

version 21.0 (IBM Corp, 2012), whereas forest plots were produced using

StatsDirect Statistical Software version 3.0.171.

4.3 Results

4.3.1 Patients sample

There were 4050 acute ischaemic stroke patients included. Of these 1685
(41.6%) patients were in the early group and 2365 patients in the late group.
The late initiation group which was further divided consists of 1446 (35.7%) in
the mid-time group and 919 (22.7%) late patients (Figure 4-1).

Patients who were received late antiplatelet therapy had more severe stroke
symptoms at the baseline and had a lower prevalence of diabetes, ischaemic
heart disease and prior stroke compared with the early group (Table 4-1).
Patients who received mid-time antiplatelet therapy had more severe stroke
symptoms and had a higher prevalence of heart failure compared with the early
group (Table 4-2). Patients in the late group were more likely to have been
previously treated with antiplatelet and have atrial fibrillation and ischaemic
heart disease than those in the early group. More than 90% of patients who

received thrombolytic therapy were in mid-time and late groups.
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Table 4-1: Baseline characteristics comparing 2 groups
Initiation of AP
Characteristics Early L ate p-value
n=1685 n=2365

Age, years*
Male

Baseline NIHSSt

Prior AP

Thrombolysed, rt-PA
Medical History

Hypertension*

Diabetes*

Atrial fibrillation*

Heart failure*

Ischaemic heart disease*

Previous TIA¥

Previous stroke*

68.32 (12.521)

946
(56.1)

11 (8-16)

460
(27.3)

137
(8.1)

1171/1660
(70.5)
405/1684
(24.0)
232/1660
(14.0)
88/1519
(5.8)
399/1577
(25.3)
137/1583
(8.7)
304/1581
(19.2)

67.73 (12.756)

1355
(57.3)

13 (9-17)

669
(28.3)

1220
(51.6)

1605/2295
(69.9)
455/2365
(19.2)
326/2295
(14.2)
138/2045
(6.7)
500/2232
(22.4)
174/2195
(7.9)
346/2101
(16.5)

0.215

0.466

0.000

0.490

0.000

0.680

0.000

0.838

0.247

0.038

0.422

0.030

All values are reported as no. (%) unless otherwise noted. *Values are reported as
mean (SD); Tmedian (IQR); fmissing some data at baseline. AP=Antiplatelet,
IQR=interquartile range, NIHSS=National Institutes of Health Stroke Scale, rt-
PA=recombinant tissue plasminogen activator, SD=standard deviation, TIA=transient

ischaemic attack.
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Table 4-2: Baseline characteristics comparing 3 groups
Initiation of AP
Characteristics Early Mid-time Late p-value
n=1685 n=1446 n=919
Age, years* 68.32(12.52) 67.51(13.05) 68.07(12.29) 0.319
946 823 532
Male (56.1) (56.9) (57.9) 0.688
Baseline NIHSS' 11(8-16) 13(9-18) 12(8-17) 0.000
. 460 382 287
Prior AP (27.3) (26.4) (31.2) 0.031
137 885 335
Thrombolysed, rt-PA 8.1) (61.2) (36.5) 0.000
Medical History
Hypertension 1171/1660 983/1411 622/884 0.863
(70.5) (69.7) (70.4)
Diabetes! 405/1684 277/1446 178/919 0.001
(24.0) (19.2) (19.4)
o 232/1660 180/1411 146/884
Atrial fibrillation* 0.041
(14.0) (12.8) (16.5)
_ 88/1519 86/1297 52/748
Heart failuret 0.492
(5.8) (6.6) (7.0)
disease* 0.000
(25.3) (19.5) (27.2)
, 137/1583 113/1350 61/845
Previous TIA¥ 0.459
(8.7) (8.4) (7.2)
, 304/1581 206/1333 140/768
Previous stroke? 0.026
(19.2) (15.5) (18.2)

All values are reported as no. (%) unless otherwise noted. *Values are reported as

mean (SD); Tmedian (IQR); fmissing some data at baseline. AP=Antiplatelet,

IQR=interquartile range, NIHSS=National Institutes of Health Stroke Scale, rt-
PA=recombinant tissue plasminogen activator, SD=standard deviation, TIA=transient

ischaemic attack.
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4.3.2 Clinical outcomes

Table 4-3 shows the incidence of the primary outcome and safety outcomes in
early and late groups. The incidence of recurrent stroke was no different
between early and late initiation group (adjusted OR for late group 1.12; 95%
Cl, 0.80-1.59; p=0.510). On the other hand, compared to early group, the odds
of ICH were lowered by 35% (adjusted OR, 0.65; 95% Cl, 0.42-0.995; p=0.047 for
ICH) and the odds of ECH were lowered by 42% (adjusted OR, 0.58; 95% Cl, 0.41-
0.83; p=0.003) in the late group. There was no significant difference when only

bleeding events after day 4 were considered (Table 4-4).

Figure 4-2 shows the incidence of the primary outcome and safety outcomes in
early, mid-time and late initiation groups. The incidence of recurrent stroke
was no different (adjusted OR compared to early group, 1.00; 95% CI, 0.67-
1.49; p=0.988 for mid-time and 1.31; 95% Cl, 0.86-1.99; p=0.208 for late group
respectively). There was no excess risk of bleeding in the mid-time group
compared to the early group but the late group had the lowest rate of ICH
(adjusted OR for late group 0.35; 95% Cl, 0.17-0.72; p=0.005 for ICH and
adjusted OR, 0.29; 95% ClI, 0.16-0.55; p=0.000 for ECH respectively). There was
no significant difference when only bleeding events after day 4 were considered
(Figure 4-3).
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Table 4-3: Clinical outcomes at Day 90 (adjusted for age and baseline NIHSS)

Outcomes %arly l_ate Adjusted OR p-value
n=1685 n=2365 (95% CI)

Recurrent stroke 5%1%3 S 7%’2%3 3 0.96 (0.67-1.37) 0.807

ICH 432/21'2;35 492/12_3)23 0.65 (0.42-0.995) 0.047

ECH 7171684 62/2316 0.58 (0.41-0.83) 0.003

(4.2) 2.7)

OR is the odds of achieving a 1 on the specified outcome. Early as reference group.
Cl=confidence interval, ECH=extracranial haemorrhage, ICH=intracranial
haemorrhage, OR=0dds ratio, n=number of observations.

Table 4-4: Bleeding complications at Day 90 (excluded event before < day 4)
between two groups

Adjusted OR

0, -
Outcomes n (%) (95% CI) p-value
Intracranial haemorrhage
_ 14/1656 - 0.556
Early n=1685 (0.8)
Late N=2365 26/2306 1.22 (0.63-2.35)
(1.2)
Extracranial haemorrhage
_ 23/1636 - 0.842
Early n=1685 (1.4)
Late n=2365 37(/122;91 1.06 (0.62-1.79)

All models were adjusted for age and baseline NIHSS. OR is the odds of achieving a 1
on the specified outcome. Early as reference group. Cl=confidence interval, OR=0dds
ratio.
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Outcomes n (%) Ao(ljgussot/(:(éSR A%JSSJ/(:OCI:SR p-value

Recurrent stroke

Early n=1685 56/1685 (3.3) " 1.00 (0,0)

Mid-time n=1446  45/1444 (3.1) — 0.95 (0.64-1.42)  0.802

Late n=919 29/909 (3.2) a 0.97 (0.61-1.53)  0.886
ICH

Early n=1685 43/1685 (2.6) N 1.00 (0,0)

Mid-time n=1446  34/1437 (2.4) m 0.83(0.52-1.31)  0.422

Late n=919 9/886 (1.0) = 0.35(0.17-0.72) 0.005
ECH

Early n=1685 71/1684 (4.2) " 1.00(0,0)

Mid-time n=1446 50/1435 (3.5) — 1 0.76 (0.52-1.10) 0.150

Late n=919 12/881 (1.4) | 0.29 (0.16-0.55) 0.000

0.1 0].2 0.3 0.5 1 2

OR (95% confidence interval)
Figure 4-2: Clinical outcomes at Day 90 comparing 3 groups (adjusted for age and baseline NIHSS).

OR is the odds of achieving a 1 on the specified outcome. Early as reference group. Cl=confidence interval, ECH=extracranial
haemorrhage, ICH=intracranial haemorrhage, OR=0dds ratio.
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Adjusted OR Adjusted OR

Outcomes n (%) (95% Cl) (95% Cl) p-value

Intracranial haemorrhage

Early 14/1656 N 1.00 (0,0)

n=1685 (0.8)

Mid-time 18/1421 B 1.37 (0.68 - 2.77) 0.385

n=1446 (1_3)

Late 8/885 ] 0.97 (0.40 - 2.35) 0.954

n=919 (0.9)
Extracranial haemorrhage

Early 23/1636 N 1.00 (0,0)

n=1685 (1.4)

Mid-time 26/1411 B 1.20 (0.68 - 2.21) 0.530

n=1446 (1.8)

Late 11/880 L 0.82 (0.39 - 1.70) 0.590

n=919 (1.3) |

0.3 0.5 1 2 3
OR (95% Cl)

Figure 4-3: Bleeding complications at Day 90 (excluded event before < day 4) between three groups.

All models were adjusted for age and baseline NIHSS. OR is the odds of achieving a 1 on the specified outcome. Early as reference group. OR=o0dds
ratio, Cl=confidence interval, n=number of observations.



Chapter 4 Early and Late Initiation AP 119
4.3.3 Functional outcomes

The distribution of mRS at 90 days comparing two and three groups are presented
in Figure 4-4. We found that the late initiation was associated with a significantly
more favourable functional outcome across full scale mRS at 90 days after
adjustments for age and baseline NIHSS (OR, 1.31; 95% Cl, 1.17-1.47), compared
with the early initiation group Figure 4-4(a).

When comparing three groups, mid-time initiation was associated with more
favourable distribution of mRS scores at 90 days (adjusted OR 1.32; 95% CI 1.16-
1.50), compared with the early initiation group. Late initiation was associated
with a significantly better functional outcome across full scale mRS at 90 days
(adjusted OR 1.15; 95% Cl 1.07-1.24), compared with the early initiation group
Figure 4-4(b).
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(a) Early vs late initiation group

Early

Late

Early and Late Initiation AP

(b) Early vs mid-time vs late initiation group

Early

Mid-time

Late

Figure 4-4: Distribution of mRS outcome at day 90 by antiplatelet initiation group (a) compared two groups, (b) compared 3 groups.
All models were adjusted for age and baseline NIHSS.
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4.3.4 Subgroup analysis

Subgroup analyses by previous antiplatelet therapy and thrombolytic therapy are
shown in Figure 4-5. However, we did not find a significant influence on the
occurrence of recurrent stroke, ICH and ECH event between early, mid-time and

late groups in these populations. The results were broadly similar.
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(a) Thrombolysis treatment group
Prior AP Adjusted OR
Recurrent ischaemic stroke (95% CI)
Early [ ] 1.00 (0.00, 0.00)
Mid-time L 0.65 (0.17, 2.52)
Late » 0.85 (0.20, 3.70)
Intracranial haemorrhage
Early ] 1.00 (0.00, 0.00)
Mid-time ] 0.26 (0.08, 0.80)
Late ] 0.08 (0.02, 0.67)
Extracranial haemorrhage
Early ] 1.00 (0.00, 0.00)
Mid-time B 0.54 (0.13, 2.25)
Late n 0.16 (0.02, 1.56)
No prior AP
Recurrent ischaemic stroke

Early
Mid-time
Late

1.00 (0.00, 0.00)

1.07 (0.24, 4.79)
0.99 (0.19, 5.13)

Intracranial haemorrhage
Early [ | 1.00 (0.00, 0.00)
Mid-time ] 1.22(0.15, 9.64)
Late n 0.54 (0.05, 6.15)

Extracranial haemorrhage
Early [ ] 1.00 (0.00, 0.00)
Mid-time — 0.17 (0.06, 0.49)
Late ] 0.12 (0.03, 0.49)

I
0.01 0.02 005 01 0203 0:5 1 2 3 5§ 10

OR (95% confidence interval)
(b) Non-thrombolysis treatment group

Prior AP Adjusted OR
Recurrent ischaemic stroke (95% Cl)
Early 1.00 (0.00, 0.00)
Mid-time » 1.13 (0.45, 2.80)
Late 0.98 (0.40, 2.40)

Intracranial haemorrhage

Early 1.00 (0.00, 0.00)
Mid-time = 0.20 (0.03, 1.53)
Late = 0.20 (0.03, 1.52)

Extracranial haemorrhage

Early [ | 1.00 (0.00, 0.00)
Mid-time W 2.04(0.94,4.39)
Late ] 0.29 (0.07, 1.27)
No prior AP
Recurrent ischaemic stroke
Early 1.00 (0.00, 0.00)
Mid-time 1.05 (0.55, 2.01)
Late 0.91 (0.46, 1.82)
Intracranial haemorrhage
Early 1.00 (0.00, 0.00)
Mid-time —t— 1.43(0.73, 2.82)
Late ] 0.52 (0.19, 1.41)
Extracranial haemorrhage
Early 1.00 (0.00, 0.00)
Mid-time 0.99 (0.57, 1.73)
Late — 0.35 (0.14, 0.83)
0.02 0.05 0.1 0.2 03 05 1 2, 3

OR (95% confidence interval)

Figure 4-5: Forest plot showing outcomes for (a) thrombolysis and (b) non-
thrombolysis treatment group with and without prior antiplatelet therapy.

Early as a reference group. All models adjusted to age and baseline NIHSS. OR is the
odds of achieving a 1 on the specified outcome. Early as reference group.
AP=antiplatelet, Cl=confidence interval, OR=0dds ratio.
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4.4 Discussion

We explored the relationship between time of antiplatelet initiation following
acute ischaemic stroke and risk of recurrent stroke and bleeding complications.
There was no difference in recurrent stroke risk, but later introduction of
antiplatelet therapy (on or after day 4) was associated with the lowest risk of
bleeding complications. However, the finding should be interpreted with caution
as they are based on retrospective analysis of data and likely reflect exposure

bias.

The incidence of recurrence ischaemic stroke in the present study was 3.3% in the
early group which is slightly higher to that seen in previous trials (2.8%) (1997).
Similarly, it is higher than the rate in the CAST trial (1.6% vs 2.1% in aspirin and
placebo treated patients) (Chen, et al., 1997). This may reflect differences in the
trial populations and also the duration of follow up (90 days in our study vs 4-
weeks in CAST). The rate of recurrent events was lower in the present study than
in the recent CHANCE trial (where the rate was 8.2% and 11.7% in the aspirin plus
clopidogrel and aspirin only groups) (Wang, et al., 2013). The CHANCE trial
included patients with minor stroke and high risk transient ischaemic attack who

are presumably at higher risk than our study sample.

In this study, the rates of recurrent stroke were particularly low in the early
initiation of antiplatelet therapy. Subsequently, the rates of recurrent stroke
increased when initiation of antiplatelet therapy within 48 to 72 hours and more
than 72 hours. Although the rates of recurrent stroke were low in the early
initiation, there was no statistically significant different compared to later
initiation. In clinical practice, it is important to start antiplatelet therapy as soon
as possible after the onset of stroke symptom because the rate of ischaemic event
is higher within 24 hours after symptoms appear. Therefore, further analyses are
required to understand the true clinical impact of early initiation of antiplatelet

therapy.

In this study, we found that initiation of antiplatelet therapy within the first three
days after acute ischaemic stroke, was associated with an increased incidence of

bleeding complications. We found the ICH incidence rate was 2.1% which was
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higher compared with other trials (Chen, et al., 1997; Wang, et al., 2013). Patients

age is a known predictor of ICH (Ariesen, et al., 2006; Berger, et al., 2010; Graipe,
et al., 2015) and the present study included older patients (over 65 years old) than
previous studies (mean age between 62 and 63 years old). Furthermore, our study
included patients with more severe stroke (baseline NIHSS 13) and at higher risk
than previous study (baseline NIHSS < 3). As the immortal time bias could inflate
the incidence rates for ICH and ECH, we circumvent this issue by repeated the
bleeding complication analyses and omitting bleeding events occurring after day

4 and we found the trend toward increased bleeding was attenuated.

This study aimed to assess the impact of earlier initiation of antiplatelet therapy
in order to provide data to inform guideline recommendations which are limited
by available data. Early initiation of antiplatelet therapy for the treatment of
acute ischaemic stroke has been well established. In CAST trial, a large
randomized controlled trial, have shown that initiation of aspirin within 48 hours
in patients with suspected acute ischaemic stroke reduces the immediate risk of
further stroke or death in hospital and the overall risk of death or dependency
(Chen, et al., 1997). Additionally, in IST trial, patients treated with aspirin within
48 hours stroke symptoms had a lower recurrence rate within 14 days with no
increased risk of haemorrhagic strokes (1997). A systematic review (N=43,041) of
antiplatelet therapy for acute stroke concluded that initiation of aspirin within 48
hours has been shown to reduce the risk of recurrent ischaemic stroke without
major risk of early bleeding complications, but also improved long-term outcome
(Sandercock, et al., 2008).

The results of this study, i.e. the occurrence of recurrent stroke, ICH, ECH and
functional outcomes differ from those of other trials of antiplatelet therapy with
aspirin and clopidogrel or dipyridamole after cerebral ischaemic events (Kennedy,
et al., 2007; Dengler, et al., 2010; Wang, et al., 2013). In this observational study,
we assessed early use of antiplatelet therapy within 24 hours, 72 hours and beyond
72 hours after stroke. In the analysis, we included population with all types of
stroke severity and those who had received all types of antiplatelet that can be
combination or single antiplatelet therapy. Previous studies included patients with
less severe strokes and they either compare dual antiplatelet to single or single

antiplatelet to placebo in patients within 24 hours after an acute minor stroke or
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TIA. This might be the reason in this study did not show a reduction in the risk of

ischaemic events, but at the same time showed an increased risk of haemorrhage.

We also found that in patients treated with thrombolytic therapy that early use
of antiplatelet was associated with higher bleeding risk, particularly in patients
who were taking antiplatelet before their stroke. This supports the current
practice of delaying antiplatelet therapy for at least 24 hours after thrombolysis
in ischaemic stroke (Zinkstok and Roos, 2012). In patients with TIA and minor
stroke, early and aggressive antiplatelet treatment appears to be beneficial (Bath,
et al., 2015). In the present study, the median baseline NIHSS scores in study
groups ranged from 11 to 13. Whether very early and / or enhanced antiplatelet
therapy is of benefit in ischaemic stroke more widely requires investigation in
well-designed randomised trials. Our data support the assertion that the risk
benefit ratio is fine and extrapolation cannot be made from studies of milder

phenotypes.

Analyses in this chapter also demonstrated that mid-time and late initiation of
antiplatelet therapy after acute stroke are associated with better functional
outcomes. However, this observational study can be only seen as suggestive and
must be interpreted with caution. There were differences at baseline, the
comorbidity which known to have association with unfavourable functional
outcome, i.e. atrial fibrillation and/or diabetes were all less prevalent in mid-
time and late initiation groups. Furthermore, thrombolysis is generally associated
with good outcome after ischaemic stroke and in this study, this treatment was

common in mid-time and late initiation groups than early group.

There are also limitations to our study that must be considered. The analysis of
this study was performed using a non-randomized registry data that derived from
various clinical trials. Thus, it is inevitably incorporates confounders. Baseline
characteristics can differ between groups due to selection bias. In contrast, we
have adjusted our analyses for the most important factors i.e age and baseline
stroke severity (Lees, et al., 2006; Konig, et al., 2008). Due to lack of data, we
were unable to adjust for every factor that associated with stroke risk recurrence
such as dysphagia and stroke subtype. In the early stage, we planned to adjust for

all variables that differed at baseline. However, on trying to adjust with the
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variables that differed at baseline, in multivariable analysis model for recurrent

stroke, only one variable reach significant difference for example, diabetes and
all other important variables such as age and baseline NIHSS were excluded from
the model. Furthermore, the size sample for the analysis was reduced because
observations were removed by the statistical program due to missing values for
the related variables. Alternatively, we provided subgroup analyses in patients

with and without prior antiplatelet and thrombolytic therapy.

Even though VISTA trials used standardized approaches for data collation, we were
unable to compensate fully for all the differences. Random error within variables
is likely as the definition might be varied in different trials. As data in VISTA were
anonymized for trial source, we were unable to access specific definitions for each
variable from the pooled databases. The outcome events used in this study
(recurrent stroke, ICH and ECH), were based on AE and SAE reports as described
in the Methods section, rather than performing the neurologic examination and
brain imaging to confirm the diagnosis of ischaemic stroke. Therefore, it is
possible that our estimates of events are less precise in terms of time. The non-
random allocation of antiplatelet therapy is a flaw. We were unable to determine
the rationale for each treatment decisions and delays for patients from our
database. The clinical decision on when to initiate antiplatelet therapy depends

on the individual clinician’s perception of benefits and risk.

4.5 Summary

In summary, early initiation of antiplatelet therapy was not associated with better
outcomes than later initiation in patients who have suffered ischaemic stroke,
although our analysis is underpowered. Furthermore, there was an increased risk

of bleeding with early initiation.
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5 Interruption to antiplatelet therapy early after
acute ischaemic stroke: Nested case-control

study

5.1 Introduction

Antiplatelet therapy is recommended after acute ischaemic stroke to reduce the
risk of recurrent ischaemic stroke and other vascular outcomes (Gent, et al.,
1996). Guidelines suggest use of either aspirin, clopidogrel or the combination of
aspirin/dipyridamole (National Institute for Health and Clinical Excellence, 2008;
National Institute for Health and Clinical Excellence, 2010; Furie, et al., 2011).
However, persistence with antiplatelet regimens is variable after stroke. The
reported rates of aspirin discontinuation vary from less than 10% to almost 50%
(Sud, et al., 2005; Lago, et al., 2006), and data on adherence early after stroke

are limited.

Evidence shows that interrupting or stopping antiplatelet therapy increases the
risk of cardiovascular events (Ferrari, et al., 2005; Garcia Rodriguez, et al., 2011).
However, cessation of antiplatelet drugs may of course be justified and required
due to withdrawal of care, bleeding episodes or other adverse drug reactions. This
is particularly true in the period early after ischaemic stroke where recurrence
rate is also highest. Data to demonstrate the impact of stopping anti-platelets
early after ischaemic stroke are lacking. We aimed to assess whether, in patients
who have suffered ischaemic stroke, early cessation, stopped or interrupted of
antiplatelet is associated with an increased risk of cardiovascular event than

persistent antiplatelet regimen.

5.2 Methods

5.2.1 Study setting and study population

This study used data of acute ischaemic stroke patients within the study cohort

derived from the Virtual International Stroke Trials Archive (VISTA) database.
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General details of the study setting and study population are described in section

2.2.1. The study cohort included information on patient characteristics, medical
history, medication history and the occurrence of adverse events (AE) and serious

adverse events (SAE).

5.2.2 Study design

A matched case-control study design was used to examine association between

antiplatelet exposure and the cardiovascular event.

5.2.3 Outcome

The outcome of the study was cardiovascular event within 90 days following acute
ischaemic stroke. This includes recurrent ischaemic stroke, ACS and TIA. The
event was identified from AE and SAE reports datasets which has been described

in section 2.2.1.

5.2.4 Case definition

Cases were defined as patients who had at least one cardiovascular event in the
first 90 days after acute ischaemic stroke. Patients who had a cardiovascular event
within the first two days after ischaemic stroke were excluded as the event might
not be associated to antiplatelet but due to the specific pattern of ischaemic
changes after acute stroke (Wasserman, et al., 2014). Figure 5-1 shows the

flowchart of patient’s selection.

5.2.5 Control definition

Controls were defined as patients with acute ischaemic stroke, but had no
cardiovascular event within 90 days after acute ischaemic stroke. The aim was to
find a matched control to make the two groups as similar as possible. Selecting
more than one control per case can increase the statistical power of a matched
case-control study (Ahrens, et al., 2014). However, there is no additional gain in

power and it was not worth matching to more than 4 controls per case (Pang,
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1999; Ahrens, et al., 2014). For these reasons, the decision was taken to select up

to four controls per case.

VISTA analysis
n=4050

A

Patients without
cardiovascular events
(controls)
n=3811

Patients with
cardiovascular events
n=239

Excludes patients with
events <2 days:

= RS, n=12

= ACS, n=27

= TIA, n=6

Patients included in matching
n=4005

Lost after matching,
n=3035

Cases Controls
n=194 n=776

Figure 5-1: Flowchart of patients’ selection.
ACS=acute coronary syndrome; RS=recurrence stroke; TIA=transient ischaemic

attack.
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5.2.6 Case-control matching

Matching in a case-control study refers to the procedure of selection of controls
for each case on certain characteristics in order to make the two groups as

comparable as possible (Breslow, 2014).

An algorithm, the automating selection of controls matching programme from
Mounib and Satchi (2000), was adapted to carry out one-to-four individual
matching of cases to controls. Two matching criteria were chosen because each
was found to be associated with the risk of recurrent stroke (Pennlert, et al.,
2014) and were thus potential confounders: i) age (+ 10 years) and ii) sex. The
multiple variables matching programme used is shown in Appendix 8. At the end
of the matching process, four controls per case were selected at random without
replacement. The process generated matched sets, each comprising a single case

and four controls.

5.2.7 Exposures

The exposure period for each patient began after the diagnosis of acute ischaemic
stroke and ended at the index date. The index date was defined as follows: for
cases, it was the first cardiovascular event recorded after the antiplatelet
exposure; for controls it was the same date as the matched case (Hubbard, et al.,
2002; Garbe and Suissa, 2014). Figure 5-2 shows the exposure period for a

hypothetical case and matched control.
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Figure 5-2: The exposure period for hypothetical case and matched control: from the
diagnosis of acute ischaemic stroke to the index date.

5.2.8 Antiplatelet drug exposure

Cases and controls were further categorised based on exposure to antiplatelet
drugs after acute ischaemic stroke and up to the index date. Each individual was
classified as a persistent user, early cessation user, interrupted user and stopped
user (Figure 5-3). Persistent users were patients who still took antiplatelet therapy
three days and more before the index date. Early cessation user was defined as
patient who took antiplatelet therapy less than three days prior to the index date.
Patients with two days interruption of antiplatelet but still took at least two days
before the index date were classified as interrupted users. Patients who stopped

antiplatelet at least 5 days before the index date were identified as stopped users.
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a) Persistent user

—

=3 days AP up to the day before

event (€1 day pre event) CV event

b) Early cessation

|
—

<3 days AP post-stroke or

before event CV event
c) Interrupted
22 days
interruption AP
A
‘ N
- ~ ] - -
>3 days AP
e taking AP at CV event
least 2 days
pre-event
d) Stopped
\ Y,
S > ~ ~ T
>3 days AP stopped 25 -

days pre-event

Figure 5-3: Determination of persistent user (a), early cessation user (b), interrupted
user (c) and stopped user (d) of antiplatelet exposure.

AP=antiplatelet, CV=cardiovascular event.
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5.2.9 Statistical analysis

Baseline characteristics of study participants including demographics, medical
history data, antiplatelet regimen and category of antiplatelet exposures were
summarised for cases and controls separately. For categorical variables, they were
summarised using frequencies and percentages. Whereas for continuous variables,
they were summarised using mean [standard deviation (SD)] or median
[interquartile range (IQR)]. Baseline characteristics of study participants and
bleeding events [intracranial haemorrhage (ICH) and extracranial haemorrhage
(ECH)] were also summarised according to the three types of antiplatelet

exposures.

To account for the individual matching, conditional logistic regression was
performed to estimate odds ratio (OR) and 95% confidence intervals (95% Cl) for
cardiovascular event comparing patients who had early cessation, stopped/
interrupted and persistent (the reference group) of antiplatelet. First, univariable
analysis was conducted to estimate crude effects for all variables, including
antiplatelet exposure. Second, all variables were assessed in a more complex,
multivariable model. In multivariable analysis, first, all variables were included
(first model). Then, the least significant variable was consecutively dropped until
all included variables were significant at p<0.05 (final model). A p<0.05 was

considered significant. Point estimates OR and 95% Cl are presented for all results.

SAS version 9.3 (SAS Institute Inc., Cary, NC, USA) was used to find matched
controls and the rest of analyses were performed using IBM SPSS Statistics version
21.0 (IBM Corp, 2012).
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5.3 Results

5.3.1 Baseline characteristics

Complete data were available for analysis of antiplatelet exposure in 4050
patients. There were 239 cardiovascular events following an acute stroke. Forty-
five of these events were excluded because they occurred within 2 days following
acute stroke. The remaining 194 case patients were matched with 776 controls
from the cohort. Table 5-1 shows the incidence of cardiovascular events following
acute stroke that has become cases. The incidence of recurrent ischaemic stroke

was higher than acute coronary syndrome and transient ischaemic attack.

Table 5-1: Incidence of cardiovascular events following acute ischaemic stroke.

Cardiovascular event Number of events Incidence (%)
Recurrent stroke 126 13.0
Acute coronary syndrome 45 4.6
Transient ischaemic attack 23 2.4

Table 5-2 summarizes the demographic and medical history characteristics of
cases and controls. Cases and controls were of similar age at the diagnosis of acute
ischaemic stroke (median 73 years for cases; 73 years for controls) and shared
similar proportion of male sex (52.6%). Cases were significantly more likely than
controls to have diabetes (31.4% versus 21.5%, p=0.003), a history of heart failure
(10.9% versus 6.7%, p=0.046) or previous TIA (10.8% versus 6.9%, p=0.049).
Approximately one fifth of cases and controls had previous stroke prior to their

acute event.
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Table 5-2: Characteristics of study participants
i Cases Controls
Characteristics n=194 N=776 OR (95% CI) p-value
Age, years
Mean (SD) 70.90 (11.303) 70.97 (10.676) i i
Median (IQR) 73.00 (64-79)  73.00 (66-79)
102 408 - -
Male sex
(52.6) (52.6)
. 161/187 647/747 0.94 (0.58-1.51)  0.782
Caucasian
(86.1) (86.6)
60/187 207/749 1.25(0.87-1.79)  0.219
Current Smoker
(32.1) (27.6)
: 11.5 12
T .
Baseline NIHSS (8-17) (8-17) 0.99 (0.97-1.02) 0.886
Medical history
. 147/194 545/753 1.19 (0.82-1.72)  0.356
Hypertension®
(75.8) (72.4)
. 61/194 167/776 1.71 (1.20-2.46)  0.003
Diabetes*
(31.4) (21.5)
Atrial 37/194 122/753 1.27 (0.82-1.95)  0.285
fibrillation* (19.1) (16.2)
. 20/184 45/675 1.80 (1.01-3.20) 0.046
Heart failuret
(10.9) (6.7)
Ischaemic 57/187 186/728 1.26 (0.89-1.80) 0.208
heart diseaset (30.5) (25.5)
. 19/176 50/725 1.78 (1.01-3.15)  0.049
Previous TIA*
(10.8) (6.9)
Previous 40/186 137/700 1.08 (0.72-1.62)  0.700
stroke? (21.5) (19.6)
t-PA 70 248 1.20 (0.87-1.66)  0.267
(36.1) (32.0)

All values are reported as no. (%) unless otherwise noted. *Values are reported as mean
(SD); Tmedian (IQR); *missing some data at baseline. Cl=confidence interval,
IQR=interquartile range, NIHSS=National Institute Health Stroke Scale, OR=0dds ratio,
TIA=transient ischaemic attack, rt-PA=recombinant tissue plasminogen activator,

SD=standard deviation.
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5.3.2 Distribution of antiplatelet regimen and antiplatelet

exposures

Antiplatelet regimen prescribed for cases and controls is shown in Table 5-3.
Within 90 days following acute stroke, aspirin, clopidogrel, aspirin plus
clopidogrel, aspirin plus dipyridamole and ticlopidine were the five commonest
antiplatelet regimen prescribed. Within 90 days after acute stroke onset, 139
(71.6%) cases and 566 (72.9%) controls had been prescribed with a single
antiplatelet regimen i.e. aspirin. Approximately one seventh of cases and controls
were prescribed with clopidogrel after their acute event. About 3 to 5% of cases
and controls were prescribed with DAPT, either aspirin plus clopidogrel or

dipyridamole.

Table 5-3: Characteristics of antiplatelet regimen prescribed

Antiplatelet Cases Controls Odds ratio

regimen n=194 n=776 (95% CI) p-value
. 139 566 1.00 -
Aspirin
(71.6) (72.9)
_ 28 105 1.10 (0.69-1.74) 0.674
Clopidogrel
(14.4) (13.5)
Aspirin+ 10 25 1.63 (0.75-3.52) 0.215
Clopidogrel (5.2) (3.2)
Aspirin+ 10 50 0.82 (0.40-1.68) 0.585
Dipyridamole (5.2) (6.4)
o 4 16 1.01 (0.34-3.05) 0.980
Ticlopidine
(2.1) (2.1)
Aspirin+ 1 1 4.44 (0.28-71.29) 0.293
Ticlopidine (0.5) (0.1)
1 5 0.76 (0.09-6.73) 0.825
Carbasalate
(0.5) (0.6)
. 1 5 0.79 (0.09-6.73) 0.825
Dipyridamole
(0.5) (0.6)
0 1 - -
Ozagrel
(0.0) (0.2)
: 0 2 - -
Triflusal
(0.0) (0.3)

All values are reported as no. (%) unless otherwise noted. Cl=confidence interval,
OR=0d(ds ratio.
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While the majority of cases and controls were prescribed with aspirin, a few had
aspirin stopped or interrupted and around 20% of cases and controls had early
cessation of aspirin. The frequency distribution of antiplatelet exposure among
cases and controls is shown in Table 5-4. Overall, more than 50% cases and controls
had persistent antiplatelet exposure with clopidogrel, aspirin plus clopidogrel,

aspirin plus dipyridamole or ticlopidine.

Table 5-4: Frequency of antiplatelet exposures according to five commonest
antiplatelet regimen

Antiplatelet regimen Cflses Co_ntrols
n=194 n=776

Aspirin
Early cessation 27 (19.4) 133 (23.5)
Stopped/Interrupted 8 (5.8) 45 (8.0)
Persistent 104 (74.8) 388 (68.6)
Clopidogrel
Early cessation 9(32.1) 29 (27.6)
Stopped/Interrupted 2(7.1) 5 (4.8)
Persistent 17 (60.7) 71 (67.6)
Aspirin+Clopidogrel
Early cessation 5 (50.0) 7 (28.0)
Stopped/Interrupted 0 (0) 3(12.0)
Persistent 5 (50.0) 15 (60.0)
Aspirin+Dipyridamole
Early cessation 5 (50.0) 8 (16.0)
Stopped/Interrupted 0 (0) 4 (8.0)
Persistent 5 (50.0) 38 (76.0)
Ticlopidine
Early cessation 2 (50.0) 5(31.3)
Stopped/Interrupted 0 (0) 0 (0)
Persistent 2 (50.0) 11 (68.8)

All values are reported as no. (%) unless otherwise noted.
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The demographic and medical history characteristics according to the types of

antiplatelet exposures are summarized in Table 5-5. Persistent users and
interrupted/stopped users had similar age and slightly younger than early
cessation users at the diagnosis of acute stroke (median 72 years for persistent;
75.5 years for early cessation; 71.5 years for interrupted/stopped). At the
baseline, interrupted/stopped users had more severity of stroke symptoms
(median NIHSS 17) than the other two groups (median NIHSS 11 for persistent;
NIHSS 13 for early cessation). Early cessation users had a more frequent history of
atrial fibrillation, heart failure or ischaemic heart disease compared to others.
However, history of previous stroke of interrupted/stopped users were more
frequently than persistent and early cessation users (29% versus 18% versus 23.3%),

whereas the frequency of previous TIA was similar among three groups.
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Table 5-5: Characteristics of study participants according to types of antiplatelet

exposure
Persistent Early Interrupted/
- cessation Overall
Characteristics user Stopped user _
_ user _ n=970
n=670 ~ n=68
n=232
Age, years
70.23 73.62 69.12 70.96
Mean (SD) (10.869) (10.019) (11.296) (10.798)
Median (IQR) 72 (64-78) 75.5(69-81) 71.5(63.3-77) 73 (65-79)
351 122 37 510
Male sex
(52.4) (52.6) (54.4) (52.6)
Ethnicity, 556/646 197/222 55/66 808/934
Caucasian (86.1) (88.7) (83.3) (86.5)
185/643 57/226 25/67 267/936
Current Smoker
(28.8) (25.2) (37.3) (28.5)
Baseline NIHSS? 11 (8-16) 13 (9-17) 17 (12-20) 12 (8-17)
Medical history
_ 473/654 169/225 50/68 692/947
Hypertension*
(72.3) (75.1) (73.5) (73.1)
, 164/670 51/232 13/68 228/970
Diabetes?
(24.5) (22.0) (19.1) (23.5)
Atrial 91/654 56/225 12/68 159/947
fibrillation® (13.9) (24.9) (17.6) (16.8)
_ 38/601 21/196 6/62 65/859
Heart failuret
(6.3) (10.7) (9.7) (7.6)
heart disease? (23.2) (33.6) (34.3) (26.6)
_ 48/623 16/212 5/66 69/901
Previous TIA*
(7.7) (7.5) (7.6) (7.7)
Previous 111/617 48/207 18/62 177/886
stroke? (18.0) (23.2) (29.0) (20.0)
224 74 20 318
rt-PA
(33.4) (31.9) (29.4) (32.8)

All values are reported as no. (%) unless otherwise noted. *Values are reported as mean
(SD); Tmedian (IQR); *fmissing some data at baseline. NIHSS=National Institute Health
Stroke Scale, TIA=transient ischaemic attack, rt-PA=recombinant tissue plasminogen
activator, SD=standard deviation, IQR=interquartile range.
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The distribution of the antiplatelet regimen over the types of antiplatelet

exposures is presented in Table 5-6. As shown, the majority of antiplatelet users
were prescribed with aspirin. Following acute stroke, early cessation users were
prescribed with clopidogrel more frequently than persistent and
stopped/interrupted users (16.4% versus 13.1% versus 10.3%). Combination of two
antiplatelet agents were prescribed fairly evenly across the three groups. The
remaining, 4% persistent, 3.9% early cessation and 1.5% interrupted/stopped users
were prescribed with ticlopidine, aspirin plus ticlopidine, carbasalate,

dipyridamole, ozagrel and triflusal.

Table 5-6: Frequency of antiplatelet regimen according to types of antiplatelet
exposure

Persistent Early Interrupted/
Antiplatelet regimen user cessation Stopped OYera"
n=670 user usern=68  "-970
n=232
- 492 160 53 705
Aspirin (73.4) (69.0) (77.9) (72.7)
_ 88 38 7 133
Clopidogrel (13.1) (16.4) (10.3) (13.7)
20 12 3 35
Aspirin/Clopidogrel (3.0) (5.2) (4.4) (3.6)
Aspirin/Dipyridamole (6.4) (5.6) (5.9) (6.2)
Ticlopidine (1.9) (3.0) (0.0 (2.1)
Aspirin/Ticlopidine (0.3) (0.0) (0.0) (0.2)
6 0 0 6
Carbasalate (0.9) (0.0) (0.0) (0.6)
Dipyridamole (0.6) (0.9) (0.0) (0.6)
0 0 1 1
Ozagrel (0.0) (0.0) (1.5) 0.1)
| 2 0 0 2
Triflusal (0.3) (0.0) (0.0) (0.2)

All values are reported as no. (%) unless otherwise noted.
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As shown in Table 5-7, the occurrence of bleeding events was higher in early

cessation users (5.2%) followed by interrupted/stopped users (1.5%). The total
bleeding events were spread fairly between ICH and ECH. Similarly, early
cessation users had the highest event of ICH and ECH compared to the other two

groups.

Table 5-7: Frequency of bleeding events following antiplatelet exposure

Early

Persistent d Interrupted/
. cessation Overall
Bleeding user Stopped _
- user — n=970
n=670 _ user n=68
n=232
3 7 1 11
ICH
(0.4) (3.0 (1.5) (1.2)
6 6 0 12
ECH
(0.9) (2.6) (0.0) (1.2)
) 9 12 1 22
Total bleeding
(1.3) (5.2) (1.5) (2.3)

All values are reported as no. (%) unless otherwise noted. ICH=intracranial
haemorrhage, ECH=extracranial haemorrhage.
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5.3.3 Antiplatelet exposure and cardiovascular event

The main analysis assessed the effects of persistent, early cessation and
interrupted/stopped antiplatelet users prescribing at any time following acute
ischaemic stroke prior to index date, on the risk of cardiovascular event.
Unadjusted and adjusted OR for the association between cardiovascular event and
the types of antiplatelet exposures of interest are summarized in Table 5-8 and
Table 5-9.

Univariable analysis

Compared to persistent users, early cessation users and interrupted/stopped users
had a similar risk of cardiovascular event (OR,1.07; 95% Cl, 0.67-1.71; p=0.784 and
OR, 0.67; 95% Cl, 0.34-1.36; p=0.269 respectively) (Table 5-8).

Table 5-8: Univariate analyses (conditional logistic regression) of antiplatelet
exposures against outcome of being “case”.

Antiplatelet exposures Cases Controls OR (95% ClI) p-value
Early cessation 48 (24.7) 184 (23.7) 1.07 (0.67-1.71) 0.784
Stopped/Interrupted 10 (5.2) 58 (7.5) 0.67(0.34-1.36) 0.269
Persistent 136 (70.1) 534 (68.8) 1.00

All values are reported as no. (%) unless otherwise noted. Cl=confidence interval,
OR=0dds ratio.

Multivariable analysis

No association was observed between early cessation and cardiovascular event
when compared with persistent users after adjusting for diabetes and previous TIA
(adjusted OR, 1.04; 95% Cl, 0.62-1.74; p=0.876) (Table 5-9). Similarly, after
adjustment with similar variables, interrupted/stopped users did not have a higher
risk compared to persistent users (adjusted OR, 0.70; 95% Cl, 0.33-1.48; p=0.352).
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Table 5-9: Multivariable conditional logistic regression of explanatory variables
against outcome of being “case”

Adjusted odds ratio

Characteristics (95% CI) p-value*

First model, all variables
Caucasian 0.89 (0.52-1.54) 0.684
Current Smoker 1.18 (0.77-1.81) 0.442
Baseline NIHSS 0.98 (0.95-1.02) 0.331
Hypertension 1.04 (0.65-1.67) 0.862
Diabetes 1.60 (1.03-2.49) 0.036
Atrial fibrillation 1.32 (0.76-2.29) 0.318
Heart failure 1.33 (0.69-2.55) 0.398
Ischaemic heart disease 0.99 (0.65-1.50) 0.964
Previous TIA 2.15(1.15-4.01) 0.016
Previous stroke 0.97 (0.59-1.59) 0.896
rt-PA 1.05 (0.72-1.54) 0.787
Early cessationt 1.09 (0.60-1.96) 0.779
Stopped/Interrupted t 0.72 (0.32-1.65) 0.441

Final model
Diabetes 1.72 (1.17-2.52) 0.006
Previous TIA 1.90 (1.06-3.40) 0.031
Early cessation APt 1.04 (0.62-1.74) 0.876
Stopped/Interrupted AP+ 0.70 (0.33-1.48) 0.352

*Adjusted for other variables in model. tCompared to Persistent users. AP=antiplatelet,
Cl=confidence interval, NIHSS=National Institutes of Health Stroke Scale, rt-
PA=recombinant tissue plasminogen activator, TlIA=transient ischaemic attack.
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5.4 Discussion

In an effort to elucidate the rate of stopping or interruption antiplatelet in acute
ischaemic stroke, a nested case-control study was performed and assessed the
types of antiplatelet exposure and its association with cardiovascular event in 194
cases and 776 controls of acute ischaemic stroke. The present study found no
evidence for an increased risk of cardiovascular event among patients who had
early cessation or interrupted/stopped antiplatelet therapy within 90 days

following acute ischaemic stroke.

There was no significant association with early cessation or interrupted/stopped
antiplatelet therapy and the risk of cardiovascular event in the present study,
which was inconsistent with previous studies. Studies by Maulaz, et al. (2005),
Broderick, et al. (2011) and Garcia Rodriguez, et al. (2011) found that patients
who discontinued antiplatelet within one to six months is associated with an
increased risk of stroke. The differences may be due to the small nhumber of
patients included in the current study compared with studies by Broderick, et al.
(2011) and Garcia Rodriguez, et al. (2011). In addition, there were differences in
terms of duration of follow-up between the present and previous studies. For
example, the study cohort in Garcia Rodriguez, et al. (2011) was followed up at
approximately 3.4 years which allow more number of events to be captured. On
the other hand, similar findings were reported from Mehran, et al. (2013) and
Ferreira-Gonzalez, et al. (2012) who also did not detect any associations between
antiplatelet interruption and cardiovascular events. Although the finding in the
present study was consistent in all studies, the interruption rates and subsequent
outcomes were low in these cohorts and thus may not be able to detect small

differences.

Antiplatelet therapy is indicated following ACS and acute ischaemic stroke in order
to reduce recurrence event. Randomized clinical trials by Altman, et al. (1994),
Diener, et al. (1996) and Gent, et al. (1996) have demonstrated that antiplatelet
therapy is valuable after an acute ischaemic stroke and acute coronary syndrome.
Aspirin has been shown to reduce the risk of recurrence stroke by 15% (Johnson,
et al., 1999), whereas clopidogrel and combination of aspirin/dipyridamole have

shown a similar efficacy in prevention of second strokes (Sacco, et al., 2008).
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According to NICE guidelines for management of ischaemic stroke, antiplatelet

therapy should be continued for a long term (National Institute for Health and
Clinical Excellence, 2008) and a study by Biondi-Zoccai, et al. (2006) recommends
that antiplatelet therapy should never be interrupted for patients with
cardiovascular disease. Under certain circumstances, there are reasons to stop or
interrupt antiplatelet therapy, especially when there is associated with adverse
events such as bleeding or allergic reactions; or interrupted by physician to reduce
the risk of bleeding during procedures. Any reasons to stop or interrupt
antiplatelet therapy, could expose patients to an increased risk of thrombotic

event.

The absence of an association with early cessation or interrupted/stopped
antiplatelet therapy with the risk of cardiovascular event in the present study is
warrant further investigation. It is important to conduct this study looking for an
association of antiplatelet exposure as the risk of recurrent stroke is greatest
during the first three months after stroke. Although this study found no evidence
for an increased risk of cardiovascular event among patients who
interrupted/stopped and early cessation antiplatelet, the occurrence of bleeding
events was found higher in those who took antiplatelet less than three days (early
cessation users) prior to cardiovascular event. However, other than bleeding
events, other reasons for interruption and stopped antiplatelet could not be

captured in this study.

5.4.1 Strengths and limitations

A major strength of the present study is the use of VISTA database sample which
provided data that were prospectively collected during clinical trials in patients
with confirmed ischaemic stroke. This cohort of ischaemic stroke patient from
which all cases of cardiovascular event following ischaemic stroke and a random
sample of controls without cardiovascular event were selected. The nested case-
control study design is useful to determine if a drug exposure is associated with
an outcome. This study design avoided the common problem of selection bias
which is typical in many case-control studies. Selection bias was minimised by
including all cases of cardiovascular event within the study cohort and matched

controls were drawn from the same population as the cases and selected
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independently of their exposure status. Cases were matched up to four controls

could increase the precision of the study findings. Matching by age and sex could
increase the study efficiency in the present study and helped ensure that cases
and controls were comparable. Rose and van der Laan (2009) has also described
that matching between cases and controls according to certain characteristics

able to eliminate confounding and to gain in efficiency.

As with all observational studies, this study has limitations. One reason why this
study did not show a significant difference to assess the association of
cardiovascular event and antiplatelet exposures due to small numbers of patients
included in this study. Due to small sample size, the study had low power to detect
associations, thus, the study findings should be interpreted bearing in mind the
likelihood of type Il error. On the other hand, due to lack of data on the cause of
ischaemic stroke, dose of antiplatelet therapy, medication compliance and
reasons for interrupted, stopped or early cessation of antiplatelet regimen, may
have masked a true relationship between cardiovascular event and exposure of
antiplatelet. Lastly, this study was based on data available in the stroke trial
registry, thus only included patients who met the eligibility of inclusion criteria of

clinical trial and excluded any individuals not participate in trials.

5.5 Conclusion

In patients who have suffered ischaemic stroke, this study found that early
cessation or interrupted/stopped antiplatelet therapy was not associated with an
increased risk of cardiovascular events compared to persistent users. This could
be due to the sample size may be too small and has insufficient power to detect
this effect. Further research is needed to investigate reasons for antiplatelet
interrupted and stopped and its association with the risk of recurrence ischaemic

stroke.
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6 Cardiovascular events after dual antiplatelet
therapy cessation in patients with a history of

an acute coronary syndrome

6.1 Introduction

Antiplatelet therapy is indicated after an acute coronary syndrome (ACS) because
it lowers mortality and reduces the early risk of recurrence. Dual antiplatelet
therapy (DAPT), typically using aspirin and an ADP receptor antagonist such as
clopidogrel, ticagrelor or prasugrel, is superior to use of a single antiplatelet
agent. Clopidogrel, when given together with aspirin and fibrinolytic therapy has
been shown to reduce the rate of death or re-infarction without major increased
bleeding risk following ST-elevation myocardial infarction (STEMI) when compared
with aspirin alone (Chen, et al., 2005; Sabatine, et al., 2005b). Further, in the
CURE trial, ACS patients were randomised to either clopidogrel or placebo in
addition to aspirin for 3 to 12 months. The results showed a significant reduction
in incidence of death from cardiovascular causes, non-fatal myocardial infarction
or stroke in the clopidogrel treatment group (9.3 % compared to 11.4 % in placebo)
(Yusuf, et al., 2001).

There are reports supported the cardiovascular risk is increased in the period
following cessation of DAPT and initiation of monotherapy. Studies by Ho et al.
found the first 90 days interval after clopidogrel cessation was associated with
significantly higher risk of cardiovascular events compared with 91-180 days
interval in both medical or PCl-treated patients (Ho, et al., 2008b; Ho, et al.,
2010). There are suggestions that this event maybe due to a rebound in platelet
activity (Lordkipanidze, et al., 2009; Sambu, et al., 2011a). It is clear that data
show cessation of DAPT may put patients at risk and a better understanding of this

may allow strategies to mitigate this risk.

The National Health Service Greater Glasgow and Clyde (NHSGGC) Safe Haven is a
secure data repository consisting of Scottish Morbidity Record (SMR), General
Register Office for Scotland (GROS) death registration and the Prescribing

Information System (PIS) database. Thus, it allows identification of patients with
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ACS, identification of any performed coronary interventions, information on

prescription redemption, and follow-up of clinical outcomes. This data source was
used to assess the incidence and predictors of cardiovascular event after

discontinuation of DAPT in patients who have suffered ACS.

6.2 Methods

6.2.1 Study setting and study population

General details of the study setting and study population are described in section
2.2.2. Data were incorporated from few datasets, Scottish Morbidity Record,
General Register Office for Scotland death registration, Prescribing Information
System and Scottish Care Information - Diabetes Collaboration (SCI-DC) and

General Practice database.

Patients were included in the study if they experienced an ACS event between 1
January 2008 and 31 December 2013, dispensed with DAPT, filled a prescription
for DAPT within 60 days of hospital discharge and continued with single
antiplatelet therapy after treatment of DAPT. An ACS event was defined as
emergency hospital admission with a main discharge diagnosis of ACS

(International Classification of Diseases [ICD-10] codes 120, 121 or 122).

6.2.2 Demographic data

For each patient, data on age, sex, hospital admissions and discharge dates, and
operations were obtained from SMR0O1 dataset. Baseline demographic data such as
smoking status, hypertension, hyperlipidaemia, renal disease and ischaemic heart
disease were obtained from General Practice dataset, whereas diabetes data from
the SCI-DC database. These comorbidities were defined as a condition reported
from general practitioners before the ACS event or in any subsequent visit to
general practitioner of ACS occurrence. Whereas, for a coronary revascularization
procedure, it was defined as a procedure listed in operation field from SMRO1
dataset during the index admission. Revascularization procedures include

coronary artery bypass graft (CABG) (English Office of Population Censuses and
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Surveys (OPCS-4) codes K40-46) and percutaneous transluminal coronary

angioplasty (PTCA) (OPCS-4 codes K49-50 and K75).

6.2.3 Medication use

The usage of DAPT was identified through PIS data, which records the date
dispensed and the number of days supplied for each dispensed medication. DAPT
use included and combination of aspirin-clopidogrel, aspirin-dipyridamole,
aspirin-ticagrelor and aspirin-prasugrel. The number of pills dispensed for each
prescription was used to calculate the duration of DAPT use. Discontinuation of
DAPT was defined when there is no refill prescription of one antiplatelet drug in
the combination regime, or dispense date more than 14 days from the last DAPT
refill date plus the number of days supplied for that last refill. The last day of
DAPT use was based on the date of last prescription refills plus the number of days

supplied for that refill.

6.2.4 Study endpoints

The primary endpoint of the study was a cardiovascular event, which consists of
composite of all-cause mortality, ACS (myocardial infarction (MI) or unstable
angina), transient ischaemic attack (TIA), stroke or heart failure after cessation
of DAPT. Information on death was obtained through General Register Office for
Scotland database. The ICD-10 codes were used to identified hospitalizations for
ACS (120 - 125), TIA (G458-G459), stroke (163-164) and heart failure (150) (Appendix
5).

6.2.5 Statistical analysis

Descriptive statistics were recorded for recent ACS patients. A separate analysis
of descriptive statistics was also recorded for patients during DAPT treatment and
for those who were event-free at DAPT cessation, differentiating between patient
with medical and revascularization therapy. Categorical variables were
summarised using frequencies and proportions and continuous variables as mean
[standard deviation (SD)] or median [interquartile range (IQR)]. Patients reached

the end of the follow-up period without experiencing an endpoint were censored.
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The life table method was used to calculate unadjusted incidence rates per 1000

patient-days of cardiovascular events for each 90-day interval during DAPT and
after DAPT cessation and stratified by medical and revascularization treated
patients. Incidence rate ratios (IRR) with 95% confidence interval (95% Cl) was
calculated to compare a difference between incidence rates for medical and

revascularization-treated patients from the same interval.

Several analyses were then performed to assess the association between time
interval after stopping DAPT and risk of cardiovascular events; and to determine
predictors in cardiovascular event after stopping DAPT. First, Poisson regression
was used to assess the association between time interval after stopping DAPT and
risk of cardiovascular events, where incidence rate ratios was calculated and
adjusting for age, medical or revascularization therapy and duration of DAPT. In
these models, the risk of cardiovascular events in the first 90 days interval after
stopping DAPT was compared with the 91 to 360 days interval and with the 91 to
180 days interval consistent with prior studies (Ho, et al., 2008b; Ho, et al., 2010).
Second, Cox proportional hazards regression analysis was used to model the risk
factors of cardiovascular event after stopping DAPT. Univariate Cox proportional
hazards regression analysis was used to estimate the risk ratios for all factors
under consideration. Then multivariate proportional hazards regression analysis
was performed to identify the collection of risk factors making independent
contributions to risk of cardiovascular event. With regard to statistical analysis,
the models were adjusted for age, medical or revascularization therapy and
duration of DAPT. Adjustment was not made for hypertension, diabetes,
hyperlipidaemia, chronic renal failure and ischaemic heart disease because of

missing data.

Sub-group analysis was performed for medical vs revascularization treated
patients, duration of DAPT six months and less vs more than six months, and
antiplatelet therapy used after DAPT cessation i.e. clopidogrel vs aspirin. The
hazard ratios (HRs) for cardiovascular event were generated using Cox

proportional hazard models as described in the earlier paragraph.
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Statistical software IBM SPSS Statistics version 21.0 (IBM Corp, 2012) was used to

perform all descriptive, survival analysis, the Poisson regression and the Cox
proportional hazard regression, while StatsDirect Statistical Software version
3.0.171 was used to compare two incidence rates between medical and
revascularization-treated patients. A value of p<0.05 was considered statistically

significant.

6.3 Results

6.3.1 Patient selection

A total of 7232 patients admitted with ACS during the study period. Of these, 1872
patients refilled DAPT within 60 days of hospital discharge. Of 1872 patients, 1340
(71.6%) stopped DAPT and continued with single antiplatelet therapy (Figure 6-1).
Among 1340 patients, 1129 (84.3%) were event-free at DAPT cessation.
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7232 patients hospitalized for ACS
from 2008-2013

2899 patients were on single AP
1531 patients without AP recorded

A 4

2802 patients were dispensed with
clopidogrel / ticagrelor / prasugrel /
dipyridamole

930 patients refill AP > 60 days
of hospital discharge

A 4

1872 patients refill DAPT within 60
days of hospital discharge

Y

1872 patients
on DAPT

v A 4 v

1340 patients 1 patients 531 patients
DAPT to SAPT continue DAPT

211 patients experienced
cardiovascular events
\ 4
_____ _ {—_______________\

(

| 1129 patients } | 419 pts interrupted > 15 days :
| event free prior | : 112 pts end observation period |
{ DAPT cessation /I /

Figure 6-1: Flow diagram describing the selection of data from the NHS Scotland
National safe haven for the analysis reported.

AP=antiplatelet, DAPT=dual antiplatelet therapy, SAPT=single antiplatelet therapy
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6.3.2 Demographics of samples

Demographic characteristics for the population hospitalised with ACS, during DAPT
and after DAPT cessation patients are displayed in Table 6-1. The mean (SD) age
for ACS population was 68.98 (13.90) years, and 42.8% were female. On the other
hand, the mean (SD) age for during DAPT sample was 64.94 (13.02) years, and
38.1% were female. As for after DAPT cessation sample, the mean (SD) age for was
64.55 (12.98) years, and 36.2% were female.

Table 6-1: Demographic characteristics

Characteristics AC(:nS:;;ezit:;%\ts D%gzgi’gf T Ag;esrslgﬁoiT
(n=1129)

Age, years

Mean (SD) 68.96 (13.95) 64.94 (13.02) 64.55 (12.98)

Median (IQR) 70 (58-80) 64 (55-75) 64 (55-75)
Sex, n (%)

Female 3098 (42.8) 510 (38.1) 409 (36.2)

Male 4134 (57.2) 830 (61.9) 720 (63.8)

SD=standard deviation, IQR=interquartile range
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An additional analysis was performed to compare the study sample with the

excluded sample (Table 6-2). There was a significant difference in the age at the
time of ACS diagnosis between patients included in the study sample and those
excluded from the analysis: the median age of the latter group was 71 years (IQR,
59-81 years) versus 64 years (IQR, 55-75 years) (p<0.0001). The proportion of
female patients was significantly less in the study sample (38% vs 44%; p=0.000).

Table 6-2: Comparison of the study sample with the sample excluded from analysis

Patients included Patients excluded

Characteristics in study sample from analysis p-value
(n=1340) (n=5892)

Age, years
Mean (SD) 64.94 (13.02) 69.88 (13.99) <0.0001*
Median (IQR) 64 (55-75) 71 (59-81)

Sex, n (%)
Female 510 (38.1) 2588 (43.9) 0.000t
Male 830 (61.9) 3304 (56.1)

*Statistical analysis of the difference in mean age (Mann-Whitney U test). tStatistical
analysis (X2 test). SD=standard deviation, IQR=interquartile range
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6.3.3 Baseline characteristics of study samples

Baseline characteristics of during DAPT and after DAPT cessation patients are
shown in Table 6-3. Among the 1340 patients while on DAPT, 28.3% were current
smokers, 34.6% had hypertension, 17.5% had diabetes, 64.7% had hyperlipidaemia,
14.5% had chronic renal failure and 24.1% had ischaemic heart disease. All patients
were treated with aspirin and more than 90% combined with clopidogrel (94.2%)

followed by ticagrelor (3.1%), dipyridamole (2.4%) and prasugrel (0.2%).

The 1129 patients after DAPT cessation, were predominantly male (63.8%) with a
mean age (SD) of 64.55 (12.98) years. Cardiac risk factors included current
smoking (28.3%), hypertension (35.2%), diabetes (17.8%), hyperlipidaemia (65.6%),
chronic renal failure (15.1%) and ischaemic heart disease (25.0%). Thirty-two
percent patients in this group were on prior antiplatelet. All patients in this study
sample were on aspirin and in combination with clopidogrel (94.4%), ticagrelor
(3.1%), dipyridamole (2.1%) and prasugrel (0.3%). Mean total duration (SD) of DAPT
therapy following ACS was 176.64 (154.48) days. After DAPT cessation, mono
antiplatelet therapy aspirin was commonly prescribed (79.1%) than clopidogrel
(19.8%), followed by dipyridamole (0.6%) and ticagrelor (0.4%).
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Table 6-3: Baseline characteristics
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During DAPT After DAPT cessation
Lot . Medical Revasculariz . Medical Revasculariz
Characteristics A(Irl]gigiggs treated ation treated /-\(Irllgﬂgggs treated ation treated
(n=933) (n=407) (n=754) (n=375)
Age, years
Mean (SD) 64.94 66.68 60.94 64.55 66.44 60.75
(13.02) (13.12) (11.86) (12.98) (13.28) (11.44)
Median (IQR) 64(55-75) 67(57-77) 60(52-69) 64(55-75) 67(57-77) 60(52-68)
Sex
Female 510(38.1) 377(40.4) 133(32.7) 409(36.2) 291(38.6) 118(31.5)
Male 830(61.9) 556(59.6) 274(67.3) 720(63.8) 463(61.4) 257(68.5)
Current smoker 296/1047 178/694 118/353 259/914 152/580 107/334
(28.3) (25.6) (33.4) (28.3) (26.2) (32.0)
Medical history
Hypertension 463(34.6) 336(36.0) 127(31.2) 397(35.2) 276(36.6) 121(32.3)
Diabetes 234(17.5) 157(16.8) 77(18.9) 201(17.8) 129(17.1) 72(19.2)
Hyperlipidaemia  867(64.7) 591(63.3) 276(67.8) 741(65.6) 486(64.5) 255(68.0)
CRF 194(14.5) 140(15.0) 54(13.3) 170(15.1) 118(15.6) 52(13.9)
IHD 323(24.1) 218(23.4) 105(25.8) 282(25.0) 186(27.7) 96(25.6)
Prior antiplatelet therapy
No prior AP 885(66.0) 576(61.7) 309(75.9) 770(68.2) 483(64.1) 287(76.5)
Aspirin 316(23.6) 234(25.1) 82(20.1) 253(22.4) 177(23.5) 76(20.3)
Clopidogrel 35(2.6) 29(3.1) 6(1.5) 24(2.1) 19(2.5) 5(1.3)
Dipyridamole 6(0.4) 6(0.6) 0(0) 5(0.4) 5(0.7) 0(0)
Aspirin +
clopidogrel 59(4.4) 52(5.6) 7(1.7) 50(4.4) 44(5.8) 6(1.6)
Aspirin +
dipyridamole 33(2.5) 30(3.2) 3(0.7) 24(2.1) 23(3.1) 1(0.3)
Aspirin +
ticagrelor 5(0.4) 5(0.5) 0(0) 3(0.3) 3(0.4) 0(0)
DAPT combinations post-ACS
Aspirin +
clopidogrel 1261(94.2) 861(92.3) 400(98.3) 1066(94.4) 697(92.4) 369(98.3)
Aspirin +
dipyridamole 33(2.4) 30(3.2) 3(0.7) 24(2.1) 22(2.9) 2(0.6)
Aspirin +
ticagrelor 42(3.1) 38(4.0) 4(1.0) 35(3.1) 31(4.1) 4(1.1)
Aspirin +
prasugrel 3(0.2) 3(0.3) 0(0) 3(0.3) 3(0.4) 0(0)
Duration of DAPT
Mean (SD) 175.09 164.28 199.85 176.64 163.02 204.03
(155.30) (148.17) (168.10) (154.48) (143.03) (172.22)
Median (IQR) 113 109 126 112 108 128
(78-208) (76-185) (85-311) (78-221) (75-187) (85-317)
< 6 months 955(71.3) 695(74.5) 260(63.9) 793(70.2) 558(74.0) 235(62.7)
> 6 months 385(28.7) 238(25.5) 147(36.1) 336(29.8) 196(26.0) 140(37.3)
< 12 months 1139(85.0) 812(87.0) 327(80.3) 948(84.0) 651(86.3) 297(79.2)
> 12 months 201(15.0) 121(13.0) 80(19.7) 181(16.0) 103(13.7) 78(20.8)
Follow-up duration after stopping DAPT, days
Mean (SD) ) i i 1009.34 950.28 1126.97
(534.79) (553.12) (475.55)
. 1067 982 1155
Median (IQR) - - - (615-1394)  (509-1364)  (828-1463)
Single AP after DAPT cessation
Aspirin - - - 893(79.1) 596(79.0) 297(79.2)
Clopidogrel - - - 224(19.8) 146(19.4) 78(20.8)
Dipyridamole - - - 7(0.6) 7(0.9) 0(0)
Ticagrelor - - - 5(0.4) 5(0.7) 0(0)

All values are reported as no. (%) unless otherwise noted. AP=antiplatelet, CRF=chronic
renal failure, DAPT=dual antiplatelet therapy, IHD=ischaemic heart disease,
SD=standard deviation, IQR=interquartile range.
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6.3.4 Study endpoints

Of 1340 patients, while on DAPT, incidence of cardiovascular events occurred in
211 (15.7%) patients. Cardiovascular events occurred in 179 (19.2%) medical
treated patients and 32 (7.9%) revascularization treated patients. Of 1129 patients
after DAPT cessation, cardiovascular events occurred in 188 (16.7%) patients,
which 154 (20.4%) occurred in medical and 34 (9.1%) in revascularization therapy
(Table 6-4).



Chapter 6

DAPT cessation Post-ACS

Table 6-4: Cardiovascular events during DAPT and after DAPT cessation

During DAPT After DAPT cessation
(n=1340) (n=1129)
Medical Revascularization Medical Revascularization
All treated treated All treated treated
(n=933) (n=407) (n=754) (n=375)
Cardiovascular events 211 (15.7) 179 (19.2) 32 (7.9) 188 (16.7) 154 (20.4) 34 (9.1)
ACS 179 (13.4) 155 (16.6) 24 (5.9) 60 (5.3) 46 (6.1) 14 (3.7)
Ischaemic stroke/TIA 2(0.2) 2(0.2) 0 (0) 24 (2.1) 16 (2.1) 8(2.1)
Heart failure 24 (1.8) 19 (2.0) 5(1.2) 9 (0.8) 8 (1.1) 1 (0.3)
All death 44 (3.3) 35 (3.8) 9(2.2) 135 (12.0) 120 (15.9) 15 (4.0)

All values are reported as no. (%) unless otherwise noted. ACS=acute coronary syndrome, DAPT=dual antiplatelet therapy, TIA=transient ischaemic

attack.
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6.3.5 Incidence rates of cardiovascular event

The incidence rates of cardiovascular event during DAPT and after DAPT cessation
are presented in Table 6-5 and Figure 6-2 for each 90-day interval. While on DAPT,
the incidence rate was higher in 0-90-day interval than in the next 90-day interval,
1.88 and 0.33 per 1000 patient-days, respectively. After cessation of DAPT, the
incidence rate was lower in 0-90-day interval than in the next 90-day interval,

0.15 and 0.23 per 1000 patient-days, respectively.

Table 6-5: The risk of cardiovascular events following ACS while on DAPT and up to
two years after DAPT cessation

Incidence rate

Period, days Nunrﬁil;l(;:-r at ng\?:r?t;mc per 1000
patient-days
During DAPT

0-90 1340 181 1.882
91-180 797 17 0.328
181-270 354 5 0.184
271-360 250 3 0.152
361-450 189 1 0.088
451-540 64 1 0.231
541-630 32 1 0.453
631-720 17 0 0.000

After DAPT cessation

0-90 1129 15 0.151
91-180 1072 22 0.234
181-270 1017 21 0.234
271-360 978 10 0.115
361-450 950 17 0.203
451-540 910 16 0.119
541-630 876 17 0.220
631-720 840 15 0.205

ACS=acute coronary syndrome, DAPT=dual antiplatelet therapy.
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Figure 6-2: Incidence rate during and after DAPT cessation

Figure 6-3 shows the incidence rate for both medically and revascularization-
treated patients while on DAPT and after DAPT cessation. The incidence rate for
the first 90-day interval was higher in medically-treated patients than
revascularization-treated patients, 2.34 and 0.91 per 1000 patient-days,
respectively. Compared with revascularization-treated patients, medically-
treated patients were associated with significantly increased risk of cardiovascular
event for 0-90-day interval (IRR, 2.57; 95% Cl, 1.71-3.99; p<0.0001) (Figure 6-

3(a)).

After DAPT discontinuation, in the first 90-day interval, there was no difference
in the incidence rate of cardiovascular event between medically-treated patients
and revascularization-treated patients (IRR, 3.30; 95% Cl, 0.75-30.12; p=0.096)
(Figure 6-3(b) and Table 6-6). However, there were significantly increased risk of
cardiovascular event for 91-180 days and 181-270 days in medically-treated
patients (IRR, 5.16; 95% Cl, 1.25-5.54; p=0.014 and IRR, 3.31; 95% CI, 0.97-17.54;
p=0.042 respectively).
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Figure 6-3: Incidence rate (a) during DAPT and (b) after DAPT cessation for medically-
and revascularization-treated patients

*p<0.01, tp<0.05, compared with revascularization-treated patients from the
same interval.
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Table 6-6: Incidence rate of cardiovascular events after DAPT cessation for medical and revascularization treated patients

Medically-treated Revascularization-treated

Period, _ _ Incidence rate ratio* p-value

days Number  Number of Incidence Number  Number of Incidence rate (95% ClI)

: rate per 1000 . per 1000
at risk events , at risk events )
patient-days patient-days

0-90 754 13 0.199 375 2 0.060 3.30 (0.75-30.12) 0.096
91-180 706 20 0.325 366 2 0.062 5.16 (1.25-5.54) 0.014
181-270 660 18 0.311 357 3 0.094 3.31(0.97-17.54) 0.042
271-360 628 10 0.180 350 0 0.000 - -
361-450 605 14 0.263 345 3 0.100 2.64 (0.74-14.34) 0.112
451-540 577 12 0.237 333 4 0.135 1.76 (0.53-7.51) 0.319
541-630 550 14 0.290 326 3 0.104 2.82 (0.79-15.30) 0.089
631-720 522 10 0.221 318 5 0.179 1.24 (0.39-4.64) 0.689

*Incidence rate ratio compared a difference incidence rate between medical and revascularization-treated patients. Cl=confidence interval.
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The incidence rates of cardiovascular events following DAPT discontinuation for

yearly interval are shown in Figure 6-4 and Table 6-7. The Incidence rate was
higher in year two than in year one after DAPT cessation, 0.21 and 0.18 per 1000
patient-days, respectively. The rate was decreased over the next three years and
similar pattern can be seen for medically-treated patients. At the same time,
medically-treated patients experienced a higher incidence rate compared to
revascularization-treated patients for one-, two- and three-year interval after
discontinuation of DAPT (IRR, 4.62; 95% Cl, 2.22-11.98; p<0.0001; IRR, 1.97; 95%
Cl, 1.09-3.78; p=0.019 and IRR 2.94; 95% Cl, 1.09-9.91; p=0.022 respectively).
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Figure 6-4. Incidence rate after DAPT cessation, stratified by medical and
revascularization therapy
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Table 6-7: Incidence rate of cardiovascular events yearly after DAPT cessation

, Medically-treated Revascularization-treated
Incidence
Period, Number Number  rate per Incidence Incidence Inudenpe rate
) of 1000 ratio* p-value
years at risk : Number rate per Number rate per
events  patient- Number Number (95% ClI)
: of 1000 . of 1000
dayst at risk : at risk .
events patient- events patient-
days days
1 1129 68 0.182 754 61 0.249 375 7 0.054 4.62 (2.22-11.98) <0.0001
2 950 65 0.208 605 50 0.255 345 15 0.129 1.97 (1.09-3.78) 0.019
3 786 28 0.117 484 23 0.156 302 5 0.053 2.94 (1.09-9.91) 0.022
4 549 20 0.139 334 15 0.170 215 5 0.089 1.91 (0.66-6.71) 0.203
5 252 7 0.120 156 5 0.138 96 2 0.090 1.53 (0.25-16.04) 0.670

*Incidence rate ratio compared a difference incidence rate between medical and revascularization-treated patients. Cl=confidence interval.
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6.3.6 Adjusted incidence rate ratios

The adjusted IRR of cardiovascular event in the first 90 days compared, first, to
the second 90 days (91-180-day) and second, to the 91-360-day interval after DAPT
cessation are shown in Table 6-8. After adjusting for age, medical or
revascularization therapy and total duration of DAPT treatment, there was no
increased risk of cardiovascular event when compared the first 90 days with the
91-360-day interval (adjusted IRR, 0.59; 95% Cl, 0.30-1.17; p=0.129). There were

similar observations in medically and revascularization-treated group.

When compared with 91-180-day interval, after adjusting for age, medical or
revascularization therapy and total duration of DAPT treatment, there was no
increased risk of cardiovascular event the first 90 days (adjusted IRR, 0.70; 95%
Cl, 0.32-1.55; p=0.375). Similar observations were found in medical and

revascularization therapy group.
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Table 6-8: Adjusted incidence rate ratios for the cardiovascular event after DAPT cessation

After DAPT cessation Medical therapy Revascularization therapy
Patient (n=1129) (n=754) (n=375)
cohort i Adjusted IRR vae  n Adjusted IRR vale  n Adjusted IRR value
(95% Cl) b (95% Cl) b (95% Cl) b
patf\el:lts* 1129  0.59(0.30-1.17) 0.129 754  0.54 (0.26-1.13) 0.101 375 0.98 (0.16-6.04) 0.980
patg:]ts‘f 1129  0.70 (0.32-1.55) 0.375 754  0.64 (0.28-1.50) 0.306 375 1.18(0.13-10.96) 0.882

*comparing the initial 90-day interval versus the 91 to 360-day interval after stopping DAPT.

Tcomparing the initial 90-day interval versus the 91 to 180-day interval after stopping DAPT

All the Poisson regression models adjusted for age, medical or revascularization therapy and duration of DAPT. Cl=confidence interval,
IRR=incidence rate ratio.
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6.3.7 Predictors of cardiovascular events after DAPT cessation

The univariate analysis of possible predictors of risk of cardiovascular events after
stopping DAPT is presented in Table 6-9. Ten variables appeared to be significant
predictors of cardiovascular events in the univariate analysis. The results of the
final model of multivariate analysis are summarized in Table 6-10. The
multivariate model indicated that increased age (HR, 1.07; 95% CI, 1.05-1.08;
p=0.000) was significantly associated with an increased risk of cardiovascular
event, whereas patients treated with revascularization (HR, 0.58; 95% CI, 0.39-
0.85; p=0.005) and longer duration of DAPT (HR, 0.997; 95% Cl, 0.995-0.998;

p=0.000) were associated with a decreased risk.

6.3.8 Sub-group analysis

Sub-group analyses data are presented as a forest plot in Figure 6-5. Whereas,
Figures 6-6 to 6-8 presents the survival curves showing the cumulative rates of

cardiovascular events for the sub-group analyses.

a) Medically- and revascularization-treated patients

In unadjusted model, there is a decreased risk of cardiovascular events in
revascularization-treated patients compared to medically treated (HR, 0.38; 95%
Cl, 0.26-0.55; p=0.000). The same is true in the model adjusting for age and
duration of DAPT (HR, 0.58; 95% Cl, 0.39-0.85; p=0.005). Figure 6-6 presents the
survival curves among those with revascularization and those with medically

treated.

b) DAPT duration

DAPT duration of < 6 months was associated with an increased risk of
cardiovascular event following discontinuation of DAPT, compared to those with
DAPT duration more than 6 months (unadjusted HR, 2.23; 95% Cl, 1.50-3.32;
p=0.000). Even after adjustment, the difference in cardiovascular events risk
between patients with DAPT duration < 6 months and those with DAPT duration >
6 months remains statistically significant (adjusted HR, 1.51; 95% CI, 1.01-2.27;
p=0.046). Figure 6-7(a) shows the survival curves between duration of DAPT <6

months vs >6 months.
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Similarly, for DAPT duration < 12 months, the risk of cardiovascular event was

associated with increased risk compared to those with DAPT duration more than
12 months (unadjusted HR, 6.66; 95% Cl, 2.74-16.20; p=0.000). After adjustment,
the difference in cardiovascular event risk between those who received DAPT < 12
months and >12 months patients remains statistically significant, with four times
increase in risk of cardiovascular event among < 12 months group as compared to
>12 months group (adjusted HR, 4.14; 95% Cl, 1.69-10.14; p=0.002). Figure 6-7(b)

shows the survival curves between duration of DAPT <12 months vs >12 months.

c) Single antiplatelet therapy after DAPT cessation

In the unadjusted model, there is an increased risk of cardiovascular event in those
who continued with clopidogrel as compared to those continued with aspirin
(unadjusted HR, 1.40; 95% CI, 1.01-1.94; p=0.046). However, after adjustment for
age, medical or revascularization therapy, and duration of DAPT, there is no
statistically significant difference between clopidogrel and aspirin group in terms
of cardiovascular event risk (adjusted HR, 1.33; 95% Cl, 0.95-1.85; p=0.095).

Figure 6-8 shows the survival curves between clopidogrel vs aspirin therapy.
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Table 6-9: Univariate Cox proportional hazards regression analyses of possible
predictors of cardiovascular events after DAPT cessation

Characteristics HR (95% CI) p-value
Age 1.08 (1.06-1.09) 0.000
Male 0.52 (0.39-0.69) 0.000
Current smoker 1.35 (0.69-2.66) 0.380
Hypertension 3.72 (2.44-5.66) 0.000
Diabetes 5.85 (2.75-12.45) 0.000
Hyperlipidaemia 1.56 (1.17-2.08) 0.002
Chronic renal failure 1.76 (1.08-2.85) 0.023
Ischaemic heart disease 5.34 (2.97-9.58) 0.000
ﬁleevrzs;)c;larization vs medical 0.38 (0.26-0.55) 0.000
Prior vs no prior AP 2.02 (1.51-2.70) 0.000
DAPT duration 0.995 (0.994-0.997) 0.000

AP=antiplatelet, Cl=confidence interval, DAPT=dual antiplatelet therapy, HR=hazard
ratio.

Table 6-10: Final multivariate model of predictors of risk of cardiovascular events
after stopping DAPT

Characteristics HR (95% ClI) p-value
Age 1.07 (1.05-1.08) 0.000
;eevrzsl.;:;larization vs medical 0.58 (0.39-0.85) 0.005
DAPT duration 0.997 (0.995-0.998) 0.000

Cl=confidence interval, DAPT=dual antiplatelet therapy, HR=hazard ratio.



Chapter 6 DAPT cessation Post-ACS 170

Hazard ratio

Sub-group analyses (95% ClI)
a) Unadjusted model
Revascularization vs medical | 0.38 (0.26, 0.55)
Duration of DAPT
<6 months vs >6 months | 2.23{1.50, 3.32)
<12 months vs >12 months | 6.66 (2.74, 16.20)
Single AP
Clopidogrel vs aspirin —— 1.40 (1.01, 1.94)
b) Adjusted model
Revascularization vs medical y 0.58 (0.39, 0.85)
Duration of DAPT
<6 months vs >6 months B L.51.{1.01, 2.27)
<12 months vs >12 months B 4.14 (1.69, 10.14)
Single AP
Clopidogrel vs aspirin +— B 1.33 (0.95; 1.85)
7 | T T 7 7 ] ]
0.2 0.3 0.5 1 2 3 5 10 20

Hazard ratio (95% CI)

Figure 6-5: Forest plot showing outcomes for (a) unadjusted and (b) adjusted analysis.

All adjusted analyses were adjusted for age, medical or revascularization therapy and duration of DAPT. AP=antiplatelet, Cl=confidence interval,
DAPT=dual antiplatelet therapy.
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Figure 6-6: Survival curve showing the cumulative rates of the combined end point
acute coronary syndrome or death or ischaemic stroke among those medically- and
revascularization-treated patients after DAPT cessation
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Figure 6-7: Survival curve showing the cumulative rates of cardiovascular events
among those with DAPT duration (a) £ 6 months vs > 6 months; and (b) <12 months

vs >12 months.
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Figure 6-8: Survival curve showing the cumulative rates of the combined end point
acute coronary syndrome or death or ischaemic stroke among those continued
aspirin and those continued with clopidogrel after DAPT cessation.

6.4 Discussion

The objective of the present study was to determine the incidence and predictors
of cardiovascular events after DAPT cessation in patients who have suffered ACS.
The main findings of the current analysis are as follows; (1) incidence of
cardiovascular events occurred in 188 (16.7%) patients after DAPT cessation; (2)
the incidence rate was lower in 0-90-day interval than in the next 90-day interval
after DAPT cessation, 0.15 and 0.23 per 1000 patient-days, respectively; (3) in the
multivariate analysis, age, having medical or revascularization therapy and
duration of DAPT were independent predictors of cardiovascular event after DAPT
cessation; (4) duration of DAPT six months and less was associated a significantly
higher risk for cardiovascular event; (5) continuation of monotherapy agent post-
DAPT cessation with clopidogrel compared with aspirin was not associated with

higher risk for cardiovascular event.

The incidence of cardiovascular events following DAPT cessation in the literature

varies between studies (4-17%). The incidence in the present study are higher than
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previous studies (Ho, et al., 2010; Stephenson, et al., 2011; Charlot, et al., 2012)

but similar to the data from Ho, et al. (2008b). This may be due to differences in
definitions used of cardiovascular event between studies that could lead to
markedly different results (Kip, et al., 2008). In this study, cardiovascular event
was defined according to ACC/AHA (Hicks, et al., 2015). On the other hand, the
mean (SD) duration of DAPT after ACS in the present study was 177 (155) days,
which was shorter than previous studies (Stephenson, et al., 2011; Charlot, et al.,
2012). Previous studies have shown that thienopyridine therapy for more than six
months was associated with lower rates of cardiovascular events (Rossini, et al.,
2011; Varenhorst, et al., 2014).

The present study found the incidence rate of cardiovascular event in the first 90
days following discontinuation of DAPT was lower than 91-180-day interval. These
findings are substantially different from those in recent studies from Ho, et al.
(2008b); (Ho, et al., 2010); Stephenson, et al. (2011) and Charlot, et al. (2012)
where they reported a higher incidence rate of death or Ml in the 0-90-day interval
after stopping clopidogrel compared with 91-180-day interval. This may be due to
the smaller sample size of patients included in the present study. In addition, the
prevalence of medically-treated patients in the present study was 67%, much
higher than the findings from Ho, et al. (2008b) (50%) and Stephenson, et al.
(2011) (25%). Evidenced-based data have shown that invasive strategy i.e.
coronary angiography followed by revascularization performed in the setting of
AMI reduces subsequent MI, severe angina and death compared with

pharmacological therapy (Mehta, et al., 2005).

In terms of patients treated with or without revascularization, the present study
found no increased incidence rate of cardiovascular event in the first 90-day
period of DAPT discontinuation compared with later follow-up interval. There is a
potential explanation for the lower number of cardiovascular events after
stopping DAPT in the 0-90-day interval. One explanation is that there were maybe
less patients in this study that may have stopped clopidogrel, prasugrel or
ticagrelor early due to clinical deterioration or bleeding. They probably had
stopped DAPT regimen under physician-guided or they had completed the
recommended duration of DAPT. This is supported by findings from Mehran et al,

2013 in the PARIS (patterns of non-adherence to antiplatelet regimens in stented
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patients) study where they found patients who had physician-guided

discontinuation of DAPT were at lower risk of major cardiovascular event (Mehran,
et al., 2013). In the present study, we also found the incidence rates in the
cardiovascular event as time passed from the DAPT discontinuation were higher in
patients treated medically compared to revascularization-treated patients. One
possible reason is because revascularization-treated patients had longer DAPT
duration compared to medically treated patients. Ho, et al. (2010) and Charlot,
et al. (2012) have described that longer duration of DAPT was associated with

lower risk of cardiovascular event following discontinuation of DAPT.

This study found that increasing age, shorter DAPT duration and lack of
revascularization therapy for the ACS was associated with increased risk of
cardiovascular events after DAPT cessation. The present study found that longer
duration of DAPT was associated with a decreased risk of cardiovascular event in
patients who have suffered ACS. In addition, shorter term DAPT (<6 months) was
associated with an increased risk of cardiovascular event compared to longer term
(>6 months). Similarly, duration of DAPT <12 months was associated with an
increased risk compared with >12 months. These findings are consistent with those
from previous studies that demonstrated that usage of clopidogrel for more than
six months was associated with lower rates of death, myocardial infarction and/or
stent thrombosis (Rossini, et al., 2011; Varenhorst, et al., 2014). These data
suggest that ACS patients may benefit from longer duration of DAPT. On the other
hand, findings of PRODIGY trial found that there was no difference in death, Ml or
ischaemic stroke between DAPT duration of six months compared with 24 months
(HR, 0.94; 95% CI, 0.69-1.27; p=0.67) (Costa, et al., 2015). Although longer
treatment with DAPT might be beneficial, optimal DAPT duration for patients with
ACS still in unclear because longer DAPT duration correlates with the risk of
bleeding (Valgimigli, et al., 2012; Mauri, et al., 2014).

6.4.1 Study strengths

In this study, aspirin use was available through the Prescribing Information System
database. Thus, we were able to confirm that all patients included in this study
were taking aspirin plus either clopidogrel or prasugrel or ticagrelor. Compare to

others, aspirin used was not available (Ho, et al., 2010; Stephenson, et al., 2011;
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Sachdeva, et al., 2012). This information is important since there is a possibility

that patients could not tolerate or allergic to aspirin and just prescribed with
clopidogrel alone. Moreover, we could confirm whether patients took aspirin or

another antiplatelet agent after discontinuing DAPT regimen.

As compared with others, the present study included patients in the West of
Scotland as the data were collected and managed by NHSGGC Safe Haven. The
current analysis is a study of all individuals in a community with an ACS identified
through resources of the NHSGGC Safe Haven, regardless of sex and health care
insurance. In previous studies, they only able to include predominantly male
patients (Ho, et al., 2008b) or patients with insured and received care in large
pre-paid health plan (Ho, et al., 2010; Stephenson, et al., 2011) and there was a
possibility underinsured or non-insured were left out. Furthermore, the large
number of patients, long period of follow-up, and use of Cox proportional hazards
regression analysis in this study allowed us to develop more precise models to

predict survival and cardiovascular events after stopping DAPT regimen.

6.4.2 Study limitations

There are limitations of the present study that must be considered. The analysis
of this study was performed using a non-randomized registry database. The choice
of antiplatelet used were not randomly assigned. Whereas for subgroup analysis,
there are possibilities of patient selection bias and non-randomized groups. After
DAPT discontinuation, the differences in time of follow-up for CV events is
potential for biases. The use of single or dual antiplatelet therapy was based on
pharmacy dispensing data. However, we could not measure medication
compliance such as medication possession ratio (MPR), as this formula needs at
least two prescriptions, and it is possible we will leave out any patients with only
one prescription. Moreover, we had comprehensive pharmacy dispensing data in
terms of what and when the antiplatelet was dispensed and number of pills
supplied. Furthermore, pharmacy dispensing data are a validated measure of
medication taking and is strongly correlated with a broad range of patient
outcomes (Osterberg and Blaschke, 2005; Ho, et al., 2008a) and also, the use of
prescriptions filled has been shown to reflect medication use by the patient with

a high degree of accuracy (Lau, et al., 1997).
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We also do not know the specific reasons for stopping the second antiplatelet

therapy, but potential reasons are, they might have completed the DAPT course
which is the expected reason for most of the patients; or the occurrence of side
effects from antiplatelet therapy, such as bleeding. Additionally, the patients in
the study sample were five years younger and less female than the original
population. As a consequence, generalizability of findings in this study is limited.
The present study included patients who have suffered ACS in the West of
Scotland, thus, generalizability to other populations and practice setting is

unknown.

6.5 Conclusion

The present study found that, in patients who have suffered ACS, incidence of
cardiovascular events occurred in 188 (16.7%) patients after DAPT cessation and
the incidence rate was lower in 0-90-day interval than in the next 90-day interval
after DAPT cessation, 0.15 and 0.23 per 1000 patient-days, respectively. This
study found that age was associated with increased risk of cardiovascular events,
whereas, longer duration of DAPT and patients treated with revascularization

were associated with decreased risk of cardiovascular events.
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7 Stopping dual antiplatelet therapy following

acute coronary syndrome; A metabolic analysis

7.1 Introduction

There have been reports of cardiovascular events after clopidogrel cessation
among patients with ACS either received medical therapy or treated with PCI. In
2008, a study by Ho, et al. (2008b) using the cohort from Veterans Health
Administration, found a clustering of cardiovascular events after clopidogrel
cessation. In multivariate analysis, the study found the first 90-day interval after
clopidogrel cessation was associated with significantly higher risk of
cardiovascular events compared with 91-180 days interval (incidence rate ratio
(IRR), 1.98; 95% confidence interval (Cl), 1.46-2.69). Another study by Ho, et al.
(2010) using cohort from an integrated health care delivery system in Colorado
found similar observations. The risk of Ml or death was greater (IRR, 2.74; 95% Cl,
1.69 to 4.44) in day 0-90 compared with 91-360-day interval.

According to the current guidelines, antiplatelet drugs should be prescribed
following acute myocardial infarction and ischaemic stroke (National Institute for
Health and Clinical Excellence, 2008; National Institute for Health and Clinical
Excellence, 2013). These include aspirin which reduces production of
thromboxane A2 via inhibition of COX-1. Clopidogrel and ticagrelor bind to the
P2Y12-receptor on platelet cell membrane to prevent ADP secretion and thus,
prevent platelet activation. Both aspirin and clopidogrel / ticagrelor are
prescribed for varying durations after Ml or ACS and at the end of this period the
clopidogrel / ticagrelor is stopped. As described above, this may be associated

with an increased risk of cardiovascular events.

Detailed metabolomic analysis in patients taking DAPT was performed before and
after stopping DAPT. The metabolite changes between these two-time points will
be compared. In this preliminary study, we hypothesized that metabolomics might
help identify metabolites influencing outcomes and risk of recurrence following
DAPT cessation.
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7.2 Methods

7.2.1 Study design

The prospective study was conducted in the Western Infirmary and Queen
Elizabeth University Hospital. Patients receiving DAPT with aspirin and clopidogrel
or ticagrelor for a proposed fixed duration were recruited from the Cardiac
Rehabilitation Centre and the wards of Western Infirmary (NHS Greater Glasgow
& Clyde (NHSGGC)).

7.2.2 Main inclusion / exclusion criteria

Inclusion criteria for patients

1. Adult male or female

2. Age > 18 years

3. Diagnosis of ACS

4. Taking DAPT with aspirin and clopidogrel / ticagrelor since the diagnosis of

ACS being made

5. Planned stop date for dual anti-platelet therapy
Exclusion criteria for patients

1. Current use of anticoagulant drugs

2. Active cancer

3. Recurrent urinary tract infection (UTI)*

4

. Inability to provide informed consent

*For urinary metabolomics study, patients with recurrent UTI were excluded. This
is because, these patients are at high risk of developing adverse event. Previous
studies have shown that metabolites identified from patients with UTI, such as
para-aminohippuric acid, scyllo-inositol and a few unidentified compounds has
been suggested as main markers related to patients morbidity (Nevedomskaya, et
al., 2012).
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7.2.3 Ethical considerations

This study was carried on accordance with the World Medical Association
Declaration of Helsinki (1964) and it’s revisions (Tokyo (1975), Venice (1983), Hong
Kong (1989), South Africa (1996), Edinburgh (2000), Washington (2002), Tokyo
(2004), Seoul (2008) and Fortaleza (2013)). Patients were only allowed to enter
the study once they have provided written informed consent. This study was
approved by the North West - Greater Manchester East Research Ethics Committee
(Appendix 9 & Appendix 10). Access to the hospital for research was obtained

from the Research and Development Office, Western Infirmary (Appendix 11).

7.2.4 Identification of participants and consent

Participants were identified through clinical teams in the Cardiac Rehabilitation
Centre and the wards of the Western Infirmary. Study advertisements were placed
in these settings and interested patients were asked to contact the study team
(Appendix 12). Letter of invitations were sent from the clinical team to patients
who met our inclusion and exclusion criteria (Appendix 13 & Appendix 14).
Interested patients were asked to contact us. We then discussed the study by
telephone, confirmed the predicted DAPT stop date and sent the participant

information sheets (Appendix 15).

7.2.5 Visit schedule

Participants attended the Acute Stroke Unit, Western Infirmary or Glasgow
Research Facility, Queen Elizabeth University Hospital for a first visit in the month
prior to the planned DAPT stop date. All participants provided written informed
consent (Appendix 16) prior to study inclusion. At this visit, baseline demographic
data, current medication, use of non-steroidal anti-inflammatory medications and
medical history were recorded in the case report form (CRF) (Appendix 17).
Medication compliance was recorded and assessed by self-reported Morisky scale
questionnaire (Appendix 18). Blood and urine sampling were performed during
this visit (Figure 7-1).
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Participants then attended the Acute Stroke Unit, Western Infirmary or Glasgow

Research Facility, Queen Elizabeth University Hospital for a further blood and
urine sample in the month after stopping DAPT (at least 7 days after stopping).
Current medications were recorded in the CRF. A 90-day followed up were done

by accessed to participant clinical records.

Blood/urine
| 3-12 months 3 months
T DAPT T Single AP
(monitoring of cv events)
ACS or Ml Clopidogrel/
Ticagrelor
cessation

Figure 7-1: Study design and protocol of laboratory and monitoring cardiovascular
events.

ACS=acute coronary syndrome, AP=antiplatelet, cv=cardiovascular, DAPT=dual
antiplatelet therapy, Ml=myocardial infarction.

7.2.6 Blood sampling and storage

| personally performed venepuncture in approximately 90% of the participants (the
remaining 10% were performed by experienced research nurses from Acute Stroke
Unit). Blood samples were obtained from the antecubital fossa. In all cases blood
was taken using a tourniquet with a 21-gauge needle blood collection set. The

blood was drawn into two 10 ml clot activator tubes.

In metabolomics studies, serum and plasma samples are commonly used. In this
study, serum sample was chosen. Once the blood exposed to clot activator in the
tube, platelets become activated. In the serum, various of metabolites, lipids and
proteases were released from the activated platelets during the coagulation

process (Yin, et al., 2015). On the other hand, exposure of plasma for long hours
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to room temperature may resulted significant changes of the analysed metabolites

(Yang, et al., 2013).

The blood was allowed to clot at room temperature for 15 minutes. Then, blood
samples were centrifuged for 15 minutes. Serum samples were separated and
stored at -80°C immediately. Samples were stored in a locked university freezer
in the Western Infirmary and were transported at the end of the study to the

Glasgow Polyomics facility at the University of Glasgow.

7.2.7 Assessment of medication compliance

Self-reported adherence was determined using Morisky Medication Adherence
Scale-4 (MMAS-4) at Visit 1. The MMAS-4 is a validated, 4-item self-reported
adherence measure and a high adherence will be defined as a zero point
(Appendix 18) (Morisky, et al., 1986). This scale has been shown to be predictive
of adherence to cardiovascular medication and blood pressure control (Morisky,
et al., 1986; Shalansky, et al., 2004).

7.2.8 Assessment of cardiovascular event / follow up

Patients were followed-up for cardiovascular event through a telephone call at
day 90 or via access to their clinical records if contact could not be made. They
were asked if there was any admission within the last 90 days and then we
accessed patient medical records. If they developed event(s), their types of

events were recorded in their CRF.

7.2.9 Definition of cardiovascular event

Cardiovascular event was defined as re-admission to hospital for a cardiovascular
event, which includes ACS, stroke, TIA, heart failure, stent thrombosis or death
due to a cardiac cause or stroke. The cardiovascular event outcomes were based

on a primary discharge diagnosis or death using the ICD-10 codes in Appendix 5.
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7.2.10 Metabolite measurements by LCMS

Once transferred to Glasgow Polyomic facility, serum samples were mixed as
Chloroform : Methanol : sample in a 1:3:1 ratio. This was then mixed vigorously
on a cooled (4°C) shaker for 5 minutes and then centrifuged for 3 minutes at
13,000g at 4°C. Supernatant was removed and stored at -80°C until analysis by
Liquid Chromatography Mass Spectrometry (LC-MS). Samples were then analysed

using ultra-high resolution mass spectrometry.

7.2.11 Quality control (QC)

In this untargeted metabolomics approach by LC-MS, QCs were applied to assess
and ensure the process of analytical is done appropriately. The pooled QC samples
were used to assess the running of the instrument for reproducibility. The pooled

samples were run throughout the sample analysis, every 5th sample.

7.2.12 Liquid chromatography-mass spectrometry

The sample platform chosen for this project was liquid chromatography coupled
with mass spectrometry. Metabolites were separated using a ZIC-pHILIC column
(150mm x 4.6mm, 5pm column, Merck Sequant) on a Dionex Ultimate 3000 RSLC
system (Thermo Fisher Scientific, Hemel Hempstead, UK). Analysis was performed
using 10 pl injection volume and a flow rate of 300 pl/min. For mass spectrometry
analysis, a Thermo Orbitrap Exactive (Thermo Fisher scientific) was operated in
both positive and negative detection ion modes. The work was done by researchers

at the Glasgow Polyomics Facility.

7.2.13 Metabolomic data analysis

Samples for Metabolomic Analysis
Limits of quantitation (LOQ) parameter, the smallest concentration of analyte,
was set at 1000 intensity. Samples detected below of this level were excluded

from data analysis.
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Data Processing

Data were analysed using an in-house suite of software built using XCMS (Smith,
et al., 2006), MzMatch (Jankevics, et al., 2012) and IDEOM version 18 software.
The software consists of state-of-the-art peak-picking, alignment and filtering
algorithms that effectively mine raw metabolomics data to produce meaningful

information. A full suite of statistical tools is also built in to the software.

7.2.14 Statistical analysis

Descriptive statistics were recorded. For categorical variables such as
demographics and medical history data, they were summarised using frequencies
and proportions. Whereas for continuous variables, they were summarised using

mean [standard deviation (SD)] or median [interquartile range (IQR)].

This is an exploratory study so no sample size calculation was performed. There
are no data available on the metabolic signature of clopidogrel and/or ticagrelor
while taking these two antiplatelet agents and after discontinuation. The baseline
time refers to before clopidogrel or ticagrelor cessation (pre-). The differences of
metabolite changes before and after DAPT cessation was determined using paired

t-test with a p-value of <0.05 was considered to represent statistical significance.

7.3 Results

7.3.1 Participant characteristics

A total of 29 patients were screened in the study. One patient withdrew
prematurely due to inconvenience associated with multiple hospital visits required
for venesection, 11 patients were excluded because they did not know the planned
stop date for clopidogrel/ticagrelor and there were 7 patients where the durations
of clopidogrel/ticagrelor were longer than the study duration. Study data are

presented on 10 patients.

Baseline characteristics and demographics of the study population are provided in

Table 7-1. The participants were predominantly male (60%) with a mean age (SD)
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of 64.6 (7.2) years. Cardiac risk factors included hyperlipidaemia (30%),

hypertension (20%) and active smoking (20%). All participants were on aspirin
75mg daily, statin and beta-blocker therapy. Nine (90%) patients were on
ticagrelor 90mg twice daily, one (10%) patient was on clopidogrel 75mg daily, 7
(70%) were on angiotensin-converting enzyme (ACE) inhibitors or angiotensin
receptor blockers (ARB) and 4 (40%) were on proton pump inhibitors. The mean
total duration (SD) of DAPT therapy following ACS was 174 (28.4) days.
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Characteristics All piltients Metabolomics analysis
n=10 n=7

Age, years

Mean (SD) 64.6 (7.152) 66.0 (7.188)

Median (IQR) 65.5 (59-70) 68 (60-72)
Sex

Female 4 (40) 3(42.9)

Male 6 (60) 4 (57.1)
Current smoker 2 (20) 1(14.3)
Medical history

Hypertension 2 (20) 2 (28.6)

Diabetes 0 (0) 0 (0)

Hyperlipidaemia 3 (30) 2 (28.6)

Stroke/TIA 1(10) 1(14.3)

IHD 1 (10) 0 (0)
LV systolic function (LVEF)

Good (LVEF >50%) 9 (90) 6 (85.7)

Moderate (LVEF 30-50%) 1(10) 1(14.3)

Poor (LVEF <30%) 0 (0) 0 (0)
Indication for DAPT

ST-elevation Ml 5 (50) 5(71.4)

Non-ST-elevation Ml 3 (30) 2 (28.6)

Unstable angina 1(10) 0 (0)

ACS 1(10) 0 (0)
DAPT duration, days

Mean (SD) 173.5 (28.383) 167.4 (32.501)

Median (IQR) 182.5 (172-188) 180 (171-184)
Antiplatelet therapy

Aspirin 10 (100) 7 (100)

Clopidogrel 1(10) 0 (0)

Ticagrelor 9 (90) 7 (100)
Other medication

Statin 10 (100) 7 (100)

Beta-blockers 10 (100) 7 (100)

ACE-inhibitors/ARB 7 (70) 5(71.4)

Diuretics 1 (10) 1(14.3)

Proton pump inhibitors 4 (40) 3(42.9)

All values are reported as no. (%) unless otherwise noted. ACE=angiotensin-converting
enzyme, ACS=acute coronary syndrome, ARB=angiotensin receptor blocker, DAPT=dual
antiplatelet therapy, IHD=ischaemic heart disease, IQR=inter-quartile range, LV=left

ventricular, LVEF=left ventricular

ejection fraction,

Ml=myocardial infarction,

PCl=percutaneous coronary intervention, SD=standard deviation, TIA=transient ischaemic

attack. *All patients. tAfter exclusion.
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7.3.2 Clinical events

During the study follow-up, no patients developed subsequent cardiovascular
event as defined in section 7.2.9. However, there was one patient admitted to
the hospital, for one night, 12 days after stopping clopidogrel with a complaint of

left leg pain and swelling.

7.3.3 Changes in metabolite levels after discontinuation of DAPT

For metabolomics analysis, three patients were removed from the analysis i.e.
one patient treated with clopidogrel and two patients with poor signal (LOQ <
1000). Thus, metabolomics analysis data are presented for 7 patients. Baseline

characteristics and demographics for 7 patients as shown in Table 7-1.

In metabolomics analysis, 311 putative metabolites were identified (Appendix
19). Figure 7-2 shows the distribution of metabolites identified before and after
DAPT cessation according to their grouped pathways. The majority of metabolites
identified were from lipid pathway (39%), which most of them came from
glycerophospholipid and fatty acyls pathways. Amino acid pathway accounted for
about 22% and followed by carbohydrate metabolism, at 8.4%. There were 23%
metabolites from unknown pathways. The remaining 8% metabolites were from
nucleotide, cofactors and vitamins, peptide, energy and biosynthesis of secondary

metabolites pathway.

Data analysed using IDEOM v18 found 16 putative metabolites significantly altered
by DAPT discontinuation in the seven included patients (Table 7-2). Of these, 7
metabolites were from lipid pathway, 1 from carbohydrate metabolism, 1 from
nucleotide metabolism. Lipid pathway was significantly affected by DAPT
cessation. Most of the compounds identified were downregulated especially
compounds in lipid pathway, which downregulated some up to 3-fold. Whereas for
adenosine, metabolite identified from nucleotide metabolism, was upregulated
2.6-fold.
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Figure 7-2: Pie chart of putative metabolites identified according to their group of
pathway following DAPT cessation in ACS patients.

There were 7 compounds identified from lipid pathway which majority came from
fatty acyls metabolism, and the remaining from lipid metabolism and sphingolipid
metabolism. The metabolites were 4-8dimethylnonanoylcarnitine, 10-undecenoic
acid, 2-methyl-2-dodecenoic acid, 9,12-hexadecadienoic acid, 9Z,12Z,15Z-
octadecatrienoic acid, 11Z-eicosenoic acid and sphingomyelin. Figure 7.3 shows
the graphs of seven individual metabolites identified before and after DAPT
cessation from lipid pathways with mean peak intensities and error bars. As we
can see, the mean intensity for octadecatrienoic acid compound was the highest

compared to others even before and after DAPT cessation.
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Formula Putative metabolite KII:SG Map/Pathway F::?aztsjgt'ia\opn-r vaFu-e*T
CIHO4 perchlorate - 0 0.82 0.010
C21H41NO4 Tetradecanoylcarnitine - 0 0.62 0.048
C19H37NO4 1,2-dioctanoyl-1-amino-2,3-propanediol - 0 0.59 0.050
C12H1802 4-Hexyloxyphenol C14305 0 0.59 0.024
C21H37NO4 3, 5-Tetradecadiencarnitine - 0 0.50 0.037
C29H4802 (24R,24'R)-Fucosterol epoxide C03910 0 0.40 0.035
C10H1203 Coniferyl alcohol C00590 Seca}%zyr;tkﬂejtﬁbo;ntes 0.48 0.046
C6H1406 D-Sorbitol C00794 Carbohydrate Metabolism 0.26 0.032
C18H35N0O4 4-8dimethylnonanoylcarnitine - Lipid Metabolism 0.63 0.002
C11H2002 [FA (11:1)] 10-undecenoic acid C13910 Lipids: Fatty Acyls 0.67 0.041
C13H2402 [FA methyl(12:1)] 2-methyl-2-dodecenoic acid - Lipids: Fatty Acyls 0.67 0.039
C16H2802 [FA (16:2)] 9,12-hexadecadienoic acid - Lipids: Fatty Acyls 0.52 0.041
cisHzooz LA (18:3)] 92’122'iﬁé’lgﬁtiidaec‘fg)t”eno'c acid (alpha- ;5914 Lipids: Fatty Acyls 0.47 0.037
C20H3802 [FA (20:0)] 11Z-eicosenoic acid C13910 Lipids: Fatty Acyls 0.44 0.034
C41H81N206P SM(d18:1/18:1(92)) (Sphingomyelin) C13910 Lipids: Sphingolipids 0.78 0.044
C10H13N504 Adenosine C13910 Nucleotide Metabolism 2.60 0.028

Metabolites identified with confidence 10 (matching authentic standard) are highlighted in grey. Data were generated on IDEOM v18. *Paired t-test

was performed to calculate p-value. tuncorrected p-value.
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Figure 7-3: Fatty acid metabolism differences following DAPT cessation in patients
with ACS. Graphs showing the mean intensity of compounds of before (pre) and after
(post) DAPT cessation, with error bars.
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Table 7-3 shows 7 putative metabolites identified from nucleotide metabolism.

Five metabolites were downregulated and two metabolites were upregulated.
Adenosine was found significantly altered following DAPT cessation (p=0.028) and
inosine was a borderline significant trend (p=0.082). The remaining metabolites in
this pathway were not significantly associated with ticagrelor cessation. Mean
peak intensities and error bars for adenosine compound is presented in Figure 7.4.
The mean intensities for adenosine was increased from 2042 to 5306 following

ticagrelor cessation.

Table 7-3: Nucleotide metabolism differences after DAPT cessation.

Formula Putative metabolite Iic;sstggﬁoPnT p-value't
C10H13N504 Adenosine 2.60 0.028
C5H4N402 Xanthine 1.05 0.868
H204S Sulfate 0.88 0.276
C5H4N40 Hypoxanthine 0.88 0.793
C9H12N206 Uridine 0.81 0.538
C10H12N405 Inosine 0.78 0.082
C5H4N403 Urate 0.78 0.172

Metabolites identified with confidence 10 (matching authentic standard) are highlighted
in grey. Significant metabolites changes are highlighted in blue. Data were generated on
IDEOM v18. *Paired t-test was performed to calculate p-value. tuncorrected p-value.
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Figure 7-4: Adenosine compound differences following DAPT cessation in patients
with ACS. Graph showing the mean intensity of compound of before (pre) and after
(post) DAPT cessation, with error bars.
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Only one putative metabolite was significant from carbohydrate metabolism i.e.

D-sorbitol (Table 7.4). The mean intensities for D-sorbitol was decreased from

37482 to 9642 following ticagrelor cessation (Figure 7-5).

Table 7-4. Changes detected in carbohydrate metabolism after DAPT cessation.

Formula Putative metabolite F;oessts—gt,iAOPnT vaIF:e*T
C4H802 Butanoic acid 0.98 0.831
C4H802 (R)-Acetoin 0.97 0.421

C6H1207 D-Gluconic acid 0.94 0.696
C6H1206 myo-Inositol 0.93 0.610
C6H1005 2-Dehydro-3-deoxy-L-rhamnonate 0.90 0.547
C5H1005 D-Xylulose 0.88 0.532
C4H804 D-Erythrose 0.88 0.461
C3H403 3-Oxopropanoate 0.87 0.488
C6H606 cis-Aconitate 0.87 0.703
C5H804 2-Acetolactate 0.87 0.512
C5H1004 Deoxyribose 0.85 0.710
C5H1005 D-Ribose 0.84 0.583
C5H1006 L-Arabinonate 0.84 0.425
C6H13NO5 D-Galactosamine 0.84 0.391
C6H1205 L-Rhamnulose 0.84 0.318
C5H605 2-Oxoglutarate 0.79 0.510
C6H807 Citrate 0.75 0.374
C4H803 4-Hydroxybutanoic acid 0.75 0.330
C4H605 (S)-Malate 0.74 0.570
CAHBOS5 [FA trihydroxy(4:0)_] 2,3_,4-trihydroxy- 0.74 0.209
butanoic acid
C3H803 Glycerol 0.71 0.186
C5H606 4-Hydroxy-2-oxoglutarate 0.68 0.399
C3H403 Pyruvate 0.66 0.484
C3H603 (R)-Lactate 0.51 0.420
C6H806 Ascorbate 0.47 0.430
C6H1406 D-Sorbitol 0.26 0.032

Metabolites identified with confidence 10 (matching authentic standard) are highlighted
in grey. Significant metabolites changes are highlighted in blue. Data were generated on
IDEOM v18. *Paired t-test was performed to calculate p-value. tuncorrected p-value.
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Figure 7-5: D-sorbitol compound differences following DAPT cessation in patients
with ACS. Graph showing the mean intensity of D-sorbitol before (pre) and after
(post) DAPT cessation, with error bars.
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7.4 Discussion

Ten ACS patients were recruited in this preliminary study. All patients were
treated with aspirin 75mg daily and combination with thienopyridine; nine
patients were on ticagrelor and only one patient was on clopidogrel. One of the
objectives of the study was to see metabolite changes after clopidogrel cessation,
as clopidogrel cessation are known to cause increased risk of cardiovascular event,
especially within the first 90 days after discontinuation. However, due to changes
in clinical practice with the approval of ticagrelor for the treatment of post-PCl
and ACS in the United Kingdom in October 2011 (National Institute for Health and
Clinical Excellence, 2011), there were more patients prescribed with ticagrelor
than clopidogrel in this study. Thus, for metabolomics analysis purposes, one
patient treated with clopidogrel and two patients with poor signals were excluded
from the analysis. Although at the moment, there is no evidence of increased risk
of cardiovascular event following discontinuation of ticagrelor, in this section,

discussion will be focusing on metabolite changes related to ticagrelor.

In the present pilot study, the level of adenosine was significantly increased and
inosine level was decreased with almost approached significance, following
ticagrelor cessation. These findings are not completely understood. Logically,
adenosine level should decrease following ticagrelor cessation as others (van
Giezen, et al., 2012; Armstrong, et al., 2014; Bonello, et al., 2014) have reported
that ticagrelor increases adenosine concentration in ACS patients via inhibiting
cellular uptake of adenosine (refer Figure 7-6). Although further study is needed,
there are possible mechanisms that maybe responsible for these findings. First,
adenosine levels in the extracellular space mainly derive from phosphor-hydrolysis
of precursor nucleotides such as adenosine triphosphate (ATP), adenosine
diphosphate (ADP) and adenosine monophosphate (AMP) (Eltzschig, 2009) (Figure
7-6). Thus, it is speculated that there is on-going platelet activation secondary to
exposure with the damaged endothelium tissue. Studies by Schultheiss, et al.
(1994) and Ault, et al. (1999) supported that platelet remains activated within
one month following ACS, in patients with stable coronary artery diseases (CAD)
(Furman, et al., 1998) and remains activated up to six months following STEMI
(Scalone, et al., 2011). Under conditions of endothelium injury, adenosine is

released at sites of tissue injury through degradation of released ATP and ADP
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(Park and Gupta, 2013). Second, extracellular adenosine half-life is about few

seconds (Moser, et al., 1989) as it is quickly taken up by cells and break down to
inosine (Park and Gupta, 2013), thus, there is a possibility of poor uptake of
adenosine by cells such as platelets and erythrocytes. Finally, another possible
explanation is due to a low level of enzyme adenosine deaminase (ADA) that
converts adenosine to inosine or adenosine kinase (ADK) that converts adenosine
to AMP, could contribute to increase level of adenosine. Thus, it is speculated that
with increased intracellular adenosine level, it will be transported via sodium-
independent equilibrative nucleotide transporter (ENT1) to extracellular and thus
increased extracellular adenosine. High level of extracellular adenosine might not

be harmful to patients, but enhance the biological effects of adenosine.
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Figure 7-6: Formation of adenosine and its intracellular uptake and metabolism,
which are reduced by ticagrelor through inhibition of ENTL.

Possibilities of contribution of increase level of adenosine following ticagrelor cessation,
1) on-going tissue damage, 2) poor uptake of adenosine, 3) low level of adenosine
kinase or adenosine deaminase. Adapted from Cattaneo, et al. (2014) (Permissions
obtained from Elsevier, License Number 3827770177972)
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In this observational pilot study, several lipid compounds levels were decreased

after ticagrelor cessation. One putatively identified compound was sphingomyelin.
Sphingomyelin level was decreased significantly from the baseline. Although this
result is not completely understood, there is one possible explanation for this, i.e.
it is because all ACS patients in this study were treated with a cholesterol-lowering
agent i.e. simvastatin or atorvastatin. Sphingomyelin is known to associate with
cardiovascular disease risk (Stegemann, et al., 2014). Jiang, et al. (2000) found
that plasma sphingomyelin was significantly higher in patients with CAD and few
years later, Schlitt, et al. (2006) found that sphingomyelin was associated with
myocardial infarction and cardiovascular death in ACS patients. Another study by
Chen, et al. (2011) found sphingomyelin levels were higher among patients with
CHD and in those with left ventricular (LV) systolic dysfunction (LVEF<50%) than
in patients without CHD or LV dysfunction. It is speculated that statin therapy
decreased level of sphingomyelin. Sphingosine-1-phosphate (S1P), a major
metabolite produced following sphingomyelin degradation, activates endothelial
NO synthase (eNOS) in vascular endothelial cells by binding to G-protein-coupled
S1P1 receptors (lgarashi, et al., 2001; Igarashi and Michel, 2001; Igarashi, et al.,
2003). Igarashi, et al. (2007) found that statins increased eNOS activity in response
to stimulation with S1P and upregulated S1P1 receptor expression, thus, this may
lead to metabolism of sphingomyelin and decrease sphingomyelin’s level following

statin therapy.

Although, only 16 putative metabolites significantly altered following ticagrelor
cessation, it is important to note that there are another 19 putative metabolites
that almost reach nominal significance (p-value between 0.051 to 0.10) in this
study still may be scientifically important and bear further investigation. Future
works on targeted analyses may be necessary to support the findings from this
study. Moreover, the findings in this study do not only provide metabolite changes
detected following ticagrelor discontinuation, but also provide metabolic
signatures of ticagrelor response. Metabolomics, the study of metabolism, can
help us identify pathways involved in drug clinical efficacy as well as risk of
cardiovascular events associated with antiplatelet therapy (Lewis, et al., 2013;

Yerges-Armstrong, et al., 2013; Ellero-Simatos, et al., 2014).
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7.4.1 Strengths and limitations

This preliminary study has several strengths. First, this study was performed in
ACS patients, and thus it able to reflect the effect of ticagrelor cessation in
patients with ischaemia and coronary artery disease. Second, untargeted
metabolomics approach by LCMS is able to generate rich metabolomics data, for

example in this study, 311 putative metabolites were detected.

There are limitations in this present work. Firstly, it describes a clinical
observation in a small number of patients. There are challenges in recruiting
research participants. Many potential participants did come forward after
received invitation letters but many were ineligible as they were not sure the date
of stopping DAPT or were unable to attend as they need to travel long distances
for study visits. Although with a small sample size, this study collected samples
from multiple time-points for a single subject, which able to reduce the variability
level (B.Dunn, et al., 2013). Secondly, sampling bias is likely in this study. To
increase the number of recruitment and to make the study more attractive, the
study allowed the two visits at any time of the day. There are many factors
influence metabolite profiles such as dietary intake and what time they eat (Park,
et al., 2009). Nevertheless, the study collected blood samples under a similar

condition where all patients were allowed to eat and drink as normal.

7.5 Summary

This is a preliminary report on multiple metabolites changes following DAPT
cessation in a small sample of patients with ACS. Findings suggest the possibility
of relevant changes in platelet related metabolism post-DAPT cessation. A long-
term goal is to associate metabolites changes with cardiovascular event post-DAPT

cessation.
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8 Conclusion

Antiplatelet therapy is the cornerstone of secondary prevention following an acute
coronary syndrome (ACS) or ischaemic stroke, and antiplatelet agents have been
shown to improve clinical outcome in these conditions. However, despite the use
of antiplatelet therapy in these populations, cardiovascular events still occurred.
Several studies have been carried out to assess certain clinical aspects when using

antiplatelet in patients who have suffered ACS or ischaemic stroke.

Antiplatelet therapy is normally prescribed as a secondary prevention medication
in order to prevent recurrent event, however, there are patients who experience
a stroke whilst taking antiplatelet. So in chapter 3, the Virtual International Stroke
Trials Archive (VISTA) data were used to test whether those who change to a new
antiplatelet regimen following acute stroke have better clinical outcomes. The
study found that patients who changed their pre-existing antiplatelet therapy was
not associated with a lower risk of recurrence stroke than continuing on the same
antiplatelet regimen. Patients who changed to a new antiplatelet regimen was
associated with more favourable functional outcome at day 90, although this
observation might be due to confounding at the baseline. The results may have
relevance to the clinical practice, yet, the selection of an antiplatelet agent

should be individualized based on patient characteristics.

Guidelines suggest initiation of antiplatelet therapy within 24 to 48 hours following
acute stroke or it must be avoided for 24 hours following thrombolytic therapy. In
chapter 4, the study examines whether early initiation (initiated on the same or
following day after stroke) of antiplatelet therapy associated with better clinical
outcomes. The study observed, in patients who have suffered ischaemic stroke,
early initiation of antiplatelet therapy was not associated with better outcomes
than later initiation. Furthermore, early initiation was associated with an
increased risk of bleedings. Although, the results might be applicable to clinical

practice, these findings need to be confirmed in randomised and larger trials.

Interrupting or stopping antiplatelet therapy has been previously shown to

associate with increased risk of cardiovascular events. Nevertheless, the impact
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of interruption or stopping antiplatelet therapy in patients who have suffered

ischaemic stroke is still lacking, thus, in chapter 5, the clinical outcomes following
early cessation, interruption and stopping antiplatelet therapy were explored
using a nested case-control study. In this observational study, early cessation or
interrupted/stopped antiplatelet therapy was not associated with an increased
risk of cardiovascular events compared to persistent users. The study used VISTA
data, which has shorter study follow up (up to 90 days), could be one of the
reasons the clinical outcomes could not be captured in this study. Further

prospective and randomized trials are warranted to confirm these findings.

Cessation of DAPT may put patients at risk of cardiovascular event. Thus, in
chapter 6 describes the incidence and predictors or cardiovascular events after
DAPT cessation in patients who have suffered ACS using the NHS Greater Glasgow
and Clyde Safe Haven database. The pertinent observations from this study were
that: i) incidence of cardiovascular events occurred in 188 (16.7%) patients after
DAPT cessation; ii) the incidence rate was lower in 0-90-day interval than in the
next 90-day interval after DAPT cessation, 0.15 and 0.23 per 1000 patient-days,
respectively; and iii) age, having medical or revascularization therapy and
duration of DAPT were independent predictors of cardiovascular events. The
evidence presented in this real life setting, may be found useful by clinician and

cardiologist to guide DAPT cessation in their patients.

There are concerns regarding clustering of cardiovascular events that has been
reported previously following clopidogrel cessation and it is essential to determine
whether there are metabolite changes affected after DAPT cessation. In chapter
7, in patients who have suffered ACS, there were 311 putative metabolites
identified after ticagrelor cessation. Of the 311 metabolites, 16 (5.1%) putative
metabolites significantly altered following ticagrelor cessation, especially
adenosine. Also, there were 19 putatively identified metabolites almost reach
significance which requires further confirmation in larger sample. These
putatively identified metabolites may have play a role in cardiovascular events

following DAPT cessation that need to be investigated further.

The strength and limitations of each study in this thesis have been discussed in

each individual chapter. Thus, in overall, the findings from the individual studies
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described in this thesis raise important clinical questions that warrant further

investigations. On the other hand, the conclusions obtain in relation to
antiplatelet therapy and recurrent ischaemic stroke must be interpreted with
caution. This is because the analyses were performed using a non-randomized
clinical trial data from VISTA that were collated from numerous clinical trials. The
study observed low events rate of recurrent stroke and lacks statistical power
could be the reasons why the study may not detect significant difference between
groups. Most analyses presented in this thesis were conducted retrospectively,

thus need validation and further analyses using prospective studies.

8.1 Clinical implications

Ischaemic stroke and TIA are commonly complicated by increased risk of
recurrence following acute event. Early prevention and multiple approaches could
be beneficial for patients in order to improve disability following a stroke. The
findings in this thesis suggested those who took antiplatelet therapy before a
stroke, switching to a new antiplatelet regimen after ischaemic stroke might have
a better functional outcome at 90 days. In patients who suffered ischaemic stroke,
it is suggested appropriate and clinically guided interruptions to antiplatelet

therapy may not put patients at significant increased risk within 90 days.

Discontinuation of DAPT is associated by increased risk of cardiovascular events.
A better understanding of this may allow strategies to mitigate this risk. In this
thesis, it is suggested to monitor closely ACS patients who is at risk i.e. elderly,
those who received shorter DAPT duration (less than 6 months) and those who
were not treated with revascularization. This evidence could be useful for
clinicians in decision making or management of DAPT for their patients.
Furthermore, these data suggest that ACS patients may benefit from longer
duration of DAPT. Following DAPT cessation, there were no differences of
cardiovascular event risk when continued either aspirin or clopidogrel mono

antiplatelet therapy.
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8.2 Future directions of research

Future directions include:

a) Long term clinical outcome data following ticagrelor cessation in patients

who have suffered ACS are needed.

b) Metabolite changes between two time points could be compared before and

after clopidogrel cessation in ACS patients.

c) ldentification of novel biomarkers between patients with and without
cardiovascular events following DAPT cessation could have potential

implications.
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Frof. Esnnedy R. Lees, [VISTA Chair|

ristitute of Cardicwasculer and Medical Soences
Uriversity of Slasgow

or. Myzoon A6 [WISTA Coordinatar|

University of Slasgow

W, wists oolla borakion. o

izt acuhe S s pow. BC Lk

Dear Dr. Dawson,

Lz reguested, please find =nclosed the dataset fram VISTA Cont=nts are= in the form
af a zipped file to ensure the seourivy of the data. The cont=nts include demography, adverse
=yent, medication tzbles and & data dictionary explaining labels and formats used. To
actrvate the datz plesse t=lephane =44 141 331 B121 far the unzip pasmword.

This datasets will b= sent to you on the condition that the datm will remain the
praperty of the VISTA Collaboration and na use will be made of it other than far the declared
purpase. The data are confidential and therefore must not be disclosed to, or copied ta,
anyane else. Authorship must alsa be provided an behalf of the YISTA Collaboration.

At the =nd af this project. all copies of these data must be wipsd from your
computer or any other comput=r mediz and scurces of back-up. Far this purpase we assume
that all data will have been remaved fram your system by 30 August 2014, IF you wish to
=xtend this dats, we waould be grateful if you could contact us regarding this. The project
miary b= mubject to an awdit by the Robertsocn Center for Bipstatistics upon completion.

If wou agree to the sbowe terms, pleass sign below and return this lester to me 2t the

addrass belaw.

Yours Sincerely

Or. hMyzaon Al

WISTA Coordinator

Divisian of Cardiowascular and Medical Scisnces
Gardiner Institute

44 Churnch St

Glasgow E11 GNT

Tel- 2141 5331 121

Faw: 0141 331 8201

| agree to the abowe terms and conditions:

Maimes
DIEEE e .




Appendices

A2. Keywords for stroke/TIA

203

Recurrent stroke

Transient ischaemic attack

2ND INFARCT IN HEAD OF CAUDATE NUCLEUS R
A LARGE INFARCT IN ANTERIA CEREBRI MEDIA
ACUTE BRAIN INFARCT AT PONTINE LEVEL
ACUTE ISCHEMIC STROKE

ACUTE ISCHEMIC STROKE (PROGRESSIVE)
ACUTE LEFT CORTICAL INFARCT

ACUTE RIGHT CEREBROVASCULAR ACCIDENT
ARTERIA CEREBRI MEDIA INFARCTION LEFT
ARTERIAL INTERNAL CAROTID ARTERY DISSECT
ARTERIAL INTERNAL CARTOID ARTERY DISSECT
ASYMPTOMATIC LEFT HEMISPHERIC INFARCTION
BILATERAL ISCHEMIC STROKE

BRAIN INFARCTION

BRAIN STEM INFARCTION

BRAIN STEM INFARCTION

CARDIOEMBOLIC MAJOR BRAIN STEM INFARCTIO
CEREBELLAR INFARCT

CEREBELLAR INFARCTION

CEREBRAL INF SIN

CEREBRAL INFARCT

CEREBRAL INFARCTION

CEREBRAL INFARCTION

CEREBRAL REINFARCTION

CEREBRAL RE-ISCHEMIA RIGHT HEMISPHERE
CEREBRAL VASCULAR ACCIDENT
CEREBROVASCULAR ACCIDENT

INFARCTION RT. MIDDLE CEREBRAL ARTERY
EMBOLIC STROKE

ISCHAEMIC STROKE

ISCHAEMIC STROKE NOS

ISCHAEMIC STROKE ON THE LEFT SIDE

ISCHEMIC CEREBELLAR STROKE BILATERAL (NE
ISCHEMIC CEREBRAL INFARCTION

ISCHEMIC STROKE

ISCHEMIC STROKE - NEW

ISCHEMIC STROKE (FOLLOW UP)

ISCHEMIC STROKE IN LEFT HEMISPHERE
ISCHEMIC STROKE RECURRENCE

LACUNAR INFARCTION

LACUNAR STROKE

LARGE LEFT CORTICAL INFARCT

LARGE MALIGNANT INFARCT WITH MILD HEMORR
LARGE RIGHT HEMISPHERIC STROKE

LEFT BRAIN INFARCTION, NEW RESTROKE

LEFT BRAIN INFARCTION, RESTROKE

LEFT MIDDLE CEREBRAL ARTERY TERRITORY IN
LEFT SIDED CEREBROVASCULAR ACCIDENT
MALIGNANT CEREBRAL INFARCTION
MALIGNANT INFARCTION

MALIGNANT MCA INFARCTION — MIDDLE CEREBRAL ARTERY
MALIGNANT RIGHT MCA INFARCT WITH EDEMA
MASSIVE RIGHT CORTICAL HEMISPHERE INFARC
MEDIA INFARCT LEFT SIDE

MIDDLE CEREBRAL ARTERY INFARCT

MIDDLE CEREBRAL ARTERY STROKE

MULTIPLE ISCHEMIC STROKE

MULTIPLE NEW STROKE

MULTIPLE NEW STROKES - ISCHEMIC

NEW ACUTE ISCHEMIC STROKE

NEW BRAIN STEM CVA

NEW BRAIN STROKE

NEW BRAINSTEM STROKE

NEW CEREBRAL INFARCTION

NEW INFARCTION IN CONTRALATERAL HEMISPHE
NEW ISCHAEMIC STROKE

NEW ISCHEMIC ACUTE INFARCTION RIGHT FRON
NEW ISCHEMIC STROKE

NEW ISCHEMIC STROKE #1

NEW ISCHEMIC STROKE (RIGHT MIDDLE CEREBR
NEW ISCHEMIC STROKE WITH HEMMORRHAGIC TR
NEW ISCHEMIC STROKE WITH RIGHT HEMIPARES

MULTIPLE TIA

RECURRENT T.I.A

RECURRING TRANSIENT ISCHEMIC ATTAACK

TIA

TIA ATTACK

TIA LEFT HEMISPHERE

TRANS ISCHEMIC ATTACKS

TRANSIENT ISCHAEMIC ATTACK

TRANSIENT ISCHAEMIC ATTACK

TRANSIENT ISCHEMIC ATACK

TRANSIENT ISCHEMIC ATTACK

TRANSIENT ISCHEMIC ATTACK, MULTIPLE
TRANSIENT ISCHEMIC ATTACKS

TRANSITORIC ISCHEMIC ATTACK

TRANSITORY ISCHAEMIC ATTACK
VERTEBROBASILAR TRANSIENT ISCHEMIC ATACK
VERTEBROBASILAR TRANSIENT ISCHEMIC ATTAC
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Recurrent stroke

Transient ischaemic attack

NEW ISCHEMIC STROKE, RIGHT SUBCORTICAL
NEW LEFT ISCHEMIC CVA

NEW ONSET ISCHEMIC STROKE

NEW RIGHT CEREBELLAR INFARCTION

NEW RIGHT ISCHEMIC CVA

NEW STROKE

NEW STROKE - ISCHEMIC

NEW STROKE (BRAINSTEM)

NEW STROKE (INFARCTION)

NEW STROKE (ISCHEMIC)

NEW STROKE HEMORRHAGIC

NEW STROKE ISCHEMIC

NEW STROKE LEFT BRAIN HAEMATOMA IN MCA T
NEW STROKE LEFT OCCIPITAL ISCHEMIC STROK
NEW STROKE SYMPTOMS IN REGIO CEREBELLARI
NEW STROKE, ISCHAEMIC

NEW STROKE/ISCHEMIC

ORIGINAL LEFT MIDDLE CEREBRAL ARTERY INF
ORIGIONAL ACUTE ISCHEMIC STROKE

REC. STROKE

RECIDIVE BRAIN INFARCTION

RECURREND STROKE

RECURRENT ACUTE ISCHEMIC STROKE - CEREBE
RECURRENT CEREBRAL ISCHEMIA

RECURRENT CEREBROVASCULAR ACCIDENT
RECURRENT IPSILATERAL STROKE

RECURRENT ISCHAEMIC NEW STROKE LEFT HEMI
RECURRENT ISCHAEMIC STROKE

RECURRENT ISCHEMIC CEREBROVASCULAR STROK
RECURRENT ISCHEMIC STROKE

RECURRENT ISCHEMIC STROKE - RIGHT POSTER
RECURRENT LEFT HEMISPHERIC STROKE
RECURRENT NEW ISCHEMIC STROKE
RECURRENT RIGHT MCA STROKE

RECURRENT STROKE

RECURRENT STROKE (FOLLOW UP)
RE-INFARCTION OF LEFT LENTIFORM NUCLEUS
RE-STROKE ISCHEMIC

RIGHT CEREBRAL INFARCT

RIGHT MIDDLE CEREBRAL ARTERY STROKE
RIGHT PARIETAL ISCHEMIC INFARCT

RT. MCA INFARCT WITH MASSIVE CEREBRAL ED
STROKE

STROKE (ACV)

STROKE (ISCHAEMIC)

STROKE (ISCHEMIC)

STROKE (LEFT MIDDLE CEREBRAL ART.)

STROKE (NEW EVENT)

STROKE (NEW)

STROKE (RECURRENCE)

STROKE BRAINSTEM

STROKE IN RIGHT ANTERIOR AND MIDDLE CERE
STROKE RECURRENCE
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Intracranial

Extracranial
(gastrointestinal, non-gastrointestinal)

BILATERAL SUBDURAL HEMATOMA

ACUTE HEMORRHAGIC STROKE

AND SUBARACHNOID HEMORRHAGE
ASYMPTOMATIC CEREBRAL HAEMORRHAGIC TRANS
ASYMPTOMATIC HAEMORRHAGIC INFARCTION (ON
ASYMPTOMATIC INTRACRANIAL BLEEDING
ASYMPTOMATIC MILD INTRA-CEREBRAL BLEEDIN
ASYMTOMATIC CEREBRAL BLEEDING

BASAL GANGELION HAEMORRHAGE

BLEEDING INTRACRANIAL

BRAIN HAEMORRHAGE

BRAIN HEMATOMA

BRAIN HEMATOMA INTRAVENTRICULAR HEMORRHA
BRAIN HEMATOMA WITH INTRAVENTRICULAR HEM
BRAIN HEMATOMA WITH SUBARACHNOID HEMORRH
BRAIN HEMORRHAGE

CEREBELLAR HAEMORRHAGE (ARTEFACT?) REPOR
CEREBELLAR HEMORRHAGE

CEREBRAL BLEEDING

CEREBRAL HAEMORRAGE

CEREBRAL HAEMORRHAGE

CEREBRAL HEMATOMA

CEREBRAL HAEMATOMA

CEREBRAL HEMORRAGE

CEREBRAL HEMORRHAGE

CEREBRAL HEMORRHAGE

CEREBRAL HEMORRHAGE (FOLLOW-UP)

CEREBRAL HEMORRHAGE EVENT

CEREBRAL HEMORRHAGY

CEREBRAL HAEMORRHAGE

HAEMATOMA SUBDURAL

HAEMORRHAGE (INTRACRANIAL)

HAEMORRHAGE BRAIN

HAEMORRHAGE INTO CEREBRAL INFARCTION
HAEMORRHAGE INTO ORIGINAL INFARCT
HAEMORRHAGE INTRACRANIAL

HAEMORRHAGIC CEREB.INFARCT.IN PRIMARY FO
HAEMORRHAGIC CEREBRAL INFARCTION
HAEMORRHAGIC STROKE

HEMMORHAGIC STROKE

HEMORRHAGE (CEREBRAL)

HEMORRHAGE (INTRACRANIAL)

HEMORRHAGE BRAIN

HEMORRHAGE CEREBRAL

HEMORRHAGE IN STROKE TERRITORY BY MRI
HEMORRHAGE INTRACEREBRAL

HEMORRHAGE INTRACRANIAL

HEMORRHAGE LEFT BASAL GANGLIA
HEMORRHAGE LEFT FRONTAL LOBE

HEMORRHAGE WITHIN THE ISCHAEMIC TERRITOR
HEMORRHAGE, CEREBRAL

HEMORRHAGE, ENLARGEMENT OF INFARCTED ARE
HEMORRHAGIC STROKE

HEMORRHAGIC STROKE (HEMORRHAGICAL TRANSF
I.C. HAEMORRHAGES

IC HAEMORRHAGIA DX WITH SLIGHT CLINICAL

ICH ( INTRACRANIAL CEREBRAL HEMORRHAGE)
INTRA CEREBRAL HAEMORRHAGE

INTRA CEREBRAL HEMORRHAGE

INTRA CRANIAL BLEED

INTRA VENTRICULAR HEMORRHAGE WITH CLINIC
INTRACEBRAL BLEEDING

INTRACEREBELLAR HAEMORHAGY

INTRACEREBRA HEMORRHAGE TYPE 2
INTRACEREBRAL & VENTRICULAR BLEEDING
INTRACEREBRAL BLEED

INTRACEREBRAL BLEEDING

INTRACEREBRAL BLEEDING AFTER TROMBOLYSIS
INTRACEREBRAL HAEMATOMA

INTRACEREBRAL HAEMORRAGE

ANAEMIA DUE TO GASTROINTESTINAL BLOOD LO
BLEEDING DUODENAL ULCER

BLEEDING FROM THE ULCER IN STOMACH
BLEEDING GASTRIC ULCER

BLEEDING GASTRIC ULCERS

BLEEDING GASTROINTESTINAL TRACT
BLEEDING IN ABDOMINAL LOCALITY WITH ABDO
BLOOD CLOT IN URINE

BLOOD IN STOOL

BLOOD IN URINE

BLOOD IN URINE

BLOOD VOMITING

BLOODY STOOL

COFFEE GROUND EMESIS

COFFEE GROUND VOMITING

DUODENAL HEMORRHAGE

ENTERORHAGY — INTESTINAL HAEMORRHAGE
FRANK HAEMATURIA

GASTRIC BLEEDING

GASTRIC HAEMORRHAGE

GASTRIC HEMORRHAGE

GASTRIC ULCER WITH SERIOUS BLEEDING
GASTRO DUODENAL BLEEDING

GASTRO INTESTINAL BLEED

GASTRO INTESTINAL BLEEDING
GASTROINTESTINAL BLEED
GASTROINTESTINAL BLEED SECONDARY TO GAST
GASTROINTESTINAL BLEEDING
GASTROINTESTINAL HAEMORRAGE
HAEMORRHAGE OF RECTUM
GASTROINTESTINAL HAEMORRHAGE
GASTROINTESTINAL HEMORRHAGE
GASTROINTESTINAL TRACT BLEED NOS

Gl BLEED

Gl BLEEDING

Gl HAEMORRHAGE

GROSS HEMATURIA

MASSIVE EPISTAXIS

MASSIVE EPISTAXIS WITH HEMORRHAGIC SHOCK
HAEMATEMESIS

HAEMATURIA

HAEMORRHAGE FROM DIGESTIVE TRACT
HAEMORRHAGE FROM THE URINARY TRACT
HAEMORRHAGE GASTROINTESTINAL
HAEMORRHAGE URINARY TRACT
HEMATOCHEZIA

HEMATOCHEZIA — STOOLS WITH BLOOD
HEMATURIA

HEMATURIA AGGRAVATED

HEMATURIA TRAUMATIC

HEMORRHAGE OF GASTROINTESTINAL TRACT
HEMORRHAGIC SHOCK

INTESTINAL BLEEDING

INTESTINAL HAEMORRHAGE
INTRA-ABDOMINAL HEMORRHAGE

RECTAL BLEED

RECTAL BLEEDING

RECTAL BLOOD POST BOWEL MOVEMENT SEC TO
RECTAL HAEMORRHAGE

RECTAL HEMORRHAGE

HEMORRHAGE OF RECTUM AND ANUS
LOWER GASTROINTESTINAL BLEED

LOWER GASTROINTESTINAL HEMORRHAGE
LOWER GI BLEED

MELAENA

MELAENA

MELAENAS

MELENA

MELENA

MELENA DUE TO DUODENAL ULCER
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Intracranial

Extracranial
(gastrointestinal, non-gastrointestinal)

INTRACEREBRAL HAEMORRAGHE
INTRACEREBRAL HAEMORRHAGE
INTRA-CEREBRAL HAEMORRHAGE
INTRACEREBRAL HAEMORRHAGE (FOLLOW-UP)
INTRACEREBRAL HAEMORRHAGE INTO ACUTE INF
INTRACEREBRAL HEMMORRHAGE
INTRACEREBRAL HEMORRAGE NEW STROKE
INTRACEREBRAL HEMORRHAGE

INTRA-CEREBRAL HEMORRHAGE

INTRACEREBRAL HEMORRHAGE (NEW)
INTRACEREBRAL HEMORRHAGE ASYMPTOMATIC (T
INTRACEREBRAL HEMORRHAGE MALIGNANT OEDEM
INTRACEREBRAL HEMORRHAGE S/P FALL
INTRACRANIAL BLEEDING

INTRACRANIAL BLEEDING

INTRACRANIAL HAEMATOMA

INTRACRANIAL HAEMORRHAGE

INTRACRANIAL HAEMORRHAGE NOS
INTRACRANIAL HEMATOMA

INTRACRANIAL HEMORRAGE

INTRACRANIAL HEMORRHAGE

INTRACRANIAL HEMORRHAGE, UNSPECIFIED
INTRAVENTRICULAR HEMORRHAGE

LEFT CAPSULA INTERNA BLEEDING

LEFT INTRACEREBRAL HEMORRHAGE (LARGE)
MASSIVE RIGHT INTRACEREBRAL HEMORRHAGE
MINOR CEREBRAL BLEED RELATED TO BRAIN BI
MINOR INTRACEREBRAL HAEMORRHAGE

NEW HEMMORRHAGIC STROKE

NEW HEMORRHAGIC STROKE

NEW INTRACEREBRAL HEMORRHAGE

PETECHIAL HAEMORRHAGE OF INF. AREA
PETECHIAL INTRACEREBRAL BLEEDING, ASYMPT
PETECHIAL INTRACEREBRAL HEMATOMA, ASYMPT
POST TPA CEREBRAL PARENCHYMAL HEMORRHAGE
PRIMARY INTRA-CEREBRAL HAEMORRHAGE
RECURRENT HEMORRHAGIC STROKE
REPERFUSION HEMORRHAGE OF BRAIN

RIGHT SIDED INTRACRANIAL HAEMORRHAGE
SECONDARY HEMORRHAGE IN INFARCTED AREA
SEVERE HAEMORRHAGIC STROKE

SMALL RIGHT FRONTAL CEREBRAL HEMORRHAGE
SUB DURAL HAEMATOMA

SUBARACHNOID HAEMORRHAGE
SUBARACHNOID HEMORRHAGE

SUBDURAL HAEMATOMA

SUBDURAL HEMATOMA

SUBDURAL HEMATOMA (TRAUMATIC)
SUBDURAL HEMORRHAGE

SUBDURAL HEMORRHAGE, BILATERAL

SPINAL EPIDURAL HEMATOMA

SYMPTOMATIC INTRACRANIAL HEMORRHAGE
THALAMUS HAEMATOMA

TRAUMATIC SUBDURAL HEMATOMA

EPIDURAL HAEMATOMA

HEMORRHAGISATION OF STROKE IN TERRITORRY

HEMORRHAGE OF RECTUM

OESOPHAGEAL BLEEDING

PEPTIC ULCER HAEMORRHAGE

PEPTIC ULCER WITH HAEMORRHAGE

PEPTIC ULCER WITH HAEMORRHAGY

RETENTION OF CLOTS (HAEMATURIA-BLOOD IN
SEVERE GASTROINTESTINAL BLEEDING LEADING
SHOCK DUE TO GASTROINTESTINAL BLEEDING
STOMACH ULCER HEMORRHAGE

TARRY STOOLS

UNSPECIFIED GASTRIC (STOMACH) HEMORRHAGE
UPPER GASTRO INTESTINAL BLEEDING

UPPER GASTROINTESTINAL BLEED

UPPER GASTROINTESTINAL BLEEDING

UPPER GASTROINTESTINAL BLEEDING SECONDAR
UPPER GASTROINTESTINAL HAEMORRHAGE
UPPER GASTROINTESTINAL HEMORRHAGE
UPPER GI BLEED

UPPER GI HEMORRHAGE /= HEMATEMESIS
VOMITING BLOOD

WITH MACRO HEMATURIA

HEMORRHAGE

MALLORY WEISS SYNDROME

MALLORY WEISS TEAR

MULTIPLE GASTRIC ULCERS WITH HEMORRHAGE
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A4. Safe Haven application feedback
NHSGGC Safe Haven N H S
\ﬂ

Greater Glasgow
and Clyde

Safe Haven

Health Research Informatics Unit
Level 6, Boyd Orr Building
University of Glasgow

University Avenue

Glasgow

G128QQ

Date: 13.02.14

Ms. Wardati Mazlan-Kepli

Institute of Cardiovascular and Medical Sciences
College of Medical, Veterinary & Life Sciences
University of Glasgow

Gardiner Institute, Western Infirmary

Glasgow
G11 6NT
Safe Haven Application Feedback
Project Name: Antiplatelet therapy and clinical outcomes in cardiovascular

patients

Project Number: GSH/13/CA/005

All applications to the Safe Haven are reviewed separately by the Safe Haven team,
the R&D Peer Review Committee (if appropriate) and the LPAC group and measured
against a set of pre-defined criteria.

Your application has been through all relevant review processes and found to be
generally acceptable; the committee has issued a conditional approval, provided
you amend the following aspects of your study:

* Please provide more specific information on what data fields are
required. It was agreed that this project could be used as a pilot
project for using GJNH data.

e |t is suggested that you work on questions 1, 3 and 4 first. The Safe
Haven does not currently hold the data to answer question 2 ‘Are
there any clinical predictors of cardiovascular events following
cessation of DAPT?’, but this data should be available later, as a result
of another study currently underway.

Page 1 of 2

Safe Haven Application Feedback Form - provisional Version 2.0, created 06.09.13 by Claire MacDonald



Appendices

NHSGGC Safe Haven N H S
N—

Greater Glasgow
and Clyde

Please submit your amendments in writing to a member of the Safe Haven team,
who will confirm that your application is complete and approved.

We look forward to working with you and thank you for considering the Safe Haven
to be part of your study.

Yours Sincerely

CMacDonald

Claire MacDonald
Safe Haven Project Manager

208
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death

Events ::(f)g_elso Diseases
120.0 Unstable angina
121 Acute myocardial infarction
121.0 Acute transmural myocardial infarction of anterior wall
21.1 Acute transmural myocardial infarction of inferior wall
121.2 Acute transmural myocardial infarction of other sites
121.3 Acute transmural myocardial infarction of unspecified site
ACS 121.4 Acute subendocardial myocardial infarction
121.9 Acute myocardial infarction, unspecified
122 Subsequent myocardial infarction
122.0 Subsequent myocardial infarction of anterior wall
122.1 Subsequent myocardial infarction of inferior wall
122.8 Subsequent myocardial infarction of other sites
122.9 Subsequent myocardial infarction of unspecified site
;ﬁﬁg 150 Heart failure
TIA G45.8 | Other transient cerebral ischaemic attacks and related syndromes
G45.9 | Transient cerebral ischaemic attack, unspecified
163 Cerebral infarction
163.0 Cerebral infarction due to thrombosis of precerebral arteries
163.1 Cerebral infarction due to embolism of precerebral arteries
163.2 Cerebral infarctio_n due to unspecified occlusion or stenosis of
precerebral arteries
163.3 Cerebral infarction due to thrombosis of cerebral arteries
Strok 163.4 Cerebral infarction due to embolism of cerebral arteries
ok 163.5 Cerebral infar'ction due to unspecified occlusion or stenosis of
cerebral arteries
163.6 Cerebral infarction due to cerebral venous thrombosis,
nonpyogenic
163.8 Other cerebral infarction
163.9 Cerebral infarction, unspecified
164 Stroke, not specified as haemorrhage or infarction
Cardiac 146.1 Sudden cardiac death
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A6. ICD-10 codes for major bleeding

ICD-10 codes

Diseases

Subarachnoid

160 Subarachnoid haemorrhage
160.0 S_ubaraghnoid haemorrhage from carotid siphon and
bifurcation
160.1 Subarachnoid haemorrhage from middle cerebral artery
160.2 Subarachnoid haemorrhage from anterior communicating
artery
160.3 Subarachnoid haemorrhage from posterior communicating
artery
160.4 Subarachnoid haemorrhage from basilar artery
160.5 Subarachnoid haemorrhage from vertebral artery
160.6 Subarachnoid haemorrhage from other intracranial arteries
160.7 Subara_chnoid haemorrhage from intracranial artery,
unspecified
160.8 Other subarachnoid haemorrhage
160.9 Subarachnoid haemorrhage, unspecified
Intracerebral
161 Intracerebral haemorrhage
161.0 Intracerebral haemorrhage in hemisphere, subcortical
161.1 Intracerebral haemorrhage in hemisphere, cortical
161.2 Intracerebral haemorrhage in hemisphere, unspecified
161.3 Intracerebral haemorrhage in brain stem
161.4 Intracerebral haemorrhage in cerebellum
161.5 Intracerebral haemorrhage, intraventricular
161.6 Intracerebral haemorrhage, multiple localized
161.8 Other intracerebral haemorrhage
161.9 Intracerebral haemorrhage, unspecified
Others
162 Other nontraumatic intracranial haemorrhage
162.0 Subdural haemorrhage (acute)(nontraumatic)
162.1 Nontraumatic extradural haemorrhage
162.9 Intracranial haemorrhage (nontraumatic), unspecified
Intraocular
H11.3 Conjunctival haemorrhage (Subconjunctival harmorrhage)
H31.3 Choroidal haemorrhage and rupture
H35.6 Retinal haemorrhage
H43.1 Vitreous haemorrhage
Retroperitoneal
R58 Haemorrhage, not elsewhere classified

210
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A7. Additional analyses (Chapter 3)

a) Clinical outcomes at 90 days

Outcomes Change Continue  Adjusted OR

n=538 n=591 (95% Cl) p-value
Recurrent stroke 2(24{?15;2 2(54?38)8 1.35 (0.70-2.60) 0.367
ICH 1?2/?43;2 1?2/?65;1 0.98 (0.40-2.41) 0.957
ECH 2(54?72)7 1(72/%%4 2.03 (1.04-3.98) 0.039

All values are reported as no. (%) unless otherwise noted. *All models are adjusted for
age, baseline NIHSS, hypertension, AF, prior TIA, prior stroke and rt-PA. AF= atrial
fibrillation, Cl=confidence interval, ICH=intracranial haemorrhage, ECH=extracranial
haemorrhage, OR=0dds ratio, rt-PA=recombinant tissue plasminogen activator, TIA=
transient ischaemic attack.

b) Distribution of mRS outcome at day 90 in patients suffering ischaemic stroke (change
vs continue group)

oo 01 o2 o3 m4 |5 m6

Continue | 7.3 13.0 9.4 13.0

Change 10.1 19.8 13.8

Adjusted OR, 1.47; 95% CI, 1.11-1.83; p=0.002*

Diagram showing association of functional outcome at day 90 between change and
continue group. *Model is adjusted for age, baseline NIHSS, hypertension, AF, prior TIA,
prior stroke and rt-PA. AF= atrial fibrillation, Cl=confidence interval, OR=0dds ratio, rt-
PA=recombinant tissue plasminogen activator, TIA= transient ischaemic attack. Values
provided in each box denote the percentage of patients belonging to a specific

treatment category (change or continue) and representing the mRS score corresponding
to the box.
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A8. Multiple variables matching using SAS software

$LET AGERANGE = 10;

SLET RATIO = 4;

DATA CASES CONTROLS;

SET All;

IF EVENT = 0 THEN OUTPUT CASES;
ELSE OUTPUT CONTROLS;

PROC FREQ NOPRINT DATA=CASES;
TABLES AGE*DIABETES/OUT=CASEOUT;

$MACRO SAMPLE
(V_AGE,V_RESPONSE,V_COUNT) ;
DATA QUALIFY1l; SET CONTROLS;
WHERE (&V_AGE-&AGERANGE
<=AGE<=&V_AGE+&AGERANGE)

AND (DIABETES = "&V_RESPONSE") ;

CASES AGE=&V_AGE;
CASES_DIABETES="&V DIABETES";

SEED=RANUNT (0) ;
PROC SORT; BY SEED;

DATA QUALIFY2;

SET QUALIFY1 NOBS=TOTOBS;

IF N <=&V COUNT*&RATIO;

IF &V _COUNT*&RATIO <= TOTOBS THEN TAG = 'YES';
ELSE TAG = 'NO';

PROC APPEND BASE=MATCHES DATA=QUALIFY2;

PROC SORT DATA=QUALIFY2 OUT=TEMP1
(KEEP=NUMBER) ; BY NUMBER;

PROC SORT DATA=CONTROLS OUT=TEMP2;
BY NUMBER;

DATA CONTROLS;
MERGE TEMP1 (IN=IN1) TEMP2 (IN=IN2) ;
BY NUMBER; IF IN2 AND NOT IN1;

$MEND SAMPLE;
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A9. REC feedback letter

Health Research Authority
National Research Ethics Service

NRES Committee North West - Greater Manchester East
3rd Floor, Barlow House

4 Minshull Street

Manchester

M1 3DZ

Telephone: 0161 625 7820

28 July 2014

Dr Jesse Dawson, Clinical Senior Lecturer in Medicine and Clinical Pharmacology
Cardiovascular and Med. Science

Western Infirmary

Glasgow

G116NT

Dear Dr Dawson

Study title: Stopping dual anti-platelet treatment following acute
coronary syndrome; a metabolic analysis.

REC reference: 14/NW/1163

Protocol number: 1

IRAS project ID: 158423

The Proportionate Review Sub-committee of the NRES Committee North West - Greater
Manchester East reviewed the above application on 28 July 2014.

We plan to publish your research summary wording for the above study on the NRES website,
together with your contact details, unless you expressly withhold permission to do so. Publication
will be no earlier than three months from the date of this favourable opinion letter. Should you wish
to provide a substitute contact point, require further information, or wish to make a request to
postpone publication, please contact the REC Manager, Elaine Hutchings,
nrescommittee.northwest-gmeast@nhs.net.

Ethical opinion

On behalf of the Committee, the sub-committee gave a favourable ethical opinion of the above
research on the basis described in the application form, protocol and supporting documentation,
subject to the conditions specified below.

Conditions of the favourable opinion

The favourable opinion is subject to the following conditions being met prior to the start of the
study:
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Management permission or approval must be obtained from each host organisation prior to the
start of the study at the site concerned.

Management permission (“R&D approval”) should be sought from all NHS organisations involved
in the study in accordance with NHS research governance arrangements.

Guidance on applying for NHS permission for research is available in the Integrated Research
Application System or at http://www.rdforum.nhs.uk.

Where a NHS organisation’s role in the study is limited to identifying and referring potential
participants to research sites (“participant identification centre”), guidance should be sought from
the R&D office on the information it requires to give permission for this activity.

For non-NHS sites, site management permission should be obtained in accordance with the
procedures of the relevant host organisation.

Sponsors are not required to notify the Committee of approvals from host organisations.

Additional condition

*» The logos should appear consistently on the supporting documentation (i.e. both logos
should appear on all documents and in the same order) and should appear at the top of each
document rather than sometimes being placed at the bottom.

Please notify the REC in writing once all conditions have been met (except for site approvals
from host organisations) and provide copies of any revised documentation with updated version
numbers. The REC will acknowledge receipt and provide a final list of the approved
documentation for the study, which can be made available to host organisations to facilitate their
permission for the study. Failure to provide the final versions to the REC may cause delay in
obtaining permissions.

Reqistration of Trials

All clinical trials (defined as the first four categories on the IRAS filter page) must be registered on
a publically accessible database within 6 weeks of recruitment of the first participant (for medical
device studies, within the timeline determined by the current registration and publication trees).

There is no requirement to separately notify the REC but you should do so at the earliest
opportunity e.g. when submitting an amendment. We will audit the registration details as part of
the annual progress reporting process.

To ensure transparency in research, we strongly recommend that all research is registered but for
non-clinical trials this is not currently mandatory.

If a sponsor wishes to contest the need for registration they should contact Catherine Blewett
(catherineblewett@nhs.net), the HRA does not, however, expect exceptions to be made.
Guidance on where to register is provided within IRAS.

It is the responsibility of the sponsor to ensure that all the conditions are complied with
before the start of the study or its initiation at a particular site (as applicable).
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Ethical review of research sites
The favourable opinion applies to all NHS sites taking part in the study, subject to management
permission being obtained from the NHS/HSC R&D office prior to the start of the study (see
“Conditions of the favourable opinion”).
Summary of discussion at the meeting
This study was found to be well thought through with a good recruitment and opt-in process. It
presented no major issues. The risks involved were minimal and patients’ care is good with
transport by taxi being provided.

Approved documents

The documents reviewed and approved were:

only)

Document Version Date

Copies of advertisement materials for research participants 1 03 July 2014
[Advertisement]

Evidence of Sponsor insurance or indemnity (non NHS Sponsors 30 July 2013

GP/consultant information sheets or letters

25 June 2014

IRAS Checklist XML

16 July 2014

Letters of invitation to participant

25 June 2014

Other [Case Report Form]

12 June 2014

Participant consent form

12 June 2014

Participant information sheet (PIS)

_ =] =] =

12 June 2014

REC Application Form [158423/639349/1/582] 16 July 2014

Research protocol or project proposal [Research Protocol] 1 01 June 2014
Summary CV for Chief Investigator (Cl) [Dr Jesse Dawson] 29 April 2013
Summary CV for student [Ms Wardati Mazlan Kepli] 23 April 2014

Summary CV for supervisor (student research) [Prof Matthew
Walters]

Validated questionnaire [Morisky scale]

12 June 2014

Membership of the Proportionate Review Sub-Committee

The members of the Sub-Committee who took part in the review are listed on the attached sheet.

Statement of compliance

The Committee is constituted in accordance with the Governance Arrangements for Research
Ethics Committees and complies fully with the Standard Operating Procedures for Research
Ethics Committees in the UK.
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After ethical review

Reporting requirements

The attached document “After ethical review — guidance for researchers” gives detailed guidance
on reporting requirements for studies with a favourable opinion, including:

Notifying substantial amendments

Adding new sites and investigators
Notification of serious breaches of the protocol
Progress and safety reports

Notifying the end of the study

The HRA website also provides guidance on these topics, which is updated in the light of changes
in reporting requirements or procedures.

Feedback

You are invited to give your view of the service that you have received from the National Research
Ethics Service and the application procedure. If you wish to make your views known please use
the feedback form available on the HRA website
http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/

We are pleased to welcome researchers and R & D staff at our NRES committee members’
training days — see details at http://www.hra.nhs.uk/hra-training/

With the Committee’s best wishes for the success of this project.

[ 14/NW/1163 Please quote this number on all correspondence |

Yours sincerely

}_\.. »
pp
Mr Francis Chan
Chair

Email: nrescommittee.northwest-gmeast@nhs.net

Enclosures: List of names and professions of members who took part in the review
“After ethical review — guidance for researchers”
Copy to: Emma-Jane Gault, NHS Greater Glasgow and Clyde

Dr Erica Packard, NHS Greater Glasgow and Clyde
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NRES Committee North West - Greater Manchester East

Members of the Committee who took part in the review

Committee Members:

217

Name Profession Present Notes

Mr James Burns Retired Yes

Mr Christopher Houston Lay Member Yes

Mr Simon Jones Specialist Podiatrist - Paediatrics | Yes

Professor Janet Marsden Professor of Ophthalmology and | Yes Chairing
Emergency Care

Also in attendance:

Name Position (or reason for attending)

Elaine Hutchings REC Manager
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A10. REC documents approval
NHS

Health Research Authority
Mational Research Ethics Service

MRES Committee North West - Greater Manchester East
3rd Floor, Barow House

4 Minzshull Streat

Manchester

M1 3DZ

Telephona: 0161 625 7820
14 August 2014

Dr Jesse Dawson, Clinical Senior Lecturer in Medicine and Clinical Pharmacology
Cardiovascular and Med. Science

Western Infirmary

Glasgow

G11 BNT

Dear Dr Dawson

Study title: Stopping dual anti-platelet treatment following acute
coronary syndrome; a metabolic analysis.

REC reference: 14/NW/M163

Protocol number: 1

IRAS project ID: 158423

Thank you for your letter of 8 August 2014. | confirm the REC has received the documents listed
below and that these comply with the approval conditions detailed in our letter dated 28 July 2014

Documents received

The documents received were as follows:

Document Version Date

Copies of advertisement matenals for research participants 2 OF August 2014
[Advertisement]

alidated questionnaire [Morisky Scale] 2 OF August 2014
GP/consultant information sheets or letters 2 OF August 2014
Other (Case report form) 2 OF August 2014
Letters of invitation to participant 2 OF August 2014

Approved documents

The final list of approved documentation for the study is therefore as follows:
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Document Version Date

Copies of advertisement materials for research participants 2 07 August 2014
[Advertisernent]

Evidence of Sponsor insurance or indemnity (non NHS Sponsors 30 July 2013
onl

Gpﬂonsulla nt information sheets or letters 2 07 August 2014
IRAS Checklist XML 16 July 2014
Validated questionnaire [Morisky Scale] 2 07 August 2014
Other (Case report form) 2 07 August 2014
Participant consent form 1 12 June 2014
Participant information sheet (PIS) 1 12 June 2014
REC Application Form [158423/639349/1/582] 16 July 2014
Research protocol or project proposal [Research Protocol] 1 01 June 2014
Summary CV for Chief Investigator (Cl) [Dr Jesse Dawson] 29 April 2013
Summary CV for student [Ms Wardati Mazlan Kepli] 23 April 2014
Summary CV for supervisor (student research) [Prof Matthew

Walters]

Validated questionnaire [Morisky Scale] 2 07 August 2014

You should ensure that the sponsor has a copy of the final documentation for the study. Itis the
sponsor's responsibility to ensure that the documentation is made available to R&D offices at all
participating sites.

14/NW/1163 Please quote this number on all correspondence |

Yours sincerely

Elaine Hutchings
REC Manager

E-mail: nrescommittee northwest-gmeast@nhs.net

Copy to: Dr Jesse Dawson, University of Glasgow
Emma-Jane Gaulf, NHS Greater Glasgow and Clyde
Dr Erica Packard, NHS Greater Glasgow and Clyde

Wardati Mazlan-Kepli
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A11. Letter of access for research

N, e’

Greater Glasgow

and Clyde
Coordinator/Administrator: Dr Erica Packard/Mrs Elaine O'Neill R&D Management Office
Telephone Number: 0141 232 9448 Western Infirmary
E-Mail: erica.packard @ggc.scotnhs.uk Tennent Building
Website: www.nhsggc.org.uk/rid 1% Floor, 38 Church Strest

Glasgow, G11 6NT.

12 August 2014

Ms Wardati Mazlan Kepli

Institute of Cardiovascular and Medical Sciences
Western Infirmary

Dumbarton Road

Glasgow G11 6NT

Dear Mz Mazlan Kegli,
Letter of Access for Research

This letter confirms your right of access to conduct research through NHS Greater Glasgow and Clyde for
the purpose and on the terms and conditions set out below. This right of access commences on 12/08/2014
and ends on 1210/2015 unless terminated earlier in accordance with the clauses below.

You have a right of access to conduct such research as confirned in writing in the letter of permission for
research from this MHS organisation. Please note that you cannot start the research until the Principal
Investigator for the research project has received a letter from us giving permission to conduct the project.

The information supplied about your role in research at NHS Greater Glasgow and Clyde has been
reviewed and you do not require an honorary research contract with this NHS organisation. We are
satisfied that such pre-engagement checks as we consider necessary have been camied out.

You are considerad to be a legal visitor to NHS Greater Glasgow and Clyde premises. You are not
entitled to any form of payment or access to other benefits provided by this NHS organisation to employees
and this letter does not give rise to any other relationship between you and this MHS organisation, in
particular that of an employee.

While undertaking research through NHS Greater Glasgow and Clyde, you will remain accountable to the
University of Glasgow but you are reguired to follow the reasonable instructions of Dr Jesse Dawson in
this NHS organisation or those given on herfhis behalf in relation to the terms of this right of access.

Where any third party claim is made, whether or not legal proceedings are issued, arsing out of or in
connection with your right of access, you are required to co-operate fully with any investigation by this NHS
organisation in connection with any such claim and to give all such assistance as may reasonably be
required regarding the conduct of any legal proceedings.

You must act in accordance with NHS Greater Glasgow and Clyde policies and procedures, which are
available to you upon request, and the Research Govermnance Framework.

You are required to co-operate with NHS Greater Glasgow and Clyde in discharging its duties under the
Health and Safety at Work etc Act 1974 and other health and safety legislation and to take reascnable care
for the health and safety of yourself and others while on NHS Greater Glasgow and Clyde premises. You
must observe the same standards of care and propriety in dealing with patients, staff, visitors, equipment

LetterOfAccess_Mazlan Kepli, Wardab doc Page | of 2
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and premises as is expected of any other contract holder and you must act appropriately, responsibly and
professionally at all times.

If you have a physical or mental health condition or dizability which may affect your research role and which
might reguire special adjustments to your role, if you have not already done so, you must notify your
employer and the health board's HR department prior o commencing your research role at the Health
board.

Y¥ou are required to ensure that all information regarding patients or staff remains secure and strictly
confidential at all times. You must ensure that you understand and comply with the reguirements of the
MHS Confidentiality Code of Practice (http:/fwww_dh_gov.uk/assetRoot/04/06/92/54/04069254 . pdf) and the
Data Protection Act 1998. Furthermore you should be aware that under the Act, unauthorised disclosure of
information is an offence and such disclosures may lead to prosecution.

¥ ou should ensure that, where you are issued with an identity or securty card, a bleep number, email or
library account, keys or protective clothing, these are retumed upon termination of this arrangement.
Please also ensure that while on the premises you wear your |D badge at all times, or are able to prove
your identity if challenged. Please note that this MHS organisation accepts no responsibility for damage to
or loss of personal property.

VW& may terminate your right to attend at any time either by giving seven days' written notice to you or
immediately without any notice if you are in breach of any of the terms or conditions described in this letter
or if you commit any act that we reasonably consider to amount to serious misconduct or to be disruptive
and/or prejudicial to the interests and/or business of this MHS organisation or if you are convicted of any
criminal offence. You must not undertake regulated activity if you are barred from such wark. If you are
barred from working with adults or children this letter of access is immediately terminated. Your employer
will immediately withdraw you from undertaking this or any other regulated activity and you MUST stop
undertaking any regulated activity immediataly.

Your substantive employer is responsible for your conduct during this research project and may in the
circumstances described above instigate disciplinary action against you.

NHS Greater Glasgow and Clyde will not indemnify you against any liability incurred as a result of any
breach of confidentiality or breach of the Data Protection Act 1998, Any breach of the Data Protection Act
1998 may result in legal action against you andfor your substantive employer.

If your current role or involvement in research changes. or any of the information provided in your Researnch
Passport changes, you must inform your employer through their normal procedures. You must also inform
your nominated manager in this NHS organisation.

Yours sincerely

Chrctosel

Dr Erica Packard
Research Co-ordinator

cC: Dr Debra Stuart (University of Glasgow)

LetterOfAccess Mazlan Kepli, Wardati doc Page 2 of 2
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A12. Advertisement

University &I',l_s_",

QfGlangW Greater Glasgow

and Clyde

DUAL ANTI-PLATELET TREATMENT FOLLOWING ACUTE CORONARY SYNDROME -
A METABOLIC ANALYSIS

Have you suffered a heart attack?
Are you taking any two of these blood thinning drugs?

e Aspirin
e Clopidogrel
e Ticagrelor

If so then you may be eligible for a new research study. The study aims to help us better understand what

happens in the blood when we change blood thinning drugs after heart problems.

What'’s involved?

The study involves 2 visits to the Acute Stroke Unit, Western Infirmary. The study will involve 2 blood and urine

samples being taken and a telephone call.

For more information please contact

Ms Wardati Mazlan-Kepli or Dr Jesse Dawson
Institute Cardiovascular and Medical Sciences
Western Infirmary
Glasgow
G11 6NT

E-mail: w.mazlan-kepli.1 @research.gla.ac.uk

Telephone: 074 4811 4659

Stopping DAPT after ACS Advertisement Version 2
07/08/2014
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A13. Letter to general practices

University \_N__\Hj,,

of Glasgow Greater Casgow

Dr <GP Name=
Address line 1
Address line 2
Address line 3

Dear Dr

Re: Patient . D.0.B.

Your patient, named above, has given their consent to enrol in the Stopping Dual
Antiplatelet Treatment (DAPT) Following Acute Coronary Syndrome research study.

This is a prospective study which aims to identify metabolomic changes that occur when
patients switch from DAPT to anti-platelet monotherapy after an acute coronary syndrome.
Metabolomics is the study of metabolite levels in a biologic sample and allows assessment
of all identifiable metabolites simultaneously.

Participants will be asked to attend the Acute Stroke Unit at the Western Infirmary twice;
to give a blood and urine sample within the month before and the month after their planned
DAPT stop date. The study itself will not interfere with the DAPT stop date or their
medication in any way.

If you require any further information about the Stopping DAPT After ACS study, please
either contact me or Dr Jesse Dawson, Chief Investigator of the study at the University of
Glasgow Gardiner Institute / Western Infirmary Stroke Unit.

Many thanks,

Wardati Mazlan Kepli

PhD Student

Email: w.mazlan-kepli.1@research.ola.ac.uk
Tel: 074 4811 4659

PhD Office

Gardiner Institute
University of Glasgow
Western Infirmary
Glasgow G11 6NT

Stopping DAPT After ACS
Letter to GP Version 2
07/08/2014
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A14, Letter to potential participants

A University NHS
of Glasgow ooy il

and Clyde

Dear <Mr. £ Ms. LAST NAME=,

| am writing to let you know about a research study taking place in the Western Infirmary,
Glasgow. The study is called “Stopping dual anti-platelet treatment following an acute
coronary syndrome.” It is being conducted by Ms Wardati Mazlan-Kepli, PhD Student and Dr
Jesse Dawson, Clinical Senior Lecturer in Medicine based in the Acute Stroke Unit, Western
Infirmary and the University of Glasgow.

| am writing to you because from our records show you have suffered an acute coronary
syndrome and that you have been prescribed two blood thinning drugs. It is normal after a
period of time for one of these two blood thinning drugs to stop and for you to continue on
just one. The ressarchers want to see whether this leads to detectable changes in the blood
and urine using some new laboratory technigues.

In the study, the researchers will take a blood and urine sample before and shortly after the
date that you change from two blood thinning tablet to one (this date is decided by your
cardiologist). This will invelve two short trips to the Western Infirmary.

This letter serves only to inform you about the study. You do not need to take part and
deciding not to participate will not affect your care. However, if you are interested in
learning more, please let the researchers know and they will contact you. You can do this
by returning the attached form or by contacting Ms Mazlan-Kepli by telephone on 074 4811
4659. You do not have to respond if you are not interested in this study.

Thank you for your time and consideration. The researchers look forward to hearing from
oL

Yours sincerely,

FROM CARE PROVIDER

*Include enclosure(s) as applicable:
Opt-in Form

Participant information sheet
Advertisement

Stopping DAPT After ACS

Letter to potential participants Version 2
07/08/2014
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i'in,rl. UniverSity NHS
of Glasgow Komer. o

and Clyde

OPT-IN FORM

Stopping dual anti-platelet treatment following acute coronary syndrome;

A metabolic analysis
Please complete this form and return in the pre-paid envelope provided

|:| | am interested in learning more about this study. Please contact me using the
following information:

Hame

Telephone(s) :

Best time and day to call

Email

Please return this form in the pre-paid envelope provided, or to:

Ms Wardati Mazlan-Kepli

Institute of Cardiovascular and Medical Sciences
Gardiner Institute

University of Glasgow

G11 6NT

Stopping DAPT After ACS
Letter to potential participants Version 2
07/08/2014
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A15. Participant information sheets

University e

Qf Glasgow Greg;t:’r 8;’ajgow

THIS SHEET HAS BEEN APPROVED BY THE WEST OF SCOTLAND RESEARCH ETHICS
SERVICES

PARTICIPANT INFORMATION SHEET FOR PARTICIPANTS IN A CLINICAL RESEARCH
PROJECT

Title of Project

Stopping dual anti-platelet treatment following acute coronary syndrome; A metabolic
analysis

You are being invited to take part in a clinical research study. This study aims to help us better
understand what happens in the blood when we change blood thinning drugs after heart problems. The
study is part of a PhD being performed in the University of Glasgow. Before you decide it is important
for you to understand why the research is being done and what it will involve. Please take time to read
the following information carefully and discuss it with others if you wish. Ask us if there is anything that
is not clear or if you would like more information. Take time to decide whether or not you wish to take
part. The first part of the form explains what will happen if you decide to participate and the second
explains important information about what will happen to the data we generate in the study and your
rights as a participant.

Thank you for reading this.
Name of Researchers

Ms W Mazlan-Kepli, Phd Student
Dr J Dawson, Clinical Senior Lecturer in Medicine (Supervisor)
Prof M Walters, Professor of Clinical Pharmacology

Purpose of the Study

You have been diagnosed as having suffered a heart attack or bad angina episode in the past.
Following this you were taking two blood thinning drugs (called anti-platelets) to reduce the
risk of further problems. Usually this is a combination of aspirin and another drug called either
clopidogrel or ticagrelor. These two drugs help keep platelets in the blood from sticking
together and forming clots. However, after a period of time the two drugs are no longer
needed so and patients then take only one anti-platelet drug (usually aspirin). We want to see
what happens in the blood of patients when they switch to taking only one anti-platelet drug.
We want to do this as sometimes when people stop the two drugs there is a risk of blood clots
recurring. This is very unusual but we want to see if we can work out why.

In this study we plan to follow a series of patients with recent heart problems and measure
levels of small molecules called metabolites in the blood before and after they switch from two
antiplatelets to one. This preliminary study may allow us to identify changes that might
predict future blood clot events that would warrant further study.

Why Have I Been Chosen?

All patients who are taking two anti-platelet drugs after a heart attack or angina episode will be
asked to take part. We hope to study 200 patients in total from throughout Glasgow.

Stopping DAPT after ACS PIS Version 1
12/06/2014
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T Toiomrc NHS
é[n University N, e’

Qf Glasgow Gre:(tg SLaggow

Do I Have to Take Part?

No. It is up to you to decide whether or not to take part. We will describe the study to you and go
through this information sheet, which we will then give to you. If you decide to take part we will
ask you to sign a consent form to show you have agreed. You are still free to withdraw at any time
and without giving a reason. A decision to withdraw at any time, or a decision not to take part, will
not affect the standard of care you receive.

What Will Happen To Me If I Take Part?

The study will involve two blood and urine samples being taken and a telephone call. Once you
have agreed to take part we would clarify the date when you are due to switch to taking only one
anti-platelet drug. We would then perform a blood sample and obtain a urine sample within the
month before this date and repeat the samples one month after the date. We will also ask you
some general questions about your tablets and each of these two visits will take about 30 minutes.

We will also telephone you to ask some questions about your health 3 months later and this should
take about 10 minutes.

Taxis will be provided for visits if required and study visits will all take place in the investigations
ward in the Stroke Unit of the Western Infirmary.

(Visit 1)
Within one month before Medication compliance. Urine sample, blood
clopidogrel / ticagrelor sample. This will take approximately 30 minutes
cessation
(Visit 2)
7 - 30 days after e, » Urine sample, blood sample. This will take
clopidogrel / ticagrelor approximately 30 minutes.

cessation

l

Telephone call at 3 months

We will also look at your medical notes to note down the results of any relevant tests you have had
to evaluate your heart attack.

What Do I Have To Do?

Other than attend the above visits, this study has no other requirements. You should continue to
take all your regular medication and this study does not interfere with this.

Stopping DAPT after ACS PIS Version 1
12/06/2014
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I NHS
é[a University N, e’

of Glasgow Greater Clasgow

What Are The Possible Benefits of Taking Part?

You may not derive any direct benefit from the study.

What Are The Possible Risks of Taking Part?

Sometimes people feel blood samples are uncomfortable and they are sometimes associated with
mild bruising. There are no other risks to taking part.

What Happens When The Studv Stops?

When the study stops you should continue all your prescribed medication and you will continue to
be looked after by your cardiologist or General Practitioner.

What If There is a Problem?

Any complaint about the way you have been dealt with during the study or any possible harm you
might suffer will be addressed. The detailed information on this is given in Part 2.

Will My Participation in the Study Be Kept Confidential?

Yes. We will follow normal ethical and legal practice and all information about you will be handled in
confidence. The details are included in Part 2. We will also, with your consent, notify your General
Practitioner of your participation.

This completes part 1 of this information sheet. If this has interested you and you are
considering participation, please read the additional information in Part 2 before making
any decision.

Stopping DAPT after ACS PIS Version 1
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PART 2

What Happens if New Information Becomes Available?

Sometimes during the course of a research project, new information becomes available about the
subject that is being studied. This is unlikely in this case but if it did happen and it affected our
research plans we would tell you and discuss with you whether you want to continue in the study.
If you decide to withdraw, your researcher will make arrangements for your care to continue. If
you decide to continue in the study you will be asked to sign an updated consent form.

What Will Happen If I Withdraw From The Study?

You can withdraw from study at any point and this will not affect the care you receive. If you
decide to do so, we would ask if we could still use the blood and urine samples we have already
taken in the study. You can refuse this and the samples can be destroyed if you wish.

What Will Happen If I lose the capacity to consent during the study?

We would not obtain further samples. However, we would ask if we could still use the blood and
urine samples we have already taken in the study.

What If Something Goes Wrong?

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
NHS Greater Glasgow and Clyde but you may have to pay your legal costs. The normal National
Health Service complaints mechanisms will still be available to you (if appropriate). There are no
special compensation arrangements for non-negligent harm.

If you have a concern about any aspect of this study, you should ask to speak to the researchers
who will do their best to answer your questions (using the numbers below). If you remain unhappy
and wish to complain formally, you can do this through the NHS Complaints Procedure. In order to
do this you should contact 0141 2014500 by telephone or email complaints@ggc.scot.nhs.uk.

Will My Participation In The Study Be Kept Confidential?

Yes. All data gathered during the study will be coded by a unique identifier meaning that all your
personal details are removed. We will record your participation in your case notes so that other
doctors involved in your care are aware. During each study visit we will keep an anonymous record
on a secure University of Glasgow computer server. The study team, with Dr ] Dawson as a chief
investigator will act as custodians of the data and we take data protection issues very seriously.

We will keep study data in a secure fashion for 10 years after which time it will be destroyed.

Your researchers will have access to study data and we will allow authorised persons from the study
sponsor so they can audit quality of the research.

What Will Happen To The Samples I Give?

All blood and urine samples will be coded and identified by your unique study number. Samples will
then be stored in a secure fashion in a university freezer in the Western Infirmary. Access to
samples will be restricted to the researchers and the scientists who will analyse the samples. We
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also seek your permission to perform further studies on these samples (in a strictly anonymous
fashion) in the future for studies designed to improve care for those with heart attack. Any further
studies using these samples would only take place after further review by a Research Ethics
Committee.

Once we have prepared the samples we will perform what we call metabolomic analysis. This is a
detailed assessment of the levels of hundreds of small molecules in the blood and we will see
whether levels change after changing the drugs and if these changes differ in patients who run into
further problems.

What Will Happen To The Results Of The Study?

We hope the whole study will be completed in one to two years and be published in a medical
journal thereafter. There will be a possibility the results will be published at scientific meetings or
conferences. We can inform you of the results should you so wish. At the same time, the results of
the study will form part of Ms Mazlan-Kepli's PhD thesis.

Who Is Organising and Funding The Study?

The investigators will receive no remuneration for including you in the study. We will use Ms
Mazlan-Kepli’s PhD bench fees for this study. She is sponsored by Ministry of Health, Government
of Malaysia Scholarship.

Who Has Reviewed the Research?

All research in the NHS is looked at by independent group of people, called a Research Ethics
Committee to protect your safety, rights, wellbeing and dignity. This study has been reviewed and
given favourable opinion by the West of Scotland Research Ethics Services.

Contact Information

If you wish any further information about the study, please contact Ms Mazlan-Kepli directly (Tel :-
074 4811 4659) or Dr ] Dawson, via the switchboard at the Western Infirmary (Tel :- 0141 211
2000) or via the Acute Stroke Unit directly (Tel :- 0141 211 2429).

If you wish to speak to an independent person who is not involved in the study then you can
contact Dr Marie Freel via the switchboard at the Western Infirmary (Tel :- 0141 211 2000).

SUMMARY

In summary, should you agree to participate you will be asked to provide 2 blood and urine
samples. The two visits will last approximately 30 minutes. We will telephone you 3 months later
and look at your medical records to check you have been well. If you do not wish to participate in
the study, or wish to withdraw at any time, your care will in no way be affected.

Stopping DAPT after ACS PIS Version 1
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Patient Identification Number for this study:

THIS FORM HAS BEEN APPROVED BY THE WEST SCOTLAND RESEARCH ETHICS SERVICES

FORM OF CONSENT FOR PARTICIPANTS IN A CLINICAL RESEARCH PROJECT

Title of Project:

Stopping dual anti-platelet treatment following acute coronary syndrome; A metabolic
analysis

Name of Researchers:

Ms W Mazlan-Kepli, Phd Student
Dr J Dawson, Clinical Senior Lecturer in Medicine
Prof M Walters, Professor of Clinical Pharmacology

Please read information below and initial boxes
1. I confirm that I have read and understand the information sheet dated 12/06/2014 (version 1)
for the above study. I have had the opportunity to consider the information, ask questions and

have had these answered satisfactorily.

2. I understand that my participation is voluntary and that I am free to withdraw at any time
without giving any reason, without my medical care or legal rights being affected.

3. I understand that relevant sections of my medical notes and data collected during the study
may be looked at by individuals from the study team or from NHS Greater Glasgow and Clyde,

where it is relevant to my taking part in this research. I give permission for these individuals to
have access to my records.

4. I agree for the study team to contact me via a telephone and review my medical notes at 3
months since my last visit.

5. I agree for the study team to notify my General Practitioner of my participation in the above
study.

6. I agree to take part in the above study.
OPTIONAL

1. I agree to my anonymous samples of blood and urine being stored and used in future
research projects.

U Uy o

2. I wish to know the findings of this study via a letter.

Name of Patient Date Signature

Name of Person taking consent Date Signature
When completed, 1 for patient (copy); 1 for researcher site file (original); 1 in medical notes (copy).

Stopping DAPT after ACS Consent Form Version 1
12/06/2014
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Patient ID Number: DAPT

NHS
— —~

Greater Glasgow
and Clyde

Please use (V) to indicate ‘yes’ in the blue columns and fill the other columns accordingly. For laboratory data, please
indicate ‘not available’ for non-retrievable data or ‘not taken’ for laboratory test that is not done.

[ Hospital [ | | [ Ward [ |
DEMOGRAPHICS
Gender Male Ethnic
Group
Female
Age (years) Smoking Never Smoked
Status Former Smoker
Current Smoker
Weight

ACUTE CORONARY SYNDROME

CONCURRENT DISEASES

Types

USA

NSTEMI

STEMI

Date of admission
(dd/mm/yyyy)

Date of discharge
(dd/mm/yyyy)

Date of death
(dd/mm/yyyy)

Concurrent
diseases

Diabetes Mellitus
Hypertension
Peripheral Vascular
Di

Stroke/ TIA
Atrial Fibrillation
DVT/ PE

Heart Failure
COPD/ Asthma
Renal Disease
Hyperlipidemia
PVD

Others

Family
History

ANTIPLATELET THERAPY

ANTIPLATELET AND CONCURRENT DRUGS

Indication STEMI DOSE DATE DATE
NSTEMI DRUG (MG) FREQ START | STOP
USA Aspirin
E\E‘FT Clopidogrel
DVT Prophylaxis Ticagrelor
Ischaemic Stroke Others:

Others

Stopping DAPT after ACS CRF Version 3
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Patient ID Number: DAPT

Un 11V6r51ty NHS
= (_)f‘G dSEOW Greater Glasgow
e g and Clyde
COMPLIANCE — ANTIPLATELET THERAPY LABORATORY INVESTIGATIONS
‘ Morisky Scale Score ‘ Parameters/ Biomarkers Date taken
Left ventricular ejection
fraction (%)
Sample Metabolomic measurement
S li Yes /N Date tak
ampTng esffo a'e faken Sample Date analysis Results
Blood sample
. . Blood
Urine sampling
Urine
VISIT 2 (Date:.......uueeeeeeeeennnnns )
Sample Metabolomic measurement
S li Yes /N Date tak
amptng esflo a'e faken Sample Analysis date Results
Blood sample
. . Blood
Urine sampling
Urine
ANTIPLATELET AND CONCURRENT DRUGS
DRUG DOSE (MG) FREQ DATE START DATE STOP
Aspirin
Clopidogrel
Ticagrelor
Others:

Stopping DAPT after ACS CRF Version 3
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Patient ID Number: DAPT

University NHS,
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and Clyde
Day 90 (Date:.......ccccceevnenennnnn. )
Cardiovascular event
Events L(;S;ISO Diseases Yes / No Event date
120.0 Unstable angina
121 Acute myocardial infarction
121.0 Acute transmural myocardial infarction of anterior wall
121.1 Acute transmural myocardial infarction of inferior wall
121.2 Acute transmural myocardial infarction of other sites
121.3 Acute transmural myocardial infarction of unspecified site
ACS 121.4 Acute subendocardial myocardial infarction
121.9 Acute myocardial infarction, unspecified
122 Subsequent myocardial infarction
122.0 Subsequent myocardial infarction of anterior wall
1221 Subsequent myocardial infarction of inferior wall
122.8 Subsequent myocardial infarction of other sites
122.9 Subsequent myocardial infarction of unspecified site
163 Cerebral infarction
163.0 Cerelbral infarction due to thrombosis of precerebral
arteries
163.1 Cerelbral infarction due to embolism of precerebral
arteries
163.2 Cerebr_al infarction due to un;peciﬁed occlusion or
stenosis of precerebral arteries
Stroke 163.3 Cerebral infarction due to thrombosis of cerebral arteries
163.4 Cerebral infarction due to embolism of cerebral arteries
1635 Cerebr_al infarction due tq unspecified occlusion or
stenosis of cerebral arteries
163.6 Cerebral infarction due to cerebral venous thrombosis,
nonpyogenic
163.8 Other cerebral infarction
163.9 Cerebral infarction, unspecified
Cardiac death| 146.1 Sudden cardiac death

Stopping DAPT after ACS CRF Version 3
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Patient Identification Number for this study: DAPT

University J:L",IE’,

of Glasgow Greater Clasgow

Stopping dual anti-platelet treatment following acute coronary syndrome;
A metabolic analysis

Evaluation of Medication Compliance (Morisky Scale)
The purpose of this short questionnaire is to assess your medication compliance on the blood thinning

medication which were prescribed by your cardiologist or General Practitioner.

Please circle / underline your answer.

Questions Answers
Do you ever forget to take your medicine? Yes No
Are you careless at times about taking your medicine? Yes No

When you feel better do you sometimes stop taking your

Yes No
medicine?
Sometimes if you feel worse when you take the medicine, do v N
es 0
you stop taking it?
Total score

Thank you for your time and participation.

Stopping DAPT after ACS - Morisky Scale Version 2
07/08/2014
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A19. Metabolites detected
I N ”
Poais = .
-} E Fost Pre ttest: Post ttest: Pre Mgl Mean: Pre |5D: Post S0 Pre
E = max Post
Mass |RT FORMULA | & Putative metabolite S Map KEGGid# intensity
267.1| 9.472|C10H13NST  3|Adenosine 1p [Mucleotide Copz132 l112e3 2.60 1.00 0.028(1 5305.835 |2042.855 |3569.317 |1216.488
Metabolism
28107 7.346|cieH11n0qd o[ lAcstviony)-3-(3- 7 lo 15048 1133 171 1.00 0.504(1 4332544 |2531.622 |2071.799 [3315.15
pyridinyl}-2H-1-
312.15| 4.247|cisHzomzd  1|Phe-Phe 7 |Peptide(di-) o - 167 1.00 0.055(1 4650.365 |2778.604 |2552.521 |1580.804
. Biosynthesis of
151.06| 10.88|caHoMOZ 17|M-Methylanthranilzte 5 [HEEEMASSISOT 03005 1201z 163 1.00 0.490(1 4528833 |3023.821 |7885.803 |3293.191
—  |Secondary —
Amino Acid
240,02 13.68|ceH1ZMzOd  2|L-Cystine 10 | cop491 lsxiz 1.43 1.00 0.08s(1 297126 |2070.815 |1859.12 |2004.241
Amino Acid
13107 13.3[cansmaocz 2|creatine I Fr— C0D300 lEsmmai 1.42 1.00 0.107|1 1032947 |727052.5 |573578.2 |297620.3
297.05| 12.38|caHisnz0g  1|L-Cysteinvighcinedisulfide | 7 |Peptide o lrn 138 1.00 0.170(1 144958 |1047.721 |917.6919 |a77.3961
151.06| 6.371|caHsmMOz 172k g |AmincAcd 04353 lasiag 1.38 1.00 05831 7122.833 |5157.039 |12577.41 |5830.475
Hydroxyphenvlacetaldehy Metabolism
131.06| 13.07|C5HSMO3 1| =Slutamate 5 g [|Rmine foid CO1165 lF1az 1.33 1.00 0.278(1 1493238 |11260.45 |6709.259 |3155.682
semialdehyde Metabolism
ey ids . =
187.1| 13.01|c7H13N30d o [P-Busnidino-3-methyl3- 7 o o ozia 1.31 1.00 0.585(1 2411.242 |1836.803 |3691.866 |1285.958
DH.D—FIE'HTEHUETE
S0/18-1)] 1- Li E
73155| 3.968|caomn7anod 14 Po140/IELNI 5 [He=e  |cooisz e 1.28 1.00 02231 94862.73 |74219.25 |49708.97 |31598.78
tetradecanoyl-2-{11Z- Glycerophospholipid
730.a6| 4asslciiHzanid  2|Leuw-val 7 |Peptide(di) o leea 1.6 1.00 0.504(1 2191985 |1740.363 |1297.418 |870.27
5.067|CEHEO3 2534 g [|Rminefoid C04043 a4 133 1.00 0.242(1 G098.187 |4943.685 |10549.42 |8215.164
152.05 Dihydroxyphenylacetaldeh Metabolism
Amino Acid
75.068| 10.98|caHsmo 6|{R}-1-Aminopropan-2-ol [ ﬁ 03194 o 122 1.00 06531 2272486 |1869765 |105352.7 |155963
EtaDolIsm
278.15| 3.978|c16H2204 6|2-Ethylhexyl phthalate 5 |o 03343 14056 1.20 1.00 02971 9984135 |2300.093 |2222.004 |2412.831
[PE [16:0/22:1]) 1- Lipids:
773.59| 3.507|caznzanog 20 5 [ ~ |coozso 15708 1.20 1.00 0.200(1 17967.8 |15027.38 |4922.158 |4522.543
hexadecanoyl-2-{137- Glycerophospholipid
Metabolism of
3g7.33| 3.msi1|cseHaso 1|2-decaprenyiphencl 7 |V o l1775 118 1.00 05231 10824.27 |9189.008 |3319.848 |4290.715
Cofactors and
[FC [15:0/15:0] 1.2- Lipids:
705.53| 3.9as|casH7emod 22| 5 [T  |cooasz lzaze 1.17 1.00 0.451(1 14991.03 |12863.69 |8144.098 |6770.685
dipentadecanoyl-sn- Glycerophospholipid
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]
a -E Post Pre ttest: Post ttest: Pre =2 Mean: Pre |5D: Post  |SD: Pre
E = max Post
Mass |RT FORMULA | & |Putative metabolite 2 Map KEGGid# intensity
1859.11| 13.41|CYH1SM3D3 1|L-Homocitrulline 7 |0 Co2427 |Ea7s 113 1.00 0.652(1 1703.038 |1502.476 |2111.872 (1094.499
205.1 10.69|CEH1SMNOS 3| N-Acetyl-D-fucasamine 7 |0 C15480 Erec] 1.13 1.00 0.432(1 11313.79 |10030.91 |20567.19 (17B50.86
. Amino Acid
115.06| 12.13|C5HIMNODZ 4(L-Proline LI — COD148 LEEPFEL) 1.12 1.00 0.644 (1 4559494 (4060072 (2191967 |1417780
— |Metabolism -
. Amino Acid
12908 10.99|CeH11NMO2 9|L-Pipecolate 8 m COD408 TrEE 1.12 1.00 0.602(1 237037.6 |212208.5 |25127F% (22B4A76.7
etabolism —
PE (18:0/18:2)] 1- Lipids:
743.55| 3.915|C41H7ENDH 8 5 | ) C00350 |17537 1.11 1.00 0.382(1 1680539 |15119.97 |5369.478 (4508.414
= |octadecanoyl-2-(97, 177- ~ | Glycerophospholipid
Acetaminophenglucuronid
3271 10.65|C14H17NOH i 7 |0 [u] EERHH 111 1.00 0.864 (1 6419738 |57942.36 |10E374.1 (F4773.E8
-0/18:1)] 1- Li E
759.58| 3.91B|CAZHEZNOH [ L 5 Lipids: . C00157 Ebck- L 1.11 1.00 0.442 (1 1377193 |1154107 |330455.3 (2852629
= |hexadecanayl-2-{117- = | Glycerophospholipid
Amino Acid
12.72|CSHINOG 14| L-Glutamate B COD025 47540 1.10 1.00 0.630(1 22B46.77 |20738.27 |13626.97 (5706.524
147.05 Metabolism
0y18:3)] 1- Li -
755.55| 3.954|CA4ZH7ENOH P lsLilE 3 . 5 Az ds . CO0157 lioaasy 1.10 1.00 0.615(1 69334.59 |63254.16 |30911.43 (16932.51
— —|hexadecanoyl-2- = |Glycerophospholipid |—
102.07 7.489|C5H1002 5|Pentanoate 5 |Lipids: Fatty Acyls CO0B03 [Z4KK] 1.09 1.00 0.563(1 3719698 |34164.36 |G027.843 (16BEG.5E
125.01 13.28|C2HTNO35 1|Tawrine B |Lipid Metabolism CO0245 |E5601 1.09 1.00 0.776(1 32249.44 |29709.9 |14609.5 (14207.68
160.12| 13.15|CYH1&NZ03 &|Bethanechol 5 (o COEE50 |z 1.08 1.00 0.680(1 2187.293 |2017.977 |B20.7431 (516.1354
0/16:00] 1- Li -
733.56| 3.947|CA0HEONDH 24 PC (16:0/16:0011 5 Lipids: . COD157 2267 1.08 1.00 0.585(1 43069.71 |39503.13 |9584.106 (11770.65
hexadecanoyl-2- Glycerophospholipid
(18:0/20:4]] 1- Li -
767.55| 3.817|CA3H7ENDH 1 FE [18:0/20:4111 5 Lipids: . Co0350 19587 1.08 1.00 0.525(1 14991.1 |13517.79 |5140.431 (3016.099
— |ectadecanoyl-2- — |Glycerophospholipid |~
PE (18:1/20:41] 1-{17- Lipids:
751.55| 3.774|CA3H7ENDH B [PE | L ) 1 5 e . CO0350 14104 1.07 1.00 0.671(1 12627.01 |11792.74 |5609.368 (3236.11
—|octadecenyl)-2- — |Glycerophospholipid |—
749.54| 3.782|CA3HTEMNOH PE{20:4(SZ87,117, 147)/P- 5 Lipdds: CO0350 |22z 1.06 1.00 0.753(1 12411.72 |11658.44 |5132.445 (3845.458
- - 4 Figar i = | Glycerophospholipid i ) ) ’ ’ ’ )
B26.69| 4.006|CABHISNZC 1{sm{d19:1/24:1{152]) 5 |Lipids: Sphingolipids (CO0550 |0 1.06 1.00 0646 (1 5285.173 |4977.262 |1505.646 (991.2263
118.06 7.5|C5H1003 12 (5-Hydroxypentanoate 5 |Lipids: Fatty Acyls C02804 | 106453 1.06 1.00 0.805(1 S17E0.78 |48B543.41 |21111.26 (28154.98
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o
[ :
| -E Post Pre ttest: Post ttest: Pre =2 Mean: Pre (50: Post  [SD: Pre
E = max Post
Mass [RT FORMULA | &  |Putative metabolite 2 Map KEGGid# intensity
116.08 4.85|C6H1202 16(Hexanoic acid 7 |Lipids: Fatty Acyls C01585 42BN 1.06 1.00 0.689(1 260819.9 |247183.4 |21273.04 |100553.6
. Amino Acid
14611 19.8|C6H14NZ03 8|D-Lysine 8 = Co0739 laazaz 1.05 1.00 0.841(1 28898.97 |27525.01 |11311.51 |11535.36
~  |Metabolism
. MNucleotide
10.97|CSHANAO2 3 [Xanthine B — CD0385 5317 1.05 1.00 0.8658(1 3413314 |3253.071 |1782.692 |1351.925
152.03 — |Metabolism -
] PE (20:4]] 1- Lipids:
501.29| 4.543(C25H44NOT 4 5 |- i) 14334 1.04 1.00 0.771(1 10223.54 (9793.836 |4404.411 |2851.047
—|I5Z 117 142- — | Glycerophospholipid |~
176.24 3.51|C34HE405 2(DG(15:0/16:1({37)/0-0) 7 |Lipids: Glycerolipids |0 EELE] 1.04 1.00 0.797(1 2734997 |2621.949 |2138.198 |1299.472
Lipids:
783.58| 3.915(C4A4HEZN0OH 21|PC(18:2(97 127)/18:2(57)) | 5 [, . C0D157 EELEY 1.04 1.00 0.770(1 6030816 |5B1798.5 |169314.9 |165796.6
Glycerophospholipid
333,11 12.32|CBHLTNOG 1|M-acetyl -D- glucosaminitol| 5 (0 1] 15534 104 1.00 0.749(1 10498.36 (10135.21 |358B.836 |2678.9E1
63562 3.767|C41HEINOI 1|Cer{d18:1/33-0 5 |Lipids: Sphingolipids |0 |10 1.04 1.00 0.847(1 5915641 |5714.729 |2540.335 |2028.675
S 4.468|CBH1602 11|[FA (8:0]] octanoic acid 7  |Lipids: Fatty Acyls CDE423 |s4597 1.03 1.00 0.784(1 346869 |335252.7 |71889.96 |1329121.4
. Amino Acid
188.12( 12.05|CEH1EN203 7 |ME-Acetyl-L-lysine & m Co2727 |Laies 1.03 1.00 0.865(1 1490084 |1444.714 |561.9787 |467.5577
B00.68( 4.062)|C46HI3IN2O 2(sM{d18:1/23:0 5 |Lipids: Sphingolipids [C00550 FELFE] 1.03 1.00 0.740(1 13140.26 |12747.21 |3364.827 |2433.902
245.16| 3.414(C12H23MN0M 4 |M-{octanoyl}-L.-homaserine| 7 [0 1] 15148 102 1.00 0.898(1 6538.292 (6350.091 |4214.547 |2957.032
250.18| 7.546|C13HISMOq 2 rFMi:U]l Chexanodtl- | 5 | Povace o e 1.02 1.00 0.857|1 §384.731 |6247.31% |6083.858 [5496.375
carnitine
21[9Z)/22:2( ) Li i
81161( 3.885|C46H3ENOE 23 PCI1E1(37)/22:21132.067 5 Loids: . Coo157 FRFTF] 1.02 1.00 0.906(1 1471709 |144410.5 |55328.01 |45238.99
—1 — |Glycerophospholipid [——
Amino Acid
159.09( 11.75|CYH13NO3 10(5-Acetamidopentanoate ) ﬁ Co3087 EEkeFo] 1.01 1.00 09731 7215798 |71097.49 |87723.84 |1285129
etabolism -
. Amino Acid
174.11( 21.28|CeH14N403 2 [L-Arginine 10 —Metabnlism CO0062 EFETEN 1.01 1.00 0.955(1 50472.81 |49802.52 |24223.62 |14681.65
723.52( 3.812|C41H74ANOR 14 PE{18:3(67,97,127)/P- 5 ipics: Coo3s50 R 1.01 1.00 0.901(1 B028.181 |7929.837 |4641.859 |3762.073
= * 4 —|18:1{117)) =  |Glycerophospholipid & ’ : : ) ) ’
] -0)] 1- neoyl Li i
467.3| 4.885|CI2HAENOH 3 PL[14.0)] 1-tetradeca 7 oids: . CD4230 29748 1.01 1.00 0.975(1 15198.93 |19042.65 |13557.05 |6303.664
sn-glycero-3- Glycerophosphaolipid
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@
| -E Post Pre ttest: Post ttest: Pre =2 Mean: Pre (50: Post  [SD: Pre
E = max Post
Mass [RT FORMULA | &  |Putative metabolite 2 Map KEGGid# intensity
147.09| 10.63|CEHL3INO3 2 | M-hydroxyisoleucine 5 (0 1] FEEST] 101 1.00 0.8952(1 5377.828 |5334.982 |4563.006 |4371.138
222.09| 4.109(C12H1404 &|Apiole 7 |0 Clo429 152554 1.01 1.00 0.971[1 58044.07 (97476.12 |20886.2 |32462.82
42737 4.421(C25H49N0 1|Stearoylcarnitine 7|0 0 2605 1.00 1.00 0.996(1 2235.135 (2237.628 |503.1279 |B33.5866
SP [24:0]] N- . : -
649.64| 3.773|C42HE3INDOT 3 . 7 |Lipids: Sphingolipids (COD195 25241 1.00 1.00 0.980|1 1407765 |14120.48 |5350.343 (4465.511
—|{tetracosanoyl}-sphing-4- -
ME, NG, MNE-Trirmethyl-L- Amino Acid
188.15| 1B.11(C9H2OMZ203 2 6 |77 C03793 jaaisd 1.00 1.00 0.982(1 3307.268 (3319.13 |995.7354 |473.959
Iysine Metabolism -
798.25 3.568|C1EH3403 46| 2-0Oxooctadecanoic acid 7 |Lipids: Fatty Acyls COD869 ELEEY 1.00 1.00 0.984(1 A0418.72 (40577.78 |20116.76 |29011.77
523.37| 4.546|C26H54NOY P (160]] 1-octadecanct{ | Linikds: o lsasaz 1.00 1.00 0.983(1 279464.1 |280720.1 |140976.4 [128279.1
~|sn-glycero-3- = | Glycerophospholipid |~
Lipids:
717.57| 3.924(C40H30MOF 6|PC[14:0/P-18:0) 5 = . Coo157 [14 704 0.93 1.00 0.972(1 B422.056 (B478.419 |2985.632 |2066.376
Glycerophosphaolipid
_ Amino Acid
145.07| 9.291|C6HL1NO3 9 (4-Acetamidobutanoate 8 Metabalicm C02946 |EdGd 0.9%9 1.00 0.959(1 2647.991 (2663.62 |2566.123 |1899.296
136.12| 4.105|C10H16 30|[PR] ({-}-Llimonene 5 |Lipids: Prenols C00521 |G 0.99 1.00 0.936(1 3535.535 (39659.721 |822.6463 |1094.821
TB6.66| 4.078(C45H31M2C 2|5M{d18:1/22-:0 5 |Lipids: Sphingolipids (COD550 CELERS 0.93 1.00 09111 30830.13 (31103.79 |6965.437 |5152.234
- - — . -
1.58lcnonan] 3 [FAcetvlaming famino3- | \Biosynthesis of C16366 e 0.99 1.00 0.978(1 2668.926 |2707.486 |3642.153 [1903.569
158.08 ~|methyluracil ~  |Secondary
71.074| 11.97(C4HIN 2(3-Buten-1-aming F 1] C12244 EXERLY 0.98 1.00 0.905(1 2227201 |22676.43 |6652.889 |5696.731
. Carbohydrate
9.124|C4HED2 7 |Butanoic acid 8 . C00246 12051 0.98 1.00 0.831[1 1673691 (17080.18 |1308.861 |2719.382
B82.053 ~  |Metabolism -
PE !lﬂ:ﬂjlﬂ:l Il- Lipids:
J71.58| 3.913|C43HEZNOY 24 5 mee . CO0350 Ei4ii 0.98 1.00 0.879(1 37134 48 (37990.35 |12233.18 |13921.05
—|pctadecanoyl-2-(117 147- = |Glycerophospholipid |———
812.68| 4.034(C47HS3N2C 1|5M{d18:1/24:1{157]) 5 |Lipids: Sphingolipids (COD550 135981 0.98 1.00 0.824(1 5040595 (92523.42 |10959.51 |17376.36
o Amino acid
163.07| 11.95(C6H13MNO29 &|5-Methyl-L-methionine 8 m CD3172 EETLS 0.98 1.00 0.962(1 T24.8443 (7433971 |956.9255 |428.4084
511.33| 5.179(C31H45MNOY 1|[5P] Scyphostatin & 7 |Lipids: Sphingolipids (0 10649 0.97 1.00 0.929(1 5743.136 |5859.8 2206.865 (2932.896
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a
o M i
o -E Post Pre ttest: Post ttest: Pre A Mean: Pre|5D: Post  |SD: Pre
E - max Post
Mass [RT FORMULA | &  |Putative metabalite i Map KEGGid# intensity
[PC (14:0/18:2)] 1- Lipids
729.53| 3.969|C40HTEMOE 14 5 |  |copisz [zs045 .87 1.00 0.865(1 16749.86 |17260.73 |8429.558 |5250.475
tetradecanoyl-2-{97 127- Glycerophospholipid
49533\ 7.506|c2ansono]  s[X 7 |o Co4102 iamarg 0.97 1.00 0.903(1 563650.4 |S81526.7 |176048.4 |307362.6
Palmitoyvlglycerophosphoc
[16:0/18:2)] 1- Li
757.56| 3930|caoumonog sl o l160/18111 7 [HEe  |copisz o .97 1.00 0.200(1 1901806 |1962278 |481687.4 |4748065
— |hexadecanoyl-2-[9Z,127- —  |Glycerophospholipid |~
Amino Acid
132.09| 18.61|c5H12M201 6|L-Drnithine 8 —mmlnz I_E' 00077 o7 .97 1.00 p.283(1 16653.25 |17198.87 |7690.138 |s423.884
E LD IS
Amino Acid
1031 12.6|c5HI3IND 1|choline 10 [————— cop11a o615 0.97 1.00 p.833(1 164420 |170089.8 |63074.07 |52451.18
— |Metabolism -
. Carbohydrate
14.28|canz0: 7|(R)-Acetoin g : CoDE10 sz .97 1.00 p.4211 158665 |16417.95 |8135198 (1413927
BR.OSZ( — Metabolism ——
62161| 3.769(capH7onod 2 Lsiirjlf_]lr:;red”{m"“"”' 5 |Ligids: Sphingolipids [coo19s fsaa 0.96 1.00 0.782[1 5847.389 |6063.583 |2190.666 |1935.58
sphing-4-enine —
ntane-1.3 4 5-
248.05| 11.45|coH1208 EEMEarE 2,52 5 |o o laazy 0.96 1.00 07711 2470938 |2569.833 (9201848 |337.7722
=|tetracarboxylate = = =
785.59| 3.904|casnmanog 55| Po (L8181 1-(92- g [H2de . |cooas7 liase10n 0.96 1.00 0.746]1 959606.5 |1002707 |19293% [301259.8
= |octadecenoyl }-2-{92- = |Glycerophospholipid
745.6| 3.901|caznzanod  12|pc1E:0/P-18:0) g [d2de _ |copasz lracza 0.96 1.00 07911 1756545 |18366.06 |3989.624 (7895894
= |Glycerophospholipid |—
sn cero-3- . .
3571 129|caHromMOEH 1 : 10 |Lipid Metabolism  |cODE70 lrate 0.96 1.00 p.873(1 1694.462 |1772.058 |771.4794 |711.8139
= Phosphocholine - -
a14s|ciznzops | ofFACol1ZUN1Zoe-l0E-| o |, o oo acie  |c16308 loess 0.95 1.00 07411 1437.105 |1505.72 |289.1197 [478.5325
212.14 dodecenoic acid
54333| asss|cosnsonoy  3fRSRPCI0ASZAZANIZNAZ L o |Liokds 04230 - .95 1.00 0.793(1 9442636 (9933605 400927 |40139
il ~ | Glycerophospholipid
) . Carbohydrate
12.37|ceH1207 | 11|D-Gluconic acid g |[FEEHEEE 00257 gz .94 1.00 0.695(1 5420.822 |5737.381 |1999.914 [1726.587
196.06 — |Metabolism —
17.15| 4.006|C10H2002 | 9|Decanoic acid 8 |Lipid Metsbolism  |c01571 71 0.94 1.00 0.797|1 5272883 |55887.31 (2383226 (1975026
. Amino Acid
160.12| 19.11|c7H16N203  G|ME-Methydddysine B [ Meraoolem 02728 o 0.94 1.00 0.692(1 1557.631 |1657.008 [1137.747 (1303.961
. Amino Acid
16508 10.35|coH11NOZ | 7|L-Phenylalanine 10 [ CoDo79 luseazy 0.94 1.00 0.764 (1 116384.9 |1244135 [533565 |43442.35
247.97| 11.68|caHaBr04 1|4-bromoisophthalate 5 |o o 11138 .93 1.00 08111 4983 832 5331107 [1151.374 [3161.030
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o
o -E Post Pre ttest: Post ttest: Pre A Mean: Pre |5D: Post  |SD: Pre
E = max Post
Mass |RT FORMULA | & |Putative metabolite 2 Map KEGGid# intensity
74157| 3521|cazusonoy 1o P (LE:1/18:2)] 117 e o 5103 0.93 100 0.713)1 2629758 |28132.65 |8845.752 (11015.74
hexadecenyl)-2-{92,127- Glycerophospholipid
145.07| 12.95|C6H11ND3 9 (E-Amino-2-oxohexanoate 8 W C03239 |adnaa 0.93 1.00 09311 B957.071 (7444.69 [16639.06 |108E3.67
BT30S
. . Amino Acid
175.1| 13.84(CeH13N303 3 |L-Citrulline 10 ) CO0327 141 0.93 1.00 0.787|1 14730.01 [15795.51 [6965.144 |5546.569
— |Metabolism -
202.13| 11.93|CO9H1EN203 3|Leu-Ala 5 |Peptide(di-} u 10ELE 0.93 1.00 0.708|1 5044.519 |5419.128 |31E3.302 |1533.32
FA] O-Palmitoyl-R- . ~
399.34| 4.533|C23H45MND 1 carnitine 6 |Lipids: Fatty Acyls C02950 14508 0.93 1.00 0.787|1 J257.148 |7799.903 |4058.136 |I63I5.98
7398.66| 4.075|C46HI31NZ] 1|5M{d17:1/24:1{157 5 |Lipids: Sphingolipids |0 EEREE] 0.93 1.00 0.386|1 2036554 (21925.25 (5274.571 |3T0&E.768
. Amino Acid
13.48|CAHENZO3 6|L-Asparagine b 00152 EELSE] 0.93 1.00 0.754|1 6012579 (6479.363 (2333.171 |2649.911
13205 —|——— = — |Metabolism
; Carbohydrate
13.21|C6H1206 57 |myo-Inositol 8 " C00137 4 POy 0.93 1.00 0.610|1 247561.8 |(26T189.9 [41219.57 |B4287.56
180.06 Metabolism
go7.58| 3.503|cagumonod  pofPCi1E:L/20:4)] 132 g [umidss __ |coois7 s 0.92 1.00 06811 301514.4 (328632 |76632.51 [111979.9
~—|octadecenayl)-2- = |Glycerophospholipid |—
J 3 " 1P Li
B21.63| 3.834|C4EHEENDOH G| PCI2ZANVZI02.132.162)/F 5 — . C00157 13287 091 1.00 0.647|1 2034 449 (BB35.83 [1874.0891 |3765.101
18:0) Glycerophospholipid
T84.65| 4.082|C45HE9MN20 2|5M{d18:1/22:1{137 5 |Lipids: Sphingolipids |COD550 REE1] 0.91 1.00 0.401)1 50175957 (5522297 [14741.19 |11337.75
143.08| 10.67|CTH13NDZ 2|5tachydrine 7 |0 C10172 lig50753 0.91 1.00 05231 2535518 (2724589 (5204174 |6052255
NG NG-Dimethyl-L-
202.14 18.1(CEH1EN4D 3 . ame 7 (0 C03626 10118 0.91 1.00 0.622|1 JOeD.506 (7794.401 (2630.252 |1777.243
argining
.. Amino Acid
149.05| 11.24|C5HL1IMNOZY 5|L-Methignine 10 S COD073 178453 0.90 1.00 0.781)1 8111318 (896339 |43E14.99 |534717.3
etabolism —
. Amino Acid
13.07|CAHSND3 11|L-Threanine B . COD1E8 T2 0.90 1.00 0.661|1 44892 28 (49609.85 (15750.88 |17612.73
119.06 ~ |Metabolism -
163.08 11.06|CEH1INDG 9|1-deoxynojirimycin 5 (0 C16843 EEEEY 0.90 1.00 0.495|1 1101.539 (1219.311 [536.0768 |659.3806
2-Dehydro-3-deoxy-L- Carbohydrate
13.07 |CeH1DOS 25 8 N 03979 145804 0.90 1.00 0.547|1 811186 |B9867.71 (1883149 [28B45.67
16205 — | ==[rhamnonate = |Metabolism —
PC (18:0/22:5)] 1- Lipid
835.61| 3.B77|CABHEGEMNOH 25 5 . . C00157 £ 0.90 1.00 0.606|1 3E010.B8 (42208.21 [7e47.536 |16127.05
octadecanoyl-2- Glycerophospholipid
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o
) -E Post Pre ttest: Post ttest: Pre A Mean: Pre (5D: Post  |SD: Pre
E = max Post
Mass |RT FORMULA | & |Putative metabolite 2 Map KEGGid# intensity
509.59| 3.501|casHBanNDy 2q|lEC(1B:L/20:3)] 1-{97- e ~ |cooas7 lpanie 0.50 1.00 0.566(1 572859.6 |6390019 |216245 |1982728
octadecenoyl)-2- Glycerophospholipid
819.61| 3.884|C4EBHEGMNOY 10 PC(22:4(72,102,137,167)/P- 5 -2 ds CO0157 19106 0.90 1.00 0.538)1 10113.7 |11282.38 |2993.178 |4730.599
T|18:A{117)) ~ | Glycerophospholipid
s 10.89|C3HEN203 1|serine hydroxamate 5 |0 [] |3558 0.89 1.00 0.350(1 2181.947 |2435.832 |901.0062 (1099.409
:2/22:6)] 1-(9Z,122- Li
829.56| 3.926|C48HBOMNOH 23 PC [18:2/22.6)] 132,122 5 Lipids: CO0157 [ 0.89 1.00 0.524|1 5873.262 |6577.518 |1207.6 2276.431
— | octadecadienoyl}-2- — | Glycerophospholipid |
B Amino Acid
119.06| 10.65|CAHSMO3 11|L-Allothresnine 8 m C05519 |24530 0.89 1.00 0.734|1 670543 |7509.632 |3995.565 |7738.766
. Amino Acid
109.05| 10.02|CeHTNO 7|2-Aminophenol 8 Metabolism C01937 |14279 0.89 1.00 0.752(1 5211.205 |5855.821 |6924.361 |61B3.824
5P [16:0]] M- : : -
70257 4.233|C39HTIM2T 1 . 7 |Lipids: Sphingolipids |0 EFHEY 0.89 1.00 0.227|1 400947.5 |450816.1 |60267.61 |B1856.18
~|lhexadecan -sphing-4- - -
246,09 10.2|C9H14N204H 2| 5-6-Dihydrouridine 5 (0 a LEFE 0.89 1.00 0.579(|1 2464.773 |2773.071 |1013.794 |856.9914
795.58| 3.911|C45H32NOH 22 PE[18:0/2 41721021321 5 — ; C00350 i) 0.89 1.00 0.537(1 20481.11 |23085.19 |6321.921 |8908.435
E\Zh Glycerophospholipid
758.63| 4.162|C43HETNZO 1({sm{d18:1/20:0) 5 |Lipids: Sphingolipids |CO0550 EETEE] 0.89 1.00 0.324|1 2573649 |29035.1 |10161.96 |6135.621
5P [24:0)] N4{152- . . -
647.62| 3.761|C42HBINOI 1 . 5 |Lipids: Sphingolipids |CO01395 FETTRY 0.89 1.00 0.476(1 11382.18 |12856.34 |4253.058 |4163.689
tetracosenoyl)-sphing-4- -
Nucleotide
14.45(H2045 1|5ulfate 8 |- COD059 lupasay 0.B8 1.00 0.276|1 66743.35 |75501.52 |19925.26 (17241.77
97868 — | - ~  |Metabolism -
i d 7.147)/P- Li
795.61| 3.895|C4BHBEMNOY 12 PCI202[117,147)/F 5 — . CO0157 35153 0.B8 1.00 0.469|1 2214049 |25074.23 |5905.632 |8825.724
18:1{117)) Glycerophospholipid
156.05| 106|ceHsnzDa| g imidazolone-5. g |AminoAcd C03620 19300 0.88 1.00 0.548|1 £788.192 |7691.795 |2199.768 |5285.012
~|propanoate ~ |Metabolism -
] - YT T
7a358| 3537|cazumaNDy  1a|Hexadecanoykd-(57- g |Heds ~lci3sze lizssa 0.88 1.00 0.4811 2259093 |25608.95 |s424574 9682202
—|ectadecenoyl}-sn-glyeera-3{ ~ |Glycerophespholipid
Carbohydrate
13.22|CSH1005 37| D-¥ylulose [ N C00310 14624 0.B8 1.00 0.532(1 7143337 |2103.189 |1937.442 |3172.274
150.05 Metabolism
MN-Hydromy-2-
239.09| 9.043|C15H13NOZ 5 - 5 (0 C03954 EHIHY 0.B8 1.00 0.450(1 1742.498 |1976.691 |B36.6667 |62B.58598
acetamidoflucrene
. Nucleotide
136.04| 10.35|CSH4AMAD 3|Hypoxanthine L — C00262 65354 0.B8 1.00 0.793|1 17096.69 |19452.42 |8505.297 (20827.61
- |- Metabolism
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@
o
o -E Post Pre ttest: Post ttest: Pre Mezn: Mean: Pre |5D: Post  |SD: Pre
E = max Post
Mass |RT FORMULA | & |Putative metabolite 2 Map KEGGid# intensity
Amino Acid
£9.048| 13.31|C3HTNO2 9|L-Alanine - C00041 |sasae 0.88 1.00 0.636|1 1951414 (222142 |61459.18 |109088.5
Metabolism
Carbohydrate
13.33|CAHED4 9|D-Erythrose [ . C01796 53477 0.B8 1.00 04611 44028.17 (5014395 [2073.273 |1981B.52
120004 = |7 Metabolism
Amino Acid
13.46|C4HE03 B|2-0xpbutanoate ] . C00109 2GS 0.B8 1.00 0.504 |1 1159146 13581008 (33466.53 |46555.09
w203 —|— N ~ |Metabolism -
730.6| 4.195(C41HE3IN20 3(SM|d18:0/18:1({97)} 5 |Lipids: Sphingolipids (COD550 B4852 0.B8 1.00 0.326|1 451154 (5603042 [14670.63 |1875B.E9
Amino Acid
13.4(C3H&03 6|3-Hydroxypropanoate 8 . C01013 |EEEEL 0.87 1.00 0.549|1 172102.9 (196768.3 |I6ET2.49 |79971.2
90032 — |/ Metabolism
[SP [18:0/14:0)] N- _ -
B688.55| 4.245|C3EHTTNZ] 1 octadeca 5 |Lipids: Sphingolipids |0 |H4TIE 0.87 1.00 0.250|1 22165.79 (25368.5 |[T7013.767 |6556.133
— {octadecanovl]-
Larbonyarate
13.19|C3H403 3|3-Oxopropanoate 6 Ll 1_:|rate CO0222 |Fida25 0.87 1.00 04881 3727643 (4266892 (E975.408 |15173.66
B0l — |I— = = |Metabolism
. ) Carbohydrate
14.18|CeHE0E 3 [cis-Aconitate 10 N CODd17 ESEEL] 0.87 1.00 0.703)1 5073.959 (10402.83 (3842.191 |5777.532
402 — |7 = = |Metabolism
B Amino Acid
135.04| 11.43|CAHSND25 3| L-Homocysteine [ m CO0155 (35 0.87 1.00 0.686|1 2765408 |3172.481 (1672.244 (1731.801
Amino Acid
204.09 11.5(C11H12MN20 &|L-Tryptophan 10 Metabolism CODO7E l143873 0.87 1.00 0.643|1 6969658 (20013.45 (35414.16 |3973B.597
Carbohydrat
13.22|c5H804 16|2-Acetolactate 6 | ees C00900 |sasag 0.87 1.00 0512|1 31362.16 |36046.04 |9594.063 [13767.97
132.04 Metabolism
313.01 7 A58 |CEHFNOAS 1(Indoxylsulfate 7 |0 (o] lipsasya 0.87 1.00 0.542)1 321659.1 [370123.2 |198718 318447 .8
B674.54| 4.272|C3THTENZ] 1|5M{d18:1/14:0) 5 |Lipids: Sphingolipids |0 1338 0.87 1.00 0.223)1 56649 38 (65377.51 (21528.894 |1943B.66
T 12.08|C3HE03 B G|I£EIE|dEhEE & |Lipid Metabolism C02154 5301353 0.87 1.00 0.598|1 2T9482.7 (322806.9 |T75565 153825.6
271.04| 11.68B|COHSN3IDT 2|3,5-Dinitro-L-tyrosine 5 |0 (03225 500 0.86 1.00 0.667|1 1873.133 (2165.81 [527.3038 |1436.056
i Amino Acid
146.07| 13.34|C5H1OMNZDJ 6|L-Glutamine 8 Metabolism COD064 1133734 0.B6 1.00 0.507|1 6479746 |751553.1 [188513.6 |262678.1
2-Hydroxy-2 4- Amino Acid
13.27|C5H&03 N I T CO0556 | 12582 0.86 1.00 0.517|1 B4582.71 |74936.47 (20599.58 [3I0156.45
11403 — |— ~|pentadienoate =  |Metabolism -
Lipid
769.6| 3.909(C44HEB4NOY 15|PC[18:1(117)/P-18:1(117) 5 e . COD157 31857 0.B6 1.00 0.386|1 15237.72 (17703.63 [4042.048 |7894.354
Glycerophospholipid




Appendices 244
L]
& -E Post Pre ttest: Post ttest: Pre 2 Mean: Pre |5D: Post  |SD: Pre
E = max Post
Mass |RT FORMULA | & |Putative metabolite 2 Map KEGGid# intensity
216.12| 13.2B|CBH1G6M403 2 [M-acetyl-{L}-arginine 5 (0 o |Era 0.Ba 1.00 0.495|1 4265.295 (4965.121 [1369.878 |2140.313
Gamma- .
275.11| 12.95|C10H17N3C i —— i 5 |Peptide C05283 RN 0.86 1.00 0.627(1 1570.684 (1B29.254 [397.6434 |436.6563
Glutamylglutamine
231.15| 9.206|C1IH21ND 3|0-Butanoylcarnitine 7 |Lipids: Fatty Acyls C02862 ERT 0.B6 1.00 0.264|1 16599.23 (19359.34 (1144387 |11051.2
181.1| 10.35(CTHILINSD 1|6-methyltetrahydropterin 5 (@ ul M5 0.B6 1.00 0.761)1 15814.66 (1B454.12 |7368.532 |20217.8B9
[PC [1B:1/22:5)] 1-(11Z- Lipids
B33.59| 3.877|C4BH34ANOH 27 5 . C00157 145820 0.B6 1.00 0.500)1 107505.4 (125564.4 [(30957.56 |61118.35
= |octadecenoyl)-2- ~ | Glycerophospholipid
358.97 7|CeEHSHEOD3Y 1|4-mercuriphenylsulfonate 5 (0 a 1553 0.B5 1.00 0.750)1 689.5012 (3079038 |1044.442 |106E.31
R Amino Acid
13.85|C3HTNO3 3[L-Sering B |-, ... - CO0065 | EXE 0.85 1.00 0.530)1 1729793 (20258.46 (588496 |8291.912
B 1 e — = =  |Metabolism
9.883(C5H1004 2| Deowyribose g |lrmbidae Co1801 azas .85 1.00 0.710(1 9568.148 (1123269 |9992.712 [10666.31
134.06) = = = |Metabolism ) ) ) ’ ) )
79.526 11.84|BrH 1|Br- 7 (0 C01324 Felrrn] 0.85 1.00 D428|1 1082632 (1275999 (3345.23 (7603.908
Lipid
509.35| 4.631|C25H52MNOF 8|LysoPC{17:0} 5 o . C04230 EEE] 0.85 1.00 0.604 |1 155851.3 |1BE05.77 (1034165 |9732.15
Glycerophosphalipid |
; . Biosynthesis of
5,788 |CeEHEM403 4)1-Methyluric acid 5 C16359 | EET 0.B5 1.00 05981 2740.505 (3238.775 [2993.744 |2454.359
182.04 Secondary
FA h 18:0]) 25-
3.732|C1BH3603 27 L ydraxy| I 5 |Lipids: Fatty Acyls C03045 EFE] 0.84 1.00 0.337)1 3355.178 (4018.034 |B58.8372 |1485.18
300.27 | hydraxy-octadecanoic acid | ~
. Carbohydrate
11.11|C5H10O5 37 |D-Ribose 10 N C00D121 jaansg 0.84 1.00 D.583)1 19613.85 (23216.35 [15616.74 |17572.11
150.05 Metabolism
313.14| 1D0.83|C12H19N5C 2| Ala-5er-His 5 |Peptide(tri- o |EES 0.84 1.00 0.213|1 1863.438 (2206.843 |607.1873 |460.6065
) Carbohydrate
12.23|C5H1006 B|L-Arabinonate B N C00545 |T7Ed 0.84 1.00 0.425(1 3675.548 (4358.025 [2184.531 |1838.459
166.05 ~ |Metabolism —
3-Amino-3-(4- Amino Acid
181.07 12.31|CSH11NO3 1 ] - CO4A368 BT 0.84 1.00 0.5659|1 53151.62 (110459.5 [65430.11 |55510.74
- - =~ |hydroxyphenylipropanoat ~ |Metabolism
Glycochenodeoxycholate 74
4.402 |C2EH43MOH 7 |0 C15559 |E2ES 0.84 1.00 0.257|1 3203.742 |3814.246 [1754.539 (2511.311
2564564 =|sulfate - | —
4.366|CEH1603 14 Ethyl (R]-3- 7 (0 CO3864 jarid 0.84 1.00 0.275|1 2325.449 (2770.684 |7e5.6546 |767.2552
g0 — |— hydroxyhexanoate -
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L1
-E Post Pre ttest: Post ttest: Pre A Mean: Pre|5D: Post  |SD: Pre
= max Post
Mass [RT FORMULA Putative metabolite 2 Map KEGGid# intensity
4.12|c10H1602 (35.6R}-6-lsopropenyl-3- | |Biosynthesis of C11403 luszy 0.84 1.00 p.170(1 2436581 |2903.826 [1301.104 (799055
168.12 | methyl-2-oxo-oxepanone ~  |Secondary
3158 3892|casnmonod  pp|[ECI181/22:6)11-(112 e  |copisz liszes 0.84 1.00 0.461|1 2173651 |25926.15 |5545.234 (13316.06
octadecenoyl)-2- Glycerophospholipid
246.14| 9.103|C14H18M20  2|Hypapharine 7 |o 09213 1427 0.84 1.00 0.402|1 41312.62 [49358.35 |49388.78 |41894.84
FA [18:2)] 95-hyd ]
apoz|cismazoa | aof[EALLE2N SS-hydroperowyy |l o aci |c1asaz ssm7 0.84 1.00 05731 10978  |13118.76 |5039.793 |10912.76
31223 —— |/ —|10E, 127 -octadecadienoic -
. Carbohydrate
11.06|CEH13NO5 | 10|D-Galactosamine 2 - 022632 45135 0.84 1.00 03911 22677.65 [27141.4 (1195134 |14845.71
179.08 Metabolism
Carbohydrate
11.61|CEH1205 25|L-Rhamnulose [ - CODEE1 |awssors 0.84 1.00 0.3181 1149016 [137521.2 |35270.54 |37854.56
164.07 Metabolism
646.51|  4.3|C3sH7INZG  1|SMId18:1/12:0 7  |Lipids: Sphingolipids |CODS50 14355 0.83 1.00 03181 4362.558 [5235.112 |4447576 (4158814
5.017|CoH1003 1 JL2rparanipeny - d_m - e 8 w C11457 407 0.83 1.00 0.440(1 2439.041 [2931.784 |1028.633 [1373.348
166061 — |— — | propanoic acid = |Metabolism
[162 { L h - Li
80556 391|casnsonog 2g| T liB0/2Z6II1 g [HRis . |cooasz feaags 0.83 1.00 0.404)1 3771812 [454370 |120093.1 |226808.6
== |hexadecanoyl-2- = |Glycerophospholipid
47535 4.455(C25H47NOY 3 |Elaidiccarnitine 5 |o 0 19245 0.83 1.00 0.430)1 8912.625 [10789.86 |3650.858 |4149.339
ag.955| 12:22|CiHO4 1|perchlorate 7 |o [} l1505 0.82 1.00 0.010(1 10137.62 [12323.04 |1284.797 |1799.557
147.08| 11.7|cEH13NO3 2|Fagomine 7 |o C10144 lusssa 0.82 1.00 05281 B550.383 [3107.107 |2319.163 [5289.512
Amino Acid
15.49|CHANOSE 1|Carbamoyl phosphate [ COD169 EEFE] 0.82 1.00 0.086(1 2349.031 |2866.37 |705.1428 |239.7841
Wo88 —|I—/— Metabolism
i Mucleotide
10.04[coH12N208  3|Uridine B e 00299 15218 0.81 1.00 0.538)1 11345.07 [13937.28 |5844.915 |7519.832
244.07 ~—  |Metabolism -
. Amino Acid
13.83|C2HSNO2 3| Glycine - 00037 e 0.81 1.00 03241 12001.67 [147437 |3738.131 |5196.16
75.032 —  |Metabolism -
Amino Acid
208.08| 10.9|C10H1zMZO 2 |L-Eynurenine B | retabolism 00328 [ras 0.81 1.00 0.475)1 3716.394 [4582.127 |1719.233 [1967.439
228.15( 12.16|c1iH20M20  3[llePro 5 |Peptide(di) ] |assaz 0.81 1.00 0.555]1 10559.45 [13075.756 |4967.917 |10208.38
11.57|C7H1207 _l'D'mEth“'&“mD' 7 |o 0 EXR 0.80 1.00 0.110)1 2536.525 [3151.099 |477.024 |958.4695
208.06 Elucuronate
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Trend a
-t - Tooks E Mean:
o = Post Pre ttest: Post ttest: Pre ’ Mean: Pre|5D: Post  |SD: Pre
E = max Post
Mass [RT FORMULA | &  |Putative metabolite 2 Map KEGGid# intensity

11.58|CYHI206 6|Quinate 8 Amino Ackd, C00296 |E£746 0.80 1.00 0.418|1 211978 |26425.34 |22135.53 (24324.67
192.06 ~  |Metabolism -
229.17| 4.75|C12H23MO3 1(M-Decanoylglycine 7 (@ a 2457 0.79 1.00 0.304]1 1856.278 |2340.643 |305.9249 |1111.567
279.15| 8.291|C15H21MOH 1| Metalaxyl 7|0 C10947 | 0.79 1.00 0.434]1 2745.531 |3463.84 |1604.364 |2095.43

Carbohydrate

13.09|C5H&05 7|2-Oxoglutarate 10 . C0D026 1458 0.79 1.00 0.510]1 34702.76 |43BBB5E |13663.7 (32879.14
146.02 — |Metabolism —
216.15| 11.84|C10H20M20 1{val-wal 1 |Peptide(di-) [u] 10530 0.79 1.00 0.498]1 219145 |2776.695 |2202.331 |3556.279
217.13| 9.986|C10H19MOM 1|0-Propanoylcarnitine 5 |Lipids: Fatty Acyls C03017 11190 0.78 1.00 0.316(1 48525.16 |61930.61 |30362.61 |315&62.6

. Nucleotide
268.08| 10.83|C10H12M40 3|lnosine 8 m C00294 17312 0.78 1.00 0.082]1 6E74.281 |8776.792 |3171.563 |4116.435
728.58| 4.168|C41HEINZJ 2[sM{d18:1/18:1{9Z}) 5 |Lipids: Sphingolipids |COD550 |GG 0.78 1.00 0.04411 3906298 |49921.18 |15280.56 [19256.16
567.33| 4.43B|C30HSO0MOY 2 el vl 5 (2 ds. 04230 |EEERT 0.78 1.00 0.374]1 1413025 |1B0856.71 |5343.362 |B6EB0.364
- - =(l4z, 72,102,137 167 192 = |Glycerophospholipid : : ) ’ ’ ’ ’
281.11 13.6|C11H15M50 6|1-Methyladenosine F 1] C02494 4755 0.78 1.00 0.338]1 1797807 |2302.718 |579.8348 |1122.B685
423.34| 4.513|C25HA45MOH 2 |Lingelzsidylcarnitine 5 (0 [i] |azan 0.78 1.00 0.370]1 3832458 |4919.331 |1270.327 |2674.323
Nucleotide

11.56|C5HAMA03 1|Urate 8 | C00366 LT 0.78 1.00 0.172]1 221651.6 |2B4533.5 |34078.34 |103364.3
sBO3 — |— - ~  |Metabolism -

1022|csHonps | 1qHudroxyelutamate g [|AminoAcd 05938 1anas 0.78 1.00 0.364[1 6713.941 |8646.445 |2515.027 (4559.026
147.05 semialdehyde Metabolism

pha-hydroxymethyl-
42937 3.769|C29H4902 1 4aipha-hydroxymethyl 7 |0 [u] |4na3g 0.78 1.00 0.366|1 14112.76 |18193.86 (4201.967 (104&9.29
—|4beta-methyl-Salpha- - |~ -
e 3.866|C12H2402 10|Dodecanoic acid £ |Lipid Metabalism C02679 BEFEL 1] 0.77 1.00 0.393)1 8320046 |107639.1 |6BET2.E |4415B8.7
[F& oxol16:0)] 3-oxo- . ~

3.628|C16H3003 139 A . 5 |Lipids: Fatty Acyls [i] ] 077 1.00 0.272]1 1719987 |22254.39 |7857.359 [15313.63
2022 — | hexadecanoic acid
97977 11.96|H304F 1|Orthophosphate 8 |Energy Metabolism |CO0009 14041413 0.77 1.00 0.2B3]1 5843626 |7564537 |1489153 (3085452
196.15 3.731|C12H2002 29(Linaklyl acetate 7 |Lipids: Prenols CO09863 7354 077 1.00 0.085]1 3501.469 |4565.109 |2271.314 |2201.952
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Trend a
-t - Tooks = E Mean:
o = Post Pre ttest: Post ttest: Pre ’ Mean: Pre|5D: Post  |SD: Pre
E = max Post
Mass [RT FORMULA | &  |Putative metabolite 2 Map KEGGid# intensity
i25)-2-{[1-{R}-
189.1( 10.98|CBH1SNO4 5 25)-2]1-(R 5 |0 C06326 LR Q.77 1.00 0.291)1 2368.314 |3050.471 |1035.898 (1232.B42
~|Carboxyethyllaminolpenta| — [T
9.949|CSH7NO3 Lel-PyrrolineJehdrowy5- | oo |Amine g C04281 1290 0.77 1.00 0.2831 65011.24 |84924.28 |26376.34 [21958.92
129.04 ~ |carboxylate ~  |Metabolism
117.05| 14.04|C3HTNIO2 1|Guanidinoacetate 8 W CO0581 15627 0.7a 1.00 0.260|1 6197.552 (8126.862 [2504.251 |2917.225
etabolism —
105.08 11|CAHLING2 2 |Diethanalamine 8 [|Lipid Metabolism C0e772 11134 0.76 1.00 0.4459]1 9768.943 (12816.82 [7426.721 |E315.858
[FA hydrosy|18:1)] 9,10- . ~
3.911|C18H3404 1z 5 |Lipids: Fatty Acyls C14828 ETH) 0.76 1.00 0.223]1 1570.074 (2600.052 [742.9468 |904.0943
314.25 dihydroxy-127-
. Amino Acid
113.06 10|CAHTNIOD 1|Creatining 10 m CO0731 LR 0.7a 1.00 0.372]1 2322650 (3068262 |952449.1 |1727942
133.04 11.24|CAHTND4 d(lminodiacetate 5 (0 [u] |74 0.7% 1.00 0.307)1 2563.146 (3406.77 [1275.987 |2948.748
3.756|C15H2ED2 I'F..I'-'« dlmEth\l‘lfl.B:U]] 25 5 |Lipids: Fatty Acyls 0 a3 0.75 1.00 0.343]1 2074.88 |2758.733 [991.0176 |1305.804
24021 — |/ ~|dimethyl- 2E-tridecenoic - B
. Y
14.4|CEHEODT 12|Citrate 8 — 1_:|rate C00158 |EETE 0.75% 1.00 0.374]1 35233.75 |52303.8% (133299 |30457.52
192.03( = = |Metabolism
83.961 12.06(HO3CI 1|Chlorate 5 (0 CD1485 FEEH 0.7% 1.00 0.141)1 1259064 (172613 |32199 4862.99
. Amino Acid
161.11| 12.31|CTHLSMNO3 2|L-Carnitine 10 Metabolicm COD487 FEFCT R 0.75% 1.00 0.264|1 4689628 (6273018 |2451534 |[3I5B16ST
261.12| 11.64|C1IHI9NOH 4 (Lotaustralin 5 (0 C03334 FeF- 1 0.7% 1.00 0.175]1 1113.03 |(1489.906 [467.094 |620.9934
. . Carbohydrate
7.534|CAHED3 13 |4-Hydroxybutanoic acid [ . CD0989 as 2195 0.75 1.00 0.330)1 166668.1 (2232109 [659595.17 |138049.4
104.05 Metabolism
1 (16:0)) 1- ovH Li
453.29| 4.738|C21H44NOT PE [16:0]1 L-hexadecan g [HErds 13ma 0.75 1.00 0.263[1 6203.547 |8310.643 |3418.581 [3544.84
- sn-glgterD-El- — | Glycerophospholipid |~
Carbohydrat
13.33|c4Hs05 4|(5)-Malate g |-ANOEE coo149 198315 0.74 1.00 0.570[1 4520324 |BO6T62 (1710421 |627680.09
134.02 ~  |Metabolism —
. Biosynthesis of
185.11| 11.01|CSHLISMNO3 5|Eceonine 5 C10858 |asn 0.74 1.00 0.202]1 17196.31 (23162.56 [13696.55 |12676.78
- |- Secondary
[FA trihydroxy(4:0)] 2,3.4- Carbohydrate
11.22|CAHEOS ) N ’ 8 " C01620 129250 0.74 1.00 0.209]1 7139745 (96384.39 [24287.82 |36842.11
L — |— ~|trihydroxy-butanoic acid = |Metabolism
#1.982 11.989|H303F 1|Fhosphonate 5 (0 CO06701 51415 0.74 1.00 0.413]1 1503942 (25785.32 |E636.2 15646.38
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Trend o
Py P Tools Expor E Mean:
o = Post Pre ttest: Post ttest: Pre ' Mean: Pre |5D: Post  |SD: Pre
E = max Post
Mass |RT FORMULA | & |Putative metabolite 2 Map KEGGid# intensity
3655|c1gnzans | p|[FAQx0l5:2/5:0/6:0)] 5 |Ligids: Fatty Acyls |0 2 0.74 100 0.066|1 367113 |4976.633 |1956.568 [2186.451
268.2 (1R, 2R)-3-oxo-2-pentyl-
3.611|C18H3203 33 IEA bopdrouey{15:2)) 96- 5 |Lipids: Fatty Acyls C14767 16383 0.73 1.00 0.254(1 6583.051 |8958.226 (3723.29 |5053.96
296.24 hydroxy-10E, 127-
FA methyl[{14:0)] 12-
3.755|C15H3002 9 IEA methyi I - . 5 |Lipids: Fatty Acyls C16665 0528 0.73 1.00 0.156(1 300398 4108755 |9214.215 |16637.27
242,22 —— |/ ~|methyl-tetradecanoic acid -
— 3.701|C16H3203 18|16-hydroxypalmitate 5 (2 u 14E5E 0.73 1.00 0.219|1 8711584 |11922.32 |2205.812 |6229.751
275.14| 11.56|C12H21MNOH 1|Glutarylcarnitine 5 (0 [} i 0.73 1.00 0.172|1 1834.159 |2514.175 |854.7711 [1170.334
] [PC {16:0)] 1-hexadecanoyl Lipids
495.33| 4.705|C24H50MNO 7 . C04230 |1EE50 0.73 1.00 0.266(1 1067251 1463474 |551451.1 |566591.4
~|sn-glycero-3- — | Glycerophospholipid
157.11 10.2|CBH15NO2 2 |Homostachydrine 7 |0 C03233 15031 0.73 1.00 0.447(1 3585505 |5492.875 (4065.21 |5239.751
188,14 3.957|C10H2003 13|10-Hydroxydecanoic acid 7 |Lipids: Fatty Acyls CO2774 | 11049 0.72 1.00 0.424|1 6837803 |9437.837 |1980.565 |71B0.B37
214.13| 9.997|C10H1EN2d 2 [Dethiobiotin <] Metahallsm of C01909 G476 0.72 1.00 0.366|1 1806.801 (2503.528 [961.3738 |1664.457
= |Cofactors and -
166.1 4.154|C10H1402 17 [10-oxpeeranial 7 |0 C17622 |a2480 0.72 1.00 0.306(1 12634.63 |17525.78 |8732.175 |10072.13
116.05 5.222|C5HEO3 9|2-0Oxopentanoic acid 7 |Lipids: Fatty Acyls C06255 137073 071 1.00 0.265(1 46709.71 |65330.66 |11836.89 |34575.69
FA oxo 14:Uﬁ 3-ono- i _
3.706|C14H2603 11 5 |Lipids: Fatty Acyls [i] 7383 071 1.00 0.051|1 3064.362 |4307.072 |1621.385 [1991.403
24219 =/ — |tetradecanoic acid - B
Carbohydrat
10.45|C3HE03 1|Glyceral g [CCrEE CO0116 513010 0.71 1.00 0.1856(1 117372 |165163.8% |18758.19 |80500.21
92.047 Metabolism
| ydroxy({18:0]] 9, . -
316.26| 3.583|C1EH3604 19 F_Ah roxy{ 1800 3 11} 5 |Lipids: Fatty Acyls [i] s 071 1.00 0.374|1 B157.077 |11528.41 (433739 |9531.683
— |dihydroxy-octadecanaic - -
e 3.728|C16H3202 16|Hexadecanoic acid & |Lipid Metabolism C00249 MAINE 0.70 1.00 0.082(1 1561533 |2216802 (310078 930036.5
Amino Acid
7.509|CIHINO 9| Dopaguinone [T CooB22 e 0.70 1.00 0.498(1 145854.9 |207965.4 |146699.3 |149355.7
18505 — |—/ Metabolism
228.15| 10.23|C1iH20M2d 3|Leu-Pro 7 |Peptide{di-) o | 1263107 0.70 1.00 0.306|1 299359.85 (42729.81 (10706.82 |33199.53
126,02 4.654(CTH7ZC 2|4-Chlorotolusns 5 (0 C14451 |7354 0.70 1.00 0.186(1 2961.684 |4227.6B9 |1556.439 (1914.377
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Trend o
— . Taools Expor E Mean:
& = Post Pre ttest: Post ttest: Pre ’ Mean: Pre |5D: Post  |SD: Pre
E = max Post
Mass |RT FORMULA | & |Putative metabolite 2 Map KEGGid# intensity
Amino Acid
10.87|C2H4M203 |  1|Urea-1-carboxylate Bl Co1010 202157 0.70 1.00 03131 3064445 |438028.7 |149501.1 (3973125
104.02 Metabolism
- Amino Acid
14511 12.33|c7HISNOZ | B[T ) Afino hed Co1181 o 0.70 1.00 p.240(1 9835223 (1412537 (4539446 |70551.53
Trimethylammoniobutano Metabolism
Amino Acid
117.08| 11.06|C5H11NDZ |  16|Betaine 10 —Mmlnz I_" C00719 s 0.70 1.00 p.228)1 5542104 |7974214 (4324789 [s012910
ET3 OIS
10.34|C7HIDOG g|IEA hydrowy,ouo(7:0/2:0)) |, |AminoAcid ros601 mesn 0.69 1.00 02931 4719.707 |6838.822 (2574658 (6320477
19005 ———|——— ~|d-hydroxy-2-oxo- =  |Metabolism —
Amino Acid
131.09| 1104|cEH13N02 |  12|l-leucine 10 | Cop123 oz 0.69 1.00 02571 3833738 5594646 (1952056 (3287251
159.13| 12.33|ceHI7NOZ |  4|DL2-Amincoctancicacid | 5 [0 o s 0.68 1.00 0.295(1 1190424 |173804.7 |85038.17 |162709.3
Carbohydrate
12.21|C5HEDE 2|4-Hydroxy-2-axoglutarate | 8 |To oo iie co1127 71 0.68 1.00 03881 1070.46 |1563.308 |1178.745 [1542 .88
162 03| —===|=TE=E £{STHCTORy-~ ONDEWRATEIE | 2 | Metabolism
il [PC (17:0}] 1-(10Z- Lipid
507.33| 4.681[cosHsomoR 3 Rl o feazs 0.68 1.00 03331 2637.576 |3861.158 |1654.124 [2294.314
heptadecenoyl}-sn-glycero- Glycerophospholipid
. Biosynthesis of
B.565|CEHENADZ | 3|7-Methybeanthine y |eSmthesligl C16353 10360 0.68 1.00 p.258(1 3815916 |5582.373 (3661992 |2809.516
166.05 ~  |Secondary -
4.597|C13H1805 [EA 7 |Lipids: Fatty Acyls |0 13067 0.68 1.00 05221 7394.782 3510848 (0648583 |4249.406
. Y s L ratty Ay U L d . 3 B u L
254.12 methyl hydroxy, oxo(5:2/4: =
trans-Hexader-2-
397.32| 4.633|C23Ha3NDd [ e ererebs 5 |o o - 0.68 1.00 0.202[1 1852675 (272809 |807.1007 [1412.101
enagylcarnitine
177.08| 10.58|C10H1INOT  3|5-Hydroxytryptaphol 5 |o o feazs 0.68 1.00 02431 1569.219 (2315184 |746.0098 [1707.26
28519| 5.736|C1SH27MO4  1|2-Octenoylcarnitine 7 |o o 501 0.68 1.00 0.194 (1 15047.17 |22263.04 |7200.123 |13063.28
Metabolism af
584.26| 3.644|C33H3eNAd  4|Bilirubin g |Toooemal CoD486 1357 0.67 1.00 0.137|1 61366.72 |90943.11 |47602.24 |72638.85
— |Cofactors and -
[FA {11:1)] 10-und i e
1aas| 4014/c11H2002 | 17| - o UDCECENOL. | 7 [Lipids: Fatty Acyls  |C13910 1309 0.67 1.00 0.041(1 6119.259 [9126.558 |3748.438 |3245.279
a = [l
[F& methyl(12:1)] 2-methyl . ~
3678|C13H2402 | & == 5 |Lipids: Fatty Acyls |0 451 0.67 1.00 0.038(1 1516.148 |2265.707 (5885354 [241.1156
21218 — —|— 2-dodecenoic acid
Amino Acid
169.08| 1196|C7THIINGOZ  5|Nipil-Methyl-Lhistidine | 10 | =72~ co1152 o 0.67 1.00 0.145(1 1771662 2655852 (2294729 |32073.28
12-Hydroxyd odecanoic . _ .
216.17| 3582/C12H2403 | 11/ 5 |Lipids: Fatty Acyls  [CD8317 = 0.66 1.00 02231 1545561 2348965 |747.3227 |1804.413
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Trend a
-t . Tools = E Mean:
o = Post Pre ttest: Post ttest: Pre ' Mean: Pre |5D: Post  |SD: Pre
E = max Post
Mass |RT FORMULA | &  |Putative metabolite 2 Map KEGGid# intensity
10.13|C5HTNDAG 2[2-Oxoglutaramate 8 w CO00940 l19128 0.6& 1.00 0.353)1 A028.2B7 (6128.735 (1417.412 |5TB0.556
145.04 Metabolism
Carbohydrat
7.589(C3HA03 3|Pyruvate 10 =t . S Coo022 AEEDER 0.66 1.00 0.484(1 199529.9 (303672.6 (6745066 |347307.1
bo 30 ] [y — Metabolism
247.14| 11.07|C1iH21NODH 1|Hydroxybutyrylcarnitine 5 (2 ] |FoTa 0.65 1.00 0.308(1 2085.942 (3198.058 (1624.74 |2135.911
7.84|C7HEN202 Ni-Metinl-2pyridone 5= |, |Metaboltsm of Co5842 s2sem .65 1.00 D385 (1 2400393 |37065.63 (1402411 (413695
15206 —|— ~|carboxamide — |Cofactors and -
. Biosynthesis of
240.15| 11.06|C12H20M20 2 |Slaframine 5 COB185 ¥ 0.65 1.00 0.144 (1 1065.792 (1649.473 (402.6322 |B52.83837
- Secondary
12891 3.78|C14H2EBO2 15|Tetradecanoic acid B |Lipid Metabolism COG424 ERLEr] 0.63 1.00 0.098 (1 136618 (215624.2 (4D621.86 |95439.35
_ Amino Acid
5.347 (CEH11NDA 10| 0-Acetyl-L-homaserine [ —— C01077 E:E] 0.63 1.00 0.238(1 2458905 (3904.988 (B4B.6E26 |2654.267
161.07 Metabolism
329.26| 5.152|C1BH3SMO 2 - . . 7 |Lipid Metabolism [u] |1ag 0.63 1.00 0.002 1 115393 (1B35.%4 [(434.1569 |306.7755
2dimethylnonanoylcamitin -
186.13 4.013(CI0H1B03 19|10-Oxodecanoate 7 |Lipids: Fatty Acyls C02217 FEICE 0.62 1.00 0.161(1 7085.277 (1141869 (3931.637 |6395.815
335.73| B.189|C1EH31MNOD4 12-N|tr|:>—5'_2 ]_2.2- . 7 |Lipids: Fatty Acyls C13958 |5215 0.62 1.00 0.221(1 1235.434 (1998.426 (9106879 |1944.276
~|ectadecadienoic acid -
F& oxof6:0]] 2-oxo- . _
4.809 (C6H1003 17 . 7 |Lipids: Fatty Acyls Co0a02 172080 0.62 1.00 0.309(1 251122.6 (407700.1 (EB6487.66 |356408.6
13006 — |- hexanoic acid
371.3| 4.786|C2IH4INDY 1|Tetradecanovicarnitine 5 [0 [u] ErEY 0.62 1.00 0,048 (1 2096.756 (3408.33 (952.6407 |1297.9561
2- Amino Acid
11.99(C2ZHTO4FP — O — CO6451 10787 0.61 1.00 0.337(1 2856.077 (468BB.096 (1552.402 |3503.403
126.01 ~|Hydroxyethylphosphonate | —  [Metabolism
e ns 5.981|C12H1606 5 Pherr-,rlgalactuside 7|0 CO2578 16414 0.61 1.00 0.248|1 4855.764 |7982.552 [5176.98 |9515.109
Amino Acid
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