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Abstract

Background: Clopidogrel has become an essential component in the management of acute
coronary syndromes (ACS); however there is a significant variability in patient outcomes
in relation to rethrombosis and major bleeding. Australian data regarding the use and

outcomes of clopidogrel therapy are limited.

Objectives: Our study aimed to evaluate the rates of hospital readmission due to
recurrent ACS or bleeding among patients with a first episode of ACS admitted to the
Royal Hobart Hospital (RHH) and discharged taking clopidogrel, and to investigate the
influence of a variety of factors including drug interactions, adherence and persistence

with clopidogrel therapy, and cytochrome P450 genotype on the risk of readmission.

Method: In a retrospective observational study, patients discharged between 1 July 2007
and 31 December 2009 were identified and followed for 18 months for readmissions due
to recurrent ACS or bleeding. Patients were then surveyed regarding their attitudes to, and
experiences of, clopidogrel therapy; community pharmacy dispensing records were used
to assess adherence and persistence; and cytochrome P450 2C19 genotypes were
determined. Adherence was defined as the degree in which patients take medications as
prescribed, while persistence referred to whether the patient stayed on therapy for the
duration planned. Statistical analysis was then used to determine the relative influence of
each potential contributing factor on the risk of readmission due to recurrent ACS and

bleeding.

Results: Thirty-three of the 297 patients identified (11.1%) were readmitted to the RHH
for recurrent ACS and nine (3.0%) for bleeding. None of the factors investigated
significantly influenced the likelihood of readmission for ACS. Patients taking antiplatelet
agents plus other medications that increase the risk of bleeding had a higher risk of a
bleeding-related readmission (p < 0.05). Though the proportion of patients who were
persistent with clopidogrel therapy was high (73%), the rate of early discontinuation of
the therapy was concerning (27%). The proportion of patients who were adherent was
also low (55%). Patients with CYP450 2C19*17 (19 out of 50 patients) demonstrated an

increased risk of bleeding compared to the non-carriers (16% vs 0%, p= 0.022).
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Conclusions: Compared to previous studies, our study cohort demonstrated a slightly
higher readmission rate due to ACS but a lower rate of bleeding. Concerns remain
regarding the concomitant use of drugs that increase the risk of bleeding, as well as the
use of gastroprotective agents in patients with a high risk of haemorrhage. The level of
adherence and persistence with clopidogrel therapy was also concerning. Larger studies
are required to determine the relationship between CYP450 2C19 status and the risk of

major bleeding.
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Chapter 1 - Introduction

1.1 Clopidogrel

Clopidogrel, as an antiplatelet agent, has been used to prevent thrombotic events with
various manifestations including coronary artery disease (CAD), cerebrovascular disease,
and peripheral vascular disease (PVD)!2, It is estimated that more than 40 million patients
worldwide receive clopidogrel, with global selling reported to be more than 9 billion USD
per year 345, In Australia, the utilisation of this drug has risen considerably since it was
first introduced onto the Pharmaceutical Benefits Scheme (PBS) in 20006. In 2010, almost
$191 million government expenditure had been spent for clopidogrel, making this
medication the third most expensive medicine by cost to the government’. In term of its
efficacy compared to the established antiplatelet drugs, clopidogrel is superior to aspirin
in patients with atherosclerotic vascular disease in reducing adverse cardiovascular
outcomes8 9. Despite its efficacy as a modern-day antiplatelet therapy, a substantial
number of patients are still experiencing a recurrent cardiovascular (CV) event during the
first year of treatment with clopidogrell® 11, The drug has been linked with several
limitations, including a delayed onset of action, irreversibility of its antiplatelet effect and
a wide inter-patient variability in response! 12 13, [t is believed that a number of
mechanisms may contribute to the variable response to clopidogrel, although not all of

these have been fully elucidated.

1.1.1 Pharmacology

Clopidogrel is an inactive prodrug which requires metabolic activation into its active thiol
metabolite in order to exert its antiplatelet action (Fig. 1)416. Prior to its metabolism,
clopidogrel undergoes active enteric absorption modulated by the intestinal efflux
transporter P-glycoprotein (which is coded for on the ABCB1 gene)!417. Almost 85% of the
administered dose of clopidogrel is converted to an inactive metabolite, the carboxylic
acid derivative, by ubiquitous plasma esterases!1518-20, Thus, only the remaining 15% of
the dose is then bioactivated through the two sequential cytochrome-dependent oxidative

steps! 14, The metabolism process involves a series of different hepatic cytochrome P450
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(CYP450) isoenzymes, including CYP2C1A2, CYP2B6, CYP2C9, CYP2C19, and CYP3A4/521-

24, The first step of clopidogrel activation leads to the formation of 2-oxo-clopidogrel,

which is then metabolised to the active thiol metabolitel4 15 20, This active form of

clopidogrel then selectively and irreversibly blocks the adenosine 5’-diphosphate (ADP)

receptor P2RY12 on platelets!6 2527, which causes the inactivation of the glycoprotein (GP)

[Ib/Illa receptor. The inactivation of this fibrinogen receptor then results in the

antiaggregant effects of clopidogrel. The maximal inhibition of platelet aggregation (IPA)

caused by clopidogrel ranges from 40%-60%28 29. A recent study suggested that

paraoxonase 1 (PON1) may also be involved in clopidogrel activation3?. Nonetheless, data

regarding the exact mechanism involving PON1 are still lacking.

Clopidogrel
(prodrug)

Intestinal a
{ABCB

(CYP3A4, CYPIAS, and
cvp2C19)

Active metabolites |

Figure 1.1 Clopidogrel bioactivation pathways (taken from Simon et al., 2009)24

Esterases

Inactive metabolites
{85% of clopidogrel dose)

GPIlbfilla
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1.1.2 Dosage and duration of treatment

Ex vivo studies show that clopidogrel produces its antiaggregating activity within 2 hours
of a 75mg dose being administered3! and achieves a steady state level after 3-7 days of
daily administration of this dose?8. Even after reaching steady state, however,
interindividual variations in levels of IPA still occur3z34, Due to its metabolic activation
that causes the slow onset of action of clopidogrel, a loading dose is required to reduce the
time needed for to produce its activity. The regulatory bodies (e.g. US Food and Drug
Administration (FDA), Australian Therapeutic Goods Administration (TGA)) approved the
300mg loading dose of clopidogrel and the maintenance dose of 75mg per day.
Nonetheless, research regarding the optimal loading dose of clopidogrel is still ongoing3>-
37. Several studies have reported that a 600mg loading dose of clopidogrel produces a
more effective and rapid antiplatelet effect compared to a 300mg dose38. Studies have also
reported that the administration of the 600mg loading dose among patients undergoing
percutaneous coronary intervention (PCI) was associated with better clinical outcomes3®-
41, Following these findings, a bigger trial, the CURRENT /OASIS-7 (Clopidogrel and Aspirin
Optimal Dose Usage to Reduce Recurrent Events-Seventh Organization to Assess
Strategies in Ischemic Syndromes) trial, was designed in order to evaluate the optimal
dosing regimens for clopidogrel among acute coronary syndromes (ACS) patients with
PCIt 4243, The trial results suggested that the use of a double dose of clopidogrel (a 600mg
loading dose on day 1 followed by 150mg once daily for 7 days, then 75mg daily)
produced a better outcome in patients who underwent PCI compared to the standard dose
(300mg followed by 75mg)*3. However, the results of this trial can only be applied to
patients with certain conditions (e.g patients undergoing percutaneous coronary
intervention)42. To date, there is still no large clinical trial conducted aiming to directly
compare clopidogrel loading doses of 600mg and 300mg. Hence, the debate regarding the
safety of administering the double dose of clopidogrel (a 600mg loading dose) still
remains36. Also, the criteria of patients who need a higher clopidogrel loading dose have

not yet been specified36 42 44-46,

In addition, the duration for the optimal treatment with clopidogrel remains uncertain.
The duration highly depends on the differences in patients’ conditions (e.g. type of stent
implanted, the risk of bleedings, type of ACS)*¢ 47. Table 1.1 shows the duration of

clopidogrel treatment based on several clinical trials.
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Table 1.1 Duration of clopidogrel treatment based on several clinical trials
Duration of clopidogrel treatment

Clinical trials Patients’ characteristics

(average)
CURE*® NSTEACS patients 6 months
coMmmIT* STEMI patients 12 months
CHARISMA® Patients with high 24 months

atherothrombotic risk

NSTEACS patients undergoing 12 months

PCI-CURE™*
PCl

CREDO™ Patients undergoing PCI 12 months

1.1.3 Adverse outcomes

The most important adverse events occurring during the treatment of patients with
clopidogrel is bleeding, which has been reported in both clinical trial studies*?515354 and
real world studies>556. The Clopidogrel in Unstable angina to prevent Recurrent Events
(CURE) study found that about 3.7% of patients in their study had major bleeding
(primarily gastrointestinal (GI) bleeding) with dual aspirin and clopidogrel treatment
compared to 2.7% with placebo with aspiriné 5154 Minor bleeding, such as epistaxis,
haematuria and bruising, were also frequently reported in the clopidogrel group#é si.
Lower rates of major bleeding were found in the ClOpidogrel and Metoprolol in
Myocardial Infarction Trial (COMMIT), the CLopidogrel as Adjunctive Reperfusion
Therapy - Thrombolysis in Myocardial Infarction 28 (CLARITY-TIMI 28) trial and the
Clopidogrel for High Atherothrombotic Risk and Ischemic Stabilization, Management, and
Avoidance (CHARISMA) trial (0.6%, 1.3% and 1.7% , respectively)*9505354, Nonetheless,
reports from clinical trials suggest that the benefit in using clopidogrel might outweigh the
risk of major bleeding. In comparison with the risk of bleeding caused by aspirin, the
result from the Clopidogrel versus Aspirin in Patients at Risk of Ischaemic Events
(CAPRIE) trial showed that there was no statistical difference in the overall incidence of
bleeding events in two treatment groups (9.27% for clopidogrel vs 9.28% for aspirin; p =
0.98)957. The results even showed a lower rate of any reported GI haemorrhage in the

clopidogrel group than in the aspirin group (1.99% vs 2.66%; p < 0.002)5758,

However, fears regarding the concomitant use of clopidogrel with other antithrombotic
agents have long been raised, with reports suggesting that the concurrent use of the

medications may escalate the risk of haemorrhagess 59 60, The latest reports have also
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expressed concerns about the increased risk of bleeding in patients who concurrently take

selective serotonin re-uptake inhibitors (SSRIs) with clopidogrels!.

1.2 Clopidogrel in the Management of ACS

Coronary artery disease is the most common cause of death worldwide®263, including in
Australia%465. The acute obstruction of a coronary artery typically results in ACSSs. It was
estimated that in 2009, there were about 80,000 hospitalisations for ACS in Australia’.
ACS is associated with significant costs to the health care system, individuals, and society
in generalé’. The common underlying cause of ACS is plaque disruption because of either
atherosclerotic plaque rupture or endothelial erosion, leading to partial or complete
occlusion of the coronary artery¢¢68. The clinical presentations of the disease range from
ST-segment elevation myocardial infarction (STEMI), to non-ST-segment elevation
myocardial infarction (NSTEMI) and unstable angina (UA)¢%-72. In patients with STEMI or
NSTEMI (classified as MI), the ischaemia causes myocardial damage which results in the
release of a biomarker of myocardial necrosis into the circulation?’3. The
electrocardiogram (ECG) results and the myocardial biomarker assist clinicians to
distinguish STEMI and NSTEMI from UA. The biomarkers could be troponin T or I, or
creatine kinase (CK)73. Furthermore, ECG tests will assist clinicians to detect the presence
of ST-segment-elevation, thus diagnosing patients with STEMI. Patients are diagnosed
with UA if the biomarker is not detected hours after the initial onset of ischemic chest
pain73. NSTEMI and UA are often classified into a group called non-ST-elevation acute

coronary syndromes (NSTEACS).

Patients who survive their initial episode of ACS are at high risk of having subsequent
atherothrombotic events4, the clinical consequences of which might include death, MI and
stroke#8. The activation and aggregation of platelets play an important role in the initiation
and proliferation of this process? 74 75. Accordingly, effective antiplatelet therapy has
become an essential component in the management of ACS, including those undergoing

PCI with stent implantation#8 76,

Based on its mechanism of action, the most effective way in producing the antiaggregant

activity is by inhibiting the closing pathway that ultimately leads to platelet activation3!.
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Clopidogrel, as mentioned previously, acts in this manner and it has also has been proven

to significantly improve the outcomes of patients with ACS1677.

Clopidogrel is commonly prescribed together with aspirin and the therapy is known as
dual antiplatelet therapy (DAT). This combination has been shown to produce greater
efficacy than aspirin alone in treating patients with ACS3!. Furthermore, several trials have
shown that DAT can significantly improve the outcomes of patients with ACS whether they

are undergoing a PCI or nots377.

1.2.1 Clinical trials

Clopidogrel’s approval was based on the clinical trial called CAPRIE?, which was designed
to assess the clinical efficacy and safety of clopidogrel compared to aspirin. The trial was
performed among patients at risk of ischaemic events and the results were first published
in 1998 not long after clopidogrel was approved?s. Patients, who were followed for 1 to 3
years, were randomised to clopidogrel 75mg once a day or aspirin 325mg once a day. The
study reported that clopidogrel was superior to aspirin by 8.7% (p=0.043) in reducing the

incidence of ischaemic stroke, MI or vascular death®.

Before clopidogrel became an option for treating patients with ACS, the use of aspirin in
ACS patients had been widely accepted. Nonetheless, treatment with aspirin was reported
to still result in a significant risk of death from cardiovascular events, recurrent infarction
and ischaemia in ACS patients, either in the short or long term. Another group of
antiplatelet medications that used to be a mainstay of ACS treatment, GP IIb/Illa
inhibitors, also did not show an improvement in treating patients with ACS. Long-term
treatment with GP IIb/Illa inhibitors was linked with increased mortality, no change in the

incidence of MI and increased bleeding complications?9 80,

The use of clopidogrel for ACS patients received approval in 20028182 after the results of
the CURE trial were published. The study was a randomised trial assessing the benefit of
adding clopidogrel to NSTEACS patients treated with aspirin. The study patients randomly
received either clopidogrel with aspirin or placebo with aspirin for the duration of 3 to 12
months. Adverse events (e.g. ischaemic stroke, MI or vascular death) occurred in patients
treated with clopidogrel and aspirin at a lower rate than in patients treated with placebo

and aspirin (relative risk [RR] = 0.80, 95% confidence interval [CI] = 0.72-0.90); p<0.001).
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Additionally, the results also showed that the use of clopidogrel and aspirin for 9 to 12
months in NSTEMI patients was able to minimise the relative risk of death from

cardiovascular causes, non-fatal Ml or stroke by 20% (p < 0.001).

Adding the list of clopidogrel indications in ACS patients, the CLARITY-TIMI 28 and
COMMIT trials provided evidence for the combination use of clopidogrel and aspirin in
patients with STEMI3153, The CLARITY-TIMI 28 study was done in patients presenting
within 12 hours after their onset of STEMI and who were planned to have PCI. The
patients were randomised to therapy of a 300mg clopidogrel loading dose followed by
75mg per day, or placebo. All patients were treated with aspirin, heparin, and fibrinolytics
and then underwent angioplasty. The results showed that the concomitant use of
clopidogrel and aspirin yielded a beneficial effect in reducing further risk of thrombotic
events (improving patient outcome) in the patients by 36% (odds ratio[OR] = 0.64, 95% CI
= 0.53-0.76, p < 0.001). Despite also receiving thrombolytic therapy, the investigators did

not find an increase in major bleeding among patients treated with DAT.

The use of DAT following PCI was also evaluated in the Clopidogrel for the Reduction of
Events During Observation (CREDO) and PCI CURE trials. The CREDO trial, the largest
clinical trial in this setting, compared the use of clopidogrel at a daily dose of 75mg for a
long term (12 months) and short term (28 days) after stenting. Both groups of patients
were also receiving aspirin during the study. At the study endpoint, it was found that
patients receiving clopidogrel for long-term had a significantly reduced in risk of adverse
ischaemic events compared with the group receiving clopidogrel for the short term (95%

CI 3.9-44.4; p = 0.02).

The results from different clinical trials regarding the use of clopidogrel in ACS patients or

patients undergoing PCI are summarised in Table 1.2.
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Table 1.2 The results from different clinical trials regarding the use of clopidogrel in ACS patients or patients undergoing PCI

Results

Clinical trial Patients’ characteristics  Study primary endpoint

Clopidogrel Placebo/control

group group
CURE”’ UA or NSTEMI patients Death from CV causes, nonfatal Ml, 9.3% 11.4%
(Clopidogrel in Unstable Angina to Prevent stroke or refractory ischaemia at 3 to
Recurrent Ischemic Events) 12 months
coMmIT? STEMI patients Death from any cause, reinfarction 9.2% 10.1%
(Clopidogrel and Metoprolol in Myocardial or stroke at the first discharge from
Infarction Trial) hospital or at day 28
CLARITY-TIMI?® STEMI patients planned Incidence of CV death, Ml or 15.0% 21.7%
(Clopidogrel as Adjunctive Reperfusion Therapy to have coronary occluded artery at 30 days
- Thrombolysis in Myocardial Infarction) angiography
CREDO”’ Patients planned to Death, Ml or stroke at 12 months 8.5% 11.5%
(Clopidogrel for the Reduction of Events During  undergo elective PCl after PCI
Observation)
PCI-CURE™ UA or NSTEMI patients CV death, Ml or urgent target-vessel  4.5% 6.4%
(Percutaneous Coronary Intervention - undergoing PCI revascularisation (TVR) at 30 days
Clopidogrel in Unstable Angina to Prevent after PCI

Recurrent Ischemic Events
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1.2.2 Guidelines

In Australia, the National Heart Foundation (NHF) of Australia and the Cardiac Society of
Australia and New Zealand (CSANZ) published national guidelines for the management of
ACS in 20068. The guidelines, which were updated in 2007 and 2011, provided
recommendations based on the clinical practice evidence that have been shown to

improve the outcomes of patients with ACS.

According to the guidelines, patients diagnosed with ACS at hospital admission need to be
treated immediately with oxygen therapy, aspirin, glyceryl trinitrate (GTN) and

intravenous analgesics, whether or not a PCI is planned.

Furthermore, those diagnosed with STEMI are recommended to undergo early reperfusion
therapy (PCI or fibrinolysis) within the first hours of hospital presentation and further
started on DAT, unless it is contraindicated. PCI, which is described in section 1.2.3, is the
preferred reperfusion therapy. However, if such therapy is not available, fibrinolysis
should be delivered promptly. As an adjuvant to reperfusion therapy, the guidelines also
recommended the use of antiplatelet agent(s) and anticoagulants (e.g. heparin) in STEMI

patients.

The guidelines also recommended a PCI to be performed in patients with high risk
NSTEACS, since evidence shows that this procedure will likely improve patients’ outcome.
As early medical management, NSTEACS patients are recommended to receive aspirin,

clopidogrel, heparin or enoxaparin, intravenous GP IIb/Illa inhibitors and a [3-blocker.

Multiple medications are essential in managing patients with ACS, as each type of
medication in the discharge regimen aims to reduce a different risk factor associated with
cardiovascular disease. At discharge, the national guidelines emphasise all patients with
ACS must receive long-term therapy with antiplatelet(s), a [3-blocker, an angiotensin
converting enzymes inhibitor (ACEI), an HMG-CoA reductase inhibitors (statin) and
sublingual GTN, for the symptomatic treatment of future angina. It is stated in the
guidelines that ACS patients, particularly those implanted with a stent, should receive
clopidogrel for up to 12 months. However, it is added that the duration of time that
patients need to take clopidogrel should be based on the type of stent implanted and the

conditions of implantation.
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Furthermore, all ACS patients are recommended to be referred to a cardiac rehabilitation
program and receive lifestyle advice. Lifestyle advice includes information regarding diet
and alcohol intake, encouragement for smoking cessation and regular physical activity,

and a weight management plan for those noted to be obese.

1.2.3 Percutaneous Coronary Intervention

As mentioned previously, PCI is the preferred reperfusion therapy in managing patients
with STEMI and those with high risk NSTEACS. The term PCI is also known as coronary
angioplasty or percutaneous transluminal coronary angioplasty (PTCA)84 PCI procedures
might result in patients having stent or not84. During the procedure, a balloon with or
without a stent is inserted into a coronary arterys+. This will enlarge the narrowed area of
the artery by pushing aside the blockage caused by plaques*. At the end of the procedure,
the balloon is removeds84. For patients who require the implantation of a stent, there are
two types of stents commonly used, bare metal stents (BMS) and drug eluting stents
(DES). BMS, made from nickel-titanium alloy, provide structural support to help prevent
the artery from re-narrowing (restenosis)8s. DES, on the other hand, are bare metal stents
coated with a certain drug, which also have the support advantages as BMS does86. The
drug released continuously from DES is reported to benefit the patient by inhibiting the
incidence of restenosis due to tissue growth8486, The issues of restenosis are reported to

occur less frequently among patients with DES than those with BMS85-88,
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Figure 1.2 Bare metal stent vs. drug eluting stent (taken from Stone et al., 2006)89

The major limitation of performing coronary stenting is the risk of stent thrombosis
(blood clot), which may lead to the complete blockage of the coronary artery?-92. Stent
thrombosis may occur soon after stent is implanted (within 30 days), or laters492. The
reasons this occurs may be associated with malposition of the stent at the time the
procedure is performed, the type of stent implanted, patients’ resistance to antiplatelet
therapy or, for late stent thrombosis, it may be due to discontinuation of aspirin or

clopidogrel93-%.

1.3 Variability in clopidogrel responsiveness

Despite a number of large clinical trials that have shown the effectiveness of clopidogrel as
an anti-thrombotic agent (discussed more in section 1.2.1)519798, there is still a reasonable

incidence of patients having CV events during clopidogrel treatment®9-101, As stated earlier
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in section 1.1, one of the limitations with clopidogrel treatment is the large interindividual
variability in response!31699, Some early studies used the term of “clopidogrel resistance”
in describing the individual variations in response to clopidogrel! 13317699102 This concept
was defined as the failure of the drug to achieve its pharmacological activity in blocking
platelet activity, confirmed by laboratory measurements of platelet function? 103104, The
first study to report the incidence of clopidogrel resistance was done by Jaremo et al. in
2002105, The study was performed under laboratory circumstances, assessing patients’
platelet activity by measuring ADP-evoked platelet fibrinogen binding using a flow
cytometry technique. The results from the study suggested that some patients had a weak
antiplatelet activity while others showed strong platelet inhibition after treatment with a
300mg clopidogrel loading dose and 75mg maintenance dose. Platelet reactivity among
the study patients varied from 1%-58% before clopidogrel treatment and from 0%-29%
after treatment. However, the study was limited by the small number of patients (n=18).
Since then, larger studies trying to replicate the findings of the Jaremo et al. study have
started to emerge’6 106, The study performed by Serebruany et al. in 544 patients with
various conditions - ranging from healthy people to those with stents, heart failure or
stroke - confirmed the interindividual variability with clopidogrel treatment. The study,
which measured participants’ platelet function using flow cytometry and light-
transmittance aggregometry, showed that the residual ADP-induced aggregation after
clopidogrel treatment range from 3% to 84%. However, due to insufficient data regarding
the standard laboratory method and the use of different assays for platelet activity testing,
the term of resistance is not commonly used nowadays3 1°%, In this study, the terms
“variable responsiveness” or “response variability” are used, indicating interindividual

differences in response to clopidogrel based on patients’ clinical outcomes.

Data regarding the variable response to clopidogrel have been well-established 99107, yet,
the mechanisms behind this interindividual heterogeneity have not been fully elucidated.
It is proposed, however, to be caused by multifactorial mechanisms? 3 12 101, Reports
indicate that factors contributing to variability in the clopidogrel response relate to
metabolic, genetic, cellular and clinical factors318101104 (Figure 1.2). In the ex vivo study
conducted by Shuldiner et al., it was suggested that approximately 22% of the variation in

clopidogrel response is related to age, body mass index (BMI), lipid levels, and genetics18.
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The results also suggested that genetic polymorphism might account for about 12% of the

variability108,
Genetic Factors
= Polymorphisms of CYP
* Polymorphisms of GPla
. Polymulphlsms of P2Y,,
* Polymorphisms of GP llla
Clopidogrel Response Variability
Clinical Factors Cellular Factors
- Falluru to prescribe [ poor complian:ce : = Accelerated platelet turnover :
» Underdesing, j W « Reduced CYP 3A metabolic activity
*Poorabsorption / « Increased ADP exposure
» Drug-drug Interactions Imral:vlng CYP-:!M ] « Up-regulation of the P2Y,, pathway
‘» Acute-coronary syndrome i = Up-regulation of the P2Y, pathway :
* Diabetes mellitus / insulin resistance = Up-regulation of P2Y-independent pathways
+ Elevated body mass index (collagen, epinephrine, TXA,, thrombin)

Figure 1.3 Clopidogrel response variability (taken from Angiolillo et al., 2009)1

Several factors associated with the variability in clopidogrel response, namely platelet
function and patients’ underlying comorbidities, drug interactions, genetic polymorphisms

and adherence, are discussed below.

1.3.1 Platelet function and underlying diseases

Platelets are suggested to play the key role in ischaemic complications, particularly in
those undergoing stent implantation109-111, Therefore, an effective anti-platelet represents
a foundation therapy in preventing such events. Platelet function testing is one of the
parameters used to indicate the responsiveness to, and clinical effectiveness of,
antiplatelet drugs!12113, The standard platelet reactivity method is assessment by light
transmittance aggregometry!12. This method measures ADP-stimulated platelet
aggregation in whole blood or platelet-rich plasma!!3. Another technique that is also
commonly used is based on the measurement of phosphorylation of vasodilator-

stimulated phosphoprotein (VASP) in whole blood!13. The newest test, the Verify Now
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P2Y12 assay, is similar to VASP101113, The new analysis techniques are assumed to be more
accurate in predicting clopidogrel responsiveness in patients10l. The earlier studies
assessing the variable response to clopidogrel were based on assessing platelet activity in
the ex vivo setting?3. During the early investigations, there was more focus on describing
the phenomenon than on assessing the factors that contribute to the variability and the
implications of the variability on the clinical outcome. From various platelet function tests,
it was reported that a significant number of patients treated with clopidogrel are unable to
reach an optimal level of platelet reactivity inhibition3 100. This was identified even in
patients receiving a high loading dose of clopidogrel3190. A recent paper by Camilleri et al.
highlighted the critical role of patients’ baseline platelet activity in causing the variability
among patients treated with clopidogrel, suggesting the term ‘high on-treatment platelet
reactivity’ (HTPR) in defining the variability100. Several studies have shown that patients’
high platelet reactivity after treatment with clopidogrel following stent implantation is
one predictor of an increased risk of thrombotic events at short- and long-term follow-up
110112114, [n addition, Migliorini et al. performed a study which looked at the impact of
HTPR following clopidogrel treatment and the clinical outcome!!2. The study reported that
patients in the HTPR group continued to have an increased rate of cardiac mortality or
stent thrombosis during the observation time compared with patients with low on-
treatment platelet reactivity (LTPR)!12. Other studies, including a recent meta-analysis,
have confirmed this finding% 199. Despite the potential importance of platelet function in
determining the outcome of clopidogrel therapy, platelet tests are currently not commonly

recommended or performed.

Patients’ medical conditions are also important in predicting their response to
clopidogrel!92, since the outcomes of therapy may be affected by their underlying disease

or other risk factors (e.g. BMI, smoking).

A study conducted by Geisler et al., which investigated the clinical factors that affect
patients’ platelet aggregation, suggested several clinical variables were associated with a
high residual platelet aggregation. The variables include an advanced age ( > 65 years),
ACS, diabetes mellitus, renal failure, and reduced left ventricular function!!s. The study
also detailed a scoring tool to predict platelet reactivity after stent placement; the Residual

Platelet Aggregation after Deployment of Intracoronary Stent (PREDICT) score. The
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investigators offered this score as a tool to assist identifying atherothrombotic risk and

individualising antiplatelet therapy.

From its pathophysiology, patients with diabetes have an increased tendency for
atherosclerosis and higher platelet reactivity, the latter of which results in premature
CAD116-118, The addition of clopidogrel to aspirin improves the outcome of ischaemic
events in diabetic patients!l8, However, compared with non-diabetic patients, several
studies have shown that patients with diabetes still experience enhanced platelet
reactivity and reduced in vitro responsiveness after the treatment with an antiplatelet,
either in the short or long term!16 118-121 Thus, it is predicted to exacerbate patients’
outcome!16118-122 [t has been suggested, moreover, that patients with diabetes have higher
platelet aggregation at baseline, therefore predisposing to a poor response to clopidogrel
therapy in comparison with non-diabetic patients192. Other studies, which did not take into
account platelet function, have also found that ACS patients who have diabetes mellitus
are at higher risk of developing other cardiac events such recurrent ischaemic event,

congestive heart failure (CHF) and arrhythmias after their initial ACS episodel14 118119121,

Obesity may also contribute to a poor response to clopidogrel. Several studies have
reported that the administration of clopidogrel did not result in optimum platelet
inhibition in overweight patients (body mass index (BMI) = 25 kg/m?) in comparison with

patients with normal weight123124,

The data regarding the effect of cigarette smoking on platelet inhibition after clopidogrel
treatment have been inconsistent. Early ex vivo studies suggested that smoking is
associated with increased platelet inhibition and lower aggregation in response to
clopidogrel!?s. The mechanism behind this proposed theory is presumably by inducing
CYP450 isoenzymes which are involved in the transformation of clopidogrel into its active
metabolite!25. A post hoc study that was conducted based on these findings showed that
clopidogrel was significantly more effective at reducing the rate of cardiovascular death
and MI among those who smoked 10 cigarettes/ day compared with those who did not!26,
However, recent studies disproved this theory by reporting that smoking does not affect
platelet reactivity in patients treated with clopidogrell27128, Presently, there is no definite
conclusion regarding the impact of smoking on platelet activation or its clinical

implication.
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Regardless of its impact on platelet activity, cigarette smoking has been long known as one
of the most important risk factor for coronary disease!2. The toxins in cigarette have been
proposed to be responsible in causing the development of atherosclerotic plaque (a
progressive hardening of the arteries) in the arterial walls129 130, Atherosclerosis will
subsequently impair blood flow and, make the artery less elastic and more vulnerable to
rupture!??. Cigarette smoking is also the most modifiable risk factor contributing to the

cardiovascular disease131132,

1.3.2 Drug interactions

Among the many proposed theories for the variability in clopidogrel response are
interactions when it is co-administered with other medications. Clopidogrel is more
susceptible to drug interactions because it is a prodrug, thus any medication that
undergoes metabolism via the same pathways will potentially affect its conversion into the
active metabolite!13. The interaction may then lead to poor clopidogrel responsiveness. As
mentioned above, clopidogrel is activated by CYPP450 isoenzymes. Therefore, among
drugs that are suspected to have an interaction with clopidogrel are drugs that also

undergo CYP450 hepatic metabolism (Figure 1.4)104133,

In this section, however, only the drugs that commonly administered together with

clopidogrel will be discussed further.

Among the drugs that have received attention for a possible interaction with clopidogrel
are proton pump inhibitors (PPIs). PPIs share common metabolic pathways with
clopidogrel in the liver via CYP2C19134135, PPIs are often administered concomitantly with
clopidogrel, or when patients are taking DAT13413¢, for the prophylaxis of GI bleeding104137,
This strategy is supported by several consensus guidelines!!3 138, Several studies have
proposed that the interaction of these two drugs might be due to the competitive
inhibition of CYP2C19 by PPIs which leads to the reduced conversion to the active

metabolite of clopidogrel136137,
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The American College of Cardiology/American College of Gastroenterologists/American
Heart Association (ACCF/ACG/AHA) published a clinical expert consensus document in
2008 regarding the use of PPIs to minimise the risk of GI bleeding due to the use of
antiplatelets and NSAIDs138. The guidelines recommended the use of PPIs for the therapy
and prophylaxis of aspirin (ASA) related GI injury, particularly in patients who also take
clopidogrelio4. Patients with a history of GI bleeding who required DAT were also among

those who were recommended to receive concomitant therapy with a PPI (Figure 1.5).104

Need for Antiplatelet Therapy

Yes

\J
Assess Gl Risk Factors

Y
Test for H. pylori Yes History of Ulcer Complication
and treatif | ) ! :
infected History of Ulcer Disease (non-bleeding)
Gl Bleeding
Dual Antiplatelet Therapy
Concomitant Anticoagulant Therapy

Yes No

\

PPI More Than One Risk Factor:
Age 60 Years or More
Corticosteroid Use

Dyspepsia or GERD Symptoms

y
PPI

Figure 1.5 ACCF/ACG/AHA 2008 recommendation for PPI prescriptionlg'8
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Since the guidelines were published, observational studies started to emerge proposing
the possible interaction between clopidogrel and PPIs which might increase the risk of
adverse cardiac events among the patients. Recently, the numbers of studies reporting the
higher risk of adverse outcomes due to the concurrent use of clopidogrel and PPIs have
started to grow!34139140, Ho et al. reported that rehospitalisation among patients with ACS
is higher among patients who received clopidogrel and a PPI, compared with patients who
only received clopidogrel!34. On the other hand, findings from the TRITON-TIMI 38 (Trial
to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition with
Prasugrel Thrombolysis In Myocardial Infarction 38) trial reported that there was no

increased cardiovascular risk associated with concomitant use of clopidogrel and PPIs141.

Despite the inconsistent results from these observational studies, the FDA released a
safety alert in November 2009 recommending avoiding the use of omeprazole and
esomeprazole with clopidogrell42. However, due to insufficient data, the FDA made no
specific recommendations concerning other PPIs. Current findings have suggested that the
drug interaction between clopidogrel and PPIs may be more important in those who carry

normal CYP2C19 alleles than those with CYP2C19 loss-of-function alleles143 144,

The most recent randomised clinical trial conducted by Bhatt et al. found that there was no
increased risk of MI, stroke or CV death among patients receiving the combination of
clopidogrel and omeprazole!4s. Up until now, there has been no definitive conclusion able
to be drawn regarding the clopidogrel-PPI interaction as well as the interpretation of the
interaction in clinical practice. Moreover, questions are still raised whether the possible
interaction is applicable for every PPI or whether it is limited to certain PPI as data
regarding the other PPls, particularly pantoprazole, are less clear. The Ilatest
ACCF/ACG/AHA 2010 Expert Consensus Document acknowledged the possibility of
interaction between clopidogrel and PPI113. However, the use of PPIs is still recommended
in order to prevent the risk of GI bleeding, particularly in patients with a GI bleeding
history and other additional risk factors (e.g., advanced age, concomitant use of warfarin,

steroids, NSAIDs or Helicobacter pylori infection).

The other drugs that have been suspected to interact with clopidogrel are statins and
calcium channel blockers (CCBs)146-148, The concern underlying these interactions is that
these drugs are metabolised by CYP3A4, which is another isoenzyme involved in the

activation of clopidogrel!33 147-149. Despite the pharmacodynamic studies that have
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reported evidence for this interaction, further studies did not show that it carried clinical
consequences!33150151 Current evidence suggests that statins can be safely used together

with clopidogrel and evidence regarding interactions with CCBs is limited?52.

1.3.3 Genetics

Evidence has recently emerged reporting that variations in the metabolic processes
involved in the activation of clopidogrel are one of the reasons for variability in
clopidogrel response?4153. Besides playing a role in drug-drug interactions, the process is
also prone to the interference of genetic polymorphisms?é. As mentioned earlier, genetic
polymorphisms have been considered to be a major contributor to the variability of the
biologic antiplatelet activity of clopidogrel compared to other suspected factors98. The
genes encoding the enzymes involved in the activation of clopidogrel are polymorphic?s3,

which can cause decreased or increased availability of the active form of clopidogrel?z 153,

Among the CYP450 subtype enzymes that are involved in clopidogrel metabolism (e.g.
CYP3A4/5, CYP2C19, CYP2B6, and CYP1A2), studies have most commonly focussed on
CYP2C19. The effects of other subtypes are less well established, with the current findings
showing that CYP3A4, CYP3A5 and CYP2B6 have no association with the heterogeneity in
clopidogrel responsiveness!01154155, The polymorphism of CYP2C19, instead, can lead to
substantial phenotypic variation in its activity and hence affect conversion of the inactive
prodrug to its active metabolite23 108156, Therefore, it is suggested that it may be a strong

biological candidate to explain the variable response to clopidogrel?2 113156,

The CYP2C19 gene is vastly polymorphic, with more than 25 variant alleles already
identified?!. The most common alleles reported to influence the outcome of clopidogrel are
CYP2C19*1, CYP2C19*2, CYP2C19*3 and CYP2C19*172L. Depending on the allele present,
laboratory demonstrations of the enzymatic activity of CYP2C19 can be normal, reduced,
or increased!424157, The CYP2C19*1 allele, the normal or ‘wild type’ copy, is considered as
an allele that has a normal function and has full enzymatic activity, while CYP2C19*2 and
CYP2C19*3 are considered as loss-of-function alleles25 157, The presence of these alleles
varies by ethnicity. In Caucasians, African Americans, and Asians, the proportion of

patients who carry at least one copy of CYP2C19*2 is 15%-30%, 33%-40%, and 40-50%,
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respectively, while the proportion for CYP2C19*3 is <1%, <1%, and 7%, respectively?224

108157,

Individuals who are heterozygous for loss-of function alleles (e.g., CYP2C19*1/*2,
CYP2C19*1/*3) are referred as “intermediate metabolisers,” and those who are
homozygous (e.g., CYP2C19*2/*2, CYP2C19*2/*3) are “poor metabolisers”?1 113, [n the
intermediate metabolisers, platelet responsiveness to clopidogrel lies somewhere
between the responsiveness in individuals who are normal metabolisers and that in those
who are poor metabolisers?2!. It is proposed that the intermediate metabolisers have 26%
to 31% lower exposure to the active metabolite of clopidogrel, and those who are poor
metabolisers have 46% to 55% lower exposure compared with those with no CYP2C19

polymorphisms22,

Hulot et al. were among the first to report an association between CYP2C19*2 genotype
and reduced inhibition of ADP-stimulated platelet aggregation in response to
clopidogrel?s. Further investigations found that both CYP2C19*2 and CYP2C19*3 alleles
are associated with this effect, which is presumably caused by the reduced formation of

clopidogrel’s active metabolite 2225108113,

In relation to clinical response, substantial evidence shows that the possession of the
CYP2C19*2 allele contributes to an increased risk of cardiovascular events in patients
receiving clopidogrel, including an increased occurrence of stent thrombosis22-25 108 158,
Additionally, Simon et al. reported that the presence of two variant alleles of CYP2C19 (*2,
*3, *4 or *5) was linked to an increase in cardiovascular events among patients who
underwent PCI by a factor of 3.6 compared to those with the CYP2C19*1 allele?4. A study
among patients taking clopidogrel along with aspirin following MI showed that those
carrying the CYP2C19*2 genotype were more likely to experience a second cardiovascular

eventIOS 158.

A conflicting finding was reported by Pare et al,, who stated that the effect of clopidogrel
compared with placebo in reducing the risk of adverse events (e.g. death, MI) was similar
between carriers of loss-of-function alleles and non-carriers!s®. Therefore, the study
suggested that the use of clopidogrel should not be excluded in patients with loss-of-

function allele carrier status whose ACS condition is being managed conservatively.
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The role of CYP2C19*17 has recently been understood, in that it is assumed to increase
CYP2C19 activity?2123 153 CYP2C19*17 (e.g. CYP2C19*1/*17, CYP2C19*2/*17,
CYP2C19*3/*17, CYP2C19*17/*17) is therefore considered as a gain-of-function allele!59.
The variant of CYP2C19*17 is present in nearly 40% of Caucasians, Blacks, and Asians?2. In
terms of metaboliser phenotype, those who are carriers of CYP2C19*1/*17 or
CYP2C19*17/*17 are categorised as “rapid” or “ultra-metabolisers”, while the phenotype
of CYP2C19*2/*17 or CYP2C19*3/*17 are unknown?!. This variant results in higher
production of the active metabolite, and improves clopidogrel-induced platelet inhibition
but may possibly increase the risk of bleeding complications?! 22124159160, However, the
association of this allele with the risk of bleeding is still questionable and studies
demonstrate conflicting results24 108, with the evidence for improved clinical outcomes still

insufficient5 2124108,

Other CYP2C19 variant alleles (CYP2C19*4 - CYP2C19*8) are reported to be present in
less than 1% of any ethnic population?!, and insufficient studies have been performed on

these alleles to make any conclusions.

Regardless of the contradictory data, the FDA launched a boxed warning regarding the
possible impact of genetic polymorphisms of CYP2C19 on the clinical outcome of
clopidogrel in March 2010, particularly in poor metabolisers!¢l. The warning implied that
the benefit of individualising antiplatelet therapy based on genotype testing would result

in improved patient outcomes.

Shortly after the warning issued by the FDA, the American College of Cardiology
Foundation and the American Heart Association (ACCF/AHA) published their consensus
document?s’. They highlighted that genotyping might not solve the issue of variable
responses to clopidogrel, as the genetic polymorphisms only contribute to about 12% of
the variability. However, the report did not rule out the possible impact of individual
genetic polymorphisms on clopidogrel’s clinical outcome, adding that genotyping may be
considered to determine if a patient is a poor metaboliser in those who are at moderate or

high risk for poor outcomes.

Still, recent reports regarding the impact of CYP2C19 as well as the importance of

performing genotype testing are conflictings 21 157 162, Jp to this date, no randomised
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controlled trial study regarding the impact of CYP2C19 allele carrier status on clopidogrel

efficacy has been published.

Current evidence suggests that other polymorphisms may influence the response to
clopidogrel. These include the adenosine 5 -triphosphate-binding cassette gene, ABCB1,
which may partly contribute to the variability in clopidogrel responsiveness by affecting
the oral bioavailability of clopidogrell0t. The ADP receptors P2RY12 and GP IIb/Illa have
also been mentioned as playing a role in causing the biologic variability of clopidogrel2+.
Yet, the studies regarding whether allelic variants of P2ZRY12 are associated with varying
antiaggregant activity of clopidogrel and their clinical significance are still conflicting?63-
165, Recently, another enzyme called paraoxonase-1 (PON1) was shown be crucial for the
activation of clopidogrel30 101 166, However, the data are still limited and the potential

therapeutic implications of PON1 polymorphisms require further investigation.

Page 25



UTA

The outcomes of clopidogrel therapy in patients with ACS in southern Tasmania ==

w

1.3.4 Adherence and persistence

Among the numerous factors proposed as possible reasons for the individual response
variability to clopidogrel, non-adherence must also be considered. Poor adherence with
any type of medication has been associated with increased health care expenditure,
deterioration of disease, and death167-172, A study performed among patients with CHF by
Miura et al. found that patients who were non-adherent to their medication had a 1.95
times higher risk of CV death than patients who regularly took their medication70.
Moreover, those who stopped their $-blocker regimen were 5 times more likely to have a

subsequent CHD event than those who persist with the therapy?79. 169170,

Different methods have been used to determine patients’ adherence, from surveys using
questionnaires or telephone calls, direct interviews, to counting of tablets%. Previously
called “compliance”, the term “adherence” is now more accepted by the health care
providers!67. The term “compliance” suggests that patients are considered to be more
passive following what doctors suggest, without showing the same interest in wanting to
take the medicine!¢”. However, both of these terms are still not fully accepted and might
not perfectly represent patients’ medication-taking behaviour!¢’. In this study, the term
“adherence” is defined as “the extent to which patients take medications in accordance
with the regimen prescribed by their health care providers with respect to timing, dosage,
and frequency of medication taking”167168173 Apart from adherence, another term that is
important regarding patients’ behaviour in taking their medication is “persistence”.
Persistence refers to “continuing to take the medication for the prescribed length of

time”174,

In regards to clopidogrel therapy, patients’ good adherence and persistence are among the
essential factors for the drug to exert its optimum activity and protect patients from the
deterioration of their diseasel’s. As mentioned before, guidelines recommend the use of
clopidogrel following a stent placement after ACS for at least 12 months in order to
improve patients’ outcome. Spertus et al. reported in the results from the Prospective
Registry Evaluating Myocardial Infarction: Events and Recovery (PREMIER) study that
almost 14% patients treated with a thienopyridine after the placement of DES stopped

taking the medication within 30 days of being stented!’s. Furthermore, the study also
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found that stopping thienopyridine therapy prematurely was strongly associated with

subsequent mortality?75,

Serebruany et al., in their paper published in 2010, proposed that patient adherence might
be the leading contributor to variable clopidogrel responses!’¢. Their study assessed
patients’ adherence by detecting the plasma level of the inactive carboxyl metabolite of
clopidogrel. Patients were considered as non-adherent if their plasma concentration of the
metabolite was less than 5000ng/mL after at least 1 month of therapy with clopidogrel.
The results showed that 22% of patients were non-adherent. Furthermore, it was also
found that many of those who were non-adherent also had a low level of platelet
inhibition.

From the discussion above, it is clear that a wide range of factors have been proposed to
impact on the variability of response to clopidogrel. None of these, however, have been
identified unequivocally to be clinically significant in the treatment of patients with

clopidogrel or found to be the main contributor to the response variability.
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1.4 Aims and Objectives

Even though the studies regarding the variable responsiveness to clopidogrel have been
conducted rigorously on an international scale, the local data on the outcomes of
clopidogrel therapy are still extremely limited. Given how frequently clopidogrel is used to
treat patients with ACS and the lack of local data regarding the use of the medication, this
study aimed to assess the therapeutic outcomes of patients treated with clopidogrel after
presentation with a first episode of ACS at the Royal Hobart Hospital (RHH). The primary

outcomes observed were any readmission to the RHH due to recurrent ACS or bleeding.

As the determinants of the clinical outcomes of clopidogrel are multifactorial, a variety of

issues relating to the patients and their management were evaluated, namely:

In-patient management, as well as the planned management at the time of

discharge;
e Adherence and persistence while taking clopidogrel;
e (Cytochrome P450 genotypes;

e The concomitant use of other medications that can increase risk of bleeding; and

The use of gastro protective therapy.
The hypotheses to be tested included:

e That patients with poor adherence and persistence with clopidogrel therapy would

demonstrate an increased risk of readmission due to recurrent ACS;

e That patients with a reduced ability to metabolise clopidogrel to its active
metabolite, due to interacting drugs or reduced cytochrome P450 enzymatic
activity, would demonstrate an increased risk of readmission due to recurrent ACS;

and

e That patients taking multiple antithrombotic agents would demonstrate an

increased risk of hospital readmission due to bleeding.
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Clopidogrel has become an essential component in the management of ACS. It was hoped
that this study would provide useful local data on the prevalence of treatment failure and
major bleeding with clopidogrel, and the relative impact of various factors that may
contribute to these adverse outcomes. It was believed that the information obtained from
this study would potentially permit a better systematic approach to clinical practice in an
attempt to reduce the occurrence of treatment failure with clopidogrel. This study was
also intended to collect data on how patients took their medication following hospital
discharge, providing valuable information regarding patients’ adherence and persistence

in the “real world” setting.
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Chapter 2 - Methods

2.1 Overview

This study was a two-phase, retrospective observational study designed to assess the
management and outcome of patients discharged from the RHH with a diagnosis of ACS
and who had been treated with clopidogrel. The first phase of this study focused on
collecting patients’ baseline data from the medical records at RHH. This was followed by
phase two, which involved direct contact with the patients and further data collection
regarding patients’ adherence and persistence with therapy, as well as their genotype

profiling.
2.2 Study Population and Outcome

Subjects included in this study were patients who underwent a first admission for ACS at
the RHH and were prescribed clopidogrel at the time of discharge. The study also included

patients with ACS transferred into RHH from other hospitals.

The study was focused on observing two main outcomes, which were patients’ hospital
readmissions due to recurrent ACS or stenosis and readmissions due to bleeding. Only
patients whose records stated that their reason for admission was ACS (either STEM],
NSTEMI, UA or unspecified ACS) or a stent stenosis at hospital readmission were then
considered as having recurrent ACS or stenosis. Bleeding was defined as any bleed (either
major or minor bleeding) that led to patients being admitted to the hospital. These
outcomes were observed within 18 months after the patients’ initial discharge from the
hospital. Data were obtained from patients’ digital medical record (DMR) at the RHH and
were also confirmed by the patients by contacting them with a letter. The researcher also
obtained information regarding whether the patients died outside the hospital and the
reason for their death, from the Tasmanian Registry of Births, Deaths, and Marriages,
Department of Justice. Patients who were recorded as deceased due to recurrent ACS or
heart attack during the 18 months post discharge were considered as having recurrent

ACS resulting in death. For completeness, these patients were then classified together with
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those who had a hospital readmission due to recurrent ACS or stenosis during the follow-

up period.

2.3 Phase One

Phase one of this study aimed to identify patients meeting the study criteria who were
discharged from the RHH between 1 July 2007 and 31 December 2009. It was initially
calculated that the minimum sample size required to be able to demonstrate a statistically
significant difference between the two groups based on adherence and persistence would
be 300. This calculation was based on previous studies of adherence and CYP2C19 status
in ACS populations?58177, Originally, it was predicted that the review of medical records
from the time period 1 July 2007 to 31 July 2009 would produce adequate subject
numbers. The time frame for the study was however later extended (1 July 2007 to 31
December 2009) due to an insufficient number of patients within the original study

period.

2.3.1 Patients’ identification

The initial identification of potential patients was done by the Medical Records
Department at the RHH using the Australian Refined Diagnosis Related Group (AR-DRG)
codes relating to ACS. The AR-DRG codes that were used and the definition of each code

are displayed in Table 2.1.

Table 2.1 AR-DRG codes'”®

AR-DRG Codes  Description

Major Arrhythmia and Cardiac Arrest With Catastrophic or Severe

F70A

Complications/Comorbidities

Major Arrhythmia and Cardiac Arrest Without Catastrophic or Severe
F70B - .

Complications/ Comorbidities

Non-Major Arrhythmia and Conduction Disorders With Catastrophic or Severe
F71A L e

Complications/Comorbidities

Non-Major Arrhythmia and Conduction Disorders Without Catastrophic or
F71B L .

Severe Complications/Comorbidities
F72A Unstable Angina With Catastrophic or Severe Complications/Comorbidities
F72B Unstable Angina Without Catastrophic or Severe Complications/Comorbidities
F10Z Percutaneous coronary intervention and Acute Myocardial Infarction
F41A Circulatory Disorder + Acute Myocardial Infarction + Invasive Investigative

Procedure + Catastrophic/ Severe Complications/Comorbidities
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Circulatory Disorder + Acute Myocardial Infarction + Invasive Investigative

Fa1B Procedure - Catastrophic/Severe Complications/Comorbidities

FEOA Circulatory Disorder + Acute Myocardial Infarction - Invasive Investigative
Procedure + Catastrophic/Severe Complications/Comorbidities

FGOB Circulatory Disorder + Acute Myocardial Infarction - Invasive Investigative
Procedure - Catastrophic/Severe Complications/Comorbidities

F66A Coronary atherosclerosis + Complications/Comorbidities

F66B Coronary atherosclerosis - Complications/Comorbidities

F742 Chest pain

Initial screening of the identified patients’ medical records revealed that the AR-DRG
codes were too broad and many patients failed to meet the study inclusion criteria.
Discharge diagnosis codes were therefore used to narrow the search. Based on the
experience of the initial screening process, subsequently only the medical records of those
patients with discharge diagnosis codes of 1200, 1210, 1211, 1212, 1213 and 1214 were

further screened for inclusion in the study (details of these codes are shown in Table 2.2.).

Table 2.2 Discharge diagnosis codes used in study

Diagnosis code  Description

1200 Unstable angina

1210 Acute transmural myocardial infarction of anterior wall
1211 Acute transmural myocardial infarction of inferior wall
1212 Acute transmural myocardial infarction of other sites

1213 Acute transmural myocardial infarction of unspecified site
1214 Acute subendocardial myocardial infarction

Study inclusion and exclusion criteria are presented in Table 2.3. Patients with a home
address recorded outside of Tasmania were excluded as any subsequent readmissions
were likely to occur at other hospitals and as such data on these would not be available.
For those who had more than one ACS admission during the observation period, analysis
was done on the first admission. Patients who died during the follow-up phase were
included in the study data collection, but those who died during the first ACS presentation

were excluded.
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Table 2.3 Study inclusion and exclusion criteria

Inclusion Criteria

Male or female aged over 18

Patients with a first ACS admission

Prescribed clopidogrel at discharge

Exclusion Criteria

Patients with a history of ACS or a stent

Patients already on clopidogrel at the time of admission

Patients discharged to a private/other hospital

Patients deceased during ACS presentation

Patients with a home address outside of Tasmania

Patients recorded having memory loss or dementia

Patients unable to speak and/or read English

2.3.2 Data collection

2.3.2.1 Baseline

The baseline data were collected from the DMRs of the identified patients. Each patient’s
DMR was thoroughly reviewed and any relevant notes in the record were documented.
Generally, the useful data were generated from the patient hospital admission and
discharge summary, medical progress notes, drug therapy charts, clinical pathway notes,
emergency department records, outpatient records, and diagnostic results regarding any

relevant biochemical tests, as well as doctors’ correspondence.

The baseline data were collected using a standard data collection form (Appendix I), which

included the following variables112 114 179-181,

1)  Demographic characteristics, including age, gender, postcode and race (age was

recorded from their first ACS presentation).

2)  Patients’ height and weight, also BMI if recorded. BM], if not stated, was calculated

based on the patients’ weight and height.

3)  Cardiovascular risk factors and previous medical history!12114179-181; included in the
cardiovascular risk factors were age 65 years or older, smoking, recorded obesity,
other related cardiovascular conditions and a family history of coronary artery

disease (CAD).
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Patients who smoked cigarettes and/or pipes until the time of hospital presentation
were classified as current smokers, while those who reported that they had stopped
smoking were described as ex-smokers. Both of these groups were included as
having the ‘smoking’ risk factor. However, ex-smokers were considered as non-

smokers for the purpose of data analysis.

Patients were described as obese if either they were recorded as having a BME 30
or there was a record at their first ACS admission in the DMR stating that the patient

was obese.

For the purposes of this study, those who were noted in the DMR as having a left
ventricular ejection fraction (EF) less than 40% were classified as having reduced
left-ventricular function while the others were considered as having normal left-

ventricular function.

All cardiovascular-related medical conditions (e.g., hypertension, atrial fibrillation
(AF), CHF) as well as other related conditions that can worsen the patients’

condition (e.g., diabetes, kidney failure) were included as risk factors.

Patients’ risk factors for bleeding were recorded, with the risk factors being defined
as age= 65 years 136, previous GI ulcer or bleeding, history of gastro-oesophageal
reflux disease (GORD)!82, any previous bleeding history and on discharge taking
three medications that can increase risk of bleeding. The medications which were
included as medications that can increase the risk of bleeding among this cohort,
who were all treated with clopidogrel, were ASA, warfarin, low molecular weight

heparin (LMWH), NSAIDs, oral corticosteroids and SSRIs60 61113,

Data on medications on admission were also collected from patients’ medical
records, including all vitamins and other supplements (e.g. cholecalciferol, calcium
carbonate) taken regularly by patients. For further data analysis, these medications
were then classified based on their pharmacological mechanism of action (e.g,
angiotensin converting enzymes inhibitors (ACEls), angiotensin Il receptor blockers
(ARBs), B-blockers, lipid lowering agents (LLAs)). Medications that were recorded

as being taken as needed were excluded from the list of medications on admission.
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4)

5)

Laboratory results, including cholesterol, creatine kinase (CK) and troponin.
In-patient care, including clinical interventions and medication management,

Details regarding both approaches to reperfusion therapy, namely PCI and

fibrinolysis, were obtained from patients’ medical records.

Besides the detailed data regarding clopidogrel (e.g. loading dose, maintenance
dose), other medical therapy or adjuvant therapy recommended for patients with
ACS, namely other antiplatelets agents (e.g., ASA, glycoprotein IIb/Illa inhibitors),
anticoagulants (heparin or enoxaparin), ACEIs/ARBs, 3-blockers, LLAs and nitrates,

were also recorded during in-patient stays.
Discharge and ACS management plan

The principal diagnosis stated on patients’ discharge summary was used to confirm
the patients’ type of ACS. If the diagnosis on the discharge summary did not specify
what type of ACS that patients had, the data from the doctors’ correspondence was
then used. In some cases where both of these sources of data were not specific, the
classification of ACS was then made based on patients’ CK and troponin values.
STEMI patients were those who were recorded with the elevation of both troponin
and CK values and who underwent emergent reperfusion treatment (e.g. primary
PCI or thrombolysis)!83. Patients with the elevated cardiac markers who did not

receive the emergent reperfusion therapy were classified as NSTEMI patients83.

Medications prescribed on discharge were also recorded to allow the assessment of
compliance with the Guidelines for the Management of ACS 200683. There are four
groups of medications recommended for long-term management of patients after
ACS 8. These medications include antithrombotic agents, statins, ACEIs/ARBs, and
[-blockers. However, patients recorded with contraindications (Appendix II) to the
medications were considered as not being appropriate to receive the medications.

The duration of patients’ planned therapy with clopidogrel was also recorded.

Other management recommended for patients post ACS, including lifestyle advice
and referral to cardiac rehabilitation, were recorded®3. Compliance to the guideline

regarding these factors was then investigated.
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2.3.2.2 Follow-up period
Patients’ DMRs were reviewed for 18 months after their initial ACS admission to observe
their outcomes over that period. This data was recorded in the same form as for the

baseline data (Appendix I).
The information collected regarding the patients’ outcomes included:
1)  Patients’ readmissions,

Any readmission recorded within 18 months after the patients’ first ACS episode
were recorded. However, only the readmissions due to recurrent ACS or bleeding
were included in the data analysis. Recurrent ACS readmission was based on the
principal diagnosis stated in the patients’ medical records. Patients readmitted due

to restenosis were also included in this group.

2)  Whether the patient was still taking clopidogrel on readmission and, if not, when

and why it was ceased,
3) Other medications at readmission, and

4)  Outcomes of the readmission.

2.4 Phase Two

In the first phase of study, no contact with the patients was made. Direct contact with the
identified patients was undertaken in the second phase of this study and aimed to further
assess the patients’ outcomes after their first episode of ACS and treatment with
clopidogrel, as well as to evaluate certain factors that might affect their outcome of

therapy with clopidogrel.

2.4.1 Patientrecruitment

The identified patients were reviewed and those who were not recorded as deceased
during the 18-month follow-up were contacted by mail and invited to participate in phase

two of the study.
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The patients were sent a pre-packaged envelope that contained:
1) Aletter explaining the purpose of the study (Appendix III)
2) The study questionnaire (described below)(Appendix IV)
3) A consent form (Appendix V), and
4) A pre-paid return envelope.

Unless the patients were willing to consent to genotype testing, no further contact with the
patients was made following this initial contact. Patients who completed the questionnaire

received a $25 gift voucher as reimbursement for their time.

As this study consisted of three different parts, the response rates are based on patients’
responses to each part of the study. Only those who completed the questionnaire and/or

gave consent to the study request were considered as responding.

2.4.2 Data Collection

In the phase two, there were three different aspects of data collection that patients could
choose to take part in: completing a questionnaire, consenting to give an access to
community pharmacy dispensing records and performing cytochrome P450 (CYP450)
genotype testing. Patients could choose to participate in one, two or all three parts of the

study.

2.4.2.1 Questionnaire

In order to confirm whether the patients had another readmission due to recurrent ACS or
bleeding, as well as to explore their experience and behaviour while taking clopidogrel,
patients was asked to complete a study questionnaire. The questionnaire was also
developed to explore patients’ opinions about taking clopidogrel. Throughout the
questionnaire, the generic name - clopidogrel - was used; however brand names available
in Australia were also mentioned in the first part of questionnaire. The questions in the
survey consisted of two parts. The first part contained questions about clopidogrel use and
patients’ experiences during clopidogrel use, which included whether they had any

readmission to another hospital apart from RHH due to recurrent ACS or bleeding. Also

Page 37



UTA

The outcomes of clopidogrel therapy in patients with ACS in southern Tasmania ==

w

assessed was patients’ attendance at cardiac rehabilitation services after their ACS

presentation.

Part two of the questionnaire was intended to assess participants' adherence while taking
clopidogrel. The validated Medication Adherence Report Scale (MARS) was used as a tool
to assess the participants’ adherence. This questionnaire is one of the simplest tools in
identifying medication non-adherence and has a greater validity compared to other tools
(e.g Medication Adherence Questionnaire (MAQ)). It uses a five-item scale to ask about the
frequency of non-adherent behaviour!84185. MARS has been used in numerous studies in
different settings and different countries to assess self-reported medication adherence in
clinical practice!85. However, this validated scale was initially designed for psychiatric

populations; therefore, this might limit its generalizability.

2.4.2.2 Community pharmacy dispensing records

Patients’ adherence and persistence were assessed by requesting that patients give
consent for the researchers to access their dispensing records from their regular
community pharmacy for the study period. Adherence was defined as whether a patient
took clopidogrel according to schedule, while persistence referred to whether a patient

stayed on therapy for the time from initiation to intended discontinuation of therapy74.

The pharmacies identified by consenting participants as their regular community
pharmacies were contacted by mail and requested to provide the participants’ complete
dispensing records for the specified 18-month period (Appendix VI). These data were then
used to assess participants’ adherence and persistence to clopidogrel as well as to observe

patients’ concomitant drug use within the 18-month follow up period.

Each dispensing date for clopidogrel was recorded along with how many tablets were
supplied on the day of dispensing; then both of these data were summed. Patients’
adherence was assessed by comparing the total number of daily doses of clopidogrel
supplied to patients with the total date range of the dispensings. Clopidogrel is usually
prescribed as 75mg (one tablet) daily?8; therefore the dispensing of 30 tablets of
clopidogrel was assumed to be sufficient for 30 days at this dosing regimen. Patients were
classified as adherent if their percentage adherence was 80% or more!86. For instance, if

the sum of tablets taken by a patient during the observation time was 492 tablets and the
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range of the patient dispensing record was 540 days, the patient’s percentage adherence

would be (492/540) x 100% = 91.1%, thus the patient would be considered as adherent.

In order to assess patients’ persistence with clopidogrel, the duration of time that patients
had clopidogrel dispensed was compared to the planned duration at discharge; both
durations were calculated in months and a percentage was calculated (i.e. treatment
duration/planned duration x 100). Those whose percentage persistence was 80% or more
were categorised as persistent. Therefore, if patient took the medication for 10 months,
while the initial plan was for 12 months’ therapy, the patient was still considered as

persistent ((10months/12months) x 100% = 83.3%).

Further assessment of the dispensing records was performed regarding the use of other
medications that could increase the risk of bleedingé® (e.g. warfarin, ASA, NSAIDs, oral
corticosteroids, SSRIs) and the use of gastro protective drugs!®’-189 (H2 receptor

antagonists and PPIs).

2.4.2.3 CYP2(C19 genotype testing

Patients were asked to provide a saliva sample so that their genotype profile could be
tested and related to their therapy outcomes. Consenting participants were mailed a pack
containing two buccal swabs with instructions and a research test request form (Appendix
VII and Appendix VIII). Samples were returned directly to the Diversity Health Institute
(DHI) Research Laboratory (more information about the laboratory can be obtained from
the DHI website: http://www.dhi.gov.au/). The DHI holds NATA accreditation (No. 17073)
for Research and Development and operates in a secure environment, both physically and
for electronic data storage. The DHI laboratory performed the genotype testing by
extracting DNA from the buccal samples using the manufacturer’s protocol for the QIAGEN
EZ1 robot system. The genotyping performed was on three single-nucleotide
polymorphisms (SNPs) of CYP2C19 alleles (*2, *3 and *17). The method involved the
restriction digestion of amplified polymerase chain reaction (PCR) products using specific
enzymes, or tetra-primer allele-specific amplification PCR where applicable. PCR and
digestion products were analysed on the lab-on-a-chip Agilent Bio analyser capillary
electrophoresis system according to the manufacturer’s instructions. Specific
polymorphisms were identified by the presence or absence of specific peaks on

chromatograms190.

Page 39



UTA

The outcomes of clopidogrel therapy in patients with ACS in southern Tasmania ==

w

The patients’ genotype profiles were then sent to the researcher for further analysis.
Patients were classified into categories of metaboliser phenotypes with the use of
established common-consensus star allele nomenclature. The definition of each
metaboliser type used in this study was following the classifications found in Pare et al.15°.
Nevertheless, due to the lack of patients involved in our study, those who carried one (i.e.,
*1/*2 or *1/*3) or two loss-of-function alleles (i.e., *2/*2, *2/*3 or *3/*3) were both
categorised as “poor metabolisers”. Patients without a *2, *3, or *17 allele (i.e, *1/*1)
were classified as “extensive metabolisers,” and carriers of a single *17 allele (i.e., *1/*17)
and *17 homozygotes were classified as “rapid metabolisers”. Patients with one *17 allele
and one loss-of-function allele (i.e., *2/*17 or *3/*17) were classified as having an

“unknown” phenotype.

2.5 Data Analysis

Patients’ data recorded in the data collection forms were transformed into numerical
codes and entered into a spread sheet using Microsoft® Office Excel 2010. The data were
then transferred into an IBM Statistical Package for the Social Sciences (SPSS) for
Windows 19.0 (SPSS Inc., Chicago, IL) database for all of the statistical analyses. All data

coding and entries were double-checked against the original data collection sheets.

Data regarding patients’ baseline demographics, clinical characteristics on admission, care

pattern and discharge characteristics were presented using descriptive statistics.

Median values (range) were used to describe non-parametric continuous data, and mean
values (standard deviation (SD)) were used for parametric data. Frequencies and
percentages were reported for categorical data. The Mann-Whitney U Test was used to
compare the differences between two independent groups if the data were non-
parametric (e.g. median age in male group compared to female group). To allow the
comparison of more than two independent groups of non-parametric data, the Kruskal-
Wallis H Test was used. Chi-squared testing was used to explore the possibility of a
relationship between two categorical variables. A p value of <0.05 was accepted as

significant for all statistical analyses.
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2.6 Ethics Approval

The study was approved by the Human Research Ethics Committee (Tasmania); Ethics

References No. H11540 and No. H11606 (Appendix IX).
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Chapter 3 - Results

3.1 Patient Identification

During the observation period (1 July 2007 to 31 December 2009), 3174 patient
admissions to the RHH were reviewed. Of these admissions, more than half were non-ACS
admissions (e.g. AF, ventricular tachycardia, CHF) and thus were excluded from further

screening.

Overall, 1712 medical records were screened based on patients’ discharge diagnosis
codes, and 297 eligible patients were identified. Details of screening and eligibility criteria

are presented in Figure 3.1.

- 3174 1462 excluded
admissions were screened > .
o (non-ACS admissions)
for eligibility
\ 4
1712 1415 admissions were excluded, due to:
admissions were assessed using the > e history of ACS/had stent or already
DMR on clopidogrel on admission
(n=326)

e not prescribed clopidogrel on
discharge (n=814)

e dementia (n=6)

e discharge to private hospital/other
hospital (n=19)

e deceased (n=18)

e living outside Tasmania (n=11)

e medical record incomplete (n=221)

297
admissions met the study criteria

Figure 3.1 Patient screening and identification
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3.2 Patient Demographics

The participants’ demographics are shown in Table 3.1. The majority of participants
identified were non-Aboriginal/non Torres Strait Islands (TSI) patients, with males
accounting for three-quarters of the cohort. The median age of the patients in this cohort
was 61 years and the women were significantly older than the men (Mann-Whitney
U=6539, z=-2.6 p<0.01). The majority of patients (88.6%) were southern Tasmania

residents, with the remainder having an address in northern Tasmania.

Table 3.1 Patients demographics (n=297)

Variable Number (n) Proportion (%)
Gender
Male 224 75.4
Median age in years (Range)
Male 60 (29-87)
Female 65 (28-88)
Residence
Southern Tasmania 263 88.6
Race
Non Aboriginal/TSI 276 92.9

The distribution of age among the study participants is displayed in Figure 3.2. The figure
shows that the peak age for patients with their first ACS presentation was in their early
60s. However, the peak for male patients was later than for the females (66 years and 61

years, respectively).

Number of participants

28 31 35 38 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75 77 79 82 84 86 88
Age (in years)

Figure 3.2 Age distribution among participants

Page 43



U5

UTA

The outcomes of clopidogrel therapy in patients with ACS in southern Tasmania ==

w

Of the patients included in this study, 144 patients (48.5%) were diagnosed with STEMI,
117 (39.4%) with NSTEMI, 29 (9.8%) with UA and 7 patients (2.4%) with unspecified ACS.
As there was a small number of patients recorded with unspecified ACS, these patients

were combined with the UA patients for the purposes of analysis.

3.3 Medical Characteristics on Admission

3.3.1 Medication on admission

One-third of the patients’ records (33%) had no details of medications on admission, with
nearly 25% of these patients being recorded as taking nil medications. No information was
available about the medications on admission for about 8% of the total patients identified.

The median number of regular medications on admission was 1 (range: 0-13).

Among the 199 patients who were recorded as taking medication(s) on admission, more
than half were taking at least two medications regularly. Of the 90 participants who were
already taking ACEIs or ARBs, nearly all (98.8%) were also recorded as suffering from
hypertension. Given that all of ACS admissions for this study were first events, the 52
patients (17.5%) who were already taking aspirin 100mg at admission had presumably
been prescribed the drug for the primary or secondary prevention of CAD or transient
ischaemic attack (TIA). Interestingly, of the 152 patients who were not recorded as taking
any cardiovascular drugs on admission, almost 80% had at least two cardiovascular risk
factors. Almost half of these patients (46.7%) had hypertension, while 25.7% and 21.1% of
those patients had dyslipidaemia and were recorded as obese in the medical notes,

respectively. Figure 3.3 shows details of the patients’ medications on admission.
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ACEIl: angiotensin converting enzymes inhibitor, ARB: angiotensin Il receptor blocker, ASA: acetylsalicylic acid/aspirin,
LLA: lipid lowering agent, PPIl: proton pump inhibitor, CCB: calcium channel blocker, NSAID: non-steroidal anti-
inflammatory drug, ISMN: Isosorbide mono nitrate

Figure 3.3 Patients’ medications on admission

3.3.1 Risk factors

Cigarette smoking was the most frequent cardiovascular risk factor among the patients,
with the majority of patients (73%) having a history of smoking. Another common risk
factor observed in this study population was hypertension, which was present in 153
patients (52.7%). Of these patients, almost two-fifths (39.9%) were recorded as already
taking either a CCB, B-blocker, ACEI or ARB on admission. However, about one-quarter
(24.8%) of those recorded as having hypertension were not on any medication, including a
medication for hypertension. Among 52 patients who were recorded as taking a statin or
other LLA, the majority (84.6%) were noted as having dyslipidaemia. Family history, as
one of the non-modifiable risk factors of CAD, was recorded for 140 patients (47.1%) in
this cohort. The proportions of patients with each contributing risk factor recorded on

admission are presented in Figure 3.4
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Figure 3.4 Patients presenting with cardiovascular risk factors

Figure 3.5 displays the data on patients’ smoking habits and alcohol intake. Of the 218
patients who were recorded as having a history of smoking on admission, half of those
were still smoking leading up to their admission. Data regarding patients’ alcohol intake
were incomplete, with the drinking status of more than half of the patients not recorded.
Among those whose alcohol intake was recorded, most were noted to have moderate

alcohol intake (e.g. having 2 standard drinks at the weekend).

2.0%

M Current smoker m Ex-smoker m Non smoker ® Unknown m Non drinker ® Moderate m Heavy drinker ®m Unknown

Figure 3.5 Smoking status and alcohol intake among patients (n=297)
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The number of risk factors that patients had at the time of their first ACS presentation was
summed to produce the data in Table 3.2. Almost two-third of patients (57.3%) had at
least three cardiac risk factors on admission (median: 3), with only a small number of

patients (2.0%) having no risk factors at all.

Table 3.2 Cardiovascular risk factors

. Participants’ risk factors*
Number of Risk Factors

Number Percentage
None 6 2.0
1 49 16.5
2 72 24.2
3 91 30.6
4 46 15.5
5 26 8.8
6 or more 7 2.4

¥ Risk factors included current smoking status, age (65 years or older), hypertension, family history of CV disease, dyslipidaemia,
obesity, diabetes mellitus, stroke, peripheral vascular disease, congestive heart failure and prior coronary artery bypass grafting
(CABG).

3.4 In-patient Characteristics

The median in-patient stay for the study cohort was 3 days (range: 1-63 days), with no
difference in the median length of stay of patients diagnosed with UA, NSTEMI and STEMI
(Kruskal-Wallis Test; H= 0.6, df=2, p= 0.738).

While in hospital, a small numbers of patients had complications such as cardiac arrest
(4.0%), minor and major bleeding (3.7%), three vessel disease (2.0%), arrhythmia (1.7%)

and venous thrombosis (1.0%).

3.4.1 In-patient medications

3.4.1.1 Clopidogrel

Details of the patients’ in-patient clopidogrel therapy are seen in Table 3.3. The majority of
the patients (56.9%) received a 300mg loading dose, while about one-third (29.9%) were
treated with a 600mg loading dose. Data on a clopidogrel loading dose were not available
for 37 patients, 14 of whom were transferred from northern Tasmanian hospitals. All

patients received a 75mg daily maintenance dose.
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Table 3.3 In-patient treatment with clopidogrel

Variable Number Percentage
Clopidogrel loading doses

600mg 89 29.9

300mg 169 56.9

150mg 2 0.7

Unknown 37 12.5
Clopidogrel maintenance doses

75mg daily 297 100

3.4.1.2 Other medications

Figure 3.6 shows that the utilisation of each group of medications was similar across the
different types of ACS patients. However, there was a significant difference in the use of
ACEIs/ARBs across the patient groups, with the proportion being 86.8%, 71.6% and
58.3% for STEMI, NSTEMI and UA patients, respectively (x*= 17.0, df=2, p<0.001). Among
the different ACS patients groups, almost all (98.3%) were on DAT and most (87.9%)
received anticoagulants while hospitalised. Approximately half of the patients (56.2%)
were treated with all four guideline-recommended drugs (antiplatelet, ACEI/ARB, 3-
blocker and LLA; adjusted for contraindications) during their in-patient period, with -
blockers being the least prescribed medication among all the four medication classes
(75.8%).

100

90 -+

80 -
70 -
60 -
W UA Patients (n=36)
50 -
m NSTEMI Patients (n=117)
40 ~
[ STEMI Patients (n=144)
30 -
20 -
10 -
0 -

Anticoagulant ACEI/ARB B-blocker Nitrates

Percentage of patients (%)

Figure 3.6 Patients’ medication therapy during the in-patient period
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3.4.2 Reperfusion therapy

During their admission, the majority of patients (79.8%) received reperfusion therapy,
with 228 patients (76.8%) had an intracoronary stent. The majority of those stented
(81.9%) were implanted with a BMS, with 14.5% being treated with a DES. Of the total
study population, only one patient received both a BMS and DES, while the data for seven
patients were unclear on whether they were stented or not. Among those who were not
stented during their first ACS admission (69 patients), 10 were readmitted for an elective
PCIL. Of the 18 patients treated with a fibrinolytic agent, half were patients transferred

from northern Tasmania.

297 patients

36 UA 117 NSTEMI 144 STEMI
patients patients patients
|| No stent: 9 || No stent: 40 || No stent: 20
patients patients patients

== BMS: 21 patients | == BMS: 61 patients | == BMS: 104 patients

= DES: 5 patients | |== DES: 14 patients | |== DES: 14 patients

stent implanted
= type unknown: 1 | b=
patient

unknown: 2 || BMS & DES: 1
patients patients

unknown: 5
patients

Figure 3.7 Proportion of patients undergoing PCI
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3.4.3 Laboratory data

Recorded laboratory values are presented in Table 3.4. About 70% of patients had their
total cholesterol levels measured while they were in-patients. Unsurprisingly, those who
were taking a statin or other LLA had a lower average cholesterol level in comparison to
those not taking these medications; 4.6mmol/L and 5.4mmol/L, respectively (Mann-
Whitney U=1872.5, z=-3.1 p=0.002). Ejection fraction (EF) was recorded for 127 patients.

From the available data, only about 5% had reduced left ventricular function.

Table 3.4 Laboratory result

Variable _ Value

Left Ventricular Function (n, %)

Less than 40% n=18 (5.5%)
40% or above n=109 (40.1%)
Not recorded n=170 (54.4%)
Median total cholesterol (mmol/L) (range)
Patients taking LLA at admission 4.57 (3.17 - 7.44) (Mann-Whitney;
U=1872, z=-3.1,
Patients not taking LLA at admission 5.41 (1.26 — 45.00) p=0.002).
Median CK (IU/L) (range)
STEMI patients 1337.50 (13.00 - 5938.00)  (kruskal-Wallis Test;
NSTEMI patients 316.50 (35.00 — 3913.00) H=69.3, df=2,
UA patients 131.00 (29.00 — 986.00) p=0.000)
Median Troponin (ug/L) (range)
STEMI patients 37.03 (0.10 - 361.14) (Kruskal-Wallis Test;

NSTEMI patient

2.25 (0.03 — 75.00)

UA patients

0.04 (0.01 - 65.53)

H=102.1, df=2,
p=0.000)
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3.5 Discharge Characteristics

3.5.1 Discharge medications

Within the study cohort, almost all patients (98.3%) were taking DAT (clopidogrel and
aspirin) at hospital discharge. Other guideline-recommended medications for long term
management of ACS, namely statins (or other LLAs), ACEI/ARBs and (-blockers were
prescribed for 95.6%, 75.8% and 72.4% of patients, respectively. Warfarin was prescribed
for some patients in this study cohort (5.7%), as were other drugs that can increase risk of
bleeding e.g. oral corticosteroids and NSAIDs (54% and 2.0%, respectively).
Gastroprotective agent use on discharge was not very common, with only 83 patients
(27.9%) prescribed a PPI and eight patients (2.7%) received an H2 receptor antagonist.

The details of patients’ discharge medications can be seen in Figure 3.8.
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Figure 3.8 Patients’ medication at discharge

Overall, across the different diagnoses, 55.9% of patients were prescribed all four
recommended medications at the time of discharge. There was a significant difference in
terms of rates of prescribing of the four guideline-recommended medications across the
three different groups of patients (x*=22.5, df=4, p< 0.001). Patients experiencing
NSTEACS (i.e. either a NSTEMI or UA) were less likely to be prescribed the four
medications compared to patients in the STEMI group (46.4% vs 66.0%; x*=11.5, df=1, p<
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0.001). Figure 3.9 displays the proportion of patients in the three different patient groups

and the proportions prescribed two or less, three, or all four medications.
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Figure 3.9 Guideline-recommended ACS medications prescribed among patients

Comparing the patients’ medications recorded at the time of admission and discharge
(shown in Figure 3.10. below), there was an increase in the number of medications
received by patients after treatment for ACS. The median numbers of medication at

admission and discharge were 1 and 6, respectively (z=-14.5; p< 0.001).
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Figure 3.10 Numbers of medications at admission and discharge

As expected, the number of cardiovascular medications prescribed to the patients at the
time of their discharge was increased compared to the recorded cardiovascular drugs at
admission. Also not surprisingly, the greatest increases were particularly for the four
medications recommended for patients post-ACS. An increase was also seen in the number
of patients discharged taking a PPI, although the rates at both time points were low; 13.8%
and 27.9% at admission and at discharge, respectively. NSAIDs were the only group of

drugs that was prescribed less frequently at the time of discharge, with their use declining

from 6.1% to 2.0% of patients.
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Figure 3.11 Proportions of patients taking different medication groups at admission and discharge

Page 54



U5

UTA

The outcomes of clopidogrel therapy in patients with ACS in southern Tasmania ==

w

3.5.2 Clopidogrel therapy plan

No records were available concerning the planned duration of clopidogrel therapy for one-
quarter of the patients (74 out of 297 patients). For those with recorded plans, the
intended durations of clopidogrel therapy ranged from one month to indefinitely. Patients
who underwent stent placement, either a BMS or DES or both, were more likely to be
intended to take clopidogrel for 12 months than patients without any stent (93.0% vs
3.0%; x*=138.9, df=1, p< 0.001). Figure 3.12 shows the various planned durations of
clopidogrel therapy among different groups of patients.
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Figure 3.12 Clopidogrel therapy plan among study participant (n=223)

3.5.3 PPI utilisation

Despite almost all (98.3%) patients in this study being discharged with DAT, only 30.6%
were also prescribed gastroprotection at the time of discharge. The majority (83 out of 91)
were taking a PPI. Of those, 23 were taking pantoprazole, with the reminder prescribed
other PPIs. None of the patients in this study were prescribed antacids at discharge. In
addition, only about a third (23 out of 64 patients) of those prescribed medications that
increase the risk of GI bleeding (e.g. DAT plus warfarin, NSAID, etc.) also received a

gastroprotective agent at discharge.
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Of the patients who did not receive a PPI at discharge, 111 patients (51.9%) had at least
one risk factor for bleeding; either the patients were 65 years or older, had a recorded
history of GI bleeding/GORD or they were taking medications that can increase the risk of

bleeding.

Overall, patients with an additional risk of bleeding were more likely to receive a PPI at
discharge than patients without risk factors (39.5% vs 8.9%; x*=32.3, df=1, p= p< 0.001).
Table 3.5 presents the number of patients with the risk factors for bleeding and the

proportion among them who received a PPI.

Table 3.5 Patients’ bleeding risk factors and the number of patients prescribed a PPI

Risk factors of bleeding Patients with risk factors Patients with risk factors

(n (% of total patients)) prescribed a PPI (n(%))

Patients > 65 years 115 (38.7%) 40 (34.8%)
History of Gl ulcer/bleeding/GORD 71 (23.9%) 50 (70.4%)
Discharged on DAT/clopidogrel alone +

0, 0,
any other medications* 64 (21.5%) 23 (35.9%)
- I
Patlent§ with 2 1 risk factors for 185 (62.3%) 73 (39.4%)
bleeding
Total cohort 297 PPI prescribing = 83 (27.9%)

*anticoagulant, NSAIDs, steroids, SSRls

Figure 3.13 displays the pattern of PPI prescribing among the study patients by quarter
during the observation period. The figure shows that there was an increase in PPI
prescribing from mid-2007 to late-2008, which was then followed by a gradual drop until
early-2009. During 2009, PPI prescribing displayed an unpredictable trend.
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Figure 3.13 PPI prescribing during the study period

3.5.4 Cardiacrehabilitation and lifestyle plan

Only 148 patients’ (49.8%) records contained information regarding referral to cardiac
rehabilitation and 133 (44.8%) patients were reported as having received lifestyle
modification advice during their in-patient stay. However, the data obtained from the RHH
cardiac rehabilitation service showed that another 57 patients from the study cohort were
also referred to cardiac rehabilitation. Also, another eight patients stated in the survey
that they were referred to the cardiac rehabilitation. Therefore, data for these 213 patients
were observed regarding their attendance at cardiac rehabilitation. It was found that
among these patients only 20.6% were reported as attending at least 5 sessions of the 6
planned sessions, while the remaining patients were reported as declining or not
attending (60.6%) or failing to complete (18.8%) their planned cardiac rehabilitation
sessions. Among those who recorded as being referred to cardiac rehabilitation, patients’
age or risk factors did not seem to influence healthcare providers’ tendency to promote

the service.
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3.6 Follow-up Period; 18 Months Post-ACS

3.6.1 Patients’ outcomes

During the 18 month follow-up period after their first ACS episode, 108 patients (36.4%)
were readmitted to hospital for any reason. Sixteen patients (14.8%) came to the hospital
complaining of chest pain which then diagnosed as angina pectoris or CAD. Five patients
(4.6%) were readmitted for a planned CABG and three (2.7%) were readmitted due to
cardiac failure. One third of patients (34.6%) had two or more readmissions within the
observation period. Among 16 patients recorded in the DMR as having died during the
follow-up period, the majority (15 patients) did so due to their other conditions (e.g.
multiple organ failure, cancer), while one patient died in hospital following the recurrent
ACS. Another three patients were confirmed as deceased in response to the study letters.
Data from the Tasmanian Registry of Births, Deaths and Marriages further indicated that
two other patients in the study cohort had died due to a heart attack and cardiac arrest

outside hospital; however these deaths were both after the 18-month follow-up period.

3.6.1.1 Recurrent ACS or stenosis

Thirty-three patients (11.1%) had a readmission to the RHH due to recurrent ACS or
stenosis; one died in hospital after being readmitted (as above). This cohort consisted of
more males than females (84.8% vs 15.2%); the proportion of males being readmitted
appeared to be slightly higher than that of the total population (84.8% vs 75.8%). Chi-
squared testing showed that there was no significant association between gender and the

likelihood of patients having a readmission due to recurrent ACS (p=0.182).

The majority of patients in the readmitted group (84.8%) were recorded as still taking
clopidogrel at the time of readmission. Ten patients (30.3%) were taking a PPL. The
numbers of cardiovascular risk factors among this group were variable, ranging from two
to six. This group of patients also included patients who were previously diagnosed with
UA (12.1%), NSTEMI (51.5%) and STEMI (36.4%) on their first ACS presentation. More
details of patients readmitted due to recurrent ACS are displayed in Table 3.6.
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Table 3.6 Patients’ readmissions 18-month post ACS
Readmission due to ACS or restenosis
Number Percentage

Number of Readmissions 33

Variable

Clopidogrel use at readmission

Still taking clopidogrel 28 84.8
No longer taking clopidogrel as planned 3 9.1
Not recorded 2 6.1

Smoking status at readmission
Stopped smoking 2 6.1 2= 19, df-1
Still smoking 7 21.2 b= O.ééQ !
Unknown 24 72.7

Table 3.7 shows the relationships between the presence of each cardiovascular risk factor
and the likelihood of patients being readmitted due to recurrent ACS. Also presented in the
table are the relationships with factors such as patients’ type of ACS, medications
prescribed upon discharge as well as the type of stent implanted. None of these factors
investigated demonstrated a significant association with the likelihood of patients being
readmitted for recurrent ACS. As displayed in the table, the only factor that demonstrated
a significant relationship was whether the patients were referred to the cardiac
rehabilitation service or not (p < 0.05). Nonetheless, statistical testing showed that there
was no association between patients’ cardiac rehabilitation attendance or completion and
the likelihood that patients had a readmission for recurrent ACS or stenosis (XZ: 0.9, df=1,

p= 0.339; x®= 2.3, df=1, p= 0.133, respectively).
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Table 3.7 Patients’ risk factors, ACS management, and the likelihood of having an ACS readmission
Readmission due to recurrent

Variable ACS or stenosis
No (264) Yes (33)

Age 265 (115) 100 (87.0%) 15 (13.0%) 0.400
<65 (182) 164 (90.1%) 18 (9.9%)

Gender Male (224) 196 (87.5%) 28 (12.5%) 0.182
Female (73) 68 (93.2%) 5 (6.8%)

Smoking at first ACS Yes (109) 96 (88.1%) 13 (11.9%) 0.733

presentation No (188) 168 (89.4%) 20 (10.6%)

History of smoking Yes (219) 192 (87.7%) 27 (12.3%) 0.263
No (78) 72 (92.3%) 6 (7.7%)

Obesity Yes (99) 92 (92.9%) 7 (7.1%) 0.117
No (198) 172 (86.9%) 26 (13.1%)

Dyslipidaemia Yes (118) 106 (89.8%) 12 (10.2%) 0.675
No (179) 158 (88.3%) 21 (11.7%)

HTN Yes (153) 134 (87.6%) 19 (12.4%) 0.460
No (144) 130 (90.3%) 14 (9.7%)

DM Yes (52) 48 (92.3%) 4(7.7%) 0.388
No (245) 216 (88.2%) 29 (11.8%)

Family history of CAD Yes (140) 127 (90.7%) 13 (9.3%) 0.345
No (157) 137 (87.3%) 20 (12.7%)

Number of cardiovascular risk 3 orless (223) 198 (88.8%) 25(11.2% 0.924

factors 4 or more (74) 66 (89.2%) 8 (10.8%)

Discharge diagnosis NSTEACS (153) 132 (86.3%) 21 (13.7%) 0.139
STEMI (144) 132 (91.7%) 12 (8.3%)

Number of ACS guideline 3 or less (131) 117 (89.3%) 14 (10.7%) 0.836

medications All 4 (166) 147 (88.6%) 19 (11.4%)

ASA Yes (259) 259 (88.7%) 33 (11.3%) 0.476
No (4) 4 (100%) 0 (0%)

B-blocker Yes (222) 197 (88.7%) 25 (11.3%) 0.915
No (74) 66 (89.2%) 8 (10.8%)

ACEI Yes (225) 200 (88.9%) 25 (11.1%) 0.971
No (71) 63 (88.7%) 8 (11.3%)

Statin Yes (285) 254 (89.1%) 31(10.9%) 0.532
No (12) 10 (83.3%) 2 (16.7%)

Use of PPI (excluding Yes (60) 55 (91.7%) 5 (8.3%) 0.443

pantoprazole) No (237) 209 (88.2%) 28 (11.8%)

Stent implanted Yes (228) 206 (90.4%) 22 (9.6%) 0.145
No (69) 58 (84.1%) 11 (15.9%)

Cardiac rehabilitation referral Yes (213) 195 (91.5%) 18 (8.5%) 0.020
No (84) 69 (82.1%) 15 (17.9%)
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3.6.1.2 Readmission due to bleeding

Overall, there were nine patients (3.0%) who were readmitted because of bleeding.
However, some of these bleeding readmissions were recorded as secondary to other
causes, namely alleged assault (1 patient) and bleeding due to injection of enoxaparin (1
patient). Of the patients readmitted for bleeding, all were recorded as still taking DAT
(clopidogrel and aspirin) at the time of readmission, with five of them (55.5%) also taking
other drugs that could increase the risk of bleeding (warfarin (n=1), enoxaparin (n=1),
both warfarin and enoxaparin (n=1), oral steroid (n=1), SSRI (n=1)). Despite their
bleeding episodes, seven out of nine patients in this group were still prescribed
clopidogrel at discharge. Table 3.8 presents the details of patients who were readmitted

due to bleeding.

Patients who were taking antiplatelets together with other medications that increase the
risk of bleeding (anticoagulants, NSAIDs, oral corticosteroids or SSRIs) were more likely to
experience a bleeding readmission (7.8% vs 1.7%, x*= 6.349, df=1, p= 0.012). However,
there was no significant association between readmission due to bleeding and failing to be
prescribed a PPI (x*= 3.514, df=1, p=0.061). The results actually show that, there was a
higher proportion of patients being readmitted due to bleeding in the group who were
prescribed with a PPI compared to the group without a PPI (6.1% vs 1.9%, respectively).
Nonetheless, it is worth noting that the bleeding assessed in the study included all type of
readmissions due to bleeding and was not limited to GI bleeding only. Others factors such
patients’ age and a history of bleeding did not show a relationship with the risk of a
bleeding readmission. Details of patients’ bleeding risk factors and the likelihood of having

a bleeding readmission are presented in Table 3.9.

Table 3.10 displays the details regarding seven patients who had bleeding while taking
clopidogrel that did not lead to hospital readmission; instead this was reported during

their outpatient visits or readmissions due to other causes.
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Table 3.8 Characteristics of patients experiencing bleeding readmissions (n=9)
Time of Concomitant drugs increasing bleeding

readmission ' ' smoking on risk at readmission PPI at readmission Still 'taking Other risk
Gender after first ACS Bleeding details readmission DAT W . . . clopidogrel after factors for
: arfarin/ NSAID/ SSRI Admission  Discharge  this readmission bleeding
presentation Enoxaparin  steroid
M* 67 1 day Gl bleeding, No Yes  Yes No No No Yes Yes None
malaena,
haematoma
M 70 3 month Upper Gl bleeding, No Yes No No No Yes Yes Yes No
malaena
5 month Gl bleeding No Yes No No No No Yes Yes
M 47 3 days Anterior chest wall  No Yes No No Yes No No Yes None

haematoma (due
to alleged assault)

M 36 9 month Epistaxis Yes Yes Yes No No Yes NR NR None
M 55 11 days Bladder Yes Yes No No No Yes No Yes Bladder
haemorrhage biopsy
F 66 5 days Bleeding at No Yes  Yes No No No No Yes None
enoxaparin
injection site
M** 43 5 month Epistaxis, PR Yes Yes No No No Yes NR NR (self- Barrett’s
bleeding, discharged) oesophagus
haematochezia
F 64 1 month Malaena No Yes No Yes No Yes Yes Yes Cirrhotic
liver
disease
6 month Gl bleeding No Yes No No No No Yes No
M 57 19 days Epistaxis Yes Yes No NR NR NR NR Yes None

*Readmission due to recurrent ACS as well as bleeding, **Principal diagnosis at this readmission was Barrett’s oesophagus, but also noted having nose bleeding,
haematochezia and some episodes of rectal bleeding, NR = Not recorded
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Table 3.9 Comparison between patients’ bleeding risk factors and readmission due to bleeding
Readmission due to bleeding

Risk factors No (288) Yes (9) p Value
Patients prescribed a PPI Yes (83) 78 (93.9%) 5(6.1%) 0.061
No (214) 210 (98.1%) 4 (1.9%)
Prescribed medications that Clopidogrel + aspirin or clopidogrel alone (233) 229 (98.3%) 4 (1.7%) 0.005
increase risk of bleeding (Clopidogrel + aspirin or clopidogrel alone) + any other meds* (64) 59 (92.2%) 5 (7.8%)
Patients’ age > 65 (115) 112 (97.4%) 3(2.6%) 0.736
<65 (182) 176 (96.7%) 6 (3.3%)
Recorded with history of GI Yes (71) 68 (95.8%) 3 (4.2%) 0.501
ulcer/bleeding/GORD No (226) 220 (97.3%) 6 (2.7%)
Patients with > 1 risk factors Yes (185) 177 (95.7%) 8 (4.3%) 0.095
for bleeding™* No (112) 111 (99.1%) 1(0.9%)

*Any other medications included: anticoagulants, NSAIDs, oral steroids and SSRIs

** Risk factors including having medications that increased risk of bleeding, advanced age, and history of Gl ulcer/bleeding/GORD
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Table 3.10 Characteristics of patients experiencing bleeding during treatment with clopidogrel (recorded during outpatient visits) (n=7)
Concomitant drug use recorded
at follow up

Time noted with

bleeding after Smoking

Gender Age Bleeding details Drug that Risk factors for bleeding

first ACS history Dual .
presentation antiplatelet |r.|creases
risk of bleed

M 52 2 months Rectal bleeding Smoker Yes None No None
M 60 8 months Blood stained sputum Non-smoker Yes Warfarin No Other disease: pneumonia
M 35 8 months Taste of blood in mouth Smoker Yes TRACER drug No None
F 52 18 months Elc;s;r;'rl]egnopausal vaginal Smoker Unknown Unknown Unknown  Atrophic endometrium
M 51 2 months Haematoma Smoker Yes None Yes None
M 82 15 months Active bleeding Non-smoker Yes None Yes None
M 52 3 months Epistaxis Smoker Yes None No None

Page 64



UTA

The outcomes of clopidogrel therapy in patients with ACS in southern Tasmania ==

w

3.6.2 Smoking status post-ACS

On their first ACS admission, 109 patients (36.7%) were recorded as being current
smokers. Following discharge, the smoking status for 71 patients (65.1%) was able to be
observed from their outpatient notes or readmission records. Of those who were smokers
on the first admission, 42 patients were recorded as still smoking following their first ACS

episode.

Table 3.11 Patients’ smoking status post-ACS discharge (n=109)

Smoking status* Number Percentage
Still smoking 42 38.5
Stopped smoking 29 26.6
Unknown 38 34.9

* Time frames of the smoking status observations differ

Page 65



UTA

The outcomes of clopidogrel therapy in patients with ACS in southern Tasmania ==

w

3.7 Phase Two Data Collection

A total of 281 patients were mailed a study letter, as 16 patients were known to be
deceased based on data collected during phase one of the study. Five letters (1.8%) were
returned due to the incorrect address. There were 10 notifications received from the
patients or the patients’ families that stated that the patients were deceased, no longer at
that address, or not able to participate due to other reasons. Thus, the overall response
rate was 26.7%. Figure 9 shows a schematic diagram of the patients’ recruitment for all

parts of the phase two study.

l/' Y
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out
&
) | i ) R ] |
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5 letters returned 191 letters
85 replies due to incorrect
address no reply
4 . 4 4
o l Y i “\I P l e
7 patients
5 patients* declined to 75 patients
deceased participate in the responded
study
4 &
Fa l = P ) P l )

59 patients consented
to release of their
dispensing records

75 patients completed
the questionnaire

51 patients consented
to genotype testing

*For 2 of these patients, the information was later obtained from Tasmanian Registry of Births, Deaths and Marriages

Figure 3.14 Patient recruitment and responses for each part of the phase two study
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3.7.1 Questionnaire

Seventy-five patients returned completed questionnaires, giving a response rate of 26.7%.
The respondents’ demographics compared with those of the entire study cohort are

presented in Table 3.12 below.

Table 3.12 Comparison of respondents’ characteristics with those of the study cohort

Respondent (n=75) Total Population (n=297)

Variable n (%) n (%)
Gender

Male 51 (68.0) 224 (75.4)
Median age (years) (range) 61 (34—88) 61 (28—88)
Type of ACS

Unstable angina 9(12.0) 36 (12.1)

NSTEMI 24 (32.0) 117 (39.4)

STEMI 42 (56.0) 144 (48.5)
Reported readmission

Recurrent ACS 12 (16.0)

Bleeding 1(1.3)
Number of medications

Median (Range) 7 (0-16)
Cardiac rehabilitation referral 45 (60.0%)

Finished all the sessions 25 (33.3%)

Did not complete the sessions 8 (10.6%)

Did not attend at all 12 (16.0%)

This subgroup, which will henceforth be referred as respondents, consisted of more men
than women (68% vs 32%), a similar trend to that seen within the total population.
Approximately half of the respondents (54.6%) reported still taking clopidogrel. Of those
who had stopped taking the drug (45.3%), almost all stated that their discontinuation was
due to their doctor’s instructions (82.4%). The remaining stated that they stopped taking
the drug because their doctor changed it to another medication, decided not to take it
anymore, or because the price of the medication was too expensive. Twelve respondents
(16.0%) reported having an ACS readmission to another hospital apart from the RHH.
However, most of these admissions were not relevant to the study outcome e.g. the
readmission time was beyond the study observation period or the readmission was only

precautionary. Fifteen respondents (20.0%) stated that they had a bleeding problem while
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they were taking clopidogrel, the majority of which were bruises and nose bleeding. The
only patient who reported having a bleeding readmission had been admitted to the RHH
so their details had been obtained from the DMR; two other respondents who had a
bleeding readmission in their DMR did not report this on the questionnaire. Following
their episode of ACS, 19 patients (25.3%) in this cohort stated that they were still smoking,
and up to 30 cigarettes in a day. Almost half of respondents reported drinking alcohol
(49.3%), though most were only drinking one standard drink in a week. About two-thirds
of the respondents (60%) said that they had been referred to attend cardiac rehabilitation,
but only half reported completing all of the sessions. Eighty per cent were still taking at

least three medications recommended for patients post ACS.

Seventy-two patients returned a completed MARS questionnaire (96.0%), among these

patients 73.6% of them having the maximum MARS score of 25.

3.7.2 Community pharmacy dispensing records

Fifty-nine patients (19.9%) consented to the release of their dispensing records by their
regular community pharmacy/pharmacies. Dispensing records for 56 patients (18.9%)
were able to be obtained, including two patients who had records at two pharmacies. Eight
patients (14.3%) had no records of having clopidogrel dispensed within the observation
period, even though one of them was a patient whose dispensing records were able to be
obtained from his two regular community pharmacies. For these eight patients, six were
planned to take clopidogrel for 12 months or more. Furthermore, even though there were
no records of clopidogrel dispensing for these patients, three reported still taking

clopidogrel in the questionnaire and five had a score of 25 for the MARS questionnaire.

Table 3.13 presents the respondents’ persistence and adherence rates during the 18
month observation period. The data show that there was a high proportion of the
respondents who were persistent with therapy (73.3%). Even though the median rate of
adherence was high (88.9%), only half of the patients were adherent according to the
study definition (55.4%). For the majority of respondents, the initial plan was that they
were to take clopidogrel for 12 months (73.2%). Among this sub-group, as for the
respondents overall, the number of persistent patients were high (78.0%) but those who

were adherent was lower (58.5%).
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From the respondents’ dispensing records, the concomitant use of medications that can
increase the risk of bleeding and the use of gastroprotective agents was observed. From 48
respondents who had clopidogrel dispensing records, 15 were taking antiplatelets as well
as other medications that can increase the risk of bleeding, but only five were also

prescribed a PPI or H2 antagonist.
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Figure 3.15 Patients’ initial plan and the actual therapy with clopidogrel

Table 3.13 Adherence and persistence

Intended Median actual duration Number of persistent . Number of adherent patients
. . Median adherence (range)

duration (range) patients (%) (%)

6 months or less 4 1.0 months (0 — 18.2) 1(25.0) 51.2% (0 —-103.7) 2(50.0)

12 or indefinite 41  14.2 months (0 —18.2) 32 (78.0) 91.1% (0-117.1) 24 (58.5)

unknown 11 17.2 months (0—18.1) N/A 78.2% (0 — 108.0) 5(45.5)

Total 56 N/A 33(73.3) 88.9% (0-117.1) 31 (55.4)
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Table 3.14 and 3.15 15 show that none of the factors investigated (age, gender, the
number of medications patients took and cardiac risk factors) influenced patients’

adherence or persistence.

Table 3.14 The effect of patient factors on adherence

. Adherent
VELEL (S No (25) ~Yes (31) p Value

Age < 65 years old (32) 14 (43.8%) 18 (56.3%) 0.877

> 65 years old (24) 11 (45.8%) 13 (54.2%)
Gender Male (39) 17 (43.6%) 22 (56.4%) 0.810

Female (17) 8 (47.1%) 9 (52.9%)
Number of Less than 6 (23) 10 (43.5%) 13 (56.5%) 0.884
medications on
discharge 6 or more (33) 15 (45.5%) 18 (54.5%)
Number of cardiac risk  Less than 3 (24) 9 (37.5%) 15 (62.5%) 0.352
factors 3 or more (32) 16 (50.0%) 16 (50.0%)
Table 3.15 The effect of patient factors on persistence

. Persistent
Variable No(1D __ VYes (33 (12) Yes (33) p Value

Age < 65 years old (28) 7 (25.0%) 21 (75.0%) 0.746

> 65 years old (17) 5(29.4%) 12 (70.6%)
Gender Male (30) 8 (26.7%) 22 (73.3%) 1.000

Female (15) 4 (26.7%) 11 (73.3%)
Number of Less than 6 (22) 6(27.3%) 16 (72.7%) 0.928
medications on
discharge 6 or more (23) 6 (26.1%) 17 (73.9%)
Number of cardiac risk  Less than 3 (21) 4 (19.0%) 17 (81.0%) 0.280
factors 3 or more (24) 8 (33.3%) 16 (66.7%)
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Although there were numerical trends, there was no statistically significant between non-
adherence and being readmitted due to recurrent ACS, as well as being adherent or
persistent and the risk of having a bleeding readmission. These trends, and more on the
relationship between patients’ adherence or persistence and the likelihood of having a

readmission, are presented in Table 3.16 below

Table 3.16 Relationship between patients’ adherence or persistence and their outcome

Variable Readmission p Value

Readmission due to recurrent ACS

Yes (6) No (50)
Adherent Yes (31) 3(9.7%) 28 (90.3%) 0.780
No (25) 3(12.0%) 22 (88.0%)
Persistent Yes (33) 4(12.1%) 29 (87.9%) 0.721
No (12) 1 (8.3%) 11 (91.7%)
Readmission due to bleeding
Yes (3) No (53)
Adherent Yes (31) 2 (6.5%) 29 (93.5%) 0.685
No (25) 1 (4.0%) 24 (96.0%)
Persistent Yes (33) 2 (6.1%) 31 (93.9%) 0.383
No (12) 0 (0.0%) 12 (100.0%)
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3.7.3 Genotype testing

Of 51 patients (17.1%) who consented to genotype testing and were sent a test pack, only

one failed to send their sample to the DHI Laboratory.

Table 3.17 shows patients’ genotype status classified based on the functional allele carrier
status, while Table 3.18 shows the genotype status of patients based on their metaboliser

phenotype.

Table 3.17 CYP2C19 results classified according to patients’ functional allele carrier status (n=50)

Allele carrier Normal function Loss-of-function allele
CYP2C19*1/*2 CYP2C19*2/*2
CYP2C19%*2 34 (68.0%) 11 (22.0%) 5(10.0%)
CYP2C19*1/*3 CYP2C19*3/*3
CYP2C19*3 50 (100%) - -
[Normal function ___Gain-of-function allele ____
CYP2C19*1/*17 CYP2C19*17/*17
CYP2C19*17 31 (62.0%) 14 (28.0%) 5 (10.0%)

Table 3.18 CYP2C19 results classified according to patients’ metaboliser phenotype (n=50)

Phenotype status Number Percentage
Extensive metabolisers 21 42.0
Poor metabolisers 10 20.0
Rapid metabolisers 13 26.0
Unknown 6 12.0

In attempt to relate patients’ genotype profile with their outcome, both types of
classifications were used (Table 3.19 and Table 3.20). Six patients who agreed to
participate in genotype testing had readmissions due to recurrent ACS or restenosis.
Among those patients, four possessed the wild type allele, and only one possessed a loss-
of-function allele (and was therefore a poor metaboliser), while the other had a
CYP2C19*17 allele. There was no relationship between either possession of a loss-of-
function allele or being a poor metaboliser and the risk of readmission due to ACS or

stenosis.
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Table 3.19 Patients’ genotype status and their likelihood of readmission
Allele carrier status Readmission p Value

Readmission due to recurrent ACS

Yes (6) No (44)
Loss-of-function allele  Yes (16) 1 (6.3%) 15 (93.7%) x’=0.7, df=1,
No (34) 5 (14.7%) 29 (85.3%) p=0.391
Readmission due to bleeding
Yes (3) No (47)
Gain-of-function allele  Yes (19) 3 (15.8%) 16 (84.2%) x?=5.2, df=1,
No (31) 0 (0%) 31 (100%) p=0. 022

Conversely, a correlation was shown between both possession of a gain-of-function allele
and being a rapid metaboliser and the risk of a bleeding readmission. Among patients who
had a bleeding readmission, only three consented to genotype testing. Interestingly, all of
these three patients possessed a gain-of-function allele; one was carrier of a single *17
allele (CYP2C19*1/*17) and the other was a *17 homozygote (CYP2C19*17/*17). The
other patient who had a bleeding readmission possessed the *17 allele and one loss-of-
function allele (CYP2C19*2/*17). There was a significant difference in outcomes between
those with and without a gain-of-function allele in terms of readmissions due to bleeding

(p=0.022).

Table 3.20 Patients phenotype status and their likelihood having a readmission

Phenotype Readmission p Value

Readmission due to bleeding

Yes (2) No (42)
Rapid metabolisers Yes (13) 2 (15.4%) 11 (84.6%) x’=4.9, df=1,
No* (31) 0 (0.0%) 31 (100.0%) p=0.025
Readmission due to recurrent ACS
Yes (6) No (38)
Poor metabolisers Yes (10) 1(10.0%) 9 (90.0%) x?>=0.1, df=1,
No** (34) 5 (14.7%) 29 (85.3%) p=0.703

*patients who were extensive metabolisers and poor metabolisers

** patients who were extensive metabolisers and rapid metabolisers

Comparing the readmission rates between patients who were extensive or poor

metabolisers and rapid metabolisers, those who were rapid metabolisers were more likely
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to be readmitted due to bleeding compared to those who were not a rapid metabolisers (p
= 0.025) (Table 3.20). Patients whose phenotypes were unknown were excluded from this

analysis.
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Chapter 4 - Discussion

This study was designed to assess the outcomes of clopidogrel therapy among ACS
patients in Southern Tasmania. Within the 18-month follow-up period, 11% of patients
were readmitted due to recurrent ACS and stenosis, while the rate of readmission due to
bleeding was 3%. Previous studies have demonstrated variable rates of recurrent ACS or
death and bleeding after treatment with clopidogrel using different follow-up periods!12
114179-181191, [n order to be able to compare our results to those of other studies, it is
important to firstly compare the characteristics of the patients in the various studies. In
addition, due to the focus of our study being patients with a first episode of ACS, it was
also necessary to evaluate how the patients were managed during their hospital admission

as this was likely to impact significantly on their subsequent outcomes.

4.1 Population Characteristics

The incidence of ischaemic heart disease is higher among men than women!92 193, As
expected, and similar to previous studies!12114180181 the ratio of males to females in our
population was three to one. Our results are also consistent with the finding by Ostini et al.

that usage of clopidogrel was higher in males than in females94.

The overall age of patients in this study was slightly younger (median: 61 years) than that
of other study cohorts!12114179-181191, This was expected given the patients in our study
were those with a first episode of ACS. Female patients admitted to the RHH with their
first ACS episode were significantly older than their male counterparts. This result also
matches the established data192193195196, The incidence of any ischaemic heart disease has
been known to increase sharply with age, but previous data have also documented that

females are less prone to develop ischaemic heart disease at any given age193 196197,

A large proportion of the study patients had exposure to at least one of the major risk
factors for atherosclerosis - which subsequently can lead to ACS - including

dyslipidaemia, hypertension, cigarette use and diabetes19.
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Although these risk factors occurred commonly in the other studies!14179-181 the overall
prevalence of the risk factors in our study was slightly lower. For instance, patients with
diabetes, which is generally found in about 20-35% of ACS patients!16, accounted for less
than 20% of the patients in this study. The only risk factor that appeared at a higher rate
in the present study compared to other studies was smoking?%9 200, Smoking is a well-
recognised risk factor for CAD according to many epidemiologic studies201-204 and within
our cohort the exposure to smoking was the most common risk factor observed, present in
73% of the patients (about 37% were recorded as a current smokers). This proportion is
relatively high compared to the national smoking rate. A survey conducted in 2004 by the
Australian Institute of Health and Welfare revealed that about 4 million adults, or
approximately 19% of the total adult population, were current smokers 205, In regards to
the presence of medical conditions, hypertension was the most prevalent risk factor seen
in the study (53% of patients), followed by dyslipidaemia (40% of patients). This
demonstrates how important the diagnosis of these two conditions is and for the patients
to be receiving effective treatment to lower blood pressure or cholesterol. Despite the high
frequency of cardiovascular risk factors, 38 patients (13%) were not taking any primary
prevention medications. This suggests that the use of evidence-based preventive therapy
in patients presenting with ACS is suboptimal. Yusuf et al. recently reported that a similar
trend occurring around the world206. Among the possible reasons proposed for this
finding, those that may be relevant to the patients in this study are that risk factor

identification is not routinely conducted and non-adherence on the part of the patients.

Having another form of cardiac disease increases the risk of an ACS%8. In our study the
proportion of patients with other cardiac diseases was low, particularly in comparison to
that in the larger cohorts of patients in previous studies!12179180, This might be related to

the inclusion criteria of this study, which limited patients to those with a first ACS episode.

Comparing the proportion of each type of ACS (STEMI, NSTEMI and UA) in our cohort, it
seems that the patients in our study were more likely to have more severe types of ACS
(STEMI or NSTEMI) compared to other studies. This was owing to the fact that our study
criteria limited patients to those with ACS and taking clopidogrel. It has been shown
elsewhere that, despite guidelines, only those with a greater risk of recurrent thrombosis

were prescribed this medication, with or without aspirin?083, This is further supported by
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the researcher’s observation that most of the patients with UA identified in the screening
process were subsequently excluded from the study because they were not receiving

clopidogrel at discharge.

Overall, the patients in our study cohort seemed to display a lower rate of risk factors

compared with other similar studies, possibly related to the patient selection process.

4.2 Patients’ ACS Management

Patients’ length of hospital stay can be a parameter of a successful treatment207. In this
study, although patients were diagnosed with different types of ACS, each group shared a
similar average hospital stay of three days. Although there is no international guideline
that can be used to justify whether the length of stay in the present study was good or not,
the results seems to show no complication from in-patient management in most of the

patients.

Knowing how patients were treated during their in-patient stay will be helpful in
determining the likelihood of their ACS outcome. According to the guidelines83, patients
diagnosed with STEMI are recommended to have a PCI or receive fibrinolysis therapy
(reperfusion therapy) soon after hospital presentation and those with high risk of
NSTEACS are recommended to undergo early PCI. Our results show that most patients in

our study received this treatment.

In our study, the prescribing rates for each of the four recommended medications at
discharge indicated non-compliance with the guidelines in that they did not achieve 100%
but they closely matched the data in the Australian DMACS study?29%8, Of particular note, the
results showed a high prescribing rate for statins, but lower rates for ACEIs/ARBs and f3-
blockers. Most notably, the rate of B-blocker prescription in our study was lower than the
previous Australian data regarding the use of the drug in ACS patients from 2006-2007

(when B-blocker use was 83%)19.

Table 4.1 displays the rates of the guideline-recommended medication prescribing in our

study compared to other studies.
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Table 4.1 Comparison of guideline-recommended medication use

Guideline-recommended Percentage use

medications prescribed at Aliprandi-Costa ~ Wai et al.

disch Present study 199 208
ischarge et al. (DMACS)

Anti-platelet agent(s) 98* 93 97

Statin 96 86 92

ACEI/ARB 76 73 78

B-blocker 75 83 75

*The percentage of DAT use, 100% received at least 1 antiplatelet (clopidogrel)

In similarity with the findings reported by Chew et al., our study also showed that patients
with the more severe classification of ACS (STEMI) were more likely to receive all four
recommended medications compare to other groups. The majority of our study patients
had a stent placed (77%), regardless of the type of ACS they had. According to the
guidelines, patients who undergo stent placement should continue taking clopidogrel for
up to 12 months83. Among those who were stented and had a recorded plan for their
clopidogrel therapy, the majority (82%) were to take clopidogrel for 12 months or longer.

Most of the remaining patients did not have a clearly recorded clopidogrel therapy plan.

Numerous studies have reported that attending cardiac rehabilitation after ACS or PCI is
associated with reduced mortality and morbidity rates209-212, Patients’ participation in a
cardiac rehabilitation program is reported to produce a similar benefit as treatment with
statins, aspirin, and [-blockers?!2 213, The program facilitates patients’ recovery and
improves their quality of life following their cardiac events2!4. In recent years, there has
been a rapid growth in the number of available programs throughout Australia!5. Clinical
practice guidelines in Australia8 recommend healthcare professionals to vigorously refer
their patients to cardiac rehabilitation. A strong recommendation to a rehabilitation
program given by healthcare professionals has been reported to increase the likelihood of
patients’ attendance?12216-219, Despite this finding, only about 70% of the patient cohort
was referred to cardiac rehabilitation in our study. Factors such as age, patients’ risk
factors and condition have been proposed to affect patients’ likelihood to be invited to join
rehabilitation programs209 217220, However, our study showed that these factors did not
seem to influence patients’ referral to cardiac rehabilitation. Importantly, there was
evidence of incomplete documentation of referral to cardiac rehabilitation, with several

patients having been found to have attended rehabilitation sessions despite no
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documentation of their referral being found in their DMR. Although these individual
patients were not disadvantaged as a referral obviously occurred at some point despite
the lack of documentation, this does not negate the systemic issue - the risk of patients
‘falling through the gaps’ and failing to be appropriately referred if the assumption is made

by health care professionals that someone else has accepted responsibility for the task.

A second significant issue was that our results showed that partial or full attendance at
the rehabilitation program was low, particularly compared to national data. In Australia, a
survey found that cardiac rehabilitation attendance is high compared to other developed
countries (30%-60% vs 28%-40%)?221. Despite the reported benefits of the rehabilitation
programs, data from other studies also show that many patients do not attend at all or
drop out early after attending only one or two sessions2!5 221, The higher number of
cardiac rehabilitation sessions attendance is associated with the better long-term
outcomes. The result from the present study found only 20% of patients who invited to
the rehabilitation program completed the all sessions. This might be due to several
reasons, such as long travelling distances and time conflicts, or it might have been due to
the lack of interest among patients. Additionally, patients who have suffered cardiac
problem often show a marked reduction in their self-confidence and alterations to their
self-image?22. Patients also tend to have misconceptions and have little knowledge about
the rehabilitation 223. It again suggests that health professionals need to be more proactive
in encouraging cardiac rehabilitation attendance; review of the literature shows that
strong physician recommendation may increase patients’ attendance to cardiac

rehabilitation?23,

Based on these findings, the overall in-patient and immediate post-discharge management
in this study appeared to follow the guideline recommendations. Nonetheless, the
prescribing rates of ACEIs/ARBs and [-blockers were low compared to some
contemporary Australian data!®9. The primary objective of this study was not to
investigate the reasons for the underuse of these medications, but there was a possibility
that patients did not receive the medications due to the presence of Cls, which may not
have been recorded in their DMR. Hence, there is again room for improvement regarding
documentation in medical records. This again highlights the need for improved

interprofessional communication processes to ensure all health professionals are aware of
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the reasons medications are prescribed, or not. Another possibility regarding the low use
of B-blockers might due to individual prescriber non-belief in the evidence underlying the
guidelines itself224. This trend has been shown in a European study regarding physicians’
acceptance of guideline recommendation, in which more than 10% physicians involved in
the study stated that they did not agree with the content of the surveyed guidelines?25. On
a positive note, our findings support that the other aspects of ACS management of RHH
patients (apart from the prescribing of clopidogrel) was of a sufficiently high standard that
our clinical outcomes data could be confidently compared with those of large-scale

international studies.
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4.3 Therapy Outcomes

4.3.1 Readmission due to recurrent ACS

During the 18-month follow-up period, the rate of hospital readmission due to ACS or
restenosis in this study was 11%. Few studies had a follow-up period similar to our study;
hence it was difficult to make a direct comparison to previous findings. Table 4.2 displays
some clinical trials that have similar characteristics to our study and their results. Even
though the rate of the readmission in our study appears to be broadly in line with the
previous studies!12114179-181 it is perhaps higher than what would have been expected.
Several factors need to be taken into account when considering this finding, including the
outcome observed, the patients’ risk factors and the different clinical settings used in the
various studies. In most of the other studies, the outcomes were broader, including
ischaemic stroke, unplanned revascularisation and stent thrombosis. Also, the patients in
our cohort appeared to have a lower rate of overall risk factors (e.g. a younger median age,
first episode of ACS) compared to the clinical trials. The clinical trial investigators were
also able to follow up the patients’ outcomes directly. In our study, since we limited the
patient selection criteria to those with ACS, we only observed the outcomes of hospital
readmission due to ACS or restenosis. Although data regarding death rates were able to be
obtained from another source, the data regarding hospital readmissions was mainly
dependent on the records from one major public hospital, RHH. This was because not all of
the patients contacted in the second phase of the study to confirm their outcomes of
therapy with clopidogrel responded. Therefore, we were not able to ascertain for all
patients if they had had a readmission to another hospital (e.g. a private hospital). In the
clinical trials, however, the researchers were able to have direct contact with the study
participants by conducting a scheduled examination12 114 or via telephone contact!s0.
Based on these considerations, the observed rate of readmission in our study might be an

underestimate of the true rate.

The reason for the higher than expected rate of ischaemic events is uncertain, as inpatient
management appeared to be of a high standard. This suggests that there could be some

problems with post-discharge management. In the present study, the post discharge
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management assessed included patients’ attendance at r