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Abstract

The management of acute coronary syndrome (ACS) with antithrombotic medication
achieves the desired goal of reducing the risk of future ischaemic events. However, these
reductions are accompanied by increased risk of bleeding complications. A systematic
review of the literature highlighted that there was a paucity of evidence on the incidence,
timing, types, and predictors of these bleeding events, and their prognostic impact on
mortality following hospital discharge after ACS. Using a UK national primary care
consultation database with linkage to secondary care data and mortality data, the
incidence, timing, types, and predictors of these bleeding events, and their association
with all-cause mortality following hospital discharge post ACS were determined.

Among the 27,660 patients that fulfilled the inclusion/exclusion criteria for the study,
3,620 (13%) experienced first bleeding events at a median time of 123 days (IQR: 45 to
223) post-hospital discharge. The incidence of bleeding was 162/1000 person-years (95%
Cl: 157 to 167) within the first 12 months after discharge. Bleeding occurred more
frequently in the first 30 days after discharge, with bruising (949 bleeds (26%)) and
gastrointestinal bleed (705 bleeds, (20%)) the most common type of first bleeding events,
while intracranial bleed was relatively rare (81 bleeds (2%)). Significant predictors of any
post-discharge bleeding included prior history of bleeding complication, oral
anticoagulant prescription, history of peripheral vascular disease, chronic obstructive
pulmonary disease, and advanced age >80 years. Predictors for post-discharge bleeding
varied depending on the severity and anatomic site of the bleeding event. Patients that
experienced bleeding complications following hospital discharge for ACS had higher risk

of mortality than those who did not (HR 1.70, 95% Cl: 1.50, 1.92). This increased risk of



mortality also varied by severity and anatomic site of the bleeding event, with intracranial
bleed having the worst prognostic impact. This increased risk of mortality was more
pronounced within the first 30 days following the bleeding event.

Patients who experienced bleeding complications following hospital discharge after ACS
have distinct baseline characteristics. These characteristics can inform risk-benefit
considerations in deciding on favourable combination and duration of secondary
antithrombotic therapy. Further work is now required to combine these characteristics to
develop and validate a risk score for bleeding complications following hospital discharge

for use in the primary care setting.
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Chapter 1.0: Introduction



This study examines bleeding complications after hospital discharge following acute
coronary syndrome (ACS) within an English primary care setting. In this chapter, the

rationale, aims, objectives, and outline of the study are summarised.

11 Bleeding — An important complication of ACS management

ACS encompass a group of clinical presentations that include unstable angina (UA), ST-
elevation myocardial infarction (STEMI), and non ST-elevation myocardial infarction
(NSTEMI) (Kumar and Cannon, 2009). The management of ACS depends on the clinical
presentation with an overall aim of reducing myocardial ischaemia and adverse cardiac
events (O’Connor et al.,, 2010). In the acute setting (in-hospital), the management of
UA/NSTEMI is guided by risk stratification, and depending on individual patient risk
profile, management may involve a combination of antiplatelets and anticoagulant, or an
invasive strategy, most notably percutaneous coronary intervention (PCl) (Roffi et al.,
2016). In the case of STEMI, the preferred management strategy is PCl (Ibanez et al.,
2017). Following hospital discharge, and regardless of the in-hospital management
strategy, aspirin therapy is continued indefinitely, and adjunctively with a P2Y12 receptor
inhibitor for up to 12 months (lbanez et al., 2017; Roffi et al., 2016). The addition of an
oral anticoagulant to both aspirin and a P2Y12 receptor inhibitor for shorter period is
advocated for patients with comorbidities such as atrial fibrillation (Roffi et al., 2016).
These management strategies, whilst achieving the desired goal of reducing the risk of
future ischaemic events, also increases the risk of bleeding complications (Cayla et al.,
2013; Jolly et al., 2008; Yeh et al., 2015). There are several definitions for bleeding for use
in research, but the majority of these definitions were conceived in the clinical (in-
hospital) settings and incorporate both clinical parameters (such as recorded
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gastrointestinal bleed), laboratory parameters (such as recorded drops in haemoglobin),
and/or receipt of blood transfusion data (Chesebro et al., 1987; Feit et al., 2007; Moscucci
et al., 2003; Stone et al.,, 2008; The GUSTO Investigators, 1993; Wallentin et al., 2009;
Yusuf et al., 2001). These definitions typically classified bleeding based on severity into:
major, minor, and nuisance bleeding events. In primary care, bleeding tends to be
recorded based only on clinical parameters. Therefore, the applicability of these
definitions in primary care research using electronic healthcare record (EHR) is uncertain,
and there remains a lack of a standardised definition for use in this setting. Previous
studies of bleeding complications in the primary care setting have developed their own
definitions (Buresly et al., 2005; Raposeiras-Roubin, Faxén, et al., 2018; Valle et al., 2016).
But these definitions are conservative in that they do not capture minor/nuisance
bleeding events (such as nose bleed and bruising) which patients may be concerned
about.

The incidence of major bleeding following ACS has been estimated to be between 1% -
10% in clinical trials (Rao et al., 2007; Stone et al., 2006; The PURSUIT Trial Investigators,
1998; Yusuf et al.,, 2006), with observational studies reporting incidences of between
2.8% (Spencer et al., 2007) and 11% (Amlani et al., 2010). However, the emphasis in the
majority of these studies has been on major in-hospital or bleeding events within the first
30-days of ACS (a composite of in-hospital and post-discharge events) with little
consideration for events in the longer-term after hospital discharge. Following hospital
discharge, ACS patients may remain on dual antiplatelet therapy for up to a year or
longer, and aspirin indefinitely, so their risk of bleeding complications may persist in the
longer-term. A recent study has indicated that while ACS patients do sustain bleeding

complications in the in-hospital setting, these bleeding events continued to transpire



even after hospital discharge into the primary care setting (Khan et al., 2015). Presently, it
is unclear how common these bleeding events are within the primary care setting or their
types and timing post-hospital discharge.

Further to this, major in-hospital bleeding has been associated with socio-demographic,
cardiovascular and non-cardiovascular comorbidities, pharmacological, and procedural
characteristics, leading to the development of risk scoring algorithms for these bleeding
events in the in-hospital setting (Mathews et al., 2011; Mehran et al., 2011; Subherwal et
al., 2009). However, it is unclear whether these characteristics are also predictive of
longer-term bleeding events post-hospital discharge. For example, procedural
characteristics may become less important in predicting the risk of post-discharge
bleeding events, whereas patient characteristics and pharmacological choice may become
more important post-discharge. The few studies (Alfredsson et al.,, 2017; Costa et al.,
2017; Yeh et al., 2016) that have associated some characteristics with bleeding post-
hospital discharge have mostly been carried out in the PCl setting within randomised
controlled trials (RCTs), where minor bleeding events have been ignored, and high-risk
elderly patients or those on chronic oral anticoagulants (a potential risk factor for
bleeding) have been excluded. Minor bleeding may be common in primary care and may
lead to discontinuation of guideline-recommended therapy, which is known to worsen
prognosis (Armero et al., 2011; Jura-Szottys and Chudek, 2011; Roy et al., 2008). Also,
only a small proportion of the cohorts in these studies are high-risk ACS patients, with the
majority being patients with stable coronary artery and other unspecified cardiovascular
diseases (Baber et al.,, 2016; Costa et al., 2017; Yeh et al.,, 2016). Therefore, the
generalisability of these studies to the wider ACS population in primary care is unclear.

Identifying the baseline characteristics which may increase the risk of bleeding
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complications within the primary care setting can support clinicians in deciding on the
most favourable longer-term antiplatelets and/or anticoagulant for individual patients.
Previous studies have associated major in-hospital bleeding with increased risk of adverse
outcomes, including but not limited to mortality (Eikelboom et al., 2006; Kinnaird et al.,
2003; Manoukian et al., 2007; Rao et al., 2005, 2006). The increased risk of mortality
(after an in-hospital bleed) appeared to be maintained regardless of the bleeding
definition used (Kwok et al., 2014; Rao et al., 2006), in both the short-term (in-hospital)
and longer-term (post-hospital discharge) (Eikelboom et al., 2006; Kwok et al., 2014; Rao
et al., 2005), with risk increasing as the severity of bleeding increases (Rao et al., 2005,
2006). This adverse effect of in-hospital bleeding depends on the anatomic site of the
bleed (Kwok et al., 2015), and the site of bleeding may vary between the in-hospital and
post-discharge settings. Whilst the adverse effect of major in-hospital bleeding event on
mortality has been well described mostly within the clinical trial setting, there is limited
evidence regarding the association of bleeding events that occur after hospital discharge
with clinical outcomes such as mortality.

This dearth in knowledge evidently underscores the need for more research in order to
further our understanding of the nature and prognostic impact of these late bleeding
events within the primary care setting, which also form the basis for the aim and
objectives below. It is anticipated that outputs from this research may inform clinical

practice, which may translate to better management for individual patients.



1.2 Aim and objectives of the thesis
This section outlines the overall aim of this thesis and the specific objectives that have

been formulated to address this overall aim.

1.2.1  Aim

The aim of this thesis is to provide evidence on the frequency, timing, and types/sites of
bleeding events following hospital discharge for ACS, the characteristics associated with
these events, and whether these bleeding events are associated with longer-term

outcomes. This overall aim is anticipated to be achieved via the following objectives:

1.2.2  Objective 1 (Chapter 3): Conduct a systematic review of the incidence, types,
timing, and prognostic impact of bleeding complications after hospital discharge
following ACS.

The primary objectives were to:

» Determine the incidence of bleeding after hospital discharge following ACS.
» Determine the incidence of bleeding by time following hospital discharge for ACS.
» Determine the incidence of site-specific bleeding events (such as gastrointestinal,

intracranial) after hospital discharge following ACS.

The secondary objectives were to:
Determine the association between bleeding following hospital discharge for ACS and
subsequent risk of

» Mortality.

» MACE (as defined in individual studies).
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> Re-infarction.

» Rehospitalisation.

1.2.3 Objective 2 (Chapter 4): By means of consensus, define bleeding
complications following ACS in primary care.

The main focus of this objective will be to define bleeding complications in primary care

through consensus of General Practitioners (GPs) and an Interventional Cardiologist. This

will mainly be a pilot study, using routinely coded consultation information stored in

primary care EHR. The definition generated will primarily be used to inform the main

studies of the thesis (objectives 3, 4, and 5).

1.2.4  Objective 3 (Chapter 7): Determine the incidence, timing, and types/sites of
bleeding events after hospital discharge following ACS
Specific objectives:
e To determine the incidence of bleeding events in the first 12 months after hospital
discharge following ACS.
e To determine the incidence of bleeding events by time within the first 12 months
after hospital discharge following ACS.
e To determine the types/sites of bleeding events in the first 12 months after
hospital discharge following ACS.
A descriptive cohort study set within a national primary care EHR database (the Clinical
Practice Research Datalink (CPRD)) with linkage to secondary care records (Hospital
Episode Statistics (HES)) and mortality records (Office for National Statistics (ONS)

mortality data) will be used to address this objective. Patients with a discharge diagnosis
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for ACS will be followed longitudinally from date of hospital discharge (for a maximum of
12 months) for recorded bleeding consultation in the patient’s primary care record or a
death record in the ONS mortality data with bleeding as the primary underlying cause
(Chapter 7). The CPRD, HES, and ONS mortality data are described in chapter 5 of this

thesis.

1.2.5 Objective 4 (Chapter 8): Determine independent risk factors for bleeding after
hospital discharge following ACS.

The main focus of this objective will be to determine the baseline characteristics most

likely to increase an individual patient’s risk of bleeding in the longer-term following

hospital discharge for ACS. To address this objective, two linked sub-objectives were

formulated.

Primary objective:

e To determine independent associations between the outcome of any bleeding in

the first 12 months after hospital discharge for ACS and baseline socio-
demographic, pharmacological, comorbidity and in-hospital procedural

characteristics.

Secondary objectives:
To determine independent associations between baseline socio-demographic,
pharmacological, comorbidity and in-hospital procedural characteristics with the
outcomes of:

e Early bleeding events (defined as any bleed within the first 30 days after hospital

discharge for ACS).



e Serious and non-serious bleeding events within the first 12 months after hospital
discharge for ACS.
e Site-specific bleeding events (such as intracranial bleed) within the first 12 months
after hospital discharge for ACS.
A cohort study set within CPRD with linkage to HES and ONS mortality data will be carried
out to address these objectives. The outcome of interest will be first bleeding events that
occur following hospital discharge for ACS, and the potential risk factors will be baseline

patient characteristics.

1.2.6 Objective 5 (Chapter 9): Determine the prognostic impact of bleeding on all-
cause mortality after hospital discharge following ACS.
The emphasis here will be to examine whether bleeding complications which occur after
hospital discharge following ACS increases a patient’s risk of mortality or not. To address
this objective, two linked sub-objectives were devised.
Primary objective:
e To determine the independent association between any bleeding and all-cause

mortality within the first 12 months following hospital discharge for ACS.

Secondary objectives:
To determine the independent associations between:
e Serious and non-serious bleeding events with all-cause mortality within the first
12 months after hospital discharge for ACS.
e Sijte-specific bleeding event with all-cause mortality within the first 12 months

after hospital discharge for ACS.



e Whether patients who sustain early bleeding events (defined as any bleed within
the first 30 days following hospital discharge for ACS) have a higher short-term risk
of mortality (within the first 30 days following the bleeding event) than those who
sustained late bleeding events (defined as any bleed occurring between 31 — 335
days post-hospital discharge).

e Whether the risk factors identified for bleeding are also associated with mortality
in patients that experienced bleeding complications in the first 12 months after
hospital discharge.

To address these objectives, a cohort study set within CPRD with linkage to HES and ONS
mortality data will be carried out. Patients with recorded bleeding events post-hospital
discharge will be compared to those without recorded bleeding events in relation to the
outcome of all-cause mortality. Association between the outcome of all-cause mortality
and bleeding will then be determined. When determining the risk factors for mortality in
patients that sustained bleeding complications, the outcome of interest will also be all-

cause mortality, and the potential risk factors will be baseline patient characteristics.

10



1.3 Outline of the thesis

Chapter 2 will give the clinical description of ACS, its epidemiology, management
strategies, and the bleeding complications associated with these management strategies.
This will be followed by a systematic review of the current evidence on the incidence,
timing, types, and prognostic impact of bleeding complications within the primary care
setting in Chapter 3. Bleeding complications following ACS will be defined in primary care
through consensus of GPs and an Interventional Cardiologist in Chapter 4, which will then
inform subsequent studies that will be carried out in the thesis. Chapter 5 will describe
the datasets that will be used to address objectives 3, 4, and 5 (the main studies in this
thesis). In this chapter (Chapter 5), the inclusion and exclusion criteria for the study
population, study design, key variable definitions, and the approaches to handling missing
data and analyses for the main studies in this thesis (objectives 3, 4, and 5) will be
outlined. Following on from this, the baseline characteristics of those who fulfilled the
inclusion/exclusion criteria for the study population will be descriptively summarised and
compared to those of patients with ACS who did not fulfil these criteria (referred to as the
sensitivity cohort in this thesis) in Chapter 6. The incidence, timing, and types/sites of
bleeding events within the primary care setting will be examined in Chapter 7, followed
by descriptive comparisons between those who experienced bleeding and those who did
not post-hospital discharge. In this chapter (Chapter 7), mortality rates following hospital
discharge for ACS will also be determined. In Chapter 8, independent associations
between baseline patient characteristics (including: socio-demographic, comorbidity,
pharmacological, and in-hospital procedural characteristics) and the outcome of bleeding
will be explored. Chapter 9 will examine the independent associations between bleeding
following hospital discharge and all-cause mortality within the primary care setting,
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before finally summarising the overall findings of the thesis, and their implications in

Chapter 10.
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Chapter 2.0: Background
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This section of the thesis gives the clinical description of acute coronary syndrome (ACS),
its epidemiology, management strategies, and the bleeding complications associated with

these management strategies.

2.1 ACS

ACS is an umbrella term that describes a group of clinical presentations that include UA
and myocardial infarction (Ml). Clinically, Ml is subdivided into STEMI and NSTEMI (Kumar
and Cannon, 2009). More recently, Ml has been further sub-classified into five categories,
ranging from type 1 (spontaneous MlI) to type 5 (Ml related to coronary artery bypass
graft) (Thygesen et al., 2018). The majority of Ml events are spontaneous (type 1 Ml),
triggered by atherosclerotic plagque rupture and erosion (Timmis, 2015). For detailed
description of the different types of MI, the reader is referred to the fourth universal
definition of Ml (Thygesen et al., 2018). The emphasis of this thesis will be on Ml (STEMI

and NSTEMI) and UA events will be excluded.

2.1.1 The epidemiology of ACS

Over 87,000 confirmed episodes of M| were reported from hospitals in England, Wales,
Northern Ireland and Isle of Man between April 2016 and March 2017 (MINAP, 2017). The
majority (61%) of these cases were for NSTEMI, with the remaining 39% attributed to
STEMI (MINAP, 2017). The ratio of NSTEMI to STEMI is approximately the same in those
under the age of 60 years, but in those between the age of 70 and 79 years, the ratio is
2:1, and almost 3:1 in those aged 80 years and over (MINAP, 2017). Before the age of 60

years, men more often present with ACS than women, but after the age of 75 years,
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women represent the majority of cases (Regitz-Zagrosek et al., 2016). In men diagnosed
with MI, 43% of all diagnoses tend to be for STEMI, with the remaining 57% attributed to
NSTEMI. While in women, 35% of all diagnoses are for STEMI, and the remaining 65%
attributed to NSTEMI (MINAP, 2014). The overall age-standardised incidence of Ml is
reported to be 174/100,000 persons in men and 73.7/100,000 persons in women in
England (as at 2010) (Smolina et al., 2012). The incidence of MI has gradually declined
over the past decade in England (Smolina et al.,, 2012). Yet, despite the decline, ACS
remains a major cause of premature death in adults (Bhatnagar et al., 2015) and a major

public health burden (BHF, 2017).

2.1.2 Management of ACS

The fundamental goal in ACS management is to prevent/reduce the amount of
myocardial cell necrosis and the risk of adverse events by restoring coronary patency to
the occluded artery (O’Connor et al., 2010). This goal is achieved via management with
antiplatelets, anticoagulants and invasive strategies. In the emergency setting, initial anti-
ischaemic therapy with oxygen, beta-blockers, nitrates, and calcium channel blockers
have shown effectiveness in reducing acute ischaemic episodes by either reducing
myocardial oxygen demand or increasing myocardial oxygen supply (Hamm et al., 2011;
Steg et al.,, 2012). But overall, the management strategy wholly depends on the
underlying ACS diagnosis, i.e. whether NSTEMI or STEMI (Hamm et al., 2011; Steg et al.,
2012).

In the acute setting, and for patients diagnosed with STEMI, revascularisation, most

commonly with PCl, is the mainstay therapy. PCl is a non-surgical procedure that
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introduces a catheter via the radial or femoral artery to the heart. Through the catheter, a
stent is inserted to open up the occluded coronary artery in order to restore coronary
blood flow. Although effective in restoring perfusion, PCl increases the risk of bleeding
complications (Jolly et al., 2011; Moscucci et al., 2003). These bleeding complications
range from superficial (such as bruising, hematoma) to more severe systemic bleeds (such
as gastrointestinal or intracranial bleeds (Jolly et al., 2011; Kwok et al., 2015)). For
patients presenting with NSTEMI, management in the acute setting is initially guided by
risk stratification. Risk stratification uses an algorithm to stratify individual patients into
different risk profiles for death or Ml based on baseline characteristics. The TIMI and
2GRACE risks scores are the most widely used tools in guiding treatment in this setting
(Antman et al.,, 2000; Granger et al.,, 2003). Depending on a patient’s risk profile,
management can be medical with antiplatelets and anticoagulants or invasively with

angiography, PCl or coronary artery bypass graft (CABG).

2.1.3 Antiplatelets and anticoagulants in the acute and longer-term prevention of ACS

and risk of bleeding complications

2.1.3.1 Antiplatelets

The fundamental goal of management with antiplatelets is to inhibit platelet activation
and aggregation pathways, integral steps in the formation of thrombus after plaque

rupture or erosion. Four antiplatelets, namely; aspirin, clopidogrel, prasugrel, and

L Thrombolysis in myocardial infarction

2 Global registry of acute coronary events
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ticagrelor have been advocated by the European Society of Cardiology (ESC) for the acute

and longer-term management of ACS (lbanez et al., 2017; Roffi et al., 2016).

2.1.3.1.1 Aspirin

Aspirin inhibit platelet activation and aggregation via irreversible inactivation of
cyclooxygenase (COX-1), thereby completely suppressing the production of thromboxane
A, (Patrono et al., 2011). Aspirin remains the cornerstone antiplatelet in the management
of ACS (Braunwald, 2003). It is advocated as first-line therapy as soon as ACS is suspected,
unless contraindicated, in which case aspirin is substituted by clopidogrel (Ibanez et al.,
2017; Roffi et al., 2016). Aspirin is administered at a loading dose of 300mg in the acute
setting, followed by a daily maintenance dose of 75mg post-hospital discharge (lbanez et
al., 2017; Roffi et al., 2016). Management with aspirin has been shown to reduce the risk
of 30-day mortality by 25 percent and those of non-fatal reinfarction, and stroke by 50
percent (Baigent et al., 2009; ISIS-2, 1988), albeit at the expense of increased risk of
bleeding complications (Berger et al., 2012; Serebruany et al., 2004). Higher doses of
aspirin have not shown improved efficacy but rather exacerbated the risk of bleeding
complications (Berger et al., 2012; Serebruany et al., 2005; Xian et al., 2015). Aspirin
therapy is continued indefinitely in the absence of complications such as bleeding events.
Although the cornerstone antiplatelet in the management of ACS, platelet activation and
aggregation is only partially inhibited by aspirin. Other pathways, namely; the adenosine
diphosphate (ADP), and the thrombin-protease-activated receptor pathways, are largely
unaffected (Patrono et al., 2011). The addition of an ADP (P2Y12) receptor inhibitor
(clopidogrel, prasugrel, and ticagrelor) to aspirin in both the acute and longer-term
management of ACS has been shown to be more effective in platelet inhibition and

17



reduction of adverse ischaemic events (Wallentin et al., 2009; Wiviott et al., 2007; Yusuf
et al., 2001). This additive benefit has been the basis for recommending aspirin plus a
P2Y12 receptor inhibitor for the management of ACS (lbanez et al., 2017; Roffi et al.,

2016).

2.1.3.1.2 Clopidogrel

Clopidogrel is an inactive prodrug, metabolised by hepatic cytochrome p450 enzymes in
two steps. The first step converts clopidogrel to an inactive metabolite by de-
esterification (Herbert et al., 1993). The second step converts clopidogrel into its active
metabolite (Caplain et al., 1999) which then inhibit platelet activation by irreversibly
binding to P2Y12 receptors (the main platelet receptor responsible for ADP-induced
platelet aggregation) to inactivate the aggregation response initiated by P2Y1 receptors
(Herbert and Savi, 2003; Savi and Herbert, 2005). The additive benefit of inactivating COX-
1 with aspirin and the blockage of P2Y12 receptors with clopidogrel is evident in the
3CURE trial (Yusuf et al., 2001), where dual antiplatelet therapy (DAPT) with aspirin and
clopidogrel reduced the composite endpoint of death, non-fatal Ml and stroke by 20
percent (over aspirin plus placebo) in patients with NSTEMI (Yusuf et al., 2001). However,
this additive benefit was accompanied by an increased number of bleeding events (Yusuf
et al., 2001).

Due to substantial interindividual variability in response to clopidogrel (Matetzky et al.,
2004), there remains the risk of recurrent ischaemic events, with hyporesponsiveness to

clopidogrel resulting in increased risk of non-fatal Ml, stent thrombosis and death (Aradi

3 Clopidogrel in unstable angina to prevent recurrent events
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et al., 2010; Brar et al.,, 2011; Sofi et al.,, 2010), and hyperresponsiveness leading to

increased risk of bleeding (Sibbing et al., 2010).

2.1.3.1.3  Prasugrel

Prasugrel is an inactive prodrug converted in a single step to an active metabolite which
inhibit platelet activation by irreversibly binding to P2Y12 receptors on platelets
(Jakubowski et al., 2007; Patrono et al., 2011). Prasugrel metabolism is less dependent on
cytochrome p450 enzymes, resulting in less interindividual variability, and faster and
more profound inhibition of platelets than clopidogrel (Jakubowski et al., 2007). The
ATRITON-TIMI 38 trial demonstrated the superiority of prasugrel over clopidogrel, where
prasugrel reduced the composite endpoint of death, non-fatal Ml, and stroke by 19% over
a follow-up period of 15 months post ACS (Wiviott et al., 2007). For this reason,
preference is now given to prasugrel over clopidogrel for the management of ACS in the
setting of PCl, unless prasugrel is contraindicated (such as history of stroke/transient
ischaemic attacks, low body weight (<60kg) and age greater than 75 years) (lbanez et al.,
2017; Roffi et al., 2016). However, the reduction in adverse events was accompanied by
increased number of bleeding events which were more pronounced in the prasugrel arm

than the clopidogrel arm of the trial (Wiviott et al., 2007).

2.1.3.1.4 Ticagrelor
Unlike clopidogrel and prasugrel, ticagrelor is a direct-acting platelet inhibitor that does

not require metabolic activation by hepatic enzymes (Patrono et al., 2011). Ticagrelor

4 Trial to assess improvement in therapeutic outcomes by optimizing platelet inhibition with prasugrel-
thrombolysis in myocardial infarction
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inhibit platelet activation by directly and reversibly binding to P2Y12 receptors. Maximal
platelet inhibition is achieved within 1 — 3 hours of treatment (Wallentin, 2009). Like
prasugrel, management with ticagrelor provides faster, consistent, and more profound
platelet inhibition than clopidogrel (Husted et al., 2006; Storey et al., 2007). In a head to
head comparison, the °PLATO trial demonstrated the superiority of ticagrelor over
clopidogrel, where ticagrelor reduced the composite endpoint of death, Ml and stroke by
16% over a follow-up period of 12 months post ACS (Wallentin et al., 2009). This additive
benefit has been the basis for recommending ticagrelor for ACS patients treated either
invasively or conservatively, including those pretreated with clopidogrel. However, this
reduction in adverse events by ticagrelor was also accompanied by increased number of

bleeding complications (Wallentin et al., 2009).

2.1.3.2  Anticoagulants

Anticoagulants act on the coagulation pathway of thrombus formation to inhibit
thrombin generation/activities and blood clotting. Inhibition of thrombin blocks the
remaining platelet activation pathway (namely the thrombin-protease-activated receptor
pathway) which is not addressed by antiplatelets. In the acute setting, parenteral
unfractionated heparin (UFH), low molecular weight heparin (LMWH), bivalirudin, and
fondaparinux, all acting at different levels of the coagulation cascade are advocated for
the management of ACS by the ESC guidelines (guidelines for the management of patients
with ACS) (Roffi et al., 2016). UFH, LMWH and fondaparinux exert their anticoagulant

effects by binding to, and activating antithrombin, which inhibits factor Xa and thrombin

> platelet inhibition and patient outcome
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(De Caterina et al., 2013). Bivalirudin, on the other hand, is a direct thrombin inhibitor
that binds directly to thrombin and prevents thrombin mediated activities (De Caterina et
al., 2013). There is evidence that parenteral anticoagulation in the acute management of
ACS reduces adverse ischaemic events, albeit at the expense of increased risk of bleeding
complications (Eikelboom et al., 2000; Silvain et al., 2012; Yusuf et al., 2006).

Factor Xa and thrombin play a key role in the formation of thrombus after an
atherosclerotic plaque rupture/erosion. There are indications that inhibitors of both
factor Xa (such as apixaban) and thrombin (such as dabigatran and rivaroxaban) may play
a role in the prevention of adverse ischaemic events in the longer-term after hospital
discharge post ACS. But these evidences are presently ambiguous.

Apixaban in addition to standard therapy with aspirin and clopidogrel increased the risk
of bleeding complications without a net reduction in adverse ischaemic events (the
composite endpoint of death, Ml and stroke) (Alexander et al., 2011). Dabigatran (in
addition to standard therapy with aspirin and clopidogrel) on the other hand, results in
significant reduction in coagulation activities. But this reduction was offset by a dose-
dependent increase in the number of bleeding complications (Oldgren et al.,, 2011).
Rivaroxaban, the only oral anticoagulant that reduced the composite endpoint of
cardiovascular death, Ml, and stroke (Mega et al., 2012) has now been recommended for
the longer-term prevention of ischaemic events in patients at high risk of ischaemic and
low risk of bleeding complications (lbanez et al., 2017; Roffi et al., 2016). However, Just
like apixaban and dabigatran, the reduction in ischaemic events by rivaroxaban was also
accompanied by increased number of bleeding complications (Mega et al., 2012).
Approximately 6% to 8% of ACS patients on dual antiplatelet therapy also have an
indication for long-term oral anticoagulation due to the presence of co-morbidities such
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as atrial fibrillation (Hamm et al., 2011). Triple therapy with aspirin, a P2Y12 receptor
inhibitor (mostly clopidogrel) and an oral anticoagulant increase the number of
administered antithrombotic agents. As the number of administered antithrombotic
agent’s increases, the risk of bleeding is even more amplified in this subgroup of patients

(DeEugenio et al., 2007; Khurram et al., 2006).
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2.2 What is bleeding?

Bleeding is an important complication of ACS management. As outlined above, the
management of ACS achieves the desired goal of reducing adverse ischaemic events. But
these reductions are at the expense of increased risk of bleeding complications. There are
several definitions for bleeding for use within the research setting, with the majority
developed using composites of laboratory parameters (such as recorded drops in
haemoglobin), clinical parameters (such as recorded gastrointestinal bleed), and/or
receipt of blood transfusion data. The initial TIMI criteria for bleeding defined major
bleeding as intracranial bleed or bleeding associated with a decrease in haemoglobin of
greater than 5.0 g/dL or haematocrit of greater than 15% (Chesebro et al., 1987). The
TIMI criterion defined minor bleeding as any bleed associated with a decrease in
haemoglobin of greater than 3.0 but less than 5.0 g/dL or a drop in haematocrit of less
than 10% (Chesebro et al., 1987). However, the TIMI criterion was developed in the
fibrinolytic era to measure short term bleeding associated with fibrinolytic therapy and
predominantly relies on laboratory parameters (Chesebro et al., 1987) (see table 2.1 for
definition). Over the years, the TIMI criterion has been modified to reflect new
developments in this arena. To address the shortcomings of the TIMI criterion,
investigators from the global use of strategies to open occluded arteries study developed
a new definition “referred to as the GUSTO criterion”. The GUSTO criterion stratified
bleeding into severe/life threatening, moderate, and mild bleeding events (table 2.1) (The
GUSTO Investigators, 1993). However, just like the TIMI criterion, the GUSTO definition

was also conceived in the fibrinolytic era and relies heavily on clinical parameters,
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thereby making classification of bleeding by severity highly challenging (Mehran et al.,
2011).

Recently, several criteria including CURE (Yusuf et al., 2001), PLATO (Wallentin et al.,
2009), GRACE (Moscucci et al., 2003), °ACUITY (Stone et al., 2006), 7OASIS (Yusuf et al.,
2006), 8STEEPLE (Montalescot et al., 2006), °"HORIZON-AMI (Stone et al., 2008), *°REPLACE
(Feit et al., 2007), and 1ISTH (Schulman and Kearon, 2005), which include both clinical
and laboratory parameters with the sole aim of addressing the drawbacks of the TIMI and
GUSTO definitions, have been used in research (in trials and studies using in-hospital
registries). However, the multiple criteria used for bleeding introduces heterogeneity in
terms of outcome reporting, and comparing outcomes such as the efficacy and safety of
antithrombotic drugs across studies is often challenging (Steg et al., 2011). As an
example, in the 2SYNERGY trial, the rate of major bleeding defined by the TIMI criterion
was 9.1% in the enoxaparin arm, whereas the rate using the GUSTO definition was 2.7%
(Ferguson et al., 2004). Another pitfall of using multiple criteria for bleeding is variation in
defining bleeding severity, that is to say, a major bleeding by one definition is regarded as
a minor bleeding event by another. For example, the PLATO criterion considered bleeding

that is associated with a drop in haemoglobin level of greater than 3 g/dL but less than 5

6 Acute catheterisation and urgent intervention triage strategy

7 Organisation for the assessment of strategies for ischaemic syndromes

8 Safety and efficacy of enoxaparin in PCl patients, an international randomised evaluation
3 Harmonizing outcomes with revascularisation and stents in acute myocardial infarction
10 Randomised evaluation of PC linking angiomax to reduce clinical events

1 International society on thrombosis and haemostasis

12 Superior yield of the new strategy of enoxaparin revascularisation and glycoprotein lib/Illa Inhibitors
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g/dL as a major bleed, whereas the TIMI criteria considered this as a minor bleeding
event.

For these reasons, the bleeding academic research consortium (BARC) convened a group
of independent experts and proposed (by consensus) a standardised definition for
bleeding in order to eliminate the deficiencies of the aforementioned definitions. This
standardised definition referred to as the “BARC criterion” stratifies bleeding into five
categories, ranging from type 1 (bleeding that is not actionable and does not cause the
patient to seek medical attention) to type 5 (fatal bleeding) (table 2.1) (Mehran et al.,
2011). The BARC definition has been validated against other definitions (such as TIMI,
GUSTO, and REPLACE) in previous research in trials and studies using in-hospital registries
where clinical parameters, laboratory parameters and receipt of blood transfusion data
are readily available (Kikkert et al., 2014; Ndrepepa et al., 2012; Vranckx et al., 2014; Yoon
et al., 2015). But the applicability of the BARC definition in primary care research, using
EHR, where bleeding is mostly recorded using clinical parameters (such as gastrointestinal

bleed) is unclear.
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Table 2.1: The BARC, TIMI and GUSTO bleeding definitions

Criteria Severity Definition
BARC
T No bl i
(Mehran et al., 2011) ype 0 0 bleeding
Type 1 Bleeding that is not actionable (Nuisance bleeds)
ctionable bleeding requiring hospitalisation, diagnostic studies and treatment by healthcare professionals, but
Tvbe 2 Actionable bleedi iring hospitalisation, di i di d by health fessionals, b
yp does not fit criteria for 3, 4 & 5.

Type 3

A Overt bleeding + haemoglobin drop of 3 to < 5 g/dL

Any transfusion with overt bleeding
Overt bleeding + haemoglobin drop > 5 g/dL
B Cardiac tamponade
Bleeding requiring surgical intervention
Bleeding requiring intravenous vasoactive agents
c Intracranial bleed
Intraocular bleed

Type 4 CABG related bleeds
Type 5

A Probable fatal bleeding: no autopsy or imaging confirmation but clinically suspicious

B Definite fatal bleeding: overt bleeding or autopsy or imaging confirmation

TIMI . . . . . e
(Bovill et al., 1991) Major Intracranial or a > 5 g/dL decrease in haemoglobin or Bleeding resulting in death within 7 days

Overt blood loss or = 3 to < 5 g/dL decrease in haemoglobin or requiring intervention (medical practitioner-guided
Minor medical or surgical treatment to stop or treat bleeding including temporarily or permanently stopping or changing
the dose of a medication or study drug) or leading to or prolonging hospitalisation or prompting evaluation
(leading to unscheduled visit to a healthcare professional and diagnostic testing, either laboratory or imaging)
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Criteria Severity Definition

TIMI Minimal . . . . o
Any overt bleeding that does not meet major or minor bleeding criteria above.
GUSTO Severe or life-threatenin Intracerebral or resulting in substantial hemodynamic compromise requiring treatment
(The GUSTO Investigators, 1993) g g y P quiring
Moderate bleeding requiring blood transfusion or bleeding that does not cause hemodynamic compromise
Mild bleeding that does not meet criteria for severe or moderate bleeding

BARC: Bleeding academic research consortium, GUSTO: Global use of strategies to open occluded arteries, TIMI: Thrombolysis in myocardial infarction, CABG: Coronary artery bypass graft.
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2.2.1 How common is bleeding in the acute (in-hospital) setting?

Establishing the overall incidence of bleeding post-ACS within the in-hospital setting is
problematic due to wide variations across studies. These variations are largely attributed
to differences in patient characteristics (such as age, gender and presence of
comorbidities), management strategy (whether medically managed or invasively), the
definition of bleeding used, the timing of event reporting, and the study design employed
(whether RCT or registry). In trials such as **PURSUIT, which compared eptifibatide to
placebo in a cohort of NSTEMI patients, the reported incidence of bleeding in the
eptifibatide arm was 10.6% for TIMI major bleeding and 12.9% for TIMI minor bleeding
events. However, when GUSTO criterion was applied, the authors reported an incidence
of 1.5% for GUSTO severe, 11.3% for GUSTO moderate and up to 26.1% for GUSTO mild
bleeding events (The PURSUIT Trial Investigators, 1998). The OASIS-5 trial, on the other
hand, compared enoxaparin to fondaparinux and reported an incidence of 4.1% for major
bleeding in the Enoxaparin arm and 2.2% in the Fondaparinux arm of the trial (Yusuf et
al., 2006). The ACUITY trial, reported incidences of 0.9% and 3.7% for TIMI major and
minor bleeding events in the Bivalirudin arm respectively, and 1.9% and 6.4% in the
unfractionated heparin plus GP lIb/llla inhibitor arm of the trial (Stone et al., 2006). The
overall incidence of major or severe (in-hospital) bleeding events in the clinical trial
setting is estimated to be between 1% and 10% (Rao et al., 2007; Stone et al., 2006; The
PURSUIT Trial Investigators, 1998; Yusuf et al., 2006). Although, it must be borne in mind
that patients often recruited in RCTs tend to be highly selected and younger than patients

typically encountered in clinical practice (Steg et al., 2007).

13 platelet glycoprotein llb/llla in unstable angina: receptor suppression using integrilin therapy
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Registries, on the other hand, have the tendency to provide estimates of the real-world
incidence of bleeding than RCTs (Steg et al., 2011). In the GRACE registry of 24,045 ACS
patients, the incidence of *major (in-hospital) bleeding was found to be 4.8% in those
with STEMI, 4.7% in those with NSTEMI, and 3.9% overall (Moscucci et al., 2003). In the
ISACTION registry, the incidence of *major bleeding among patients with STEMI was
estimated at 11%, and 9% in those with NSTEMI (Kadakia et al., 2010). In line with the
ACTION registry, the YCRUSADE registry, which used blood transfusion as a proxy for
bleeding reported an incidence of 10.3% (Yang et al., 2005). However, this must be
interpreted with caution given the variability in transfusion practices across centres that
participated in the study (Yang et al., 2005).

One trial (the BAPPRAISE-2 trial) has indicated that whilst ACS patients do sustain
bleeding events in the in-hospital setting, nearly 60% of the bleeding events that

transpire following ACS, may occur after hospital discharge (Khan et al., 2015).

14 Defined as life threatening bleeding requiring transfusion of more than 2 units of packed red blood cells,
or resulting in an absolute decrease in haematocrit of greater than 10% or death or haemorrhagic/subdural
haematoma

15 National cardiovascular data registry of acute coronary treatment and intervention outcome network
registry get with the guidelines

16 Defined as intracranial or retroperitoneal bleed or red cell transfusion when baseline haematocrit is
greater than 28% or less than 28% with overt bleeding or absolute haematocrit drop of greater than 12%

17 Can rapid risk stratification of unstable angina patients suppress adverse outcomes with early
implementation of the ACC/AHA guidelines

18 Apixaban for prevention of acute ischaemic events
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2.2.2 Specific population at risk of bleeding complications in the acute setting

Major in-hospital bleeding has been associated with socio-demographic, cardiovascular
and non-cardiovascular comorbidities, pharmacological, and in-hospital procedural
characteristics (Mathews et al., 2011; Mehran et al., 2010; Moscucci et al., 2003; Nikolsky
et al., 2007; Subherwal et al., 2009). Characteristics such as advanced age, female gender,
renal insufficiency, anaemia, and invasive procedures have shown consistency in
predicting major in-hospital bleeding complications despite the variability across studies
(in relation to patient characteristics, management strategies, definition of bleeding used,
and the study design employed) (Mathews et al., 2011; Mehran et al., 2010; Moscucci et
al., 2003; Nikolsky et al., 2007; Subherwal et al., 2009). In the GRACE registry of 24, 045
ACS patients, women had a 43% higher likelihood of major in-hospital bleeding
complication relative to men. The same study showed that a decade increase in age was
associated with almost 30% increased risk of major in-hospital bleeding complications
(Moscucci et al., 2003). In the ACTION registry, the estimated risk of major in-hospital
bleeding complications increased by 17% in patients with renal insufficiency, and more
than twofold in patients with baseline anaemia (Mathews et al., 2011). Other
characteristics such as antithrombotic medication, lower body weight, diabetes,
hypertension, congestive heart failure, peripheral vascular disease and type of ACS
indication have also been associated with higher risk of major in-hospital bleeding events
(Mathews et al.,, 2011; Moscucci et al., 2003; Nikolsky et al., 2007; Subherwal et al.,
2009). Risk factors for major in-hospital bleeding have been well described and risk
scoring algorithms (ACTION, CRUSADE, ACUITY/HORIZON and REPLACE) have been

developed which stratify ACS patients into risk profiles for these bleeding complications
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within the in-hospital setting (Mathews et al., 2011; Mehran et al., 2010; Nikolsky et al.,
2007; Subherwal et al., 2009). These risk scores and identified risk factors are summarised
in table 2.2.

While the risk factors for major in-hospital bleeding have been well defined, those of
bleeding events that occur in the longer-term after hospital discharge are unclear. Some
studies (Alfredsson et al., 2017; Baber et al., 2016; Barra et al., 2013; Chen et al., 2019;
Costa et al., 2017; Raposeiras-Roubin, Faxén, et al., 2018; Yeh et al., 2016) have reported
on characteristics which may be associated with post-discharge bleeding, but the majority
were either carried out in the PCl setting in clinical trials, or only considered major
bleeding events, or were underpowered, or the majority of patients enrolled in the study
were low-risk patients with stable coronary artery disease or other unspecified

cardiovascular diseases (table 2.2).
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Table 2.2: Bleeding risk assessment tools alongside characteristics identified to be associated with bleeding

Study

Country
of origin

Setting

Presentation

ACS

management

strategy

Bleeding definition

Derivation cohort

N

Age

% of
patients
with ACS

Risk factors of bleeding

In-hospital setting

PCl via the Major in-hospital 62.6 Not Female gender, eGFR < 60, anaemia, age > 55
REPLACE us Trial ACS, Angina femoral bleeding 6,002 years available years, use of Intra aortic balloon pump, low
artery (Mean) molecular weight heparin and GP lIb/Illa.
Female gender, history of peripheral artery
disease, diabetes mellitus, congestive heart
L . failure, systolic blood pressure <110 vs 110-
CRUSADE us Registry NSTEMI Not available Major |n-hosp|tal 71,277 67 ygars NSTEMI 180mmhg, systolic blood pressure 2 180 vs 110-
bleeding (Median) (100%) ) . L
180mmbhg, baseline haematocrit < 36%, creatinine
clearance per 10 ml/min decrease and heart rate
per 10bpm increase
Multi- Medically, Major in-hospital 62.1 Advanced age, female gender, anaemia, elevated
ACUITY/HORIZON centre Trial ACS PCl and bleeding 17,421 years ACS (100%)  serum creatinine, white blood cell count, NSTEMI
CABG (Mean) and STEMI
Female gender, age per 5-year increase, baseline
serum creatinine per 1 mg/dl increase, St segment
changes, St segment elevation, heart failure
L . 64.0 and/or shock on admission, diabetes, peripheral
ACTION us Registry ?\ITSET,\SII\/I% Not available Majobrlelr;;jl;s;pltal 72,313 years ACS (100%) artery disease, bodyweight per 5 kg decrease,
(Median) systolic blood pressure < 130 vs 130-160mmhg,

systolic blood pressure > 160 vs 130-160mmhg,
home warfarin use, heart rate on admission and
baseline haemoglobin < 12g/dl
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Derivation cohort

ACS
Study Cour!tr.y Setting Presentation management Bleeding definition % of Risk factors for bleeding
of origin '
strategy N Age patients
with ACS
Age (per 10-year increase), female gender, history
of renal insufficiency, history of bleeding
. L . 66.2 mean arterial pressure (per 20 mmHg decrease),
Multi- M -h I
GRACE certhtrle Registry ACS Unclear aJ%:;r;dizsplta 24,045 years ACS (100%) diuretics, low molecular weight heparin,
& (Median) thrombolytics, GP Ilb/Illa blockers, intravenous

inotropes, other vasodilators, right heart
catheterisation and PCI

Post-discharge setting

GUSTO
. 61.3 Age (per 10-year increase), peripheral arterial
Multi- A A
DAPT ultl Trial €5, 5A, PCI mode.rate/severe 11,648 years ACS (46%) disease, hypertension, renal insufficiency or
centre other bleeding at 12-30 . . .
(Mean) failure and thienopyridine
months
Age (per 10-year increase), previous bleeding,
. TIMI major/minor white cell count (for each increase of 1000 cells
. Multi- . . 65 years ACS L . .
precise-DAPT Trial ACS, SCAD PCI bleeding at 12 14,963 . per microlitre), baseline haemoglobin (for each
centre (Median) (55.6%) . L
months increase of 1g/dl), and creatinine clearance (for
each increase of 10 mL/min)
Age (per 5-year increase), female gender,
creatinine (per 1 mg/dl increase), weight (per 5kg
GUSTO decrease), angiography at index hospitalisation
Multi- . NSTEMI & . moderate/severe/life- 66 years NSTEMI/UA . L . . ’
TRILOGY-ACS Trial Medicall 9,240 hist f peptic ulcer d h lob 1
centre ra UA edically threatening bleeding ! (Median) (100%) istory of peptic ulcer disease, haemoglobin (per

at 30 months

g/dl decrease), beta-blocker at randomization,
NSTEMI (vs UA), and systolic blood pressure per
10 mmHg
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Derivation cohort

ACS
Study Cour!tr.y Setting Presentation management Bleeding definition % of Risk factors of bleeding
of origin '
strategy N Age patients
with ACS
Advanced age, eGFR at admission, history of
stroke/TIA, heart failure during hospitalisation,
. Clinically significant 67.9 history of hypertension, diabetes, bleeding during
Hospital STEMI & . . . . . . e
BLEED-MI Portugal registr NSTEMI Not available  bleeding at a median 1,050 years MI (100%) hospitalisation, smoking until hospitalisation,
gIstry of 19.9 months (Mean) haemoglobin at admission, blood urea nitrogen at
admission and discharge antithrombotic therapy
(whether 1 agent, 2 agents, 3 agents)
BleeMACS Multi- Registry ACS pCl Serious'spontaneous 10,750  Unclear  ACS (100%) Age', hypertgnsion, vascul.ar. disease, history of.
centre bleeding at 1 year bleeding, malignancy, creatinine and haemoglobin
. . 63.6 Age (per year increase), body mass index, triple
Multi- BARC 3- Al
PARIS ultl Registry ACS, SCAD PCI C 3-5 major 4,190 years € therapy at discharge, anaemia, current smoking,
centre bleeding at 2 years (37.8%) L .
(Mean) and creatinine clearance < 60 ml/min.
Female gender, history of peptic ulcer disease,
61 hypertension, multivessel lesion, dual therapy
BRIC-ACS China Registry ACS PCI BARC > 2 2,381 Years ACS (100%) with aspirin and ticagrelor, body mass index,
(Median) baseline haemoglobin, triglycerides, low-density

lipoprotein-c
|
REPLACE: Randomized evaluation of PCl linking angiomax to reduce clinical events, CRUSADE: Can rapid risk stratification of unstable angina patients suppress adverse outcomes with early

implementation of the ACC/AHA guidelines, ACUITY; acute catheterisation and urgent intervention triage strategy, HORIZON-AMI; Harmonizing outcomes with revascularisation and stents
in acute myocardial infarction, ACTION: National cardiovascular data registry of acute coronary treatment and intervention outcome network registry get with the guidelines, GRACE: Global
registry of acute coronary events, DAPT; Dual antiplatelet therapy study, Precise-DAPT: Predicting bleeding complications in patients undergoing stent implantation and subsequent dual
antiplatelet therapy, TRILOGY-ACS: Targeted platelet inhibition to clarify the optimal strategy to medically manage acute coronary syndromes, BLEED-MI: Bleed myocardial infarction,
BleeMACS: Bleeding complications in a multicentre registry of patients discharged after an acute coronary syndrome, PARIS: Patterns of non-adherence to anti-platelet regimen in stented
patients, BRIC-ACS; bleeding risk in real world Chinese acute coronary syndrome patients, STEMI: ST-Elevation myocardial infarction, NSTEMI: Non ST-Elevation myocardial infarction, UA:
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Unstable angina, SA: Stable angina, SCAD: Stable coronary artery disease, ACS: Acute coronary syndrome, PCI: Percutaneous coronary intervention, CABG: Coronary artery bypass graft, Ml:
Myocardial Infarction, BARC: Bleeding academic research consortium, GUSTO: Global use of strategies to open occluded arteries, TIMI: Thrombolysis in myocardial infarction.

35



2.23 Prognostic importance of bleeding

Bleeding was initially thought to be a benign and acceptable hazard due to the relative
availability of blood products for transfusion. However, a growing body of evidence has
shown that bleeding is an independent predictor of adverse outcomes including mortality
(Eikelboom et al., 2006; Kinnaird et al., 2003; Manoukian et al., 2007; Rao et al., 2005,
2006). The risk of mortality with major in-hospital bleeding seems to be maintained
regardless of the bleeding definition used (Kwok et al.,, 2014; Rao et al., 2006), with
bleeding defined by REPLACE-2, STEEPLE and BARC criteria having the worst prognosis on
mortality (Kwok et al., 2014). Compared with patients who did not sustain bleeding
complications, patients who sustained in-hospital bleeding events are at increased risk of
mortality in the early (within 30 days), and later stages (within 6 or 12 months) after
hospital discharge for ACS (Eikelboom et al., 2006; Kwok et al., 2014; Rao et al., 2005).
This increased risk of mortality, however, tends to be more pronounced within the first
30 days following hospital discharge (Eikelboom et al., 2006; Rao et al., 2005). Previous
studies have shown that the risk of mortality from in-hospital bleeding may be dose-
dependent, with risk of mortality increasing as the severity of bleeding increases (Rao et
al., 2005, 2006). A previous study has also highlighted that the risk of mortality may
depend on the site of the bleeding event, with events such as intracranial bleeds having
the worst prognosis (Kwok et al., 2015).

While the prognostic impact of in-hospital bleeding events on mortality has been
described, the indication that bleeding may continue to transpire even after hospital
discharge (Khan et al., 2015), may mean that the risk of mortality after a bleed is likely to

be maintained in the post-discharge setting.
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2.3 Summary

This chapter has presented the clinical description of ACS, its epidemiology, management
strategies, and the bleeding complications associated with these management strategies.
The incidence, risk factors, and association of these bleeding events with mortality in the
in-hospital setting were also described.

Whilst this chapter has shown that there was some evidence on the incidence and
prognostic impact of bleeding events on mortality within the in-hospital setting, the next
chapter (Chapter 3) will systematically review the current evidence on the incidence, and
association of these bleeding events with outcomes such as mortality in the post-

discharge setting.
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Chapter 3.0: Systematic review of the incidence, timing, and
types/sites of bleeding after hospital discharge following ACS,
and their prognostic impact on mortality, MACE, re-infarction,

and rehospitalisation.
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3.1 Introduction

As highlighted in the preceding chapters, several studies have examined the incidence
and association of major in-hospital bleeding events with outcomes such as mortality.
However, following hospital discharge, patients with ACS may remain on dual antiplatelet
therapy for up to 12 months, and aspirin indefinitely, so their risk of bleeding may persist
in the longer-term after discharge. The study reported in this chapter will, therefore,
examine the existing literature to collate current evidence on the incidence and
prognostic impact of bleeding events on outcomes after hospital discharge for ACS using
the methodology for systematic reviews.

A systematic review collates as much evidence as possible on a research question in a
systematic, robust and replicable manner, such that conclusions derived from these
evidences are relevant, up to date and useful. It involves first deconstructing the research
question using a set of parameters, typically: the population, intervention, comparison,
and outcome to be examined (Khan et al., 2003). These form the basis for a search
strategy used in the literature search. A protocol is drafted, reviewed and piloted.
Databases and institutional websites are searched, and relevant literature retrieved
(Uman, 2011). Retrieved articles are screened by title, abstract, and full text following a
predefined set of inclusion and exclusion criteria (Uman, 2011). Included studies are then
characterised by quality, intervention, outcomes, research design, and type of analysis.
Relevant outcomes are extracted from these studies and synthesised qualitatively or
guantitatively to derive conclusions (Uman, 2011).

Accordingly, a systematic review of the incidence, timing, and types/sites of bleeding
events following hospital discharge for ACS was carried out. The prognostic impact of
these bleeding events on mortality, MACE, re-infarction, and rehospitalisation were
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likewise explored in this systematic review. A paper arising from this systematic review

has been published and is attached in Appendix 3.1.
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3.2 Aims and objectives

3.2.1 Aims
The aims of the systematic review were twofold:
» The primary aim was to determine the incidence, timing, and types/sites of
bleeding complications after hospital discharge following ACS.
» The secondary aim was to determine the prognostic impact of bleeding on
mortality, MACE (as defined in individual studies), re-infarction, and

rehospitalisation after hospital discharge following ACS.

3.2.2 Specific objectives

The primary objectives were to:
» Determine the incidence of bleeding after hospital discharge following ACS.
» Determine the incidence of bleeding by time following hospital discharge for ACS.
» Determine the incidence of site-specific bleeding events (such as gastrointestinal,

intracranial) after hospital discharge following ACS.

The secondary objectives were to:
Determine the association between bleeding following hospital discharge for ACS and
subsequent risk of

» Mortality.

» MACE (as defined in individual studies).

» Re-infarction.

» Rehospitalisation.
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3.3 Methods

331 Eligibility criteria

For the primary objectives, studies that reported on the incidence, timing, and site-
specific bleeding events after ACS following hospital discharge were included. For the
secondary objectives, studies that compared patients with bleeding versus those without
bleeding in relation to the outcomes of all-cause mortality, MACE, myocardial re-
infarction, and rehospitalisation after hospital discharge following ACS were included in
the review. RCTs where bleeding events were reported as primary or secondary or safety
outcomes, and observational studies which were published in English were included.
Studies, where the intervention was CABG or elective PCl, were excluded. Studies in
which the cohort comprised patients with stable angina or other coronary artery disease
were likewise excluded. Table 3.1 gives the detailed inclusion and exclusion criteria for
the review. For studies using the same data source, only one was included in the review,
based on (in order of): (1) quality, (2) sample size, (3) length of follow-up, unless the

studies reported on different outcomes.

42



Table 3.1: Inclusion and exclusion criteria specific to primary and secondary objectives

Inclusion criteria

Exclusion criteria

Primary objective

Participants aged 18 years and over

Cannot be ascertained whether bleed
occurred in-hospital or post-discharge

Participants discharged with an ACS
diagnosis at index hospitalisation

In-hospital bleeds only

Randomised controlled trial or
Observational study

Incidence and 95% Cl or number of
bleeding events cannot be extracted or
calculated

Bleeding measured after hospital
discharge

Study population combined patients
with ACS and other coronary diseases
such as stable angina

Any type of bleeding examined (such
as gastrointestinal bleed) post-
hospital discharge for ACS.

Post-discharge bleeding after PCI,
without specifying the clinical
presentation for the PCl or whether the
PCl was elective.

Incidence and associated 95%
confidence interval can be extracted
or calculated

Only reporting CABG related bleeds

Conference/study abstracts, editorials
and reviews

Secondary objective

Participants aged 18 years and over

Cannot be ascertained whether bleed
occurred in-hospital or post-discharge

Participants discharged with an ACS
diagnosis at index hospitalisation

In-hospital bleeds only

Randomised controlled trial or
Observational study

Study population combined patients
with ACS and other coronary diseases
such as stable angina

Bleeding measured after hospital
discharge

Post-discharge bleeding after PCI,
without specifying the clinical
presentation for the PCl or whether the
PCl was elective.

Evaluated outcome of, or a composite
of, mortality, MI, rehospitalisation,
and MACE in bleed Vs no bleed
cohorts

Only reporting CABG related bleeds

Conference/study abstracts, editorials
and reviews

ACS: Acute Coronary Syndrome, PCI: Percutaneous Coronary Intervention, Cl: Confidence Interval, CABG:
Coronary Artery Bypass Graft, MI: Myocardial Infarction
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3.3.2 Literature search

3.3.2.1  Search terms

Supported by the systematic review team within the Research Institute for Primary Care
and Health Sciences, a comprehensive search strategy combining keywords and related
database-specific subject headings for both the primary and secondary objectives were
developed. Specific to the primary objectives, the search strategy combined terms related
to incidence (incidence, prevalence), ACS (acute coronary syndrome, myocardial
infarction, NSTEMI/UA, STEMI), and bleeding (haemorrhage, hemorrhage, bleed,
bleeding), with terms related to post-discharge (post, late-onset, discharge, home,
hospital discharge) using the Boolean connectors “OR” and “AND” as appropriate (see
appendix table 3.1 for search terms). For the secondary objectives, the primary search
terms were used except terms related to incidence were replaced by terms related to
prognostic impact (mortality, death, MACE, re-infarction, hospital readmission, heart re-
infarction, cardiovascular/hospital mortality). Due to the overlap of the articles for the
primary and secondary objectives, the systematic review team recommended combining
the two search strategies (for the primary and secondary objectives) with the Boolean
operator “OR”, such that the search strategy was able to pick up articles relevant to
either the primary or secondary objective. Keywords and related database-specific
subject headings were selected in collaboration with a GP (UTK) and an Interventional
Cardiologist (MAM) with a keen interest in the field of bleeding complications. The
selection process was based upon search terms used in previously published systematic
reviews of in-hospital bleeding events (Kwok et al., 2014, 2015). The final search strategy
was pre-piloted on Medline (HDAS), Embase (Ovid SP), Amed (Ovid SP) and Central

(Cochrane central register of controlled trials) for sensitivity and specificity (see appendix
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table 3.1 for the final search strategy). For each of these databases, the final search

strategy was re-formatted to conform to their search criteria.

3.3.2.2  Databases searched

Medline (HDAS; 1946 — August 2018), Embase (Ovid SP; 1974 — August 2018), Amed (Ovid
SP; 1985 — August 2018) and Central were searched up to August 2018 using the final
search strategy (in appendix table 3.1). The search was re-run in July 2019 to identify
recent publications. The Journal of the American College of Cardiology (JACC), European
Heart Journal (EHJ), Heart, and Circulation were electronically searched for relevant
articles and grey literature. The bibliographies of included studies and relevant review
articles identified from each database were scrutinised for additional relevant articles.
Citation tracking of included studies via Web of Science was carried out to retrieve

additional relevant articles.

333 Study selection

The titles of all identified articles were screened by NI, and those which were obviously
irrelevant were eliminated at this stage. The abstracts of the remaining articles were
screened independently by NI and a statistician with experience in cardiovascular
research (JP). Articles which clearly did not fulfil the study inclusion/exclusion criteria
based on the abstract were eliminated and the remainder retrieved for further screening.
Discordances were resolved by consensus between NI, JP and MAM. The full texts of the
remaining articles were then screened by NI, with JP also screening 1 in 10. Overall, there

was substantial agreement between NI and JP (kappa = 0.783, p = 0.000336). At this

45



stage, only articles fulfilling the inclusion/exclusion criteria were retrieved for inclusion in

the review.

334 Data extraction

Characteristics, including study design, setting, length of follow-up, in-hospital
interventions, participant characteristics, and discharged antithrombotic therapy, were
extracted from individual studies. The outcomes of incidence of post-discharge bleeding
and associated 95% confidence intervals, time of bleed, site/type of bleed, and the
adjusted and unadjusted associations of bleeding with mortality, MACE, re-infarction and
rehospitalisation were also extracted from individual studies onto a pre-piloted and
formatted spreadsheet. In studies where incidence and associated 95% confidence
intervals were not reported, but relevant data were available, incidence per 100 persons
at risk were calculated (i.e. essentially derived as a proportion). For studies that combined
in-hospital and post-discharge bleeds, and episodes of bleeds were stratified by time (for
instance at 30 days, 6 months, 12 months after ACS), bleeds that occurred within the
initial 30 days were considered to be in-hospital bleeds (decided by consensus of NI, KPJ,
MAM, and UTK) and therefore removed from the numerator and denominator. In studies
where bleeding was measured by multiple criteria (definitions), preference was given to
BARC criteria since it is the preferred definition for reporting bleeding events (Mehran et
al., 2011).

Authors of original studies were contacted where necessary data were missing or to
confirm methodological aspects or other characteristics of the study. Overall, ten authors
were contacted, and four responded to the requests. Based on these responses, two
studies did not meet the review inclusion criteria and were therefore excluded, and the
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remaining two were included in the review. Data extractions were carried out by NI, but

the extraction process was repeated twice, and results compared for consistency.

335 Quality assessment

Quality assessment is a methodical inspection of a study’s design and conduct such that
inferences drawn from such a study are reliable and free from bias (Lohr and Carey, 1999;
Zaccai, 2004). Quality assessment is partitioned into internal validity and external validity.
Internal validity is the extent to which the results of a study are reflective of the
participants, that is to say, the results were not influenced or cannot be explained by
systemic bias emanating from (dependent on study design) confounding, blinding,
attrition, allocation bias, analysis or data collection. While external validity is the extent to
which the results of a study can be extrapolated beyond the study population onto the
general population from which the study sample was drawn. In systematic reviews,
assessing the quality of studies is simplified by the use of quality assessment tools.
Applicability of these tools depend upon the type/design of the studies included in each
review (whether interventional or observational design).

Supported by the systematic review team within the Research Institute, the Newcastle
Ottawa Scale (NOS) for assessing the risk of bias in non-randomised observational studies
(Wells et al., 2011) and the Scottish Intercollegiate Guideline Network (SIGN) (SIGN, 2017)
guality assessment tools were selected and used to appraise the quality of included
studies in the present review. Observational cohort studies and post hoc observational
analyses of RCTs were appraised by the NOS quality assessment scale, whereas RCTs were
evaluated using the SIGN quality assessment tool. The NOS quality assessment scale
contains eight numbered items (but only seven used in this review) partitioned into three
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categories of selection, comparability and outcome. A maximum of one star is allocated
to a high quality study for each numbered item under selection and outcome and a
maximum of two stars for comparability. A high quality study can be awarded a maximum
of nine stars.

In this review, quality assessment was carried out simultaneously for both primary and
secondary objectives, because the majority of the studies that reported on the secondary
objectives also reported on the primary objectives (or data were extracted to calculate
the primary objectives). Also, these studies were not designed using the conventional
methodology employed for incidence studies, but incidence/episodes of bleeding were
typically reported as safety or secondary outcome measures. Therefore, the quality
assessment was based on each study primary objective (that is to say how each study was
designed and conducted in attempting to answer its own primary objective). Quality
assessments with NOS in this review were as follows:

Selection

1. Representativeness of the exposed cohort: In this review, a star was allocated if a
study recruited participants from hospital in-patient setting or the cohort were
patients enrolled in medical/hospital registries.

2. Selection of the non-exposed cohort: In this review, if a study had a non-exposed
group and both exposed and unexposed groups were drawn from the same
registry, or both were participants recruited from the same hospital or
community, a maximum of one star was allocated.

3. Ascertainment of exposure: In this review, a star was awarded to each study, if the
exposure under investigation was ascertained in hospital in-patients, or from

medical records, or registries, or structured interviews.
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Comparability

1. Comparability of cohorts on the basis of the design or analysis: In this review, a
star was awarded to a study if the study controlled for confounding factors in the
analysis or participants were matched on confounding factors.

Outcome

1. Assessment of outcome: In this review, a star was allocated if the outcome of a
study was assessed by an independent panel blinded to the intervention received
or outcomes were extracted from medical records/registries or outcomes were
self-reported but confirmed by examining medical records.

2. Was follow-up long enough for outcomes to occur: In this review, a star was
allocated if the length of follow-up for the primary objective of the study was
more than 30 days (based on consensus of MAM and KPJ).

3. Adequacy of follow-up of cohorts: In this review, a star was awarded if a study
specified that all participants were accounted for at the end of the study or the
study reported the number of participants lost to follow-up and the attrition rate
was less than 20%.

Studies with an overall number of stars less than or equal to five were categorised as low
quality studies, while those with greater than or equal to six stars were categorised as
high quality studies. These cut-offs were based on a comprehensive search of the
literature which indicated that a study with NOS score greater than or equal to six can be
considered a good study (Zhu et al., 2016); thus this criterion was applied as the cut off

for good quality.
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The SIGN quality assessment tool for RCTs contains ten numbered questions (SIGN, 2017).
Each question is assessed by three response categories: yes, no, can’t say. Based on these
responses, a study is awarded either two plus signs (denoting high quality) or one
(denoting acceptable quality) or a minus sign (denoting low quality). RCTs included in the
review were assessed by these questions and based on the responses, each study was
categorised as high quality, acceptable quality or low quality study; again based on that
RCT’s primary objective. For a detailed description of the SIGN quality assessment tooal,

the reader is referred to https://www.sign.ac.uk/checklists-and-notes.html.

336 Data synthesis

Narrative synthesis involves the use of words and textual data as opposed to statistical
pooling to combine results from individual studies in order to derive a single conclusion
(Rodgers et al., 2009). Narrative synthesis is mostly applied when individual studies are
too heterogeneous to combine statistically by meta-analysis, but may also be used
alongside meta-analysis and other numerical analysis (Rodgers et al., 2009).

For both the primary and secondary objectives of this review, a narrative synthesis
approach was applied due to heterogeneity in relation to length of follow-up, type of ACS
presentation, the definition of bleeding used, type of bleeding examined, severity of
bleeding examined and discharge therapy across studies. For the primary objective, the
narrative synthesis was carried out in stages. Initially, the incidence of bleeding overall
was summarised separately for observational studies and RCTs. To assess the risk of bias
on reported incidence, the incidence of bleeding was then stratified by quality of included
studies, dichotomised as low and high quality. The incidence of bleeding was then
stratified by type of ACS presentation (STEMI, NSTEMI/UA) and discharge antithrombotic
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drug combinations and duration (single antiplatelet (SAPT), dual antiplatelet (DAPT) and
receipt of oral anticoagulant) in studies that reported these. To assess the incidence of
bleeding by time from hospital discharge, the incidence of bleeding was stratified by
follow-up time within studies that looked at multiple time-points. Where studies allowed,
the incidence of major, minor, and nuisance bleeds, and the incidence of different types
of bleeding events were examined.
The strength of the evidence (SOE) for the association of bleeding with mortality, MACE,
re-infarction, and rehospitalisation was assessed following the Agency for Healthcare
Research and Quality guideline (AHRQ) (Owens et al.,, 2010). For each of these
associations, the assessment was carried out by:
a) Evaluating the aggregate quality of individual studies that reported on that
objective, and scored as low, medium or high risk of bias (risk of bias).
b) Whether the effect estimates in studies that reported on that objective are in
agreement in regards to the direction of the effect (consistency).
c) Whether the studies that reported on that objective showed a direct link
(association) between the exposure and the outcome of interest (directness).
d) Whether there is a high degree of certainty surrounding the effect estimates in
studies that reported on that objective (precision).
Based on these overall assessments, a grade was assigned to each of the secondary
objectives examining the association between bleeding and mortality, MACE, re-
infarction, and rehospitalisation, indicating the strength of the evidence for these
associations. A grade assigned as high indicates that the evidence reflects a true
association and further research is unlikely to change the effect estimate. A moderate

grade indicates that the evidence shows a true association, but further research may
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change the effect estimate. A low grade indicates that the evidence reflects a true
association, but further research may change confidence in the evidence and the effect
estimate. An insufficient grade indicates that evidence is unavailable or does not permit a
conclusion (Owens et al., 2010). For a detailed description of the assessment and grading

procedure, the reader is referred to Owens et al (Owens et al., 2010).
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3.4 Results

The initial search of Medline, Embase, Amed and Central (Cochrane) identified 37 studies
(Amin et al., 2013, 2016; Bacquelin et al., 2016; Barra et al., 2013; Bergen et al., 1994; Blin
et al., 2017; Boggon et al., 2011; Braun et al., 2015; Brinkert et al., 2017; Caneiro-Queija
et al., 2018; Carrero et al., 2017; Chamberlain et al., 2015; Cuisset et al.,, 2009, 2017;
Effron et al., 2018; Ertas and Tokgozoglu, 2018; Fosbol et al., 2012; Garay et al., 2018;
Graipe et al., 2015; Han et al., 2015; Kassaian et al., 2015; Khan et al., 2015; Kohli et al.,
2014; Lattuca et al., 2016; Mahaffey et al., 2014; Mrdovic et al., 2013; Raposeiras-Roubin,
Caneiro Queija, et al., 2018; Savonitto et al., 2012; Schjerning Olsen et al., 2015; Sgrensen
et al., 2009; Sra et al., 2016; Valgimigli et al., 2016; Voss et al., 2016; Wang et al., 2015;
Wong et al., 2006; Yetgin et al., 2018; Yusuf et al., 2006), 4 studies were further identified
from the electronic search of JACC database (Brener et al., 2016; Nikolsky et al., 2015;
Palmerini et al., 2014; Yeh et al., 2015), 2 from Web of Science citation index (Atar et al.,
2006; Cuschieri et al., 2014), 9 from bibliographic screening of included studies (Bonaca et
al., 2015; Buresly et al., 2005; Carrabba et al., 2016; Costa et al., 2015; Jolly et al., 2008;
Kazi et al., 2015; Ko et al., 2010; Lamberts et al., 2013; Tsai et al., 2011), and finally, 1
from recommendation by an expert within the field (Garay et al., 2016). Fifty-three
studies (36 observational studies and 17 RCTs) were identified after the initial search
(figure 3.1). Two further studies were identified following the second update search in
July 2019 (Chen et al., 2019; Sorrentino et al., 2018) (see appendix figure 3.1). Overall,
fifty-five studies were included in the review (38 observational studies and 17 RCTs) with
a combined cohort of 721,342 participants for the primary objectives, and 189,698 for the

secondary objectives.
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Figure 3.1: Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
flow chart depicting steps involved in selecting or rejecting studies for inclusion in the
review
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34.1 Characteristics of excluded studies

Figure 3.1 describes the number of excluded studies alongside reasons for exclusions
based on the initial literature search. Eighty-four percent of the studies (n = 200) did not
fulfil the review inclusion/exclusion criteria and were therefore excluded after full text
review. The most common reasons for exclusion were; abstracts (32.5%) such as paper
and conference abstracts where the full text articles were not published, mixed cohort
studies (15.5%) where the population were a mixture of patients with ACS and those with
stable coronary artery diseases or other unspecified cardiovascular diseases, studies
where post-discharge data on bleeding could not be extracted (15.5%), studies examining
in-hospital bleeds (9.5%) only, studies where it was unclear when bleeding occurred
(7.5%), and studies where the full text article could not be retrieved/unpublished (5.0%).
These reasons were also the cause for excluding studies after the second literature search

(see appendix figure 3.1).

3.4.2  Characteristics of included studies

The characteristics of included studies (for the primary objectives) are summarised in
table 3.2 for observational studies and table 3.3 for RCTs. Overall, fifty-two studies
reported on the primary objectives, of which 69% (n = 36) were cohort studies and 31% (n
= 16) were RCTs. The characteristics of included studies for the secondary objectives are
summarised in table 3.4. Overall, nine studies reported on the secondary objectives, of
which 8 were cohort studies and one was an RCT.

Length of follow up varied from 1 month (Cuisset et al., 2009) to just over 4 years (Kazi et
al., 2015) post-hospital discharge. The number of participants ranged from 193 to

187,386. The definitions for bleeding used by each study in the review are provided in
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appendix table 3.2. Some studies (n = 25) did not report bleeding events based on
recognised definitions (such as BARC). Of the included studies, 29 had specified the in-
hospital ACS management strategy. In 28 of these studies, PCl was the baseline
management strategy, and in one study, the management strategy was a combination of

PCl, angiography and medical therapy.

343 Risk of bias assessment

Summaries of risk of bias of individual studies are provided in tables 3.2, 3.3, and 3.4.
Justification for each score/rating is provided in appendix table 3.3 for observational
studies, and studies which were post hoc observational analysis of RCTs, and appendix
table 3.4 for RCTs. Overall, seventy-six percent (n = 29) of the observational studies were
at high risk of bias (for addressing their primary objective) due to lack of reporting on
attrition rate and comparability of cohorts based on analysis (whether study adjusted for
confounders or not). Twenty-four percent (n = 9) were at low risk of bias. Two RCTs were
high risk, four were at an acceptable risk of bias, and two were low risk. The main reasons
for low quality in RCTs were inadequate reporting on randomisation, concealment,
blinding, adequacy and reliability of outcome measurements. For studies that were post

hoc observational analysis of RCTs, five were at high risk, and four were at low risk of bias.
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Table 3.2: Summary of observational studies included in the review by length of follow-up, bleeding definition used and in-hospital management strategy

Crude incidence of

In-hospital .. . .
. . . Length of . N Participants bleeding per 100 Quality
Auth L Bl N
uthor/year ocation Setting Study design follow-up eeding criteria management with bleed (n) persons and 95% score
strategy
Cl
Cuisset et al In- Prospective . : *
2009 France patient cohort 1 month TIMI major/minor PCI 597 16 2.68 (1.66, 4.31) 2
Braun et al . Retrospective "
5014 Sweden Registry cohort 3 months BARC 2-5 PCI 263 26 9.89 (6.84, 14.1) 5
Amin et al 2016 us Registry Retrcc;shp;ctt've 6 months BARC 1-5 PCl 9290 2246 24.2 (23.3,25.1) * 5
R .
Amin et al 2013 us Registry etrc‘(’)shp;it“’e 12 months BARC 1 PCl 3560 1335 37.5(35.9, 39.1) * 4
Lattuca et al France In- Prospective 5 1onths BARC 1-3 PCI 369 132 35.8 (31.1, 40.8) * 5
2016 patient cohort
Bacquelin et al . Prospective "
2015 France Registry cohort 12 months BARC 2-5 PCI 1006 79 7.85 (6.35, 9.68) 5
Chen et al 2019 China Registry Cohort 12 months BARC =2 PCI 2381 117 491 (4.12,5.86) * 5
Palmerini et al Multi- Prospective "
2014 centre Unclear cohort 12 months BARC (any) PCI 1053 41 3.91 (2.89, 5.26) 5
Kassaian et al Iran Registry ~ TOSPECtVE ) onths  CUSTO mild, moderate, NR 1640 23 1.40 (0.94, 2.10) * 4
2015 cohort severe.
Yetgin et al The . . *
5018 Netherland Registry Cohort 12 months TIMI major PCI 2443 23 0.94 (0.63, 1.41) 5

57



Crude incidence of

In-hospital
. . . Length of . o Participants bleeding per 100 Quality
Author/year Location Setting Study design follow-up Bleeding criteria management N with bleed (n) persons and 95% score
strategy
Cl
Fosbol et al . Prospective Bleed leading to *
2012 us Registry cohort 12 months hospitalisation NR 7619 928 12.2 (11.5,12.9) 7
. . . Ret ti . .
Tsaietal2011  Taiwan  Registry < rcc;shpfrct V€ 12 months Gastrointestinal bleed NR 3580 273 7.63 (6.80, 8.54) * 5
Bleed leading to
| R . hospitalisati fusi
Garay et a Spain Registry  EUOSPECVE ) onths  OSPItAlisation, transtusion, NR 1375 69 5.02 (3.98, 6.30) * 3
2016 cohort or suspension of
antithrombotics
Intracranial bleeding or
Garay et al Multi- . bleed leading to "
5018 centre Registry Cohort 12 months hospitalisation or PCI 15401 489 3.18 (2.91, 3.46) 5
transfusion
. Bleed leading to
Effron et al us Registry ~CUOSPECVE 5 onths hospitalisation or PCl 15788 492 3.12 (2.86, 3.40) * 4
2018 cohort .
transfusion
Brink I Hospitalisati ith maj PCI i h
rinkert et a Canada Registry Cohort 12 months ospita |sat|on. with major cl, anglograpny, 55312 588 2.72(2.51,2.94) * 5
2017 bleeding medically
Ko et al 2010 Canada  Registry Cohort 12 months Bleed leading to PCl 8672 230 2.65(2.33, 3.01) * 6
hospitalisation
. . Bleed leading to
Sorrentino et al us In- Retrospective 15 1 onths hospitalisation or PCI 4503 83 1.84 (1.49, 2.28) * 5
2018 patient cohort .
transfusion
Boggon et al . Retrospective Any bleeding in patient
. . .6)t
5011 UK Registry cohort 12 months GPRD or HES record NR 7543 NR 11.4 (10.4, 12.6) 5
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Crude incidence of

In-hospital
. . . Length of . o Participants bleeding per 100 Quality
Author/year Location Setting Study design follow-up Bleeding criteria management N with bleed (n) persons and 95% score
strategy
Cl
C t al P ti
arrero et a Sweden  Registry  OPe™€ 15 months Major bleed NR 36001 333 0.92 (0.83, 1.03) * 6
2016 cohort
. | b .
Graipe et a Sweden  Registry rospective 1, months Intracranial bleed NR 187386 590 0.32 (0.30, 0.34) 6
2015 cohort
W I
aznogl‘;t @ us Registry cohort 12 months Haemorrhagic stroke NR 169863 335 0.20 (0.18, 0.22) 5
In- Prospective 134
Barra et al 2013 Portugal . P months TIMI/GUSTO major criteria NR 852 60 7.04 (5.51, 8.96) * 3
patient cohort
(mean)
In- P i
Sra et al 2016 Canada n rospective 5 months BARC 1-5 PCl 2034 440 21.6 (19.9, 23.5) * 5
patient cohort
Caneiro-Queija . . 455 days "
ot al 2018 Spain Registry Cohort (median) BARC2-3 PCI 4229 500 11.8 (10.9, 12.8) 6
sorensenetal o ark  Registry  rosPective  476.5days o hd non-fatal bleed PCl 40812 1967 4.82 (4.62, 5.03) * 5
2009 cohort (mean)
Raposeiras- Multi- 17.2
Roubin et al Registry Cohort months BARC3or5 PCI 4310 66 1.53(1.21,1.94) * 6
centre
2018 (mean)
C hieri et al Ret ti 1.7
uschieri et a us Registry o OoPectve years Gastrointestinal bleed NR 3218 107 3.33(2.76, 4.00) * 4
2014 cohort (mean)
W t al In- Ret ti
ong et a UK n CLIOSPECHVE 51 months  CURE major/life threatening NR 224 15 6.70 (4.10, 10.8) * 4
2006 patient cohort
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Crude incidence of

In-hospital
. . . Length of . o Participants bleeding per 100 Quality
Author/year Location Setting Study design follow-up Bleeding criteria management N with bleed (n) persons and 95% score
strategy
Cl
Buresly etal Canada  Registry Cohort 654 days Bleed leading to NR 21443 1428 6.66 (6.33, 7.00) * 4
2005 (mean) hospitalisation
New . 1.94 years "
Voss et al 2016 Registry cohort Other NR 3666 206 5.88 (5.15, 6.71) 4
Zealand (mean)
Brener et al uUS and . Prospective TIMI, GUSTO and ACUITY
R 24 h ! PCI 2 4 17 (4.71, 5. * 4
2016 Germany egistry cohort months Major bleed ¢ 858 30 517 ,5.66)
Phvsician-confi
Ertasetal 2018  Turkey  Registry Cohort 24 months ysician-confirmed NR 1010 21 2.08 (1.36, 3.16) * 4
bleeding event
Blin et al 2017 France Registry Cohort 3 years Hospitalisation with bleeding NR 1585 49 3.09 (2.35, 4.06) * 5
Chamberlain et .
al 2016 us Registry Cohort 4.3 years Other NR 1159 312 26.9 (24.5, 29.6) * 6
. . Ret ti 4.42 . .
Kazi et al 2015 us Registry eirospective years Major spontaneous bleeding PCI 22527 368 1.63(1.48,1.81) * 5
cohort (mean)

*Incidence and associated 95% Cl calculated from data within study, *Incidence and associated 95% Cl reported within study per 100 person-years, CI: Confidence Interval, NR; not reported,
BARC; bleeding academic research consortium, GUSTO; global use of strategies to open occluded arteries, TIMI; thrombolysis in myocardial infarction, ACUITY; acute catheterisation and
urgent intervention triage strategy, CURE; clopidogrel in unstable angina to prevent recurrent events, GPRD; general practice research database, HES; hospital episodes statistics, AMI;
acute myocardial infarction, PCI; percutaneous coronary intervention.
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Table 3.3: Summary of RCTs included in the review by length of follow-up, bleeding definition used and in-hospital management strategy

Stud Length of In-hospital Participants Crude incidence of Qualit
Author/year Location Trial . ¥ & Bleeding criteria management N . P bleeding per 100 ¥
design follow-up with bleed score
strategy persons and 95% ClI
Yusuf et al . . .
2006 Multi-centre OASIS -5 RCT 6 months OASIS-5 major NR 20078 357 1.84 (1.66, 2.03) * High
Post hoc
Jolly et al 2009  Multi-centre CURE analysis of 8 months CURE major PCI 2658 28 1.07 (0.74, 1.54) * 6t
RCT
Post hoc
Kh I 24 A I i
anetal  \iulti-centre APPRAISE-2  analysis of 0 days ny bleeding NR 7392 506 7.32 (6.73, 7.96) * 6t
2015 (median) event
RCT
I
Ca";gfset @ Italy BLESS RCT 12 months BARC 1-3 PCI 193 76 39.4 (32.8, 46.4) * Acceptable
C”'?g;;t al France TOPIC RCT 12 months BARC >2 PCI 634 106 16.7 (14.0,19.8) * low
Han et al 2015 China BRIGHT RCT 12 months BARC 1-5 PCI 2194 47 2.33(1.76,3.08) * Acceptable
savonitto et al Ital Italian RCT 12 months  BARC2, 3a & 3b NR 313 3 0.96 (0.33, 2.78) * Acceptable
2012 4 Elderly ACS ' 201823, 2 P
Mrdovic et al Post hoc TIMI
Serbia RISK-PCI analysis of 12 months . . PCI 2045 25 1.29(0.87,1.89) * 5t
2013 RCT major/minor
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In-hospital . . Crude incidence of .
L h of P |
Author/year Location Trial Stu.dy ength o Bleeding criteria management N a.rtICIpants bleeding per 100 Quality
design follow-up with bleed score
strategy persons and 95% ClI
Post hoc . .
Atar et al 2006 Multi-centre OPUS-TIMI analysis of 12 months Gastrointestinal NR 10288 104 1.02 (0.84,1.24) * 4+
16 bleed
RCT
. Post hoc
Kohlietal \\ iticentre  RHON-  alysisof 15 months M PCI 12674 407 3.23 (2.94, 3.56) * 6t
2014 TIMI 38 major/minor
RCT
Post hoc
Mahaffeyetal i centre  TRACER analysis of 002 davs M NR 11368 236 2.12 (1.87, 2.41) * 6t
2014 (median) major/minor
RCT
Yeh et al 2015 us DAPT RCT 18 months BARC 2-5 PCI 3576 111 3.10(2.58,3.72) * Acceptable
Post hoc
Costa et al .
Italy PRODIGY analysis of 24 months BARC 2-5 PCI 1465 82 5.60 (4.53, 6.89) * 5t
2015
RCT
Bonaca et al . PEGASUS- . * .
2015 Multi-centre TIMI 54 RCT 33 months TIMI major NR 21162 435 2.08 (1.89, 2.28) High
. Post hoc
Nikolsky et al Multi-centre HORIZON- analysis of 3 years HORIZON major PCI 3602 63 2.15(1.68,2.74) * 4+
2015 AMI
RCT
Bergen et al The ASPECT RCT 37 months Major bleed NR 3404 99 2.91(2.39, 3.53) * Low
1994 Netherland J ’ T

*Incidence and associated 95% ClI calculated from data within study, * Quality assessed by Newcastle Ottawa Scale, CI: Confidence Interval, NR; not reported, BARC; bleeding academic
research consortium, TIMI; thrombolysis in myocardial infarction, CURE; clopidogrel in unstable angina to prevent recurrent events, HORIZON; harmonizing outcomes with revascularisation
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and stents, RCT; randomised controlled trial, OASIS-5; the fifth organization to assess strategies in acute ischemic syndromes, APPRAISE-2; Apixaban for prevention of acute ischemic events,
BLESS; Bleeding events and maintenance dose of prasugrel, TOPIC; Timing of platelet inhibition after acute coronary syndrome, BRIGHT; Bivalirudin in acute myocardial infarction vs heparin
and glycoprotein inhibitor plus heparin, RISK-PCI; Risk scoring model to predict net adverse cardiovascular outcomes after primary percutaneous coronary intervention, TRACER; Thrombin
receptor antagonist for clinical event reduction in acute coronary syndrome, OPUS-TIMI 16; Orbofiban in patients with unstable coronary syndrome-thrombolysis in myocardial infarction 16,
TRITON-TIMI 38; Trial to assess improvement in therapeutic outcomes by optimizing platelet inhibition with prasugrel-thrombolysis in myocardial infarction 38, DAPT; Dual antiplatelet
therapy study, PRODIGY; Prolonging dual antiplatelet treatment after grading stent induced intimal hyperplasia, PEGASUS-TIMI 54; Prevention of cardiovascular events in patients with
prior heart attack using ticagrelor compared to placebo on a background of aspirin thrombolysis in myocardial infarction 54, HORIZON-AMI; Harmonizing outcomes with revascularisation
and stents in acute myocardial infarction, ASPECT; Anticoagulants in the secondary prevention of events in coronary thrombosis, PCl; Percutaneous coronary intervention.

63



344 Primary objectives

This section reports and summarises the incidence, timing, and types of post-discharge
bleeding events as reported in included studies. It should be noted that in the majority of
studies, it was unclear whether patients were included in the numerator more than once

if they had multiple episodes of bleeding events.

3.4.4.1 Incidence of bleeding

In a cohort of 618,296 participants, 14,417 (2.3%) episodes of bleeds were reported in
thirty-six observational studies and 2,685 (2.6%) episodes in a cohort of 103,046
participants in sixteen RCTs (721,342 participants overall). A summary of the incidence
from each study is presented by length of follow-up, bleeding definition used, and in-
hospital management strategy in table 3.2 for observational studies and table 3.3 for
RCTs. The overall incidence of bleeding within the first 12 months following hospital
discharge for ACS varied from 0.2 (Wang et al., 2015) to 37.5 (Amin et al., 2013) percent in
observational studies, and between 0.96 (Savonitto et al., 2012) and 39.4 (Carrabba et al.,
2016) percent in RCTs. But, overall, the length of follow up varied from 1 month to just
over 4 years in observational studies, and between 6 months and 3 years in RCTs.

The incidence of bleeding stratified by type of ACS presentation (STEMI, NSTEMI/UA) and
discharge antithrombotic drug combinations and duration (SAPT, DAPT and receipt of oral
anticoagulant) are summarised by length of follow-up and the bleeding definition used in
appendix tables 3.5, 3.6, and 3.7. In observational studies, the incidence of bleeding
based on BARC criteria in those with STEMI ranged from 4.71 to 39.8 percent in the first
12 months following hospital discharge, and from 3.91 to 35.7 percent in those with

NSTEMI/UA (appendix table 3.5). Among those discharged on DAPT with aspirin and a
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P2Y12 inhibitor, the incidence of bleeding within the first 12 months based on BARC
criteria ranged from 3.91 to 38.8 (appendix table 3.6) in observational studies, and
between 0.96 to 47.4 percent in RCTs (appendix table 3.7). In both observational studies

and RCTs, incidence of bleeding was generally higher in low quality studies.

3.4.4.2 Timing of bleeding

There were only nine observational studies (Barra et al., 2013; Brinkert et al., 2017; Chen
et al., 2019; Ertas and Tokgozoglu, 2018; Garay et al., 2016; Lattuca et al., 2016; Palmerini
et al., 2014; Wong et al., 2006; Yetgin et al., 2018) and two RCTs (Nikolsky et al., 2015;
Yusuf et al., 2006) comprising 55,699 participants that reported bleeding episodes at
different time points during follow-up. In these studies, around one-half of bleeds that
occurred in the first year following hospital discharge for ACS happened in the initial 1 — 3

months (figure 3.2 and 3.3).

3.4.4.3 Bleeding by severity

The incidence of bleeding by severity is summarised in detail in appendix table 3.8. In
observational studies, the incidence of major bleeding events (based on BARC 3 — 5)
within the first 12 months following hospital discharge was around 1.29 — 3.25 percent.
The incidence of minor bleeding events (based on BARC 2) and nuisance bleeds (based on
BARC 1) within the same period were around 6.56 — 10.6, and 21.9 — 37.5 percent

respectively (figure 3.4).
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3.44.4 Types/site-specific bleeding events

The summary of the incidence of different types of bleeding events post-hospital
discharge is presented in appendix table 3.9. Generally, bruising (defined as skin
haematoma, ecchymosis, petechiae) were the most commonly reported types of bleeding
events after hospital discharge (range: 0.84 to 22.5 percent within 12 months) followed
by gastrointestinal bleeds (range: 0.25 to 7.63 percent within 12 months; figure 3.5),
while intracranial bleeds were relatively rare (range 0.20 to 0.40 percent within 12

months; figure 3.5).
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Figure 3.2: Cumulative incidence of bleeding as reported within observational studies at different time points (incidence expressed as proportion per 100

persons)
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Figure 3.3: Cumulative incidence of bleeding as reported within individual RCTs at different time points (incidence expressed as proportion per 100 persons)
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Figure 3.4: Incidence of bleeding stratified by severity in observational studies that
reported bleeding by BARC criteria within the first 12 months after hospital discharge
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Incidence of each type of bleeding event within the first 12 months after

Figure 3.5
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3.4.5 Secondary objectives
This section summarises the association of post-discharge bleeding events with the
outcomes of mortality, MACE, re-infarction, and rehospitalisation based on results of

included studies.

3.4.5.1 Bleeding and risk of mortality

Only six observational studies (Brener et al., 2016; Brinkert et al., 2017; Caneiro-Queija et
al., 2018; Chen et al., 2019; Lamberts et al., 2013; Schjerning Olsen et al., 2015) and one
RCT (Valgimigli et al., 2016) reported on mortality overall. In these studies, there was
consistent reporting of an association between post-discharge bleeding and all-cause
mortality (table 3.4). Major bleeding was associated with nearly three to sixfold increased
risk of mortality in the first 12 months of hospital discharge in three studies (Brinkert et
al.,, 2017; Chen et al., 2019; Lamberts et al., 2013) (table 3.4). Nuisance bleeding events
defined as BARC 1 were not associated with mortality in one RCT, but there was an
increased risk of mortality with BARC 2 and 3 bleeds in the same RCT (Valgimigli et al.,
2016), which increased with bleeding severity (table 3.4). The SOE for the outcome of

mortality was rated low (table 3.5).

3.4.5.2  Bleeding and risk of MACE, rehospitalisation and re-infarction.

The adjusted risk of MACE with bleeding (defined as bleeds leading to hospitalisation or
death in one study (S@rensen et al., 2009), and BARC > 2 bleeds in another study (Chen et
al., 2019)) was nearly threefold in two studies (table 3.4). There was a statistically non-
significant association between post-discharge bleed (defined as BARC 1 bleeds) and risk

of rehospitalisation in one study (adj HR, 1.20 (95% Cl 0.95, 1.52) (Amin et al., 2013)
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(table 3.4). There were no studies examining the association between post-discharge
bleeding and subsequent risk of re-infarction. The SOE for the outcomes of MACE and re-

hospitalisation were rated insufficient (table 3.5).
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Table 3.4: Summaries of risk of mortality, MACE and rehospitalisation from included studies by length of follow-up

Length of Adjusted/Unadjusted outcomes lit
Author/year Location Setting feng ° Bleeding criteria Quality
ollow-up Mortality MACE Rehospitalisation score
Lambzczrg etal Denmark  Registry ~ 12months  Fatal and non-fatal bleed  Adj HR 2.79 (95% Cl: 2.39, 3.26) NR NR 6
Brinkert et al . Hospitalisation with . o 1.
2017 Canada Registry 12 months major bleeding Adj OR 2.97 (95% Cl: 1.71, 5.15) NR NR 5
BARC 2 2: Adj HR 1.68 (95% Cl: 0.66, BARC 2 2: Adj HR 2.59
_ . 4.28) (95% ClI: 1.17, 5.74)
Chen et al 2019 China Registry 12 months BARC > 2 ) ) NR 5
BARC 2 3: Adj HR 5.93 (95% CI: 1.63, BARC 2 3: Adj HR 5.83
21.52) (95% Cl: 1.72, 19.74)
Caneiro-Queija et . . 455 days . o
al 2018 Spain Registry (median) BARC2 -3 Adj HR 5.1 (95% ClI, 3.6, 7.7) NR NR 6
Bleeds between 30-365 days; Unadj
HR 4.61 (95% CI 1.70, 12.49):
Brener et al 2016 US and Registry 24 months TiMI, GUS.TO and ACUITY (95% ) NR NR 5
Germany major bleed
Bleeds >365 days; Unadj HR 2.63
(95% Cl 0.86, 8.04)
Olsenetal 2015  Denmark  Registry  3.5years  Clecdleadingtodeathor (o ny o1 (9500 (111,28, 1.79) NR NR 6
hospitalisation
BARC 1: Adj HR 0.89 (95% CI: 0.61,
1.31)
Valgimigli et al Multi RCT Unclear BARC1-3 BARC 2: Adj HR 1.70 (95% ClI: 1.23, NR NR 3t
2017 centre 2.36)

BARC 3a: Adj HR 2.77 (95% Cl: 1.86,

4.12)
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Length of Adjusted/Unadjusted outcomes Quality
Bleeding criteria

Author/year Location Setting

follow-up Mortality MACE Rehospitalisation score
BARC 3b: Adj HR 4.51 (95% Cl: 2.86,
imigli i- 7.10
Valgimigli et al Multi RCT Unclear BARC1-3 , ) NR NR 3t
2017 centre BARC 3c: Adj HR 28.2 (95% Cl: 17.5,
45.7)
Sorensen et al . 476.5 days Adj HR 3.00 (95% Cl:
D k R Fatal -fatal bl NR NR
2009 enmar egistry (mean) atal and non-fatal bleed 2.75,3.27) 5
1 [s)
Amin et al 2013 us Registry 12 months BARC 1 NR NR Adj HR, 1.20 (95% 4

C10.95, 1.52)

1, quality assessed by Newcastle Ottawa Scale, Adj; adjusted, unadj; unadjusted, HR; hazard ratio, OR; odd ratio, NR; not reported, Cl; confidence interval, MACE; Major Adverse
Cardiovascular Event, BARC; bleeding academic research consortium, GUSTO; global use of strategies to open occluded arteries, TIMI,; thrombolysis in myocardial infarction, ACUITY; acute
catheterisation and urgent intervention triage strategy.
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Table 3.5: Summary of the assessment of the strength of evidence for each secondary

objective

Outcome and length of follow-up post-hospital
discharge

Strength of evidence (SOE)

All-cause mortality (within 1 to 3.5 years)

SOE = Low (6 observational studies and 1 RCT; 145,326
participants)

Low level of evidence due to moderate risk of bias,
and residual confounding.

MACE (within 365 to 476 days)

SOE = Insufficient (2 observational studies; 43,193
participants)

Insufficient, because evidence was derived from only
two studies that are at high risk of bias, as such
conclusion cannot be drawn.

Rehospitalisation (within 12 months)

SOE = Insufficient (1 observational study; 3560
participants)

Insufficient, because evidence was derived from only
one study that is at high risk of bias, as such conclusion
cannot be drawn.

SOE: strength of evidence, MACE: major adverse cardiovascular event, RCT: randomised controlled trial.
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3.5 Discussion

This is a systematic review to study the incidence, timing, and types of post-discharge
bleeding events, and their association with mortality, MACE, re-infarction and
rehospitalisation. Fifty-five studies were included, comprising 38 observational studies
and 17 RCTs with a combined cohort of 721,342 participants for the primary objectives,
and 189,698 for the secondary objectives. But, due to the high level of heterogeneity
between studies, a narrative synthesis approach was instead used to summarise data.

The findings from this review are discussed as follows:

3.5.1 Incidence of bleeding

This study reports that bleeding complications after hospital discharge following ACS are
common, with up to one-third of patients reporting to have experienced a bleeding event
in the first 12 months after hospital discharge. Incidences of bleeding were generally
lower in RCTs than observational studies. In the majority of RCTs, incidence of bleeding
mostly varied between 0.96 and 16.7 percent within the first 12 months after hospital
discharge, except in one RCT where the reported incidence was 39.4 percent. In this study
that reported an incidence of 39.4 percent, the underlying population were generally
high-risk patients in which 40% were managed with multi-vessel PCIl. These patients were
also prescribed prasugrel for 12 months upon hospital discharge. Prasugrel is a potent
antiplatelet which has been linked with excess bleeding complications (Wiviott et al.,
2007). The majority (95%) of the bleeding events reported in this RCT were BARC types 1
and 2 bleeds. BARC type 1 bleeds especially, are not actionable and do not cause patients
to seek treatment by a healthcare professional, and are therefore ascertained based on

patient self-reports (Mehran et al., 2011).

77



This review also found that the incidence of bleeding was slightly higher among patients
that presented with STEMI than in those with NSTEMI/UA. Patients with STEMI are high-
risk patients who are mostly managed with PCl and discharge on potent antiplatelets
(such as prasugrel or ticagrelor) for up to a year or even longer. The longer the duration
of antiplatelet therapy, the greater the risk of bleeding complications (Udell et al., 2015).
The lowest incidences for bleeding were observed in a US population enrolled in
Medicare (Wang et al., 2015) and a Swedish population enrolled in the Swedish Register
of Information and Knowledge about Swedish Heart Intensive Care Admissions (RIKS-HIA)
(Graipe et al., 2015). These studies mainly reported on intracranial bleeding events. These

types of bleeding events are likely to be very rare post ACS (Mahaffey et al., 2015).

3.5.2  Timing of bleeding

This analysis reports that bleeding events following hospital discharge occurred more
frequently in the initial three months (based on three studies), but these bleeding events
continued to occur even after 1 year. This highlights the first 3 months after hospital
discharge as the period for greater vulnerability for bleeding, and a time when resources
can be better utilised to improve longer-term patient prognosis. The fact that bleeding
events continued even after 1 year generally reflects the elderly comorbid nature of the
ACS population, and that, this patient population may have to remain on aspirin therapy

indefinitely.

3.5.3 Bleeding by severity
This review found that the incidence of bleeding increased as the severity of bleeding

decreased. This is because as the severity gravitates from major and more towards minor
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or nuisance bleeds, less stringent criteria are used to ascertain these types of bleeding
events. These minor/nuisance bleeding events include overt and actionable sign of
haemorrhage which may necessitate non-surgical medical intervention by healthcare
professionals, they also include bleeds which are not actionable and do not cause patient
to seek treatment by a healthcare professional such as bruising and nose bleeds (Mehran
et al., 2011). These latter bleeding events may be common following hospital discharge
for ACS, as patients remain on antiplatelet therapy (Amin et al., 2013). It is, therefore,
reasonable to infer that, although bleeding events do persist following hospital discharge

for ACS, these bleeding events may predominantly be nuisance bleeds.

3.5.4  Site-specific bleeds

This review showed that bruising was the most common type of bleeding event post-
hospital discharge, followed by gastrointestinal bleeds. In the case of gastrointestinal
bleeding events, prolonged use of antiplatelets may irritate/damage gastrointestinal
mucosa (Cryer and Feldman, 1999) resulting in haemorrhagic episodes, especially in
patients with undiagnosed asymptomatic gastric ulcer or cancer. Proton pump inhibitors
(PPIs) have been shown to reduce the risk of upper gastrointestinal bleeds (Bhatt et al.,
2010), and the European Society of Cardiology (ESC) guidelines have advocated the use of
PPIs for the management of patients with a history of, or likely to experience
gastrointestinal bleeding events (lbanez et al.,, 2017). However, it was unclear in the

majority of studies whether patients were prescribed PPls at the time of discharge.
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3.5.5 Mortality, MACE, and rehospitalisation

There was some indication in this review that nuisance bleeding events may not be
associated with mortality, but minor and major bleeding events may increase the risk of
mortality post-hospital discharge, although the strength of the evidence was low and only
seven studies reported on this outcome, two of which were conducted on a Danish
population. It is, therefore, reasonable to suggest that major bleeding may increase the
risk of mortality post-hospital discharge, but the extent and magnitude of the associations
of minor and nuisance bleeding events with mortality remain unclear due to limited data.
Whether there is an association between post-discharge bleeding and subsequent risk of
MACE and rehospitalisation also remain uncertain due to limited number of studies
reporting on these outcomes. Although there was an indication of an association with
MACE in two studies (Chen et al., 2019; Sgrensen et al., 2009) and rehospitalisation in one

study (Amin et al., 2013), the latter association did not reach statistical significance.

3.5.6 Reasons for the variation in incidence

The variation in reported incidence in this study may be attributed to differences in
length of follow up across studies included in the review. All other things being equal,
studies with longer duration of follow-up will have higher incidence of bleeding. However,
this relation between length of follow-up and incidence of bleeding may have been
obscured by other characteristics such as the severity of bleeding examined. That is to
say, a study examining minor bleeding events over a shorter duration of follow-up may
report higher incidence than a study examining major bleeds over a similar or longer
duration of follow-up. As an example, Amin and colleagues (Amin et al., 2013) who
examined only nuisance bleeds over a period of 12 months reported an incidence of 37.5
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percent, while Wong and colleagues (Wong et al., 2006) who examined only major
bleeding events reported an incidence of 6.7 percent over a period of 21 months. For this
reason, assessing the impact of length of follow-up on the incidence of bleeding across
studies has not been possible.

Differences in the type of ACS examined across studies may have also contributed to the
variation in incidence in this review. Differences may arise from the fact that studies of
patients with STEMI may report higher incidence of bleeding than studies of patients with
NSTEMI, since patients with STEMI will more likely remain on potent antiplatelet therapy
for longer durations (Claeys et al.,, 2017). Patients with NSTEMI tend to be on average
older than those with STEMI at the time of ACS presentation (MINAP, 2017). Therefore,
more likely to be discharged on shorter duration of antiplatelet therapy or not prescribed
any antiplatelet in the case of those with higher prevalence of comorbidities who are
perceived to be at higher risk of bleeding.

Another potential explanation for the variation in reported incidence of bleeding may be
differences in types of bleeding examined across studies. Two studies (Graipe et al., 2015;
Wang et al.,, 2015) included in the review only reported on intracranial bleeds, and
another three (Atar et al., 2006; Cuschieri et al., 2014; Tsai et al., 2011) only reported on
gastrointestinal bleeding events post-hospital discharge. Generally, the reported
incidences of bleeding in these studies were lower than those reported in the majority of
studies that examined all types of bleeding events. Differences in types, dosage, and
duration of discharge antithrombotic drugs across studies may have influenced the
overall incidence of bleeding in this review. Differences may arise from the fact that
studies of patients discharged on shorter duration of, or lower doses of antiplatelets may

report lower incidences of bleeding, while studies of patients discharged on longer
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duration of, or higher doses of antiplatelets may report higher incidences of bleeding.
Other potential explanation for the variability in reported incidence may be differences in
socio-demographic characteristics (such as age and gender), presence/absence of
comorbidities, and the severity of bleeding examined across studies included in the

review.

3.5.7 Strengths and limitations

The main strength of this review was the number of studies included. This study also has
some potential limitations. First, the studies included in the review were heterogeneous
in regard to length of follow up, type of ACS presentation, severity, and type of bleeding
examined, demographic characteristics of the study participants, discharge anti-platelet
and anti-coagulant regimens to pool data to obtain an overall incidence or mortality
figures. Second, the duration and dosage of discharge antithrombotic therapy, as well as
ACS management strategies, were not specified in the majority of studies (due to
selective reporting), as such the impact of these factors on the incidence of bleeding were
not assessed. In the majority of studies, episodes of bleeds were extracted to calculate
incidence figures. In most of these studies, there was lack of clarity on whether patients
were included in the numerator more than once if they had multiple episodes of bleeding
events. Similarly, for some studies where episodes of bleeds were reported at different
time intervals and the number of people at risk within each time interval was not
reported, incidence figures were estimated based on the assumption that there was no
attrition; hence incidence may have been underestimated. The study combined evidence

from both RCTs and observational studies using registries, and findings may vary between
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study designs. However, narrative synthesis was carried out distinctly and reported
separately for RCTs and for observational studies.

Data extraction was carried out by Nl alone. It is possible that errors may have been made
during the extraction process. However, the extraction process was carried out twice and
results compared for consistency. There were limited numbers of studies identified that
reported on the secondary objectives. Therefore, definitive conclusion could not be

drawn, which also limit generalisability.

3.5.8 Implications of the findings of the review for the research in this thesis

As highlighted in the previous chapter (Chapter 2), the incidence and prognostic impact of
in-hospital bleeding events have been described in both observational studies and RCTs.
The findings in this systematic review indicates that the evidence pool in regards to post-
discharge bleeding events is limited. The majority of the studies identified in the course of
the review did not report on the incidence of bleeding or were not primarily designed to
investigate incidence, but data on episodes of bleeding events were extracted to calculate
incidence. It was unclear in the majority of these studies, whether only first bleeding
events were counted or multiple episodes of bleeding events (for patients that had more
than one bleed) were also included. There was a wide variation in regards to length of
follow up, type of ACS presentation, severity, and type of bleeding examined,
demographic characteristics of the study participants, discharge anti-platelet and anti-
coagulant regimens between the studies identified in the course of the review. All these
meant that a definitive conclusion cannot be drawn regarding the incidence of longer-
term post-discharge bleeding events. This gap within the literature underscores the need
to examine the incidence of these bleeding events (while taking account of person-time
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at risk) using a high quality observational study design that will be more reflective of the
real-world population encountered in clinical practice, which form the basis for objective
3 (Chapter 7) in this thesis.

The variation in reported incidence between the studies identified in this review indicates
that the incidence of post-discharge bleeding may be influenced by baseline patient
characteristics. As highlighted in chapter 2, section 2.2.2, the studies that reported on
characteristics that may be associated with post-discharge bleeding events were either
carried out in the PCl setting in clinical trials, or only considered major bleeding events, or
the majority of the study population were patients with stable coronary artery disease or
other unspecified cardiovascular diseases. Further investigation on factors which may
increase the risk of post-discharge bleeding complications (and site-specific bleeding
events) is needed, so that risk stratification tools that may be more representative of the
unselected cohorts encountered in clinical practice (often ignored in RCTs) can be
developed to identify individuals at higher risk of bleeding following hospital discharge.
This gap within the literature was the basis for objective 4 (Chapter 8) in this thesis.

There was also an indication from the present review that evidence on the association of
post-discharge bleeding events with mortality is limited. Further research is required to
qguantify these associations, with particular emphasis on whether minor and nuisance
bleeding events (which may be common post-hospital discharge) have a prognostic
impact. Future research examining these associations should stratify by the timing of
bleeding events in order to determine whether the prognostic impact of bleeding is more
pronounced in the early phase of hospital discharge or is equally important in the longer-
term after hospital discharge. Finally, further research is required to investigate whether

site-specific bleeding events also have prognostic impacts on outcomes such as mortality,
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since some sites (such as intracranial bleeds) may more likely be associated with mortality
than others (such as bruising). This need for more evidence on the association of post-
discharge bleeding with mortality became the basis for objective 5 (Chapter 9) in this

thesis.

3.5.9 Conclusion

In this systematic review of 55 studies, bleeding complications following hospital
discharge for ACS were found to be common, with bruising the most common. These
bleeding complications vary by severity, anatomic source and type of discharge
antithrombotic therapy, and whilst most common immediately post-discharge, these
bleeds continue to occur in the longer-term. There are limited data around the longer-
term outcomes of patients that sustain bleeding events post-hospital discharge for ACS.
Further work is required to define the nature, frequency and prognostic impact of such
bleeding events. Real-world risk stratification tools will need to be developed that
specifically predict the risk of bleeding complications post-discharge to identify high-risk
individuals for a more patient-centred approach in managing optimal pharmacotherapy
and care.

Leading on from the systematic review, the remainder of the thesis will address the
highlighted gaps within the literature by investigating the incidence, risk factors, and
association of post-discharge bleeding events with all-cause mortality within the primary
care setting, using a national EHR database. But first, the next chapter (Chapter 4) will
describe the development of a definition for these bleeding complications following

hospital discharge for ACS to be applied within a primary care EHR.
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Chapter 4.0: Defining bleeding following ACS within the

primary care setting by means of a consensus strategy
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4.1 Introduction

In the UK primary care setting, over 98% of the general population are registered with
GPs, who are the first point of contact for non-emergency health-related issues (Herrett
et al., 2015). These health-related issues are either managed within the primary care
setting or referred to secondary care (usually the National Health Service (NHS) hospitals
which is the main health care provider in the UK and free at the point of care). Feedback
mechanisms exist between GPs and the secondary care team where key information such
as diagnoses or procedures carried out on a patient while in secondary care are fed back
to GP practices (Herrett et al., 2015). This key information, alongside diagnoses and
symptoms seen in primary care, and their associated management are recorded in
patients’ primary care EHR by means of codes, most notably the Read coding system.
Read codes, also known as the Read clinical classification, are a coded thesaurus of
clinical terms, which facilitate the storage and retrieval of patient information in primary
care EHRs. These Read clinical classifications have a hierarchical structure comprising 5
levels split into chapters. The precision of information/detail captured by a Read code
increases as more alpha-numeric characters are added. As an example, the code G....
(level 1) refers to the circulatory system diseases chapter. G3... (level 2) refers to
ischaemic heart diseases, and G30.. (level 3) refers to acute myocardial infarction. Each
Read code is linked to a Read term, which is a clinical terminology that provide a textual
description of the health-related concept representing the code. These Read codes can be
cross-referenced to Office of Population Census and Surveys Classification of Surgical
Operations and Procedures Version 4.2 (OPCS-4) and the International Classification of

Diseases Version 10 (ICD-10) commonly used in UK secondary care.
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In these primary care EHRs, bleeding events are not generally recorded using the formally
known definitions (such as BARC, TIMI, and GUSTO — described in Chapter 2, section 2.2).
Recorded bleeding events within primary care tend to be based only on clinical
parameters (such as intracranial bleed) and recorded using the related Read codes. There
remains a lack of a standardised definition for bleeding for use in primary care research
using EHRs. Previous studies of bleeding complications in the primary care setting have
developed their own definitions (Buresly et al., 2005; Raposeiras-Roubin, Faxén, et al.,
2018; Valle et al., 2016). But these definitions are conservative in that they do not capture
minor and nuisance bleeding events (such as nose bleed and bruising) which patients may
be concerned about. To address this drawback, this pilot study will define bleeding events
following ACS within the primary care setting using a Delphi consensus strategy.

The Delphi consensus strategy involves the use of questionnaires or checklists to collect
data independently from experienced and knowledgeable participants that form the
consensus panel (Dalkey and Helmer-Hirschberg, 1962; Hsu, 2007). Multiple iterations of
data collection and feedback between the investigator and members of the panel are
carried out until agreement is reached on the target issue. The Delphi process can be
continually iterated until a consensus is reached, but in most cases, three iterations are
sufficient to reach an agreement (Custer et al., 1999; Ludwig, 1997).

Accordingly, the Delphi consensus strategy was used with a panel consisting of an
Interventional Cardiologist and three GPs to agree on a Read code based definition of

bleeding post ACS within the primary care setting.
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4.2 Aim and objectives
4.2.1  Aim
The overall aim was to define bleeding following ACS within the primary care setting by

means of a Delphi consensus technique.

4.2.2  Specific objectives
Primary objective:

e To define bleeding post ACS in primary care using Read codes.

Secondary objectives (as an exploratory analysis to inform the main studies of the thesis):
e To explore the prevalence of bleeding in the adult post ACS population in a sample
of GP practices in North Staffordshire.
e To explore the median time to bleeding post ACS.

e To explore the types/sites of bleeding events post ACS.
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4.3 Methods

43.1 Read codes generation

Potential Read codes used to define bleeding complications in the primary care setting
were generated in four stages: first, by longitudinally following patients with a discharge
diagnosis of ACS in the Consultation in Primary Care Archive (CiPCA) database (described
below) to identify codes used in recorded consultations that potentially refer to bleeding
events. Second, by systematic search of the literature (which also encompassed studies
identified in the systematic review reported in Chapter 3). Third, by search of the website
clinicalcodes.org, and finally, by search of the Clinical research using Linked Bespoke
studies and Electronic Health Records (CALIBER) collection of codelists for Read codes

used to define bleeding events within the primary care setting.

4.3.1.1 The CiPCA database

CiPCA is a primary care electronic medical record database containing anonymised
consultation records with GPs within a sample of practices in North Staffordshire. The
database (at the time of data request) contained records of patients from 11 general
practices covering a registered population of 94,565 people as at 2011. These 11 practices
have a research agreement with Keele University to extract pseudo-anonymised records
of their patient’s consultations, investigations, referrals, and prescriptions for research
purposes. All general practice encounters are electronically recorded using the Read
coding system (described in section 4.1 above), which is normal in the UK primary care
setting. Data are available for each patient registered at a participating practice unless
they have asked for their data not to be used in research. Broad use of the CiPCA

database for research purposes was initially granted by the North Staffordshire Research
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Ethics Committee (reference 03/04) and has been updated regularly since, most recently
by Haydock Park Research Ethics Committee (reference 17/NW/0232) in April 2017.
Participating practices record clinical activities following the Keele University consultation
data audit, training and validation programme. These data are further subjected to
regular audits by the CiPCA data manager within the Keele University Research Institute
for Primary Care and Health Sciences. Therefore, the data are of high research standard
(Jordan et al., 2007; Porcheret et al., 2004), and more than 30 research publications have
used this database.

Accordingly, using the CiPCA database, patients with a first recorded primary diagnosis of
ACS from 01/01/2005 to date of last data extraction (28/12/2011) at the time of data
request were identified from the 11 general practices, regardless of age and gender. Read
codes used to identify ACS patients in the CiPCA database were based on code lists used
in previous studies of ACS in primary care (Bhattarai et al., 2012; Hawkins et al., 2013;
Khan, Perera, et al., 2010; Parisi et al., 2015; Zhong et al., 2018), with the final code list
derived via consensus of a GP and an Interventional Cardiologist (see appendix 4.1 for
code list). Identified ACS patients were then followed longitudinally from date of ACS until
end of registration at their practice or death or date of last data extraction (whichever
came first). All coded consultations during this follow-up period were identified and Read
codes that potentially refer to bleeding were then extracted by NI onto an Excel

spreadsheet, and duplicates were removed.
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4.3.1.2  The literature search

A systematic search of Embase (Ovid SP; 1974 — June 2017) and Medline (Ovid SP; 1946 —
June 2017) was carried out to identify studies that have examined or reported on
bleeding within the primary care setting using the following search strategy:

1. exp bleeding/ or epistaxis/ or gastrointestinal hemorrhage/ or brain hemorrhage/

2. h?emorrhage.mp.

3. medical record/ or electronic health record/ or primary health care/

4. exp "Read code"/

5. exp United Kingdom/

6.1or2

7.30r4

8.5and6and 7

9. limit 8 to (human and English language)

Read codes used to define bleeding in studies identified from the literature search were
extracted onto a preformatted Excel spreadsheet for Microsoft Windows. Similarly, code
list identified from studies, which were either screened full text or included in the
systematic review (in Chapter 3) were also extracted onto the preformatted Excel
spreadsheet. For studies that reported on bleeding complications using ICD-10 codes,
these codes were translated into Read codes using the NHS Read code browser version 2.
The extracted Read codes and the translated ICD-10 codes were combined and duplicate

Read codes removed.
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4.3.1.3 Clinicalcodes.org search

Clinicalcodes.org is a website containing compilations of Read codes that were used by
previous studies to define morbidities and conditions within the primary care setting. A
manual search of this website for studies that have defined bleeding by means of Read

codes was carried out.

4.3.1.4  The CALIBER database

The CALIBER database comprised five linked EHRs; specifically, the Clinical Practice
Research Datalink (CPRD), Hospital Episode Statistics (HES), Myocardial Ischaemia
National Audit Project (MINAP), social deprivation information and Office for National
Statistics (ONS) mortality data (Denaxas et al., 2012). The database contains records of
over 10 million adults (CALIBER, 2018). These records include patients’ consultations with
GPs, referrals, investigations, prescriptions, diagnoses, and causes of deaths. The CALIBER
data portal also contains secondary and primary care definitions for morbidities and
conditions such as ACS and bleeding. The primary care definitions for these conditions are
based on Read codes. The CALIBER data portal has a section containing a code list used to
define bleeding within the primary care setting (figure 4.1). Request to use these Read
coded definitions from the CALIBER data portal for the present study was granted by
Spiros Denaxas from the Institute for Health Informatics, University College London.
Accordingly, these code lists were extracted from the data portal onto a preformatted

Excel spreadsheet.
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Figure 4.1: The CALIBER data portal

IBER Data Portal ~ 2 n.ismail@keele.

Section Subsections
Demographics « Age
+ Gender
« Ethnicity

« Deprivation
« Social Situation
« Adult height

(11 total variables)

Health Behaviour « Consultation behaviour
+ Smoking
« Alcohol
« Physical activity
« Diet

(14 total variables)

Infectious Diseases + Viral hepatitis
« Human immunodeficiency virus (HIV) disease

(4 total variables)

Neoplasms « Malignant neoplasms

(2 total variables)

Diseases of the blood « Chronic anaemia
+ Immune disorders
+ Inflammatory markers
+ Sarcoidosis and amyloidosis
+ Procedures
« Coagulation tests
+ Full bloed count
« Haematinics
+ Bleeding

4.3.2 The consensus strategy

Extracted Read codes that potentially refer to bleeding from the CiPCA database, the
CALIBER data portal, and from the systematic search of Embase and Medline, as well as
those extracted from studies that were either screened full text or included in the
systematic review in Chapter 3, were combined and duplicate Read codes removed. After
de-duplication, the combined Read codes were tabulated (see appendix 4.2) and emailed

to a panel consisting of three GPs and an Interventional Cardiologist. The panel were then
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asked independently to select from the tabulated list of Read codes which best define
bleeding complications post ACS within the primary care setting. The question asked was
e Does the code define a bleed likely to have occurred following ACS?
Responses were:
» Yes it does (include in definition)
» No it doesn’t (exclude from definition)

> Unsure

Each member of the panel was blinded to the results of the others at this stage. Code lists
selected by each individual member of the panel were examined after the first iteration.
For Read codes where there was 100% concordance or 3/4 of the panel agreed (to
include or exclude), these Read codes were extracted and retained, or removed if agreed
for exclusion. Read codes where members of the panel disagreed (2 members disagree
with the other 2) on whether to include or exclude from the definition were separately
emailed to members of the panel (second iteration), alongside results from the first
iteration. For these Read codes, the panellists were asked to re-evaluate their initial
decision and select which Read codes define a bleed likely to have occurred following ACS
within the primary care setting, using the same question above. Overall, two iterations
were carried out. For Read codes where the panellist did not agree on whether to include
or exclude from the definition following the second iteration, two members of the panel
(a GP and an Interventional Cardiologist) decided on whether these Read codes should be
included or not.

For Read codes that were agreed for inclusion, the daughter codes of the parent Read
code were searched on the NHS Read code browser, and any daughter code that referred
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to bleeding was also included in the definition. The final code lists for the definition were
classified based on anatomic site of the bleed by NI into bruising; respiratory/ear, nose,
throat (ENT); gastrointestinal, genitourinary; intraocular; intracranial; and other
(unclassified) bleeds. This classification was built upon the categorisation used in previous
studies (Gallagher et al., 2014; Voss et al., 2016). As an example, gastrointestinal bleeds
comprised any Read code with associated Read term that referred to bleeding from the
gastro-oesophageal tract to the rectum (See appendix 4.3 for code lists used to define
site-specific bleeding event). This classification was validated by a GP and an

Interventional Cardiologist.

4.3.3 Exploratory analysis in the CiPCA database

Bleeding events (as defined from the consensus above) were identified from date of ACS
until end of patient registration at their practice or death or date of last data collection at
the time of data request (28/12/2011). Prevalence of bleeding was then defined as the
proportion of individuals with a recorded ACS diagnosis who consulted at least once for
bleeding complication post ACS between 01/01/2005 and 28/12/2011. For patients that
had consulted with more than one bleeding event, only the first event was counted, and
the rest were ignored. Using the number of ACS patients registered at these practices as
the denominator, the prevalence of bleeding (bleeding as defined by the code lists in
appendix 4.3) was determined per 100 registered persons with ACS. Patients with
recorded first bleeding consultations post ACS were descriptively compared with those
without by socio-demographic characteristics (age and gender). The median time to a first
bleeding event (defined as the time from date of ACS consultation to date of first
consultation for bleeding) was determined for bleeding overall and for site-specific
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bleeding events. The proportion of patients with recorded prescription for 1) aspirin only,
2) clopidogrel only, 3) prasugrel only, 4) warfarin only, 5) aspirin plus clopidogrel, 6)
aspirin plus prasugrel, 7) aspirin plus warfarin and, 8) aspirin plus clopidogrel plus
warfarin within the first 30, 60 and 90 days after the index ACS date was estimated. All
analyses were performed using SPSS version 24.0. Continuous variables are presented as
median and interquartile range (IQR) while categorical variables are presented as

frequencies and percentages.
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4.4 Results

From the CiPCA database, 963 patients with an ACS diagnosis between 2005 and 2011
were identified and followed for a median of 2.59 years (IQR: 0.99, 4.26) post ACS. 70
Read codes that potentially refer to bleeding complication were identified and extracted
from consultations of these patients. 289 Read codes that were used to define bleeding in
primary care within the CALIBER data portal were also identified. 8 studies were
identified from the systematic search of Medline and Embase that reported on bleeding
using either Read codes or ICD-10 codes within the primary care setting (see figure 4.2 for
a detailed description). Of these studies, three (Crooks et al., 2012; Gaist et al., 2013;
MacDonald et al., 2003) defined bleeding by Read codes and five (Ban et al., 2017; Button
et al., 2011; Christensen and Munro, 2008; Jones et al., 2005; Kroll et al., 2016) by ICD-10
criteria. 112 Read codes were extracted from these studies overall after removal of
duplicates. A further 109 Read codes were extracted from six studies (Gallagher et al.,
2014; Ko et al., 2010; Lamberts et al., 2013; Rapsomaniki et al., 2016; Sgrensen et al.,
2009; Voss et al., 2016) that were either screened full text or included in the systematic
review (in Chapter 3). Overall, 580 Read codes were extracted from CiPCA, CALIBER,
systematic search of Medline and Embase, and from studies identified in the course of
the systematic review, which altogether yielded 388 Read codes after removal of
duplicates (see figure 4.3). There were no identified studies of bleeding on the

clinicalcodes.org website.
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Figure 4.2: A Prisma flow diagram depicting the steps involved in selecting studies that
had defined bleeding complication within the primary care setting
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Embase and Medline
(197)
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45 excluded with reasons
19 Were study/conference abstracts
24 Did not report Read/ICD-10 codes
1 Duplicate
1 No accessible fulltext

N7

77N

8 reported either the Read
code or the ICD-10 codes used
to define bleeding

3 Reported Read codes 5 Reported ICD-10 codes
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Figure 4.3: A summary of the total number of Read codes extracted from each source

CiPCA

70 Read codes
for bleeding

Systematic
literature search

112 Read codes
for bleeding

Clinicalcodes.org

0 Read codes for
bleeding

388 Read Codes
for bleeding
overall after de-
duplication

Systematic
review studies

109 Read codes
for bleeding

for bleeding

4.4.1 Reaching a consensus

The consensus panel were presented with 388 Read codes in the first iteration and 26 in
the second iteration. After the first iteration, the panellists showed concordance on 93%
(n = 362) of the Read codes on either to include or exclude from the definition. Of these
362 Read codes, the panel agreed on inclusion of 68% (n = 246) and exclusion of 32% (n =
116). Among Read codes agreed for inclusion (n = 246), the panel showed 100%
concordance on 209, whereas 3/4 of the panel showed concordance on the remaining 37

Read codes. For Read codes where the panel agreed on exclusion (n = 116), the panel
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showed 100% concordance on 94, whereas 3/4 of the panel showed concordance on the
remaining 22 Read codes. After the second iteration, the panel showed concordance on
58% (n = 15) of the remaining 26 Read codes on either to include or exclude from the
definition. Among Read codes agreed by the panel for exclusion (n = 13), there was 100%
concordance on 6 Read codes, whereas 3/4 of the panel agreed on exclusion of the
remaining 7 Read codes. There were only 2 Read codes agreed by 3/4 of the panel for
inclusion after the second iteration. Consensus was achieved on the majority of the Read
codes (97%, n = 377) after the second iteration except for 11 Read codes. For these 11
Read codes, two members of the consensus panel (a GP and an Interventional
Cardiologist) deliberated and decided that two of the 11 Read codes should be included in
the definition while the remaining 9 Read codes should be excluded from the final
definition. Overall, 250 Read codes were agreed for inclusion in the final definition (see
appendix 4.4 for code list), and the remaining 138 Read codes were excluded (see
appendix 4.5 for code list). After searching the NHS Read code browser for daughter
codes of the 250 code list agreed for inclusion, the final definition for bleeding comprised
380 Read codes overall (see appendix 4.3 for code list). Table 4.1 summarises the types
of bleeding events that were included in the definition, classified based on the anatomic

site of the bleed.
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Table 4.1: Bleeding events that were included in the definition, stratified by anatomic site

Bleeding term

Classification

Subarachnoid haemorrhage

Intracerebral haemorrhage

CVA - cerebrovascular accid due to intracerebral haemorrhage

Stroke due to intracerebral haemorrhage
Cortical haemorrhage

Internal capsule haemorrhage

Basal nucleus haemorrhage

Cerebellar haemorrhage

Pontine haemorrhage

Bulbar haemorrhage

Ruptured berry aneurysm

External capsule haemorrhage

Lobar cerebral haemorrhage

Other and unspecified intracranial haemorrhage
Extradural haemorrhage - nontraumatic
Subdural haemorrhage - nontraumatic
Intracranial haemorrhage NOS

Epidural haemorrhage

Evacuation of haematoma from temporal lobe of brain
Evacuation of haematoma from cerebellum
Evacuation of intracerebral haematoma
Aspiration of haematoma of brain tissue
Evacuation of subdural haematoma
Evacuation of extradural haematoma

Blood in vomit

Haematochezia

Oesophageal varices with bleeding
Haemorrhage of oesophagus

gastric ulcer with haemorrhage

duodenal ulcer with haemorrhage

peptic ulcer with haemorrhage
Haemorrhagic gastritis

Haemoperitoneum - nontraumatic

Rectal bleeding

Gastrointestinal haemorrhage
Haematemesis

Melaena

Blood in stool

Gastrotomy and ligation of bleeding point of stomach

Oversew of blood vessel of duodenal ulcer

Intracranial
Intracranial
Intracranial
Intracranial
Intracranial
Intracranial
Intracranial
Intracranial
Intracranial
Intracranial
Intracranial
Intracranial
Intracranial
Intracranial
Intracranial
Intracranial
Intracranial
Intracranial
Intracranial
Intracranial
Intracranial
Intracranial
Intracranial
Intracranial
Gastrointestinal
Gastrointestinal
Gastrointestinal
Gastrointestinal
Gastrointestinal
Gastrointestinal
Gastrointestinal
Gastrointestinal
Gastrointestinal
Gastrointestinal
Gastrointestinal
Gastrointestinal
Gastrointestinal
Gastrointestinal
Gastrointestinal

Gastrointestinal
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Bleeding term

Classification

Intra-ocular haemorrhage
Haemorrhage - retinal

Unspecified choroidal haemorrhage
Subconjunctival haemorrhage
Vitreous haemorrhage
Haemoptysis

Epistaxis

Throat haemorrhage

Pulmonary haemorrhage NOS
Otorrhagia

Haemothorax

Haematuria

Prostatic haemorrhage

Testicular haematoma due to nontraumatic cause
Male genital haemorrhage NOS
Haematospermia

Haematosalpinx

Haematometra

Vaginal haematoma

Haemorrhage of vagina
Menorrhagia

Postmenopausal bleeding
Haematocolpos

Other abnormal uterine and vaginal bleeding
Spontaneous bruising

Petechiae

Spontaneous ecchymosis

Anaemia due to chronic blood loss
Haemorrhagic disorder due to circulating anticoagulants
Haemopericardium

Ruptured aortic aneurysm
Haemarthrosis

Haematoma NOS

[X]Haemorrhage, not elsewhere classified

Intraocular
Intraocular
Intraocular
Intraocular
Intraocular
Respiratory/ENT
Respiratory/ENT
Respiratory/ENT
Respiratory/ENT
Respiratory/ENT
Respiratory/ENT
Genitourinary
Genitourinary
Genitourinary
Genitourinary
Genitourinary
Genitourinary
Genitourinary
Genitourinary
Genitourinary
Genitourinary
Genitourinary
Genitourinary
Genitourinary
Bruising

Bruising

Bruising

Other

Other

Other

Other

Other

Other

Other

NOS: not otherwise specified
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4.4.2 Exploratory analysis in the CiPCA database

The study population are summarised by socio-demographic characteristics in table 4.2
and by discharge antithrombotic therapy in table 4.3. There were 963 patients with ACS
as at 2011, and the majority were men (64%). Among the 963 ACS patients that
constituted the study population, 198 (21%) patients had experienced 565 bleeding
events over a median follow up of 2.59 years post ACS. Of these 198 patients, 36% (n =
72) had one bleeding event, 22% (n = 43) had two bleeding events, 14% (n = 28) had three
bleeding events, and 28% (n = 55) had four or more bleeding events post ACS. The
prevalence of bleeding within the first 30, 60, 90, and 365 days post ACS were 1.5, 2.8,
3.8, and 10.4 percent respectively. Respiratory/ENT (23% of all first bleeds) and
genitourinary bleeds (23%) were the more commonly reported first types of bleeding
events post ACS (table 4.4). The median time to a first bleeding event post ACS was 359
days (IQR: 133, 796). The median time to each site-specific bleeding event post ACS is
presented in table 4.4. The socio-demographic characteristics of the study population by
bleeding are described in table 4.5. The majority of the study population were prescribed

dual antiplatelet therapy with aspirin and clopidogrel within the first 90 days of ACS.
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Table 4.2: Baseline description of the CiPCA study population

Characteristics N (%)
ACS 963
Age (median (IQR)) 72 (58, 81)

At least one bleeding event recorded post ACS diagnosis (n, %)

Yes 198 (21)
No 765 (79)
Gender (n, %)
Females 351 (36)
Males 612 (64)
Practice (n, %)
1 144 (15)
2 71 (7)
3 82 (9)
4 96 (10)
5 39 (4)
6 7(1)
7 175 (18)
8 48 (5)
9 109 (11)
10 61 (6)
11 131 (14)

N; total number of patients, %, percentage, IQR; interquartile range.
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Table 4.3: Baseline antithrombotic therapy of the study population by time from ACS

Antithrombotic Therapy <30 Days <60 Days <90 Days
Aspirin (only) (n, %) 152 (15.7) 184 (19.1) 199 (20.7)
Clopidogrel (only) (n, %) 71(7.4) 54 (5.6) 49 (5.1)
Prasugrel (only) (n, %) HEx kK *E
Warfarin (only) (n, %) 19 (1.9) 21(2.2) 24 (2.5)
Aspirin + Clopidogrel (n, %) 433 (44.9) 506 (52.5) 523 (54.3)
Aspirin + Prasugrel (n, %) 13(1.3) 14 (1.5) 14 (1.5)
Aspirin + Warfarin (n, %) 8(0.8) 15 (1.6) 14 (1.5)
Clopidogrel + Warfarin (n, %) 10(1.0) 14 (1.5) 15 (1.6)
Aspirin + Clopidogrel + Warfarin (n, %) 5(0.5) 6 (0.6) 8(0.8)
None (n, %) 251 (26.0) 149 (15.5) 117 (12.1)

*** frequency count is < 5, n; total number of patients, %; percentage

Table 4.4: Timing and percentage of patients with each site-specific bleeding event
(based on first bleed) over a median follow-up of 2.59 years post ACS within North
Staffordshire

Median time from ACS to first
Bleeding events bleed (in days)

Type of bleed n (% of all first bleeds) ]
Median (IQR)
Overall bleeds 198 (100%) 359 (133, 796)
Genitourinary 46 (23%) 515 (154, 1007)
Respiratory/ENT 45 (23%) 300 (73, 552)
Bruising 33 (17%) 247 (104, 543)
Gastrointestinal 32 (16%) 288 (135, 554)
Other (unclassified) 23 (11%) 845 (168, 1214)
Intraocular 18 (9%) 413 (167, 793)
Intracranial *Ex 53 (..., ...)

*** frequency count is < 5, ENT; ear, nose, throat, IQR; interquartile range

Table 4.5: Socio-demographic characteristics of the CiPCA study population by bleeding
complication over a median follow-up of 2.59 years post ACS

Bleeding
Characteristics
Yes (n =198) No (n = 765)
Age (median (IQR)) 71 (58, 80) 72 (58, 81)
Gender (n, %)
Females 89 (45) 262 (34)
Males 109 (55) 503 (66)

IQR; interquartile range, n; total number of patients, %, percentage.
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4.5 Summary

The overall aim of this pilot study was to define bleeding events that are likely to occur
following ACS, within the primary care setting, by means of Read codes. A panel
consisting of an Interventional Cardiologist and three GPs agreed upon a code list for this
definition, which comprised 250 Read codes. After inclusion of daughter codes, the final
definition included 380 Read codes overall.

The exploratory descriptive analysis of the CiPCA database revealed that bleeding may be
common in primary care, with a prevalence of 10 percent in the first 12 months following
the ACS event. The majority of patients were discharged on guideline-recommended dual
antiplatelet therapy with aspirin and clopidogrel. Patients discharged on antiplatelet
therapy were more likely to have this therapy recorded in their medical records within
the first 90 days after the ACS event. The proportion of patients on clopidogrel
monotherapy decreased within 60 and 90 days post ACS. This was mainly explained by
the fact that the patients who were on clopidogrel monotherapy within the initial 30 days
were later prescribed either aspirin or warfarin in the subsequent 60 and 90 days post

ACS.

45.1 Strength and limitations

A major strength of this pilot study lies in the comprehensive list of Read codes used to
define bleeding complications, which is unlikely to have missed any relevant code.

The findings of this pilot study should be interpreted in light of some limitations. First,
consensus was reached on the majority of Read codes (97%) after the second iteration,
but only two members of the panel decided on whether to include or exclude the

remaining 3 percent (11 Read codes). Second, all the descriptive analyses in this study
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were mainly exploratory due to limited data and prevalence figures did not take into
account time at risk. A study set within the national CPRD database will incorporate a
larger sample size.

In summary, bleeding following ACS within the primary care setting has been defined by
consensus of GPs and an Interventional Cardiologist. This definition, which comprised 380
Read codes, will be used to address the main objectives of the thesis. But first, the next
chapter (Chapter 5) will describe the datasets and the methods that will be employed in

addressing these objectives.
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Chapter 5.0: Methods for the studies using the Clinical

Practice Research Datalink
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5.1 Introduction

In the previous chapter, post-discharge bleeding following ACS was defined by consensus
of GPs and an Interventional Cardiologist using resources from the literature and data
from the CiPCA database. Limited exploratory analysis was likewise carried out on the
CiPCA database. However, the size of the CiPCA database means a study utilising it would
not be adequately powered to address the main objectives of this thesis. Therefore, in
this chapter, a brief overview of the datasets that will be used for the remainder of the
thesis, study design, inclusion and exclusion criteria for the study population, key variable

definitions, and approaches to analyses and handling missing data are outlined.

5.2 Description of the study data source

5.2.1 The Clinical Practice Research Datalink (CPRD)

The CPRD is a UK government not for profit research service that combined EHRs across
GP practices into a research-ready dataset known as the CPRD GOLD. Figure 5.1 shows
the structural overview of the CPRD GOLD data. The CPRD GOLD contains anonymised
individual patient records on demographics, tests, clinical events, referrals, prescriptions,
and immunisation from a subset of over 600 UK general practices (as at 2013) that had
consented at the practice level to periodically provide data for research purposes. Each
patient’s consultation records (registered at a consenting practice) are available for
research purposes unless they have requested for their data not to be used. Broad use of
the CPRD data for observational research was approved by the National Research Ethics
Service Committee (NRES). Over 2000 publications have used the CPRD data both

nationally and internationally since its inception (CPRD, 2019).
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Figure 5.1: Structural overview of the CPRD GOLD data
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The CPRD GOLD contains consultation records of over 14 million patients, of which over 4
million were deemed active and alive as at 2013, representing almost 7% of the UK
population (Herrett et al., 2015). CPRD is generally representative of the UK population
on age, gender, and ethnicity (Herrett et al., 2015; Mathur et al., 2014). The CPRD data
are of high research standard, and this standard has been regularly maintained through
feedback mechanisms between CPRD and participating GP practices. Feedback reports
highlighting inconsistencies and deficiencies in the data are fed to practices that do not
meet these standards, along with instructions on how to rectify these anomalies.
Practices which do not conform no longer have their data uploaded onto the CPRD
database, and any previously uploaded data which may have anomalies are flagged to
ensure researchers are aware of this issue.

Two further quality checks employed by CPRD ensure that practices, which provide data,
are up to standard and the patients registered at these practices are acceptable for
research. A patient is deemed “acceptable for research” if all quality checks on the

validity of his/her age, gender, medical record and registration status are satisfied, while
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a practice is flagged as “up to standard for research” if it meets the minimum quality
checks on the continuity of data recording and the number of recorded deaths at that
practice (Williams et al., 2012). The validity of diagnostic coding for conditions such as
ACS is high in the CPRD database (Herrett et al., 2013; Herrett, Thomas, et al., 2010; Khan,
Harrison, et al., 2010). A comparison of the validity of ACS diagnosis within CPRD against
those recorded in the Myocardial Ischaemia National Audit Project ((MINAP) a national
database of patients admitted to hospitals in England and Wales with a diagnosis of ACS
(Herrett, Smeeth, et al., 2010)) which is regarded as containing the gold standard registry
diagnostic record for this condition showed 92.2% positive predictive value (Herrett et al.,
2013). The CPRD database has been shown to provide the more complete source of ACS
records than MINAP or Hospital Episode Statistics ((HES) described below) (Herrett et al.,

2013).

5.2.1.1  Linkage

CPRD is one of the largest primary care consultation records databases in the world, with
a median prospective follow-up of 9.4 years (IQR: 2.3, 13.9 years) at the individual patient
level as at 2013 (Herrett et al., 2015). It covers England, Wales, Scotland, and Northern
Ireland, but for a subset of English practices that have consented to linkage (75% of all
English practices that contribute data to CPRD), CPRD provides linked primary care
consultation data to Hospital Episode Statistics (HES) data, English Index of Multiple
Deprivation (IMD) data, and the Office for National Statistics (ONS) mortality data.
Linkage to these datasets is carried out by a trusted third party (NHS digital, formerly
known as the Health and Social Care Information Centre) (CPRD, 2018) using an eight-step
deterministic algorithm to match patient records by all or some of the following: NHS

112



number, date of birth, sex, and postcode. Practices with and without such linkage are
similar in respect of demographic data, years of follow-up, and prescribing (Gallagher et
al., 2011). The richness of the information recorded in these linked datasets will provide
an opportunity to: 1) carry out a population-based study that will allow the inclusion of
elderly multi-morbid patients, which tend to be excluded in RCTs (Steg et al., 2007); 2)
provide an opportunity to longitudinally follow the transition of patients from primary
care to secondary care and back to primary care, thus allowing the study of longer-term
complications such as bleeding events following hospital discharge post ACS; 3) provide
records of individual patient’s past/present diagnoses, prescriptions, investigations,
laboratory measurements, and major morbidities; and 4) provide adequate sample size to
detect meaningful associations. An application to use the CPRD data and these linked
datasets to address the main objectives of the thesis was submitted to the Independent
Scientific Advisory Committee (ISAC), and was approved, ISAC protocol number 17_181

(see appendix 5.1 for protocol).

5.2.2 HES (admitted patient care (APC)) data

HES is a data warehouse containing detailed information on all hospitalisations,
diagnoses, procedures, demographic information, and dates of hospital discharge from
NHS or independent hospitals where the costs of care are reimbursed by the NHS. The
data is structured by financial year, and each row of the data represents a finished
consultant episode, which is the period under which a patient is cared for by one
consultant, specified by a start and an end date (Herbert et al., 2017). Each hospitalisation
is represented by a unique spell number, and each spell number may have multiple
finished consultant episodes if a patient was cared for by more than one consultant
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during hospitalisation (Herbert et al., 2017). Diagnoses in each episode of care are
defined by ICD-10 codes and procedures by OPCS codes. The HES data also contains other
geographical variables mapped from patient’s postcode. It covers all NHS trusts within
England, including primary care trusts, acute hospitals, and mental health trusts (NHS
Digital, 2017a). The validity of diagnoses for conditions such as ACS is high in the HES
database (Herrett et al., 2013). When compared to the MINAP registry (as gold standard),
the HES database showed 91.5% positive predictive value for ACS diagnosis (Herrett et al.,

2013).

5.2.3 ONS mortality data

The ONS mortality data contains information on the official date and cause of death of
deceased persons in the UK. Each death within the ONS mortality data is recorded
following the World Health Organisation ICD-10 classification. For each deceased person,
the data contains the underlying cause of death and up to six other causes as recorded on
the medical certificate of causes of death (ONS, 2016). The legal requirement to certify
deaths (within 5 days) in England and Wales means that the ONS mortality data provide
the most up to date (gold standard) record for deaths within the UK. But in situations
where a coroner is involved, registration may be delayed until all enquiries have been
completed, which may cause delayed recording in ONS (ONS, 2016). The linked ONS data
provides a unique opportunity to study the prognostic impact of longer-term

complications such as bleeding events on risk of mortality following ACS.
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524 IMD data

IMD is a weighted combination of seven indices of deprivation, namely: income,
employment, living environment, crime, barriers to housing and services, health and
disability, and education, skills and training (Department for Communities and Local
Government, 2015). It is an overall measure of deprivation experienced by people living
in an area, estimated at the lower layer super output area, which comprised of units of
output areas. The output area is the lowest geographical level built from clusters of
adjacent units of postcodes to provide census estimates. These output areas are socially
homogenous, similar in size and on average contains 110 to 139 households (ONS,
2017a). Every lower layer super output area is ranked according to its level of deprivation
relative to that of other areas. The linked IMD data (based on a patient’s lower layer
super output area) is categorised based on quintile scores, with 1 representing the least
deprived areas in England and 5 indicating the most deprived areas nationally. In this
thesis, the English IMD 2015 was used as a proxy for individual level measure of

deprivation.

5.3 Study design

An open and dynamic cohort study design was the design adopted for all studies in this
thesis. Figure 5.2 gives a detailed illustration of this study design. Generally, in such a
cohort design, individuals are defined as exposed or unexposed based on the presence or
absence of a specific risk factor for an outcome at baseline. At the time of exposure
ascertainment, patients are free from the outcome of interest. The exposed and
unexposed individuals are then followed over some time to assess the occurrence of the
outcome. Because individuals are free from the outcome of interest at the time their
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exposure status is ascertained, the cohort study design allows temporal sequence
between the exposure and the outcome to be established (Hennekens and Buring, 1987).
The cohort study design also allows measuring of the incidence of the outcome in the
exposed and unexposed groups (Hennekens and Buring, 1987). Three cohort studies all

set within the linked CPRD database were carried out in this thesis in the following order:

I.  Theincidence, types, and timing of bleeding, and mortality study (Chapter 7)

II.  The risk factors for bleeding study (Chapter 8), and finally

lll.  The prognostic impact of bleeding on all-cause mortality study (Chapter 9).

116



Figure 5.2: Schematic description of the cohort study design
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5.3.1  The study population

5.3.1.1 Inclusion criteria
CPRD and HES were the datasets used to define the inclusion criteria for the study
population, and patients were included if:

v" They have a primary care record for ACS diagnosis (STEMI or NSTEMI) in CPRD
between 01/01/2006 and 31/12/2016, and without a prior record for ACS in the
preceding two years (the same Read code list used to ascertain ACS status in the
CiPCA database in the analysis in Chapter 4 were used to ascertain ACS status in

the CPRD database (see appendix 4.1)).
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They were aged 18 years and over at the time of ACS diagnosis, and designated
as “acceptable for research” within CPRD.

They were registered at a participating practice that was designated as “up to
standard for research” within CPRD.

They have at least two prior years of “up to standard” data within CPRD before
the index ACS date and complete continuous registration in this period.

They were registered at one of the 407 English practices that had consented to
linkage with HES, ONS mortality data and IMD deprivation data (as at 2017).
Had a matching ACS record in HES within 31 days before or after the date of the
primary care ACS event. The 31-days window was selected because an episode
of ACS might first be recorded by a GP in primary care before the patient is
referred to a hospital, or it might be coded first in the hospital before informing
the respective GP. In situations where ACS is first diagnosed in the in-hospital
setting, a discharge letter containing a minimum of the primary diagnosis is
dispatched to the patient’s GP within 24 hours of hospital discharge
(Department of Health, 2003). To allow for delays from receipt of these letters
to coding of ACS diagnosis into patient’s EHR records, the 31-days window was
adjudged sufficient by consensus of NI, UTK, MAM, and KPJ. This time frame has
also been shown to be sufficient in identifying matching ACS events between

CPRD, HES, MINAP, and ONS (Herrett et al., 2013).
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5.3.1.2  Exclusion criteria
The CPRD, HES, and ONS mortality data were the datasets used to define the exclusion
criteria from the study population. Patients were excluded if:
v' They did not have a matching ACS record in HES within 31 days before or
after the primary care ACS event.
v’ They did not have a discharge date recorded in HES.
v They did not survive to hospital discharge.
v" Their index ACS event preceded the date their registered practice was
deemed to have up to standard data in CPRD.
v' The date of transfer out of their registered practice was the same as or

preceded the date of hospital discharge from the index ACS event.

5.3.1.3  Start point/index date of the study population

For each patient that fulfilled the criteria for the study population above, the start
point/index date for that patient was the date of hospital discharge following the
matched ACS event in HES. The steps taken to identify the study population and their

index date are described further in Chapter 6.

5.3.1.4  Exit point of the study population
For each patient that fulfilled the criteria for the study population, the exit point of the
study was determined as the earliest of the following dates:

» Date of death

» Date of last data collection from their registered practice

» Date of transfer out of practice
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» End of the study period (20/09/2017).

5.4 Defining key variables using CPRD, HES, IMD and ONS data
The risk factors, outcomes, and covariates included in the analyses in this thesis are
defined as follows.

5.4.1 The outcomes

5.4.1.1 Bleeding post-hospital discharge

Bleeding following ACS was defined as a record within the patient’s primary care record
with a Read code from the code list developed using the process described in Chapter 4
(and listed in appendix 4.3) post-hospital discharge, or a death record in the ONS
mortality data with bleeding as the primary underlying cause post-hospital discharge.
Bleeding was used interchangeably as an outcome (in Chapter 8) and as an exposure (in
Chapter 9) in this thesis, and the definition remained the same throughout. All analyses
in this thesis were based on the first bleeding event for a patient following hospital
discharge. For patients with multiple first bleeds (that is, multiple bleeds recorded on
the first day of bleeding) the most severe bleeding event was selected for these
patients. For example, if a patient had intracranial bleeding and nose bleed recorded
on the same day, the intracranial bleed was given preference. For those with a record
of anaemia, this was only counted as a bleeding event if a patient did not have a prior
record of anaemia in the 3 months before hospital discharge, and there was no record
of other bleeding events (such as gastrointestinal bleed) within 2 days before or after
the anaemia record (this rule was based on the clinical judgement of an Interventional
Cardiologist (MAM)). For the remainder of the thesis, emphasis will be on bleeding

events occurring within the first 12 months following hospital discharge for ACS. This
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time frame was chosen because the majority of the study population will be on
guideline-recommended dual antiplatelet therapy in this period, whose main side
effect is bleeding (Wallentin et al., 2009; Wiviott et al., 2007; Yusuf et al., 2001). All
bleeding events within this period were categorised based on the severity of the bleed
by a GP (UTK) into typically/potentially serious bleeding events (referred to as serious
bleeds in this thesis) and typically non-serious bleeding events (referred to as non-
serious bleeds in this thesis) based on clinical judgement and the typical nature of the
bleeds. See appendix 5.2 for a full list of all the different bleeding events that
constituted serious and non-serious bleeding events. Table 5.1 summarises these

bleeding events based on severity.
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Table 5.1: Bleeding events categorised based on severity

Bleeding term Site Severity
Subarachnoid haemorrhage Intracranial Serious
Intracerebral haemorrhage Intracranial Serious
CVA - cerebrovascular accid due to intracerebral haemorrhage Intracranial Serious
Subdural haemorrhage - nontraumatic Intracranial Serious
Pontine haemorrhage Intracranial Serious
Other and unspecified intracranial haemorrhage Intracranial Serious
Sequelae of other nontraumatic intracranial haemorrhage Intracranial Serious
Evacuation of subdural haematoma Intracranial Serious
Gastrointestinal bleeding NOS Gastrointestinal Serious
Haematemesis Gastrointestinal Serious
Melaena Gastrointestinal Serious
Bleeding gastric ulcer Gastrointestinal Serious
Bleeding duodenal ulcer Gastrointestinal Serious
Rectal bleeding Gastrointestinal Serious
Blood in stool Gastrointestinal Serious
Haemorrhage - retinal Intraocular Serious
Subconjunctival haemorrhage Intraocular Non-serious
Vitreous haemorrhage Intraocular Serious
Conjunctival haemorrhage NOS Intraocular Non-serious
Subretinal haemorrhage Intraocular Serious
Epistaxis Respiratory/ENT Non-serious
Haemoptysis Respiratory/ENT Serious
Haemothorax Respiratory/ENT  Serious
Haematuria Genitourinary Serious
Haematospermia Genitourinary Serious
Menorrhagia Genitourinary Serious
Postmenopausal bleeding Genitourinary Serious
Other abnormal uterine and vaginal bleeding Genitourinary Serious
Spontaneous bruising Bruising Non-serious
Anaemia due to chronic blood loss Other Serious
Haemarthrosis Other Serious
Haematoma NOS Other Serious

NOS; not otherwise specified, ENT; ear, nose, throat.
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5.4.1.2  All-cause mortality

All-cause mortality was defined as having a death record in the ONS mortality data
within the first 12 months following hospital discharge for ACS. The motivation for
selecting this time frame (the first 12 months after hospital discharge) is described in
detail in Chapter 9, section 9.3.1.2. The ONS mortality data contains the most up to
date record of all deceased individuals in the UK, and all mortality records used in the
analyses in this thesis were based on records from the ONS mortality data. For patients
with recorded causes of deaths in ONS, the primary cause for each patient was
classified as either bleeding, cardiovascular, or non-cardiovascular and non-bleeding
related. Causes of deaths were coded using ICD-10 codes in the ONS data. For each
code, the associated ICD term was reviewed, and for each term that referred to
bleeding (as defined in Chapter 4), the underlying death was then classified as bleeding
related. For terms that referred to the heart or the vascular system such as heart
failure, cardiomyopathy, stroke or myocardial infarction, these deaths were classified
as cardiovascular related. For terms that did not refer to bleeding or the heart/vascular
system, such as road traffic accident, tuberculosis, and cancer, these deaths were
classified as non-cardiovascular and non-bleeding related. These classifications were

cross-validated by a cardiologist (MR) within the Research Institute.

5.4.2 Risk factors and covariates
The motivation for selecting these variables was based upon characteristics identified
from the literature and the clinical judgement of an Interventional Cardiologist and a

GP (see Chapter 8, section 8.3.1.3). These characteristics were grouped into socio-
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demographic, comorbidities, in-hospital procedures, and pharmacological

characteristics, and defined as follows:

5.4.2.1 Socio-demographic characteristics
All socio-demographic characteristics were identified from primary care records within
CPRD except ethnicity, which was identified from HES data, and deprivation, which was

based on IMD data.

5.4.2.1.1 Age
Age was derived by subtracting year of birth from year of index ACS diagnosis. Day and

month of birth were not recorded in the CPRD patient data file.

5.4.2.1.2 Gender
Gender was identified from primary care records within CPRD as males, females, and
indeterminate. For the main objectives of this thesis, gender was defined as males and

females.

5.4.2.1.3 Geographical region

Geographical region was defined as North East, North West, Yorkshire and The
Humber, East Midlands, West Midlands, East of England, South West, South Central,
London, and South East as recorded within patient’s primary care records in the CPRD

practice data file.
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5.4.2.1.4 Deprivation

Social deprivation was defined by IMD (2015) based on patient’s postcode linked at
lower layer super output area, as has been described above. The IMD was categorised
based on quintile scores recorded within the area based deprivation data file, with 1
representing the least deprived areas in England and 5 indicating the most deprived

areas nationally.

5.4.2.1.5 Ethnicity
Ethnicity was defined as Whites, Chinese, Other, Bangladeshi, Pakistani, Indian, Asian
other, Black African/Caribbean/Other and mixed, in the HES patient data file. In this

thesis, ethnicity was defined as White, Black, Asian, and other.

5.4.2.1.6 Body Mass Index

In CPRD, BMI may be recorded in kg/m?, or weights (in kilograms) and heights (in
metres) may be recorded in the additional clinical details data file. In this thesis, BMI
was defined using the last recorded weight and height measurement for a patient until
30 days after hospital discharge. For patients whose BMI has already been calculated
within CPRD, but are missing height or weight measurement, BMI was defined as the
last recorded BMI measurement until 30 days after hospital discharge. Because the BMI
of a patient may fluctuate with time, the cut-off of 30 days post-hospital discharge was
used in order to capture the most recent BMI for a patient. BMI was then categorised
into underweight (< 18.5 kg/m?), normal weight (18.5 to < 25.0 kg/m?), overweight
(25.0 to < 30 kg/m?) and obese (= 30 kg/m?) following the World Health Organisation

classification (WHO, 2017).
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5.4.2.1.7 Smoking

Smoking was defined as the last recorded smoking status for a patient within 2 years
prior to index date. Smoking status was then categorised into non-smoker, ex-smoker,
and current smoker following the same classification used by Kontopantelis et al,
Joseph et al and, as previously done in the CALIBER data portal (Joseph et al., 2016;
Kontopantelis et al., 2014). Read codes used to define smoking were based on previous
studies (Doran et al., 2011; Fairhurst et al.,, 2014, 2016; Joseph et al., 2017,
Kontopantelis et al., 2014; Kontopantelis, Springate, et al., 2015; Reeves et al., 2014;

Springate et al., 2015; Stocks et al., 2015) and are attached in appendix 5.3.

5.4.2.2 Comorbidities

Baseline comorbidities including hypertension, prior heart failure, peripheral vascular

disease (PVD), gastroduodenal ulcer, chronic obstructive pulmonary disease (COPD),

atrial fibrillation, and cancer were identified from patient’s primary care records within

CPRD, and defined as having the relevant diagnostic Read code in the 2 years before

index date (see appendix 5.3 for code lists). Code list for these morbidities/conditions

were based on:

1) Read codes used in previous studies of these conditions within the primary care
setting (Din et al., 2015; Doran et al.,, 2011; Fairhurst et al.,, 2014, 2016; Khan,
Perera, et al.,, 2010; Kontopantelis et al., 2013, 2014; Kontopantelis, Olier, et al.,
2015; Kontopantelis, Springate, et al., 2015; Mansfield et al., 2016; Reeves et al.,
2014; Reilly et al., 2015; Springate et al., 2015; Stocks et al., 2015; Zhong et al.,

2018)
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2) Read codes used to define these conditions in the CALIBER data portal (the CALIBER
data portal has been described in Chapter 4, section 4.3.1.4)

3) The Quality and Outcome Framework (QOF) definition, which is an incentive
program designed to improve the quality of care given to patients by rewarding GP
practices for the quality of care they provide to their patients (NHS Digital, 2017b).
For each of these conditions/morbidities, the absence of a relevant Read code in
patient primary care record was assumed to imply the absence of the

condition/morbidity.

5.4.2.2.1 Diabetes

Diabetes was identified from primary care records within CPRD and defined as having:

1) A diagnostic Read code within 2 years prior to index date, or

2) A prescription for blood sugar-lowering medication such as Insulin, Metformin,
Sulphonylureas, Meglitinides, within 2 years prior to index date. Read and product
code lists used in ascertaining diabetes status were based on previous studies
(Doran et al., 2011; Joseph et al., 2016, 2017; Khan, Perera, et al., 2010;
Kontopantelis et al., 2013, 2014; Kontopantelis, Springate, et al., 2015; Mansfield et
al., 2016; Matthews et al., 2016; Reeves et al., 2014; Reilly et al., 2015; Zhong et al.,
2018) and those used in the CALIBER data portal. These code lists are presented in

appendix 5.3 and 5.4.
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5.4.2.2.2 History of bleeding

History of bleeding complications prior to index date was defined as having any of the

codes included in the code list generated from the consensus exercise in Chapter 4,

appendix 4.3 in a patient’s primary care record within 2 years prior to index date.

5.4.2.2.3  Chronic Kidney Disease (CKD)

Some patients had serum creatinine measurements recorded in their medical record

within the tests data file in CPRD. Some had diagnostic Read codes for CKD in their

clinical files, while others had both. In this thesis, CKD was defined as follows:

1)

2)

For patients with diagnostic Read codes for CKD within their clinical file, CKD was
defined following the QOF criteria as having any of the Read codes for CKD in
appendix 5.3 within two years prior to index date. Staging of CKD for these patients
followed the QOF classification, with those in stages 1 and 2 being categorised as
not having CKD, and those in stages 3 to 5 as having CKD (NHS Digital, 2017c).

For patients without a recorded diagnostic Read code for CKD in CPRD, CKD was
defined by estimated Glomerular Filtration Rate (eGFR), estimated using the last
recorded serum creatinine measurement (for patients with a record) within 2 years
prior to index date. eGFR was calculated for each patient using the Chronic Kidney
Disease Epidemiology Collaboration Equation (CKD-EPI) (see table 5.2). Patients
with an eGFR greater than or equal to 60 mL/min per 1.73 m? were categorised as
not having CKD, while those with an eGFR less than 60 mL/min per 1.73 m? were
categorised as having a CKD based on the classification by kidney disease improving

global outcome guideline (Stevens and Levin, 2013).
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Patients without a diagnostic code for CKD in their primary care record within CPRD
and without serum creatinine measurements were assumed to have normal kidney

function.

Table 5.2: Formulas used in estimating GFR using serum creatinine

Race and Sex eGFR equations when serum creatinine measured in pumol/L
Black
Female GFR = 141 x min (Scr/k, 1) x max (Ser/k, 1)12%° x 0.993%¢¢ x 1.018 [if female] x 1.159 [if
black]
Male GFR = 141 x min (Ser/K, 1) ¢ x max (Ser/k, 1)12° x 0.993%8¢ x 1.159 [if black]
White or other
Female GFR = 141 x min (Scr/k, 1) ® x max (Ser/k, 1)32%° x 0.993%¢¢ x 1.018 [if female]
Male GFR = 141 x min (Scr/k, 1) x max (Ser/x, 1)12%° x 0.9934¢¢

where Scr is serum creatinine, k is 61.9 for females and 79.6 for males, a is -0.329 for females and -0.411
for males, min indicates the minimum of Scr/k or 1, and max indicates the maximum of Scr/k or 1

(Adapted from Levey et al (Levey et al., 2009))

5.4.2.2.4  Hyperlipidaemia

Hyperlipidaemia was identified from primary care records within CPRD and defined as

having any of the following criteria within 2 years prior to index date:

1) A total serum cholesterol level > 5 mmol/L (NHS Digital, 2017d; ScotPHO, 2017) or

2) A diagnostic code for hyperlipidaemia (see appendix 5.3 for code lists) or

3) A prescription for lipid-lowering drugs (see appendix 5.4 for product code lists).
Read and product code lists used in ascertaining hyperlipidaemia status were based

on those used within the Research Institute and the CALIBER data portal.
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5.4.2.2.5 Baseline haemoglobin, white cell count, systolic and diastolic blood
pressure

These were defined as the last recorded measurements in a patient’s primary care
record in CPRD within 2 years prior to index date. For total white cell count and
baseline haemoglobin values where the units of measurement differ from the norm,
these values were converted to the standard unit (for example, haemoglobin recorded
in g/dL was converted to the standard unit of g/L by multiplying by 10). For values
where the unit of measurement cannot be converted, these values were regarded as

missing.

5.4.2.3 In-hospital procedures

5.4.2.3.1 PCl during the index ACS hospitalisation

The HES procedure data file contains the list of all procedures carried out on a patient
during each hospitalisation stay. In this thesis, PCI during the index ACS hospitalisation
was defined as having any of the OPCS codes listed in appendix 5.5 for a PCl procedure
in a patient’s secondary care record (within HES datafile) between the index ACS
admission date and discharge. These OPCS code lists were based on the consensus of

two Interventional Cardiologists (MR and AS) within the Research Institute.

5.4.2.3.2 Coronary angiography during the index ACS hospitalisation
Coronary angiography during the index ACS hospitalisation was defined using
secondary care records within the HES procedure data file, as having a record for any of

the OPCS codes listed in appendix 5.5 in HES between the index ACS admission date
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and discharge. These OPCS code lists were also based on consensus of the two

Interventional Cardiologists MR and AS.

5.4.2.4  Pharmacological characteristics
A GP (UTK) highlighted that a patient discharged with antithrombotic medication will
normally have this recorded in his/her medical record within 30 days of hospital
discharge. To allow discharge antithrombotic medication to be fully characterised, a
period of 90 days (based on the exploratory analysis in Chapter 4) was adjudged
sufficient enough (by consensus of NI, UTK, MAM and KPJ) for defining a patient’s
discharge medication. Antithrombotic medication at discharge was therefore defined
and categorised as follows:
Single antiplatelet therapy: defined from patient primary care record in CPRD as
having a recorded prescription for one of aspirin, clopidogrel, prasugrel or
ticagrelor within 90 days post index date.
Dual antiplatelet therapy: defined from patient primary care record in CPRD as
having a recorded prescription for aspirin and one of clopidogrel, prasugrel or
ticagrelor within 90 days post index date.
Oral anticoagulant: defined from patient primary care record in CPRD as having a
recorded prescription for one of warfarin, apixaban, rivaroxaban or dabigatran

(with or without concomitant antiplatelets) within 90 days post index date.

5.4.2.4.1 Selective Serotonin Re-uptake Inhibitors (SSRIs)
The duration of treatment with SSRIs usually last up to six months or indefinite in the

case of recurrent depression (NHS, 2015). Baseline SSRI was therefore defined using
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primary care records in CPRD as having a recorded prescription for one of Fluoxetine,
Paroxetine, Citalopram, Escitalopram, Sertraline or Fluvoxamine within 6 months prior

to index date.

5.4.2.4.2 Non-Steroidal Anti-Inflammatory Drugs (NSAIDs)

Baseline NSAID use was defined using primary care records within CPRD as having a
recorded prescription for one of Ibuprofen, Naproxen, Diclofenac, Celecoxib,
Mefenamic acid, Etoricoxib or any other non-topical NSAID within 6 months prior to
index date. The period of six months was adjudged sufficient to capture patients on
longer-term NSAID use, such as those with underlying Rheumatoid Arthritis.

The code lists used to define baseline SSRIs, NSAIDs, and discharge antithrombotic

medications are attached in appendix 5.4.

5.5  Analysis
I.  The incidence, types, and timing of bleeding, and mortality study (Objective 3) —
The description of the analytic approach for this study is outlined in Chapter 7.

II.  The risk factors for bleeding study (Objective 4) — A competing risk regression
model was used to determine independent associations between baseline
patient characteristics and bleeding events (in Chapter 8).

[ll.  The prognostic impact of bleeding on all-cause mortality study (Objective 5) —
Cox proportional hazard regression model was used to determine independent
associations between bleeding events and all-cause mortality (in Chapter 9).

Specific details of these analyses are described in the relevant chapters. The statistical

models used in these analyses are described below. In order of complexity, the Cox
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proportional hazard model is described first followed by the competing risk regression

model.

5.5.1 The Cox proportional hazard regression model

The open and dynamic study design chosen for all the studies in this thesis means that
patients can enter and exit the study at various times during follow-up. Therefore, the
analysis of data generated from such a study design must take into account of; 1) the
time of occurrence of the outcome event, 2) the time of censoring for the participants
who were observed for the entire duration of follow-up but did not have the outcome
event, and 3) the time of censoring for the participants who were lost to follow up.

The Cox proportional hazard regression model is suitable for this type of analysis and
has been described in detail in Cox 1972 (Cox, 1972). The Cox model was used for
objective 5 in that it can assess the effect of bleeding events on the hazard function,
which is the probability that a patient will experience the outcome of mortality within
the first 12 months after hospital discharge, conditional upon surviving up to the time
of hospital discharge. The hazard function is then interpreted as the hazard or risk of
mortality within the first 12 months following hospital discharge (Bland, 2015).

Equation 1 illustrates the Cox proportional hazard regression model.

h
In { ® } = by X, + byX, + - b Xy Eq1
hO(t)

equation adapted from Bland (Bland, 2015)

h(t)= the hazard or risk of mortality at time t.

hO(t)= the baseline hazard, that is to say, the hazard or risk of mortality when bleeding and all
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other variables X4, X, ... X, are set to zero.

X1,X5 ... Xj;= the exposure of bleeding and all other covariates.

h
In {hﬁ} = log relative hazard of mortality in relation to the exposure of bleeding.
o(t)

by, b, + -+ by = coefficients quantifying the association of bleeding and all other covariates
with the outcome of mortality.

Exponentiation of the regression coefficients results in hazard ratios, which represents

the proportional increase or decrease in the hazard or risk of mortality per unit change

in bleeding events while controlling for the effect of all the other variables included in

the model. All associations are quantified by crude or adjusted hazard ratios and

associated 95% confidence intervals.

5.5.2  The competing risk regression model

In the situation where the aim is to estimate the risk of bleeding events, and the
outcome of bleeding is precluded from happening by the occurrence of other events
(such as mortality), the Cox proportional hazard model will not be suitable in such a
setting. Patients that died before experiencing a bleeding event will be censored in the
same way as those who were still alive but were not observed for the entire duration of
the study period. However, this will violate the Cox model assumption of independence
of censoring and survival, since patients that die before experiencing a bleeding event
will not have the same risk of the outcome of bleeding (their risk will be zero) after
censoring as those that remained under observation or those that were still alive but

were lost to follow-up.
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A more suitable approach to estimate the risk of the outcome of bleeding (objective 4)
in the presence of competing events such as death is to use a competing risk model,
where the data to be analysed is expanded so that each patient has a record for the
outcome of bleeding and the competing event (death from any cause). The association
of baseline patient characteristics (e.g. female gender) with the outcome of bleeding
are then assessed while simultaneously accounting for the effect of these baseline
characteristics on the competing event. This approach gives a more robust effect
estimate that is more reflective of the real-world setting (Lau et al., 2009). This effect
estimate often referred to as the sub-distribution hazard ratio can then be interpreted
as the risk of the outcome of bleeding within the first 12 months after hospital
discharge in those with the baseline risk feature of interest (e.g. being a female) who
have not yet had a bleeding event or have had the competing event (have died from
any cause). In this thesis, the Fine and Gray competing risk regression model (Fine and
Gray, 1999) was used to determine independent associations between baseline patient
characteristics and bleeding events following hospital discharge post ACS. For a
detailed description of the Fine and Gray competing risk regression model, the reader
is referred to Fine and Gray 1999 (Fine and Gray, 1999). All associations were
quantified by crude or adjusted subhazard ratios and associated 95% confidence

intervals.

5.5.3 Assumptions of the Cox and competing risk regression models

For each fitted model, the two fundamental assumptions that are vital to the use and
interpretation of the Cox and the competing risk regression models, namely, the
proportional hazard assumption and the linearity assumption were examined. The
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former assumes that the relative hazard of the outcome of interest among patients
exposed to a particular risk factor is constant over the whole duration of follow up,
while the latter assumes a linear relation between the relative hazard of the outcome
and each risk factor on a continuous scale (Hosmer et al., 2008). Details of the
diagnostic methods employed to assess these assumptions and results of these

assessments are reported in the relevant chapters (Chapters 8 and 9).

5.6 Missing data

Generally, missing data are broadly categorised into three distinct types, depending on
the mechanism giving rise to the missingness. The data may be missing completely at
random (MCAR) or at random (MAR) or not at random (MNAR). When the probability
that the data are missing does not depend on the observed and the missing data, this is
referred to as MCAR. When the probability that the data are missing does depend on
the observed but not the missing data, this is then referred to as MAR. When the
probability that the data are missing does depend on both the observed and the
missing data, this is then referred to as MNAR (Hosmer et al., 2008; Little and Rubin,
2002).

The CPRD dataset contains incomplete or missing data: for example, on smoking status
and BMI. Ignoring patients with missing data in subsequent analyses may result in
biased or inefficient measures of associations due to loss of power and precision. There
are several approaches to dealing with missing data in epidemiological studies, some of
which have been implemented in most statistical software packages (Horton and
Kleinman, 2007). One of the most widely applied approaches is multiple imputation.
Multiple imputation uses the distribution of the observed data to predict plausible
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values for the missing data (White et al., 2011). Prediction errors are then added to
account for any uncertainty in the imputed values (White et al., 2011). There is no
consensus regarding the optimal number of imputations required, but as a rule of
thumb, it should at least equal the percentage of incomplete cases in the dataset
(White et al., 2011). Each imputed dataset is analysed separately but identically to
generate measures of associations (such as hazard ratios and their associated
confidence intervals). These measures of associations (from each imputed dataset) are
then combined using Rubin’s rule to obtain an overall estimate (White et al., 2011).
Generally, analyses based on a multiply imputed dataset produces an unbiased and
efficient measure of association (White et al., 2011).

Multiple imputation is based on the assumption that the mechanism giving rise to the
missing data is MAR. While it is impossible to postulate whether the mechanism giving
rise to the missingness is MAR or MNAR from the observed data, the MAR assumption
can be made plausible by including variables which are significant predictors of the
incomplete variable, and those which significantly predict whether the incomplete
variable is missing (White et al., 2011).

Accordingly, multiple imputation (10 imputations) by chained equations was carried
out to address missing data in this thesis (in Chapter 8). Only 10 imputed datasets were
created due to the time and computational power required to carry out the intended
analyses in this thesis. The variables smoking and BMI status were imputed, and the
following variables were included in the imputation model: age, gender, year of
hospital discharge following ACS, geographic region, CKD, diabetes, hypertension, heart
failure, cancer, PVD, stroke, gastroduodenal ulcer, COPD, anaemia, atrial fibrillation,

prior history of bleeding, type of ACS presentation, hyperlipidaemia, NSAID, SSRI,
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discharged antithrombotic drug combination, coronary angiography, and PCI during the
index ACS hospitalisation. The outcomes of bleeding and all-cause mortality, and the
times to both bleeding and all-cause mortality within the first 12 months following
hospital discharge were also included in the imputation model, so as not to weaken any
potential association between the outcomes of bleeding or mortality with smoking and
BMI status (Sterne et al.,, 2009). Analyses were then carried out on each imputed
dataset and results combined using Rubin’s rule to obtain an overall measure of
association (hazard ratios and their associated confidence intervals). Results from the
imputed datasets were then compared with those from the complete case analyses
(analysis where only patients with complete data on all variables were considered) (in

Chapters 8 and 9).

5.7 Statistical software
All statistical analyses for the main objectives of this thesis were carried out in Stata

version 14.2 (Stata Corporation, College Station, Texas, USA).

5.8 Summary

This chapter outlined the study datasets, the study design, the inclusion and exclusion
criteria for the study population, definitions for key variables, and finally the analytic
approaches employed to address the main objectives of the thesis. The next chapter
(Chapter 6) will describe the study population and descriptively compare their baseline
characteristics to those patients with recorded ACS who did not fulfil the inclusion
criteria for the study population. The baseline characteristics of those with missing data

and those without will likewise be compared.
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Chapter 6.0: The study population and their baseline

characteristics
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6.1 Introduction

In the previous chapter (Chapter 5), the study datasets, the study design, the inclusion
and exclusion criteria for the study population, definitions for key variables, general
approach to analysis, and approaches to handling missing data were described. In this
chapter, the study population are derived, described, and compared descriptively to
patients with primary care recorded ACS who did not fulfil the inclusion criteria for the
study population. The level of missing data is examined and baseline characteristics of
those who have missing data and those who did not are descriptively compared by
socio-demographic, comorbidities, in-hospital procedures, and pharmacological

characteristics.

6.2 Methods

6.2.1 Identification of the study population and their index date from CPRD and HES
The inclusion and exclusion criteria for the study population has been described in
Chapter 5, section 5.3.1. Patients that fulfil the criteria for the study population were
first identified from primary care records within CPRD. Of these patients, those that
have linkage to secondary care records in HES were determined, and all hospital
admissions with an ACS coded diagnosis in HES (defined by the ICD-10 code lists in
appendix 6.1) were retrieved for these patients. To be included, the ACS must be
recorded as either the primary or secondary diagnosis. For each patient with a linked
record in HES, the primary care ACS event date was matched to an admission date with
an ACS coded diagnosis in HES. Matching was within 31 days before or after the
primary care event (recorded in CPRD) as previously done by Herrett et al (Herrett et

al., 2013). A record longer than 31 days of the primary care event date was assumed to
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be a different event (rule decided by consensus of NI, MAM, UTK, and KPJ), and was
therefore not included as a matched event. When the primary care ACS event date was
matched to an admission date with an ACS coded diagnosis in HES, the hospital
discharge date became the index date for that patient. Matching was carried out in five
stages (as follows) so that the level of agreement between the primary care (CPRD) and
the secondary care records (HES) could be examined at each stage. Initially, patients

were examined for

= exact match on HES admission date (with an ACS coded diagnosis) between
CPRD and HES

= HES admission date with an ACS coded diagnosis between 1 and 7 days before
or after the CPRD ACS date

=  HES admission date with an ACS coded diagnosis between 8 and 14 days before
or after the CPRD ACS date

=  HES admission date with an ACS coded diagnosis between 15 and 21 days
before or after the CPRD ACS date

= HES admission date with an ACS coded diagnosis between 22 and 31 days

before or after the CPRD ACS date.

6.2.1.1 Sensitivity cohort

The sensitivity cohort is referred to as those with a primary care record of ACS that did
not fulfil the inclusion criteria for the study population. That is to say, those that had a
primary care record for ACS between 2006 and 2016, but either had no linkage to HES

records or did not have a matching ACS event in HES within 31 days of the primary care
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ACS date. For the purpose of comparisons between the sensitivity cohort and the study
population, the sensitivity cohort were given an index date equivalent to the primary
care ACS event date plus 5 days. This was based on reports from HES (NHS Digital,
2015) and MINAP (Weston et al.,, 2015) which indicated that the median length of

hospital stay for patients with ACS was between 3 and 5 days.

6.2.2 Baseline descriptive comparisons

The study population were described and compared descriptively with the sensitivity
cohort by baseline socio-demographic, comorbidities, in-hospital procedures, and
pharmacological characteristics. Baseline definition for these characteristics has been
described in Chapter 5, section 5.4. The level of missing data was assessed, and the
baseline characteristics of those who have missing data and those who did not were
descriptively compared. Continuous variables are presented as mean and standard
deviation or median and IQR where the data were not normally distributed, and

categorical variables as frequencies and percentages.
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6.3 Results

6.3.1  The study population

Figure 6.1 summarises the steps involved in identifying the study population and
appendix figure 6.1 describes these steps in more detail. Overall, 45,513 English
patients aged 18 years and over had a primary care record for ACS (within CPRD)
between 01/01/2006 and 31/12/2016, without a previous record in the preceding 2
years, and had 2 prior years of up to standard data within CPRD. 2,734 (6.0%) of these
patients died on the date of the ACS event (recorded in CPRD). Of the remaining 42,779
patients, 34,367 (80.3%) had linkage to secondary care records in HES.

Of the 34,367 patients with HES linkage, 29,417 (86.0%) had an ACS code recorded in
HES. Among patients with recorded ACS code in HES, 19,377 (65.9%) had an ACS
admission date which exactly matched the first primary care ACS date in CPRD, 6,695
(22.8%) had an ACS admission date within 1 and 7 days before or after the primary care
ACS date, 1,055 (3.6%) between 8 and 14 days, 475 (1.6%) between 15 and 21 days,
and 363 (1.2%) between 22 and 31 days. 1452 (4.9%) did not have an ACS record in HES
within 31 days of the primary care ACS date recorded in CPRD.

Of the 27,965 patients with a matching ACS record in HES and CPRD within 31 days, 19
did not have a hospital discharge date. For 3 patients, the last collection date for the
practice or the transfer out date was either the same as or preceded the hospital
discharge date, and a further 283 patients died during the ACS hospitalisation stay
(based on ONS data), leaving 27,660 patients. These 27,660 patients constituted the
study population for the analysis in this thesis. 14,648 patients who did not fit the
criteria for the study population were used as a sensitivity cohort, mainly for
descriptive purposes.
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Figure 6.1: Flow diagram describing the steps involved in identifying the study

population

45,513 English patients with an ACS code
between 01/01/2006 and 31/12/2016 in
CPRD

2,734 died at the time of ACS (in

42,779 alive with ACS code between 2006
and 2016 in CPRD

CPRD)

34, 367 CPRD patients with linkage to HES

’| 8,412 without linkage to HES

29, 417 with an ACS code in HES

4,950 without ACS code in HES

1,452 without a matching ACS admission

27,965 with matching ACS dates in HES
and CPRD within 31 days

in HES within 31 days of the CPRD ACS
event

305 Excluded
e 19 no date of hospital discharge

27,660
Constituted the study population

19

19 | ast collection date

e 283 died during the ACS
hospitalisation based on ONS
data.

e 1 practice *LCD precede
discharge date.

e 1 transfer out date same as
discharge date.

e 1 transfer out date precede
discharge date
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6.3.2 Baseline descriptive comparisons between the study population and the
sensitivity cohort

6.3.2.1  Socio-demographic characteristics

The socio-demographic characteristics of the study population and the sensitivity
cohort are described in table 6.1. The mean age of the study population was 70 years,
and were more commonly men (65%), from the white ethnic background (96%), with
higher percentages residing in the North West and Southern parts of England. The
sensitivity cohort and the study population did not generally differ on demographic
characteristics, although there were small differences in distribution by geographical

region.
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Table 6.1: Descriptive comparisons between the study population and the sensitivity
cohort by socio-demographic characteristics

Sensitivity

. Study population Overall
Demographics (n = 27,660) n i°1'11°;2 5 (N = 42308)
Age (years) (Mean % SD) 69.9 +£13.6 70.3+13.6 70.1+13.6
Gender (n, %)

Male 17855 (64.6) 9152 (62.5) 27007 (63.8)
Female 9805 (35.4) 5495 (37.5) 15300 (36.2)
BMI (kg/m?) (n, %)

Normal weight (BMI 18.50 to < 25) 5924 (30.4) 3100 (30.9) 9024 (30.5)
Underweight (BMI < 18.50) 387 (2.0) 227 (2.3) 614 (2.1)
Overweight (BMI 25 to < 30) 7829 (40.1) 3926 (39.1) 11755 (39.8)

Obese (BMI > 30) 5367 (27.5) 2794 (27.8) 8161 (27.6)
Smoking Status (n, %)
Non smoker 7460 (33.2) 4241 (35.7) 11701 (34.1)
Ex-smoker 8701 (38.7) 4739 (39.9) 13440 (39.1)
Current smoker 6311 (28.1) 2907 (24.5) 9218 (26.8)
Ethnicity (n, %)
White 26051 (95.6) 5769 (93.8) 31820 (95.3)
Black 135 (0.5) 52 (0.8) 187 (0.6)
Asian 806 (3.0) 235 (3.8) 1041 (3.1)
Other 251 (0.9) 95 (1.5) 346 (1.0)
IMD Quintiles (n, %)
Least deprived 5545 (20.1) 1389 (21.0) 6934 (20.2)
2 6057 (21.9) 1459 (22.1) 7516 (21.9)
3 5817 (21.0) 1403 (21.3) 7220(21.1)
4 5330 (19.3) 1253 (19.0) 6583 (19.2)
Most deprived 4893 (17.7) 1096 (16.6) 5989 (17.5)
Geographical region (n, %)
North East 712 (2.6) 272 (1.9) 984 (2.3)
North West 5105 (18.5) 2179 (14.9) 7284 (17.2)
Yorkshire & The Humber 1087 (3.9) 431 (2.9) 1518 (3.6)
East Midlands 745 (2.7) 885 (6.0) 1630 (3.9)
West Midlands 3346 (12.1) 1721 (11.7) 5067 (12.0)
East of England 3072 (11.1) 1380 (9.4) 4452 (10.5)
South West 3794 (13.7) 1520 (10.4) 5314 (12.6)
South Central 3537 (12.8) 2364 (16.1) 5901 (13.9)
London 2592 (9.4) 1874 (12.8) 4466 (10.6)
South East Coast 3670 (13.3) 2022 (13.8) 5692 (13.5)

SD: standard deviation, N: overall patients in CPRD, BMI: body mass index, IMD: index of multiple

deprivation.
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6.3.2.2  Comorbidities, in-hospital procedures, and pharmacological characteristics
The characteristics of the study population and sensitivity cohort are described by
baseline comorbidities, in-hospital procedures, and pharmacological characteristics in
table 6.2. Thirty percent of the study population had baseline CKD. The majority of the
study population were discharged on guideline-recommended dual antiplatelet therapy
with aspirin and a P2Y12 inhibitor (mostly clopidogrel), and 5.6 percent were managed
with oral anticoagulants. The sensitivity cohort and the study population did not
generally differ on comorbidities except for the higher prevalence of hyperlipidaemia
(in the sensitivity cohort) and CKD (in the study population). There were more patients
discharged on dual antiplatelet therapy in the study population than the sensitivity
cohort (59.5% versus 45.6%), and the sensitivity cohort were twice as likely as the study
population to have no recorded antithrombotic prescription at the time of hospital
discharge for ACS (16.9% versus 9.7%). For a detailed description of the combinations
of discharge antithrombotic drugs of the study population, the reader is referred to
appendix table 6.1.

Twenty-five percent of the study population had experienced bleeding complications
following hospital discharge (discussed in more detail in Chapter 7, section 7.1.3),

which was similar to the sensitivity cohort (23%).
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Table 6.2: Descriptive comparisons between the study population and the sensitivity
cohort on comorbidities, in-hospital procedures, and pharmacological characteristics

Study

Sensitivity

Comorbidities population cohort (Nozvjzrgg 8)
(n=27,660)  (n=14,648)
Diabetes (n, %) 5816 (21.0) 3178 (21.7) 8994 (21.3)
Hypertension (n, %) 7103 (25.7) 3771 (25.7) 10874 (25.7)
Heart failure (n, %) 2521 (9.1) 1451 (9.9) 3972 (9.4)
Cancer (n, %) 2957 (10.7) 1614 (11.0) 4571 (10.8)
PVD (n, %) 987 (3.6) 537 (3.7) 1524 (3.6)
Gastroduodenal ulcer (n, %) 171 (0.6) 124 (0.8) 295 (0.7)
COPD (n, %) 5560 (20.1) 3017 (20.6) 8577 (20.3)
Atrial fibrillation (n, %) 1734 (6.3) 1119 (7.6) 2853 (6.7)
Hyperlipidaemia (n, %) 17808 (64.4) 10309 (70.4) 28117 (66.5)
History of bleeding (n, %) 3322 (12.0) 1875 (12.8) 5197 (12.3)
Bleeding Post-discharge (n, %) 6891 (25.0) 3326 (22.7) 10217 (24.1)
CKD (eGFR < 60 mL/min/1.73 m?) (n, %) 8407 (30.4) 2759 (18.8) 11166 (26.4)
ACS presentation (n, %)
STEMI 3632 (13.1) 1320 (9.0) 4952 (11.7)
NSTEMI 10415 (37.7) 4182 (28.5) 14597 (34.5)
Not otherwise specified 13613 (49.2) 9146 (62.4) 22759 (53.8)
Haemoglobin (g/L (Mean % SD)) 135+18.9 134 +18.9 135+ 18.9
Diastolic (mm Hg (Mean % SD)) 77.1+£12.0 76.2+£11.5 76.8£11.8
Systolic (mm Hg (Mean * SD)) 137+19.5 135+19.3 136+19.4
White cell count (x10%/L (Median + IQR)) 7.4(6.2,9.1) 7.4(6.1,9.0) 7.4(6.2,9.0)
In-hospital procedures
Coronary angiography (only) (n, %) 4260 (15.4) 450 (3.1) 4710 (11.1)
PCI (n, %) 9685 (35.0) *400(2.7) 10085 (23.8)
Drug therapy (n, %)
Baseline NSAIDs 3483 (12.6) 1802 (12.3) 5285 (12.5)
Baseline SSRIs 2091 (7.6) 1247 (8.5) 3338(7.9)
Discharge Antithrombotic
Single antiplatelet 6954 (25.1) 4478 (30.6) 11432 (27.0)
Dual antiplatelet 16470 (59.5) 6680 (45.6) 23150 (54.7)
Oral anticoagulant 1559 (5.6) 1012 (6.9) 2571 (6.1)
No record 2677 (9.7) 2478 (16.9) 5155 (12.2)

* majority of patients did not have linkage to HES records, therefore in-hospital procedures only
ascertained for the few with linkage to HES data, eGFR: estimated glomerular filtration rate, ACS: acute
coronary syndrome, STEMI: ST-elevation myocardial infarction, NSTEMI: Non ST-elevation myocardial
infarction, PVD: peripheral vascular disease, COPD: chronic obstructive pulmonary disease, CKD: chronic
kidney disease, NSAID: non-steroidal anti-inflammatory drugs, SSRI: selective serotonin re-uptake
inhibitors, PCI: percutaneous coronary intervention, BMI: body mass index, SD: standard deviation, IQR:

interquartile range.
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6.3.3 Missing data

Table 6.3 describes the extent of missing data on baseline characteristics. Generally,
there was no difference in the prevalence of missing data between the study
population and the sensitivity cohort. Baseline haemoglobin, white cell count, systolic,
and diastolic blood pressure had the highest prevalence of missing data for both the
study population and the sensitivity cohort. Table 6.4 descriptively summarises the
study population with any missing data and those without missing data by socio-
demographic, comorbidities, in-hospital procedures, and pharmacological
characteristics. Patients who had missing data were on average younger (mean 68
years versus 73 years), with lower prevalence of comorbidities such as diabetes,
hypertension, COPD, hyperlipidaemia, history of bleeding complications, and CKD.
These patients who had missing data were more commonly managed with PCI during
the ACS hospitalisation stay and dual antiplatelet therapy with aspirin and a P2Y12
inhibitor post-hospital discharge.

Twenty-seven percent of the study population that did not have any missing data had
experienced bleeding complications following hospital discharge, which was slightly

higher than that of the population with missing data (23%).
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Table 6.3: Prevalence of missing data for baseline characteristics

Frequency and percentage of missing

Characteristic

Study population Sensitivity cohort Overall

(n = 27,660) (n = 14,648) (N = 42308)
BMI (kg/m?) (n, %) 8153 (29.5) 4601 (31.4) 12754 (30.1)
Smoking Status (n, %) 5188 (18.8) 2761 (18.8) 7949 (18.8)
Ethnicity (n, %) 417 (1.5) *8497 (58.0) 8914 (21.1)
IMD (n, %) 18 (0.1) 8048 (54.9) 8066 (19.1)
Haemoglobin (g/L) (n, %) 8703 (31.5) 4479 (30.5) 13182 (31.2)
Diastolic (mm Hg) (n, %) 9592 (34.7) 5325 (36.4) 14917 (35.3)
Systolic (mm Hg) (n, %) 9592 (34.7) 5325 (36.4) 14917 (35.3)
White cell count (x10%/L) (n, %) 8914 (32.2) 4643 (31.7) 13557 (32.0)

*Majority of patients did not have linkage to HES records, BMI: body mass index, CKD: chronic kidney

disease, IMD: index of multiple deprivation.
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Table 6.4: Baseline descriptive comparisons between those with any missing data and
those without in the study population

Demographics Meing Normissng
Age (years) (Mean % SD) 68.2+14.2 725+12.4
Gender (n, %)
Male 11007 (66.3) 6848 (62.0)
Female 5607 (33.7) 4198 (38.0)
BMI (kg/m?) (n, %)
Underweight (BMI < 18.50) 138 (1.6) 249 (2.3)
Normal weight (BM/ 18.50 to < 25) 2642 (31.2) 3282 (29.7)
Overweight (BMI 25 to < 30) 3405 (40.2) 4424 (40.1)
Obese (BMI 2 30) 2276 (26.9) 3091 (28.0)
Smoking Status (n, %)
Non smoker 3540 (31.0) 3920 (35.5)
Ex-smoker 4023 (35.2) 4678 (42.4)
Current smoker 3863 (33.8) 2448 (22.2)
Comorbidities
Diabetes (n, %) 2548 (15.3) 3268 (29.6)
Hypertension (n, %) 3499 (21.1) 3604 (32.6)
Heart failure (n, %) 1273 (7.7) 1248 (11.3)
Cancer (n, %) 1627 (9.8) 1330 (12.0)
PVD (n, %) 436 (2.6) 551 (5.0)
Gastroduodenal ulcer (n, %) 75 (0.5) 96 (0.9)
COPD (n, %) 2716 (16.3) 2844 (25.7)
Atrial fibrillation (n, %) 825 (5.0) 909 (8.2)
Hyperlipidaemia (n, %) 8990 (54.1) 8818 (79.8)
History of bleeding (n, %) 1517 (9.1) 1805 (16.3)
Bleeding post-discharge (n, %) 3945 (23.7) 2984 (27.0)
CKD (eGFR < 60 mL/min/1.73 m2) (n, %) 3947 (23.8) 4460 (40.4)
ACS presentation (n, %)
STEMI 2401 (14.5) 1231 (11.1)
NSTEMI 5747 (34.6) 4668 (42.3)
Not otherwise specified 8466 (51.0) 5147 (46.6)
Haemoglobin (g/L (Mean + SD)) 135+19.4 135+ 18.6
Diastolic (mm Hg (Mean + SD)) 78.5+12.1 76.1+11.8
Systolic (mm Hg (Mean * SD)) 138 £19.6 137+19.4
White cell count (x10%/L (Median + IQR)) 7.3(6.1,9.0) 7.5(6.2,9.1)
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Continuation

Missing

Non-missing

(n=16614) (11046)
In-hospital procedures
Coronary angiography (only) (n, %) 2511 (15.1) 1749 (15.8)
PCI (n, %) 6477 (39.0) 3208 (29.0)
Drug therapy (n, %)
Baseline NSAIDs 2009 (12.1) 1474 (13.3)
Baseline SSRIs 1075 (6.5) 1016 (9.2)
Discharge antithrombotic
Single antiplatelet 3886 (23.4) 3068 (27.8)
Dual antiplatelet 10390 (62.5) 6080 (55.0)
Oral anticoagulant 796 (4.8) 763 (6.9)
No record 1542 (9.3) 1135 (10.3)

eGFR: estimated glomerular filtration rate, ACS: acute coronary syndrome, STEMI: ST-elevation
myocardial infarction, NSTEMI: Non ST-elevation myocardial infarction, PVD: peripheral vascular disease,
COPD: chronic obstructive pulmonary disease, CKD: chronic kidney disease, NSAID: non-steroidal anti-
inflammatory drugs, SSRI: selective serotonin re-uptake inhibitors, PCl: percutaneous coronary
intervention, BMI: body mass index, SD: standard deviation, IQR: interquartile range.

6.3.4  Conclusion

There were 27,660 patients that fulfilled the study inclusion criteria and 14,648 that
constituted the sensitivity cohort. Overall, the study population and the sensitivity
cohort did not differ on the majority of baseline characteristics. Hence, results of
subsequent analyses should be generalisable to the wider English ACS population in
primary care. However, among those that fulfilled the inclusion criteria for the study
population, those that had missing data appeared to be younger and healthier than
those who did not. Ignoring these patients with missing data in subsequent analyses
may result in biased or inefficient measures of associations due to loss of power and
precision. Multiple imputation (described in detail in Chapter 5, section 5.6) will,
therefore, be carried out and all analyses for the remainder of the thesis will be based

on these imputed datasets.
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But first, using the identified study population, the next chapter (Chapter 7) will
examine the incidence, types, and timing of bleeding and mortality following hospital

discharge post ACS.
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Chapter 7.0: Incidence, timing and types of bleeding

events and mortality post-hospital discharge for ACS
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In the previous chapter, the study population was derived and described on baseline

characteristics. In this chapter, the crude incidence, timing, and types of bleeding

events and mortality post-hospital discharge are detailed (objective 3). The chapter is

divided into 2 sections: the first section (section 7.1) determines the incidence, timing,

and types/sites of bleeding events following hospital discharge post ACS. The second

section (section 7.2) determines mortality rates after hospital discharge following ACS.

7.1

The incidence, timing, and types/sites of bleeding events

The motivation for the descriptive study described in this chapter has been outlined in

detail in Chapters 1 and 3 of this thesis. But to recap, these are summarised as follows:

The incidence of bleeding following hospital discharge after ACS is unclear.

The majority of previous studies in the post-discharge setting reported only
episodes of bleeding events and not incidence of bleeding.

The emphasis in the majority of the previous studies have been on major
bleeding, with little consideration for minor and nuisance bleeding events,
which may be common post-discharge.

In the majority of the previous studies that reported on the episodes of
bleeding events, it was unclear whether patients were counted more than once
if they had more than one episode of bleeding.

There was wide variation in regards to length of follow up, type of ACS
presentation, severity and type of bleeding examined, demographic

characteristics of the study participants, and discharge antithrombotic regimen
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between the studies that reported on episodes of bleeding events post-hospital
discharge.
e There is uncertainty regarding the timing and types/sites of bleeding events

following hospital discharge post ACS.

To address these gaps in knowledge, this section reports on the descriptive study
determining the incidence, timing, and types/sites of bleeding events following hospital
discharge post ACS. Baseline characteristics are also descriptively compared between
those who sustained bleeding complications and those who did not, following hospital

discharge for ACS.
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7.1.1

7.1.1.1

Aim and Objectives

Aim

The overall aim was to determine the incidence, timing, and types/sites of bleeding

events following hospital discharge for ACS.

7.1.1.2

Specific objectives

To determine the incidence of bleeding events in the first 12 months after
hospital discharge following ACS.

To determine the incidence of bleeding events by time within the first 12
months after hospital discharge following ACS.

To determine the types/sites of bleeding events in the first 12 months after
hospital discharge following ACS.

To determine the baseline characteristics of those that experienced bleeding

complications in the first 12 months after hospital discharge following ACS.
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7.1.2 Methods
The method for determining the incidence of bleeding is described below. All analyses
described in this section are based on a first bleeding event for a patient following

hospital discharge for ACS.

7.1.2.1  Study design

This was a descriptive cohort study set within CPRD with linkage to HES and ONS
mortality data. Patients with a coded diagnosis for ACS between 1/1/2006 and
31/12/2016 were identified and followed prospectively for recorded bleeding
consultations post-hospital discharge for ACS. lIdentified patients had no prior
diagnostic record of ACS in the preceding 2 years (see inclusion criteria for the study
population, Chapter 5, section 5.3.1.1).

For the incidence of bleeding analysis, follow up started from the index date of hospital
discharge until date of first bleeding event within 12 months, or date patient ceased
contributing to CPRD due to death or leaving practice or practice leaving CPRD or the
end of 12 months from the index date of hospital discharge or the date of last data
collection at the time of data request. The incidence of bleeding within the first 12
months following hospital discharge was then determined per 1000 person-years with
associated 95% confidence intervals. The numerator for the incidence was the number
of patients with at least one episode of bleed following hospital discharge, and the
denominator was the total person-time at risk. The incidence of bleeding in the first 12
months following hospital discharge by timing of the bleeding events from the date of
hospital discharge were likewise determined (that is, incidence in each of the following

time periods: discharge — 30 days, 31 — 60 days, 61 — 90 days, 91 — 120 days, 121 — 150
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days, 151 — 180 days, 181 — 210 days, 211 — 240 days, 241 — 270 days, 271 — 300 days,
301 — 330 days, 331 — 365 days post-discharge, with the numerator being the number
of patients having first bleed within each time period and the denominator being the
total person-time at risk in each time period). The incidence of bleeding within the first
12 months after hospital discharge by severity (see Chapter 5 table 5.1 for bleeding
events that constituted serious and non-serious bleeds) and site of the bleeding events
were determined. When estimating the incidence of bleeding by severity and site, only
the relevant bleeding event was counted as a bleed and all others were ignored. For
example, when estimating the incidence of gastrointestinal bleeds, only first episodes
of these types of bleeding events were counted as bleeds and all other bleeding events
(such as intracranial bleeds) before or after the gastrointestinal bleed were ignored (i.e.

not counted as bleeding events).

7.1.2.2  Baseline characteristics of patients with bleeding complications

The baseline characteristics of patients who experienced bleeding in the first 12
months after hospital discharge for ACS were descriptively compared with those who
did not, followed by stratification (based on all first bleeds within 12 months) by
severity (serious and non-serious bleeds), timing of the bleed (bleeds within the first 30
days after hospital discharge, referred to as “early bleeds” and bleeds between 31 and
365 days post-hospital discharge referred to as “late bleeds” in this thesis), and
types/site-specific bleeding events post hospital discharge.

The definition for each of the baseline characteristics are detailed in Chapter 5, section
5.4. For socio-demographic characteristics and comorbidities, the baseline was defined
as the last recorded measurement or status in the previous 2 years prior to the date of
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hospital discharge, except BMI, which was defined as the last record until 30 days after
hospital discharge in order to capture the most recent BMI for a patient. In-hospital
procedure was defined as having the relevant procedure during hospitalisation.
Baseline for pharmacological characteristics was defined as having a relevant recorded
prescription in the previous 6 months prior to hospital discharge in the case of NSAIDs
and SSRIs, or within 90 days post-hospital discharge in the case of antithrombotic drugs
(see Chapter 5, section 5.4.2.4). Continuous variables are presented as mean and
standard deviation or median and IQR where the data were not normally distributed,

and categorical variables as frequencies and percentages.
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7.1.3 Results

7.1.3.1 Incidence of bleeding

Of the 27,660 patients that constituted the study population, 6,891 (25%) patients
experienced 12,034 bleeding events over a median follow-up of 1.96 years (IQR: 0.67,
4.19) post-hospital discharge. A greater proportion of the bleeding events (53% of all
first bleeds (3,620/6,891)) occurred within the first 12 months following hospital
discharge. Of the 3,620 patients with first bleeding events in the first 12 months after
hospital discharge, 74% (n = 2,673) only had one bleeding event, 18% (n = 654) had two
bleeding events, 5.4% (n = 197) had three bleeding events, and 2.6% had four or more
bleeding events within 12 months after discharge.

Overall, 13% (3,620/27,660) of patients had a bleeding event within 12 months after
hospital discharge. The median time to a first bleeding event within 12 months post-
hospital discharge was 123 days (IQR: 45, 223). The incidence of bleeding in the first 12
months of hospital discharge was 162/1000 person-years at risk (95% Cl: 157, 167), and
bleeding events occurred more frequently in the first 30 days following discharge
(figure 7.1). Nineteen percent of patients that had a bleeding event within the first 12
months after hospital discharge had their first bleeding event in the first 30 days.
Figure 7.2 illustrates the crude incidence of bleeding within 12 months after hospital
discharge for ACS by year of index hospital discharge. The incidence within this period
ranged from 153 to 201/1000 person-years at risk. The incidence fluctuated but

remained reasonably steady between 2006 and 2014, and peaked in 2015.
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Figure 7.1: Crude incidence rates (per 1000 person-years at risk) of bleeding within 12
months after hospital discharge by time from date of hospital discharge
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Figure 7.2: Crude incidence rates (per 1000 person-years at risk) of bleeding within 12
months after hospital discharge by year of index hospital discharge
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7.1.3.2  Bleeding by severity

When the incidence of bleeding within the first 12 months following hospital discharge
was split by severity, the incidence of a severe first bleed was 96/1000 person-years
(95% Cl: 92, 100) and 67/1000 person-years (95% Cl: 63, 70) for non-serious first
bleeds. The median time to a serious first bleeding event in the first 12 months
following hospital discharge was 121 days (IQR: 43, 233), and 134 days (IQR: 51, 220)
for non-serious first bleeding events. Both serious and non-serious bleeding events

occurred more frequently in the first 30 days following hospital discharge for ACS.
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7.1.3.3  Types/site-specific bleeding events

Table 7.1 summarises the incidence and timing of site-specific bleeding events within
the first 12 months following hospital discharge for ACS. In this period, bruising was the
most common type of first bleeding event post-hospital discharge (26% of all first
bleeds), followed by gastrointestinal (20%) and other unclassified bleeds (19%, defined
as ruptured aneurysms, haemarthrosis, haematoma, anaemia, and haemopericardium).
Generally, the incidence of site-specific bleeds was highest for bruising (42/1000

person-years at risk), and lowest for intracranial bleeds (3/1000 person-years at risk).

Table 7.1: Incidence and timing of each type of bleeding event within 12 months post-
hospital discharge

leedi Incidence rate Timing of bleed within
Type of bleed ] ((yBo s:alllnfgirgg‘::ds) (per 1000 person-years) 12 months (days)
Rate (95% Cl) Median (IQR)

Bruising 949 (26%) 42 (40 to 45) 132 (51 to 217)
Gastrointestinal 705 (20%) 32 (30 to 35) 123 (44 to 235)
Other unclassified 700 (19%) 32 (30 to 35) 125 (48 to 239)
Respiratory/ENT 582 (16%) 27 (25 to 29) 135 (54 to 229)
Genitourinary 468 (13%) 22 (20 to 24) 129 (46 to 239)
Intraocular 135 (4%) 6(5to7) 167 (61 to 243)
Intracranial 81 (2%) 3(3to4) 113 (44 to 220)

IQR; interquartile range, ENT; ear, nose, throat

Figure 7.3 summarises the percentage of different types of bleeding events (based on
overall first bleeds n = 3,620) within the first 12 months following hospital discharge
stratified by bleeding severity, age, gender, in-hospital management strategy, and
discharge antithrombotic therapy. Generally, gastrointestinal, respiratory/ENT and
other unclassified bleeds were more common among men than women (figure 7.3 C).

Intracranial bleeds were more common in those managed medically during the index
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ACS hospitalisation (figure 7.3 D). Figure 7.3 A shows that 64% of all non-serious
bleeding events were bruising. Figure 7.3 B shows that in those aged 80 years and over,

22% of first bleeds were intracranial, compared to only 15% in those aged 60 years and

under.

165



Figure 7.3: Percentage of different types of bleeding events (based on overall first bleeds
n = 3,620) in the first 12 months following hospital discharge by bleeding severity, age,
gender, in-hospital management strategy, and discharge antithrombotic drugs
combination
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7.1.3.4  Baseline characteristics of patients with bleeding complications

7.1.3.4.1 Characteristics of patients that experienced bleeding complications in the first
12 months following hospital discharge for ACS.

Of the overall 27,660 patients that comprised the study population, 3,620 (13%)
experienced bleeding complications in the first 12 months following hospital discharge.
Table 7.2 summarises the baseline characteristics of those that experienced bleeding
complications and those that did not within the first 12 months after hospital discharge
for ACS. Those that experienced bleeding complications following hospital discharge for
ACS were on average older (mean 72 vs 70 years), and more commonly ex-smokers, with
higher prevalence of baseline hypertension, COPD, hyperlipidaemia, CKD, history of
bleeding complications (in the previous 2 years prior to hospital discharge), and lower
levels of haemoglobin. Those that experienced bleeding events were also more
commonly treated with oral anticoagulants post-discharge. Of the 3,620 patients that
experienced bleeding complications in the first 12 months, 21% had a history of bleeding,
of which 8% consulted with the same type of bleeding event post discharge and the

remaining 13% consulted with a different type of bleeding event.

These baseline characteristics are also summarised in appendix tables 7.1 and 7.2 by age,

gender, in-hospital management strategy, and discharge antithrombotic therapy.
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Table 7.2: Baseline characteristics of the study population by bleeding events within 12

months post-hospital discharge

Demographic characteristics

Bleeding post-discharge

Bleed (n = 3620)

No bleed (n = 24040)

Age (year) (Mean +SD)
Age (n, %)
<65
66 - 80
>80
Gender (n, %)
Male
Female
BMI (kg/m?) (n, %)
Underweight (BMI < 18.50)

Normal weight (BMI 18.50 to < 25)

Overweight (BMI 25 to < 30)
Obese (BMI > 30)
Smoking Status (n, %)
Non-smoker
Ex-smoker
Current smoker
Comorbidities
Diabetes (n, %)
Hypertension (n, %)
Heart failure (n, %)
Cancer (n, %)
PVD (n, %)
Gastroduodenal ulcer (n, %)
COPD (n, %)
Atrial fibrillation (n, %)
Hyperlipidaemia (n, %)
History of bleeding (n, %)
CKD (eGFR < 60 mL/min/1.73 m?(n, %))
ACS presentation (n, %)
STEMI
NSTEMI

ACS Not otherwise specified
Haemoglobin (g/L (Mean % SD))
Diastolic (mm Hg (Mean * SD))
Systolic (mm Hg (Mean £ SD))
White cell count (x10°/L (Median * IQR))
In-hospital procedures
Coronary angiography (only) (n, %)

72.1+12.9

1079 (29.8)
1433 (39.6)
1108 (30.6)

2126 (58.7)
1494 (41.3)

62 (2.3)
828 (31.4)
1031 (39.0)
720 (27.3)

1032 (34.0)
1269 (41.8)
735 (24.2)

814 (22.5)
1075 (29.7)
337(9.3)
431 (11.9)
174 (4.8)
30(0.8)
944 (26.1)
284 (7.8)
2499 (69.0)
759 (21.0)
1314 (36.3)

439 (12.1)

1452 (40.1)
1729 (47.8)
132+19.8

76.2+12.1
137 +19.8
7.4(6.2,8.9)

567 (15.7)

69.6 £13.7

9309 (38.7)
8614 (35.8)
6117 (25.4)

15729 (65.4)
8311 (34.6)

325(1.9)
5096 (30.2)
6798 (40.3)
4647 (27.6)

6428 (33.1)
7432 (38.2)
5576 (28.7)

5002 (20.8)
6028 (25.1)
2184 (9.1)
2526 (10.5)
776 (3.2)
141 (0.6)
4616 (19.2)
1450 (6.0)
15309 (63.7)
2563 (10.7)
7093 (29.5)

3193 (13.3)
8963 (37.3)
11884 (49.4)
136 + 18.7
77.2+12.0
137+19.4
7.4(6.2,9.1)

3693 (15.4)

169



Bleeding post-discharge

Continuation

Bleed (n = 3620) No bleed (n = 24040)
In-hospital procedures
PCl (n, %) 1201 (33.2) 8484 (35.3)
Drug therapy (n, %)
Baseline NSAIDs 500 (13.8) 2983 (12.4)
Baseline SSRIs 320 (8.8) 1771 (7.4)
Discharge antithrombotic
Single antiplatelet 908 (25.1) 6046 (25.1)
Dual antiplatelet 2151 (59.4) 14319 (59.6)
Oral anticoagulant 276 (7.6) 1283 (5.3)
No record 285 (7.9) 2392 (10.0)

SD: standard deviation, n: number of patients in each category, ACS: acute coronary syndrome, STEMI: ST-
elevation myocardial infarction, NSTEMI: Non ST-elevation myocardial infarction, IQR: interquartile range,
MiI: myocardial infarction, PVD: peripheral vascular disease, COPD: chronic obstructive pulmonary disease,
CKD: chronic kidney disease, eGFR: estimated glomerular filtration rate, NSAID: non-steroidal anti-
inflammatory drugs, SSRI: selective serotonin re-uptake inhibitors, PCI: percutaneous coronary intervention,
BMI: body mass index..

7.1.3.4.2 Characteristics of patients that experienced bleeding complications in the first
12 months following hospital discharge by severity and timing of bleed (based
on first bleeds)
Table 7.3 describes the baseline characteristics of those that experienced serious, non-
serious, early, and late bleeding events post-hospital discharge. Compared to patients
that experienced serious bleeding events, those that experienced non-serious bleeding
events were on average younger (mean 71 vs 73 years), with a higher proportion of
women, and lower prevalence of comorbidities (table 7.3). Those that experienced non-
serious bleeding events were also more commonly discharged on dual antiplatelet
therapy (65% vs 56%).
Patients who experienced early bleeding events (defined as bleeds within the first 30 days
after hospital discharge) in comparison to those experiencing these bleeding events at a
later time point post-hospital discharge were on average older (mean age 73 vs 72 years),
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with higher prevalence of cancer, CKD, and lower levels of haemoglobin. A lower
percentage of the patients that experienced early bleeding events were managed with
coronary angiography during the index ACS hospitalisation. Those that experienced early
bleeding events were also less commonly discharged on dual antiplatelets, and had a
higher percentage of patients without recorded antithrombotic prescription at the time

of hospital discharge (13% vs 7%) (table 7.3).
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Table 7.3: Characteristics of patients that experienced bleeding complications in the
first 12 months following hospital discharge by severity and timing of bleed (based on

first bleeds)

Demographic

Bleeding post-discharge

Serious

Non-serious

characteristics No bleed bleeds bleeds Early bleeds  Late bleeds
(n = 24040) (n = 2126) (n = 1494) (n = 698) (n= 2922)
Age (year) (Mean + SD) 69.6 + 13.7 729+12.8 70.9+13.0 73.3+13.3 71.8+12.8
Gender (n, %)
Male 15729 (65.4) 1324 (62.3) 802 (53.7) 403 (57.7) 1723 (59.0)
Female 8311 (34.6) 802 (37.7) 692 (46.3) 295 (42.3) 1199 (41.0)
BMI (kg/m?) (n, %)
Underweight
(BMI < 18.50) 325 (1.9) 32 (2.1) 30(2.8) 11 (2.1) 51 (2.4)
Normal weight
(BMI 18.50 to < 25) 5096 (30.2) 496 (31.9) 332 (30.5) 175 (33.6) 653 (30.8)
Overweight
(BMI 25 to < 30) 6798 (40.3) 582 (37.5) 449 (41.3) 202 (38.8) 829 (39.1)
Obese (BMI > 30) 4647 (27.6) 444 (28.6) 276 (25.4) 133 (25.5) 587 (27.7)
Smoking Status (n, %)
Non-smoker 6428 (33.1) 591 (32.9) 441 (35.6) 202 (35.1) 830 (33.7)
Ex-smoker 7432 (38.2) 766 (42.7) 503 (40.6) 236 (41.0) 1033 (42.0)
Current smoker 5576 (28.7) 439 (24.4) 296 (23.9) 138 (24.0) 597 (24.3)
Comorbidities
Diabetes (n, %) 5002 (20.8) 546 (25.7) 268 (17.9) 152 (21.8) 662 (22.7)
Hypertension (n, %) 6028 (25.1) 647 (30.4) 428 (28.6) 215 (30.8) 860 (29.4)
Heart failure (n, %) 2184 (9.1) 221 (10.4) 116 (7.8) 70 (10.0) 267 (9.1)
Cancer (n, %) 2526 (10.5) 272 (12.8) 159 (10.6) 104 (14.9) 327 (11.2)
PVD (n, %) 776 (3.2) 110 (5.2) 64 (4.3) 29 (4.2) 145 (5.0)
s;’“md“ode”a' ulcer (n, 141 (0.6) 25 (1.2) 5(0.3) xx 27 (0.9)
(o]
COPD (n, %) 4616 (19.2) 581 (27.3) 363 (24.3) 178 (25.5) 766 (26.2)
Atrial fibrillation (n, %) 1450 (6.0) 179 (8.4) 105 (7.0) 57 (8.2) 227 (7.8)
Hyperlipidaemia (n, %) 15309 (63.7)  1493(70.2) 1006 (67.3) 464 (66.5) 2035 (69.6)
History of bleeding (n, %) 2563 (10.7) 511 (24.0) 248 (16.6) 158 (22.6) 601 (20.6)
CKD (eGFR < 60
mL/min/1.73 m2 (n, %)) 7093 (29.5) 819 (38.5) 495 (33.1) 280 (40.1) 1034 (35.4)
ACS presentation (n, %)
STEMI 3193 (13.3) 236 (11.1) 203 (13.6) 73 (10.5) 366 (12.5)
NSTEMI 8963 (37.3) 880 (41.4) 572 (38.3) 290 (41.5) 1162 (39.8)
Not otherwise specified 11884 (49.4) 1010 (47.5) 719 (48.1) 335 (48.0) 1394 (47.7)
Haemoglobin
+ + + + +
(g/L (Mean + SD)) 136 +18.7 130+ 20.0 135+19.2 129 +23.2 133+18.9
Diastolic
+ + + + +
(mm Hg (Mean # SD)) 77.2+12.0 75.7+12.3 76.8+11.8 75.9+11.9 76.2+12.2
Systolic 137+19.4 137£208 1374184  137+19.5  137:19.9

(mm Hg (Mean + SD))
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Bleeding post-discharge

o e —
Continuation No bleed erious ONSerioUS " Early bleeds  Late bleeds

bleeds bleeds
(n = 24040) (n = 2126) (n = 1494) (n=698) (n= 2922)

White cell count
(x10%/L (Median * IQR))
In-hospital procedures
Coronary angiography
(only) (n, %)

7.4(6.2,9.1) 75(6.2,9.1) 7.2(6.1,87) 7.4(6.2,9.0) 7.4(6.2,8.9)

3693 (15.4) 346 (16.3) 221 (14.8) 90 (12.9) 477 (16.3)

PCl (n, %) 8484 (35.3) 644 (30.3) 557 (37.3) 227 (32.5) 974 (33.3)
Drug therapy (n, %)
Baseline NSAIDs 2983 (12.4) 290 (13.6) 210 (14.1) 82 (11.7) 418 (14.3)
Baseline SSRIs 1771 (7.4) 186 (8.7) 134 (9.0) 61 (8.7) 259 (8.9)
Discharge antithrombotic
Single antiplatelet 6046 (25.1) 559 (26.3) 349 (23.4) 213 (30.5) 695 (23.8)
Dual antiplatelet 14319 (59.6) 1184 (55.7) 967 (64.7) 336 (48.1) 1815 (62.1)
Oral anticoagulant 1283 (5.3) 172 (8.1) 104 (7.0) 58 (8.3) 218 (7.5)
No record 2392 (10.0) 211 (9.9) 74 (5.0) 91 (13.0) 194 (6.6)

*** frequency count is < 5, SD: standard deviation, n: number of patients in each category, ACS: acute
coronary syndrome, STEMI: ST-elevation myocardial infarction, NSTEMI: Non ST-elevation myocardial
infarction, IQR: interquartile range, MI: myocardial infarction, PVD: peripheral vascular disease, COPD:
chronic obstructive pulmonary disease, CKD: chronic kidney disease, eGFR: estimated glomerular
filtration rate, NSAID: non-steroidal anti-inflammatory drugs, SSRI: selective serotonin re-uptake
inhibitors, PCI: percutaneous coronary intervention, BMI: body mass index, Early bleeds: defined as first
bleeds within the first 30 days after hospital discharge, Late bleeds: defined as first bleeds between 31
and 365 days post-hospital discharge.

7.1.3.4.3 Characteristics of patients that experienced bleeding complications in the
first 12 months following hospital discharge by type/site of bleeding (based
on first bleeds)

Table 7.4 summarises the baseline characteristics of the study population by type/site

of first bleeding event within 12 months after hospital discharge. The majority of

patients whose first bleeding events post-hospital discharge were intracranial, or other

unclassified bleeds (mainly: ruptured aneurysms, haemarthrosis, haematoma, anaemia,

and haemopericardium) were on average older (mean age of 76 years for intracranial

bleeds and 74 years for other unclassified bleeds). More females commonly reported
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minor bruising than their male counterparts’ post-hospital discharge, whereas the
opposite is true for all other bleeds. Patients that experienced intracranial bleeding
events post-hospital discharge had higher prevalence of baseline diabetes, atrial
fibrillation, CKD, and a lower percentage were managed with PCl during the index ACS
hospitalisation. This group of patients were also less commonly discharged on dual
antiplatelets or oral anticoagulants, and 27% did not have any record of an
antithrombotic prescription at discharge. Patients who experienced gastrointestinal
bleeding events post-hospital discharge had a higher prevalence of baseline
hypertension, cancer, gastroduodenal ulcer, and CKD. Whereas those that experienced
respiratory/ENT bleeds had a higher prevalence of heart failure, cancer, hypertension,

and COPD in the previous 2 years before hospital discharge (table 7.4).
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Table 7.4: Characteristics of patients with bleeding complications in the first 12 months following hospital discharge by first type/site of bleeding

event

Demographic characteristics

Types/site-specific bleeding events post-discharge

Bruising Respiratory/ENT Gastrointestinal Genitourinary Intraocular Intracranial  Other unclassified bleeds
(n =949) (n=582) (n=705) (n =468) (n=135) (n=281) (n =700)
Age (year) (Mean + SD) 69.6 £13.0 72.6 £12.7 71.9+13.6 72.1+13.5 72.4+10.9 76.3+11.8 74.4+11.6
Gender (n, %)
Male 456 (48.1) 374 (64.3) 445 (63.1) 313 (66.9) 89 (65.9) 45 (55.6) 404 (57.7)
Female 493 (51.9) 208 (35.7) 260 (36.9) 155 (33.1) 46 (34.1) 36 (44.4) 296 (42.3)
BMI (kg/m?) (n, %)
Underweight (BMI < 18.50) 20(2.9) 12 (2.9) 9(1.8) 5(1.5) ¥ o 11 (2.1)
Normal weight (BMI 18.50 to < 25) 202 (29.5) 133 (31.6) 154 (30.0) 101 (30.4) 36 (35.3) 29 (48.3) 173 (32.8)
Overweight (BMI 25 to < 30) 286 (41.8) 165 (39.2) 202 (39.4) 123 (37.0) 36 (35.3) 20(33.3) 199 (37.7)
Obese (BMI = 30) 177 (25.8) 111 (26.4) 148 (28.8) 103 (31.0) 28 (27.5) 8(13.3) 145 (27.5)
Smoking Status (n, %)
Non-smoker 288 (36.5) 152 (31.3) 201 (34.0) 126 (32.4) 39 (34.8) 24 (38.7) 202 (33.4)
Ex-smoker 290 (36.7) 221 (45.5) 235 (39.7) 175 (45.0) 51 (45.5) 27 (43.5) 270 (44.6)
Current smoker 212 (26.8) 113 (23.3) 156 (26.4) 88 (22.6) 22 (19.6) 11 (17.7) 133 (22.0)
Comorbidities
Diabetes (n, %) 159 (16.8) 121 (20.8) 155 (22.0) 104 (22.2) 35 (25.9) 22 (27.2) 218 (31.1)
Hypertension (n, %) 254 (26.8) 200 (34.4) 206 (29.2) 123 (26.3) 48 (35.6) 22 (27.2) 222 (31.7)
Heart failure (n, %) 65 (6.8) 67 (11.5) 67 (9.5) 41 (8.8) 8(5.9) rEX 85(12.1)
Cancer (n, %) 95 (10.0) 78 (13.4) 95 (13.5) 61 (13.0) 13 (9.6) 7 (8.6) 82 (11.7)
PVD (n, %) 36 (3.8) 29 (5.0) 28 (4.0) 23 (4.9) 6 (4.4) il 49 (7.0)
Gastroduodenal ulcer (n, %) HAk HAk 10(1.4) Ak Ak HoEx 9(1.3)
COPD (n, %) 216 (22.8) 178 (30.6) 182 (25.8) 121 (25.9) 30(22.2) 20 (24.7) 197 (28.1)
Atrial fibrillation (n, %) 60 (6.3) 51(8.8) 49 (7.0) 45 (9.6) 9(6.7) 15 (18.5) 55 (7.9)
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Continuation

Types/site-specific bleeding events post-discharge

Bruising Respiratory/ENT Gastrointestinal Genitourinary Intraocular Intracranial  Other unclassified bleeds
(n =949) (n=582) (n=705) (n =468) (n=135) (n=81) (n=700)
Hyperlipidaemia (n, %) 626 (66.0) 405 (69.6) 497 (70.5) 313 (66.9) 101 (74.8) 49 (60.5) 508 (72.6)
History of bleeding (n, %) 138 (14.5) 127 (21.8) 162 (23.0) 126 (26.9) 30 (22.2) 18 (22.2) 158 (22.6)
CKD (eGFR < 60 mL/min/1.73 m?(n, %)) 305 (32.1) 188 (32.3) 258 (36.6) 158 (33.8) 63 (46.7) 34 (42.0) 308 (44.0)
ACS presentation (n, %)
STEMI 122 (12.9) 81(13.9) 103 (14.6) 50 (10.7) 16 (11.9) 12 (14.8) 55 (7.9)
NSTEMI 370 (39.0) 225 (38.7) 271 (38.4) 184 (39.3) 53(39.3) 32(39.5) 317 (45.3)
Not otherwise specified 457 (48.2) 276 (47.4) 331 (47.0) 234 (50.0) 66 (48.9) 37 (45.7) 328 (46.9)
Haemoglobin (g/L (Mean % SD)) 136+ 17.6 133+21.2 133+20.5 133+19.0 134+19.0 130+ 23.5 125+19.0
Diastolic (mm Hg (Mean % SD)) 77.4+11.7 75.9+11.6 76.9+12.2 75.4+12.0 75.3+10.9 78.6+14.2 74.4+12.6
Systolic (mm Hg (Mean # SD)) 137+18.1 136+19.1 137+20.4 136 +20.0 136+ 18.2 142 +22.7 138 +21.8
White cell count (x10°/L (Median +IQR)) 7.2 (6.1, 8.7) 7.5(6.2,9.1) 7.6 (6.3, 9.0) 7.5(6.2,9.2) 7.3(6.0,8.6) 7.4(6.1,9.8) 7.5(6.2, 8.9)
In-hospital procedures
Coronary angiography (only) (n, %) 154 (16.2) 78 (13.4) 105 (14.9) 80 (17.1) 19 (14.1) 7 (8.6) 124 (17.7)
PCl (n, %) 366 (38.6) 198 (34.0) 232 (32.9) 154 (32.9) 48 (35.6) 22 (27.2) 181 (25.9)
Drug therapy (n, %)
Baseline NSAIDs 131 (13.8) 88 (15.1) 95 (13.5) 70 (15.0) 16 (11.9) 6 (7.4) 94 (13.4)
Baseline SSRls 96 (10.1) 43 (7.4) 64 (9.1) 44 (9.4) 15(11.1) 6(7.4) 52 (7.4)
Discharge antithrombotic
Single antiplatelet 211 (22.2) 153 (26.3) 181 (25.7) 113 (24.1) 21 (15.6) 19 (23.5) 210 (30.0)
Dual antiplatelet 651 (68.6) 339 (58.2) 394 (55.9) 275 (58.8) 87 (64.4) 38 (46.9) 367 (52.4)
Oral anticoagulant 51(5.4) 55 (9.5) 46 (6.5) 40 (8.5) 17 (12.6) Hkk 65 (9.3)
No record 36 (3.8) 35 (6.0) 84 (11.9) 40 (8.5) 10(7.4) 22 (27.2) 58 (8.3)

*** frequency count is < 5, SD: standard deviation, n: number of patients in each category, ENT: ear nose throat, ACS: acute coronary syndrome, STEMI: ST-elevation myocardial
infarction, NSTEMI: Non ST-elevation myocardial infarction, IQR: interquartile range, MI: myocardial infarction, PVD: peripheral vascular disease, COPD: chronic obstructive
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pulmonary disease, CKD: chronic kidney disease, eGFR: estimated glomerular filtration rate, NSAID: non-steroidal anti-inflammatory drugs, SSRI: selective serotonin re-uptake
inhibitors, PCI: percutaneous coronary intervention, BMI: body mass index.
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7.2 Mortality

In this section, mortality rates after hospital discharge following ACS are determined,
mainly to inform the analysis investigating the association of bleeding with all-cause
mortality in Chapter 9. The motivation for the present descriptive study has been

outlined in Chapters 1, 3, and in more detail in Chapter 9 of this thesis.

7.2.1  Aim and Objectives
7.2.1.1 Aim
The overall aim was to determine the rate and timing of mortality following

bleeding events after hospital discharge post ACS.

7.2.1.2  Specific objectives
e To determine the rate of mortality following bleeding complications in the first
12 months after hospital discharge post ACS.
e To determine the rate of mortality by time from the bleeding events within the
first 12 months after hospital discharge following ACS.
e To determine the rate of mortality by type/site of bleeding in the first 12

months after hospital discharge following ACS.
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7.2.2  Methods

The method for determining mortality rate is described below. All analyses described in
this section are based on a first bleeding event for a patient post-hospital discharge for
ACS, and all deaths are based on ONS mortality records. The comparison of death

recording between ONS and CPRD was mainly carried out for completeness.

7.2.2.1  Study design

This was a descriptive cohort study set within CPRD with linkage to HES and ONS
mortality data. Patients with a coded diagnosis for ACS between 1/1/2006 and
31/12/2016 were identified and followed prospectively for recorded bleeding
consultations post-hospital discharge for ACS. ldentified patients had no prior
diagnostic record of ACS in the preceding 2 years (see inclusion criteria for the study
population, Chapter 5, section 5.3.1.1).

For the mortality rate analysis, bleeding was treated as a time-varying variable, so that
patients contributed to the no bleeding group before the date of their first bleeding
event and then to the bleeding group thereafter. Follow up, therefore, started from
date of hospital discharge until death or date patient ceased contributing to CPRD due
to the patient leaving practice or the practice leaving CPRD or the end of 12 months
from the index date of hospital discharge or the date of last data collection at the time
of data request. Mortality rates within the first 12 months following hospital discharge
were then determined among those that experienced bleeding complications and
those that did not, using the same procedure described above for incidence of
bleeding. For those that did not experience bleeding events, the numerator for the

mortality rate was the number of patients dying without a bleed. Person-time at risk
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was the time from hospital discharge to the earliest of death, censoring or first bleed.
The denominator was the sum of the individual person-time at risk. For those that
experienced bleeding events, the numerator was the number of patients dying after a
bleed. Person-time at risk was the time from first bleeding event to the earliest of
death or censoring. The denominator was the sum of the individual person-time at risk.
The rate of mortality after a bleed, by timing of death from the date of the bleeding
event was determined (that is, rate in each of the following time periods: 0 — 30 days,
31 - 60 days, 61 — 90 days, 91 — 120 days, 121 — 150 days, 151 — 180 days, 181 — 210
days, 211 — 240 days, 241 — 270 days, 271 — 300 days, 301 — 330 days, 331 — 365 days
post-bleed, with the numerator being the number of patients dying after a bleed within
each time period and the denominator being the sum of the individual person-time at
risk in each time period). The rate of mortality in the first 12 months after hospital
discharge by severity and site of the bleeding event (based on all first bleeds) were

likewise determined.
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7.2.3  Results

Of the 27,660 patients that constituted the study population, 6,692 had a death record
in ONS and 5,399 in CPRD. Ninety-nine percent (n = 5,366) of those with a record in
CPRD also have a corresponding record in ONS. Of those with a record in CPRD (n =
5,366), 96.7 percent (n = 5,190) had a date of death which exactly matched the ONS
date, 3 percent (n = 159) had a match within 31 days before or after the ONS date, and
for the remaining 0.3 percent (n = 16), the CPRD date of death did not match the ONS
date within 31 days.

Overall, 24 percent (n = 6,692) of the study population died over a median follow-up of
1.48 years after hospital discharge following ACS. 9.6% (n = 2,657) of the study
population died within the first 12 months of hospital discharge for ACS. Table 7.5
summarises the percentage of patients that died as a result of bleeding, cardiovascular,
or non-cardiovascular and non-bleeding causes over the whole duration of follow up,
and at 12 months following hospital discharge for ACS. In the first 12 months, 2.4% of
patients that died had a bleeding-related cause of death, and 55% of patients died from
cardiovascular causes. While in 43% of patients, the underlying cause of death was
recorded as non-cardiovascular and non-bleeding related. Among patients that died as
a result of bleeding complications in the first 12 months following hospital discharge (n
= 63), 89 percent (n = 56) died from their first bleeding event, and the remaining 11
percent (n = 7) died from a subsequent bleed which was different from the first
bleeding event. Overall, 2.5% (n = 66) of patients that died within the first 12 months
following hospital discharge died on the day of bleed and 4.6% (n = 121) died within 30

days of the bleeding event.
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Table 7.5: Primary causes of deaths over the whole duration of follow up, and at 12
months after hospital discharge for ACS in the overall study population

All deaths over the whole Deaths within 12 months following
Primary cause of death duration of follow up hospital discharge
n (%) (N = 6,692) n (%) (N = 2,657)
Bleeding 167 (2.5) 63 (2.4)
Intracranial 81(1.2) 31(1.2)
Ruptured aneurysm 46 (0.7) 14 (0.5)
Respiratory HEAE Hk
Gastrointestinal 39(0.6) 17 (0.6)
Cardiovascular 3185 (47.6) 1448 (54.5)
Non-cardiovascular/bleeding 3340 (49.9) 1146 (43.1)

*** frequency count is < 5,

The rate of mortality within the first 12 months following hospital discharge was
109/1000 person-years at risk (95% Cl: 105, 113) overall. Among those that
experienced bleeding complications following hospital discharge, the rate of mortality
after the bleed in the first 12 months following discharge was 184/1000 person-years
at risk (95% Cl: 166, 204), and mortality was more frequent in the first 30 days
following the bleeding event (figure 7.4). Among patients that experienced bleeding
complications and died within the first 12 months after hospital discharge, 18% of all
deaths occurred on the day of bleed and 33% within 30 days of the bleeding event.
Compared to patients who did not experience bleeding complications, those that did
experience bleeding events in the first 12 months following hospital discharge had a
higher rate of mortality (figure 7.5). In patients that experienced bleeding
complications and died within the first 12 months following hospital discharge, 17% of
all deaths were attributed to bleeding, 38% to cardiovascular, and 45% to non-
cardiovascular and non-bleeding causes. Whereas in those that did not experience any
bleeding event, 57% of all deaths were due to cardiovascular causes and the remaining

43% to non-cardiovascular and non-bleeding causes.
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Figure 7.4: Rate of mortality in patients with first bleed within 12 months following
hospital discharge for ACS by timing of death post-bleed
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Figure 7.5: Mortality rate in the first 12 months following hospital discharge by
bleeding
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7.2.3.1  Mortality by bleeding severity

When rate of mortality was stratified by bleeding severity within the first 12 months
following hospital discharge, the rate was higher among those that experienced serious
bleeding events as their first bleed (234/1000 person-years at risk (95% Cl: 207, 264))
than in those experiencing non-serious bleeds (116/1000 person-years at risk (95% Cl: 95,
141), figure 7.6). Among patients that experienced serious bleeding events and died
within the first 12 months following hospital discharge, 21% of all deaths were attributed
to bleeding, 33% to cardiovascular, and 46% to non-cardiovascular and non-bleeding
causes. Whereas in those that experienced non-serious bleeds, 6% of all deaths were due
to bleeding, 52% to cardiovascular, and the remaining 42% to non-cardiovascular and

non-bleeding causes.

Figure 7.6: Mortality rate within the first 12 months following hospital discharge by
bleeding severity

100

75

Mortality rates per 1000 person years

———234 (95% Cl: 207, 264)
504 116 (95% CI: 95, 141)

All-cause mortality (%)

25

T T T T T T T T T T T T
0 30 60 90 120 150 180 210 240 270 300 330 360

. Days post hospital discharge
Number at risk ys P P o

Serious bleed
Nonserious bleed

o

417 636 821 976 1105 1209 1300 1407 1499 1569 1630 1679
248 419 561 661 771 883 989 1074 1126 1192 1241 1265

o

Serious bleed —  Nonserious bleed

184



7.2.3.2  Mortality by type/site-specific bleeds

Table 7.6 summarises the mortality rate for each site-specific bleeding event (based on
first bleeds) in the first 12 months following hospital discharge for ACS. Overall, mortality
rates were higher among those that experienced gastrointestinal, respiratory, and other
unclassified bleeding events, and highest in those experiencing intracranial bleeds post-

hospital discharge (figure 7.7).

Table 7.6: Mortality rates and causes of death within the first 12 months following
hospital discharge by type/site of first bleed

Cause of death within 12 months

No: of . post-hospital discharge
Type/site- No: person Mortality rate
Zzecific with No:of -years per 1000 dNon— I
bleeds bleeq death  of person-years  Bleeding Cardiovasc - '/°"aS°“
observ (95% Cl) (n, %) ular (n, %) ar/non-
ation ! ! bleeding (n,
%)
Bruising 949 42 541 78 (57, 105) *kk 24 (57.2) 15 (35.7)
Respi E
es"'ﬁ;my/ 582 68 312 218(172,277)  5(7.4) 29 (42.7) 34 (50.0)
Gastrointestin
| 705 92 368 250 (204,306) 16 (17.4) 39 (42.4) 37 (40.2)
Genitourinary 468 37 260 142 (103, 196) ok 13 (35.1) 24 (64.9)
Intraocular 135 6 71 85 (38, 189) ok ok Hkk
. 1292 (936,
Intracranial 81 37 29 1784) 27 (73.0) 5(13.5) 5(13.5)
Other
e 700 80 377 212 (168, 261) 12 (15.0) 25(31.3) 43 (53.7)
unclassified

*** frequency count is < 5, CI: confidence interval, No: number, ENT: ear nose throat, Bold: indicates higher
mortality in those with bleeding complications.
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Figure 7.7: Mortality rates within the first 12 months following hospital discharge by
type/site-specific bleeding events
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7.2.3.3 Mortality from bleeding by age, gender, in-hospital management strategy, and
discharge antithrombotic therapy.

Among those that experienced bleeding complications in the first 12 months following

hospital discharge for ACS, rate of mortality following the bleeding event increased with

age and was higher among men than women, and in those managed medically during the

index ACS hospitalisation (figures 7.8).
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Figure 7.8: Mortality rates within the first 12 months following hospital discharge among
those that experienced bleeding complications (based on first bleed) stratified by age,
gender, in-hospital management strategy, and discharge antithrombotic therapy
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Fig 7.8C: Mortality rate in those that experienced bleeding events stratified by in-hospital management strategy
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Fig 7.8D: Mortality rate in those that experienced bleeding events stratified by discharge antithrombotic therapy
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7.3 Discussion

This study reports that bleeding complications following hospital discharge for ACS are
common and occur in more than 1 in 10 patients within the first 12 months after hospital
discharge, with bruising and gastrointestinal bleeds the most common first type of
bleeding events. The median time to a first bleeding event within 12 months was 123
days, and bleeding occurred more frequently in the first 30 days following hospital
discharge (19% of all first bleeds). There was a higher prevalence of bleeding in older
patients (mean age 72 vyears and over), ex-smokers, and those with baseline
hypertension, COPD, hyperlipidaemia, CKD, prior bleeding complications, and lower level
of haemoglobin in the 2 years prior to hospital discharge. Those that experienced
bleeding complications within 12 months after hospital discharge had a higher rate of
mortality, which was more pronounced in those that experienced intracranial bleeding
events. Mortality from bleeding was more frequent in the first 30 days following the

bleeding events.

7.3.1 Theincidence of bleeding

The result of this study add granularity to the growing body of literature evaluating the
incidence of bleeding complications post-hospital discharge for ACS. The finding in this
study that 13% of patients had experienced bleeding complications in the year after
discharge was within the range reported in the systematic review in Chapter 3 (range:
0.2% to 37.5%). This 13%, however, appeared lower than what has been reported in
some studies (identified in the review) with similar length of follow up (Amin et al., 2013;
Lattuca et al., 2016). This lower proportion of bleeding events in the present study may

be attributed to differences in the methods used in ascertaining bleeding events between
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the present study and the previous studies, which will be discussed further in the
concluding chapter of this thesis (Chapter 10). It is also important to note that there are
differences in relation to patient characteristics, discharge antithrombotic therapy, length
of follow-up, severity, and the definition of bleeding used between the present study and

previous studies.

7.3.2  Types of bleeding events

Consistent with the findings of the systematic review in Chapter 3, this study reports that,
within the first 12 months after hospital discharge, bruising was the most common type
of first bleeding events, followed by gastrointestinal bleeds. Bruising is likely to be a
common complication within the primary care setting. However, in this study, these
events occurred when the majority of patients were on guideline-recommended dual
antiplatelet therapy, which can be hypothesised that these events are unlikely to be due
to other factors but this maintenance regimen. This was further reinforced by the bruising
events becoming very infrequent after the initial 12 months of hospital discharge (results
after 12 months not shown), when the majority of patients will mostly be on single
antiplatelet therapy with aspirin. Intracranial bleeds were found to be relatively
infrequent following hospital discharge. This reflects the paucity of these types of

bleeding events post ACS (Mahaffey et al., 2015).

7.3.3  Timing of bleeding events
The median time to a first bleeding event in the first 12 months following hospital
discharge for ACS was 123 days, and first bleeding events occurred more frequently in the

first 30 days following hospital discharge. The finding that bleeding events occurred more
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frequently in the first 30 days after hospital discharge was consistent with those of two
previous studies in the post-discharge setting which also identified the first 30 days as the
period for greater vulnerability for bleeding complications (Généreux et al., 2015; Valle et
al., 2016). Thus, highlighting the time when resources can be better utilised to improve

longer-term patient prognosis.

7.3.4  Characteristics of patients who experience bleeding events

Another finding from this descriptive analysis was that patients who experienced bleeding
complications following hospital discharge for ACS appeared to have distinct baseline
characteristics to those who did not. Owing to the descriptive nature of this analysis, this
is only the first step towards understanding the subgroup of patients who are more
vulnerable to these complications. A further study, whose main objective was to
determine the independent characteristics associated with these bleeding events is

presented in the next chapter (Chapter 8).

7.35 Mortality

The descriptive results of this study suggest that patients who sustained bleeding
complications following hospital discharge for ACS had a higher rate of mortality than
those who did not, and these differences in rates may differ depending on the severity
and type/site of the bleeding event. A further study whose main objective was to
determine whether bleeding events following hospital discharge for ACS are
independently associated with all-cause mortality is undertaken (Chapter 9) to explore

this relationship further. As the definition of ACS was restricted to high risk patients with
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a diagnosis of STEMI or NSTEMI, the mortality rate reported in this study may be higher

than for an ACS population including UA in its definition.

7.3.6  Strengths and limitations

This is the first study to examine the incidence of bleeding post ACS from the primary care
perspective using a large national EHR database. The study included elderly multi-morbid
patients commonly encountered in routine clinical practice, the likes of which have been
excluded in previous studies.

This descriptive analysis also has some limitations that warrant mentioning. The study
population comprised patients who were mostly elderly with higher prevalence of
comorbidities, and may have a higher propensity for bleeding. The extent to which the
bleeding events in this study can be attributed to ACS and its management is therefore
unclear, and there has not been a study that has examined the incidence of bleeding
events in the general population (population without ACS) to compare with this study.
The study did not capture bleeding events that were not actionable and did not cause
patients to seek medical advice. Therefore, it is likely that the incidence of bleeding may

have been underestimated.

The next chapter (Chapter 8) will expand on the findings of this descriptive analysis by

exploring in detail the independent associations of baseline patient characteristics with

bleeding events within the first 12 months following hospital discharge for ACS.

192



Chapter 8.0: Risk factors for bleeding post-hospital discharge
for ACS

193



8.1 Introduction

This chapter examines the associations of baseline patient characteristics with bleeding
complications following hospital discharge after ACS (objective 4). The motivation for the
current study has been outlined in detail in Chapters 1 and 2 of this thesis. But to recap,

these are summarised as follows:

e There is uncertainty on whether the risk factors identified for in-hospital bleeding
events will also be predictive of bleeding post-hospital discharge, since
characteristics such as those related to in-hospital procedures may no longer be
relevant post-discharge.

e The majority of the previous studies on risk factors for both in-hospital and post-
discharge bleeding events have been carried out in the PCl setting, mostly within
RCTs. RCTs in the ACS setting have been shown to exclude elderly multi-morbid
patients who may be more susceptible to bleeding complications (Steg et al.,
2007).

e The majority of the previous studies have excluded minor bleeding events and
patients on oral anticoagulants.

e In the majority of previous studies in the post-discharge setting, only a small
proportion of the study cohort were ACS patients, with the majority being patients

with stable coronary artery disease or other unspecified cardiovascular diseases.

Therefore, to address the drawbacks of the previous studies, this chapter expands on the
results of the descriptive analysis from the previous chapter (Chapter 7) which highlighted

that patients who experience bleeding complications post-hospital discharge may have
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distinct baseline characteristics to those who did not. Using a competing risk framework
(see Chapter 5, section 5.5, for a detailed description), characteristics independently
associated with an increased risk of bleeding within the first 12 months after hospital
discharge following ACS were identified. A paper arising from this study has been

published and is attached in Appendix 8.1.
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8.2 Aim and Objectives
8.2.1 Aim
The overall aim was to determine the baseline characteristics that are independently

associated with bleeding following hospital discharge for ACS.

8.2.2 Specific objectives

Primary objective:

To determine independent associations of bleeding (any bleed) within the first 12 months
after hospital discharge for ACS with baseline socio-demographic, pharmacological,

comorbidities, and in-hospital procedural characteristics.

Secondary objectives:
To determine independent associations between baseline socio-demographic,
pharmacological, comorbidities, and in-hospital procedural characteristics with:
e Early bleeding events (bleeds within the first 30 days after hospital discharge for
ACS).
e Serious and non-serious bleeding events within the first 12 months after hospital
discharge for ACS.
e Each type/site-specific bleeding event within the first 12 months after hospital

discharge for ACS.
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8.3 Methods
The data source, risk factors and outcome definitions, and baseline characteristics of the

study population are described in detail in Chapters 5, 6 and 7.

8.3.1 Study design

This was a cohort study set within CPRD with linkage to HES and ONS mortality data.

8.3.1.1  Study population
The steps involved in identifying the study population were described in Chapter 6,
section 6.3.1. Briefly, the study population comprised 27,660 patients with a coded ACS

diagnosis between 2006 and 2016.

8.3.1.2  The outcome of bleeding

For the primary objective of the analysis described in this chapter, the outcome of
bleeding was defined as having a coded consultation record for any first bleeding event in
the patient’s primary care record within the first 12 months after hospital discharge for
ACS or a death record in the ONS mortality data with bleeding as the primary underlying
cause post-hospital discharge.

For the secondary objectives of this analysis, the definition for the outcome of any first
bleeding event remained the same but was categorised based on severity (serious and
non-serious) (see Chapter 5 table 5.1 for what constituted serious and non-serious
bleeds), site (such as intracranial), and timing of the bleeding event (early bleed defined

as first bleed within the first 30 days following hospital discharge). The motivation for
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categorising bleeding was based on the hypothesis that the independent risk factors for

bleeding may vary depending on the severity, site, and timing of the bleeding events.

8.3.1.3 Identifying candidate risk factors for bleeding

Potential risk factors for bleeding complications were identified in three stages: First, by
reviewing previously published risk scores of longer-term bleeding events (Alfredsson et
al., 2017; Baber et al., 2016; Barra et al.,, 2013; Chen et al., 2019; Costa et al., 2017;
Raposeiras-Roubin, Faxén, et al., 2018; Yeh et al., 2016). Second, by examining studies
identified in the course of the systematic review (in Chapter 3) that had also reported on
risk factors for bleeding (Buresly et al., 2005; Généreux et al., 2015; Khan et al., 2015;
Lattuca et al., 2016; Valle et al., 2016). Third, by reviewing previously published in-
hospital bleeding risk scores for characteristics independently associated with bleeding
events (Mathews et al., 2011; Mehran et al., 2010; Moscucci et al., 2003; Nikolsky et al.,
2007; Subherwal et al., 2009). Risk scores which were reviewed included the CRUSADE,
REPLACE, ACUITY/HORIZON, ACTION, GRACE, DAPT, precise-DAPT, TRILOGY-ACS, BLEED-
MI, PARIS, BRIC-ACS, and the BleeMAC scores (Alfredsson et al., 2017; Baber et al., 2016;
Barra et al., 2013; Chen et al., 2019; Costa et al., 2017; Mathews et al., 2011; Mehran et
al., 2010; Moscucci et al., 2003; Nikolsky et al., 2007; Raposeiras-Roubin, Faxén, et al.,
2018; Subherwal et al., 2009; Yeh et al., 2016). Overall, twenty-eight independent risk
factors were identified, and sixteen were selected for inclusion in this study by consensus
of an Interventional Cardiologist (MAM) and a GP (UTK) based on the following criteria:

e The likelihood of being recorded in primary care EHR, and

e The likelihood of predicting bleeding events post-hospital discharge
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The twelve potential risk factors that were excluded were baseline anaemia, coronary
angiography, gastroduodenal ulcer, systolic blood pressure, diastolic blood pressure,
baseline haemoglobin, white cell count, use of Glycoprotein llb/llla inhibitors, use of
intra-aortic balloon pump, access site used (whether femoral or radial), sheath size, and
timing of sheath removal. The reasons for exclusion were: 1) anaemia was included in the
definition for history of bleeding complications, 2) all patients managed with PCI also
have coronary angiography prior to the procedure, 3) only 0.6% (n = 171) of the study
population had a history of gastroduodenal ulcer, 4) more than 30% of the study
population had missing data on each of the following: baseline haemoglobin, white cell
count, systolic and diastolic blood pressure. Also, the potential for collinearity between
baseline haemoglobin and history of bleeding, and between hypertension and systolic
and diastolic blood pressure resulted in the exclusion of these variables, 5) use of
Glycoprotein llb/llla inhibitors, use of intra-aortic balloon pump, access site used
(whether femoral or radial), sheath size, and timing of sheath removal will not be
recorded in primary care EHR. Three more potential risk factors (namely: COPD,
prescription of NSAIDs and SSRIs) not identified in the three stages described above were
adjudged relevant for inclusion based on the clinical judgement of UTK.

Overall, nineteen candidate risk factors were selected. Table 8.1 presents these potential
risk factors separated into socio-demographic, comorbidities, pharmacological and in-
hospital procedural characteristics. For the risk factor of body weight, it was decided by
consensus of KPJ and MAM to use BMI, since BMI will more accurately give a holistic
estimate of an individual’s weight than weight alone. The definitions and baseline
measurement for each of these potential risk factors are described in detail in Chapter 5,

section 5.4.2. But briefly, baseline for socio-demographic characteristics and
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comorbidities was defined as the last recorded measurement in the patient’s primary
care record within 2 years before the index hospital discharge date, except for BMI which
was defined as last record until 30 days after hospital discharge (to more accurately
capture the most recent BMI for a patient). Procedural characteristics were defined based
on the procedure recorded during the ACS hospitalisation stay. Pharmacological
characteristics were defined as having a recorded prescription for any of the
antithrombotic medications listed in Chapter 5, section 5.4.2.4, within 90 days after
hospital discharge from the ACS event, except for NSAIDs and SSRls, which were defined
based on the 6 months prior to hospital discharge. Patients with a record for a risk factor
in CPRD (as defined in Chapter 5) were classified as exposed, and those without as

unexposed for that factor.
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Table 8.1: Risk factors selected for inclusion in the current study

*Socio-demographic *Comorbidities and procedural

. . .. Pharmacological characteristics
characteristics characteristics

*Discharge antithrombotic therapy
Advanced age History of COPD (whether SAPT, DAPT or oral
anticoagulant)

NSAID prescription within 6 months prior

Female gender History of cancer to hospital discharge
RI ipti ithi th i
tBMI History of diabetes SSRI prescrip |on_W| !n 6 months prior
to hospital discharge
History of smoking History of hypertension

History of renal insufficiency
History of heart failure

History of peripheral vascular disease
History of bleeding

Hyperlipidaemia
STEMI at presentation
NSTEMI at presentation

f#iCoronary revascularisation at index
ACS hospitalisation

* recorded within 2 years prior to hospital discharge, T historical record until 30 days after discharge, #
recorded during the index ACS hospitalisation, S recorded within 90 days after hospital discharge, COPD;
Chronic obstructive pulmonary disease, ACS; Acute coronary syndrome, STEMI; ST-elevation myocardial
infarction, NSTEMI; Non ST-elevation myocardial infarction, SAPT; Single antiplatelet therapy, DAPT; Dual
antiplatelet therapy, NSAID; Non-steroidal anti-inflammatory drug, SSRI; Selective serotonin re-uptake
inhibitor.

8.3.1.4  Follow up

The study population were followed longitudinally for records of bleeding events post-
hospital discharge for ACS. Follow up started from the index date of hospital discharge
until date of first bleeding event within 12 months, or the date patient ceased
contributing to CPRD due to death or leaving practice or practice leaving CPRD or the end
of 12 months from the index date of hospital discharge or the date of last data collection
at the time of data request. Patients with a record for each of the baseline characteristics

listed in table 8.1 were compared with those without in relation to the outcome of any

bleed (within 12 months) following hospital discharge. Associations between the outcome
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of any first bleed (within 12 months) post-hospital discharge with baseline socio-
demographic, comorbidities, pharmacological, and in-hospital procedural characteristics
(as risk factors) were determined. For the secondary objectives of the study, patients with
a record for these baseline characteristics were compared with those without in relation
to the outcomes of serious bleeds, non-serious bleeds, early bleeds, and site-specific

bleeding events.

8.3.2 Sample size estimation

In cohort studies of risk factor analysis, the required sample size is often dictated by the
number of events per variable (EPV), which is the ratio of the number of individuals with
the outcome event to the number of risk factors (or the number of levels of a risk factors
in the case of categorical variables) to be considered in the analysis. There is no
consensus regarding what an optimal EPV should be, but some studies have
recommended an EPV between 5 and 10 (Harrell et al., 1985; Peduzzi et al., 1996), while
others postulated at least 20 and above in the presence of low prevalent risk factors
(Ogundimu et al., 2016). Assuming 50 candidate risk factors were selected for inclusion in
this study, there will be more than 70 EPVs (3,620/50) based on the 3,620 patients with
the outcome of bleeding within the first 12 months of hospital discharge. This sample size

should be sufficient for the primary analysis in this study.

8.3.3 Missing data
Sixty percent of the study population had complete data on all variables, and 40 percent
had missing data on smoking and BMI status. Little’s MCAR test was carried out to

determine whether smoking and BMI were MCAR. A statistically significant result
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indicated that both smoking and BMI were not MCAR. Multiple imputations by chained
equation was then carried out to address data missingness. 10 imputations were carried
out. Following White et al’s recommendation, variables that were predictive of smoking
and BMI were included as predictors in the imputation model. Variables which predicted
whether smoking and BMI were missing (determined using standard logistic regression
model where both smoking and BMI were treated as the outcome variables (in separate
models), and dichotomised as 1 = missing and 0 = not missing) were also included. This
approach makes the MAR assumption of the multiple imputation more plausible (Sterne
et al., 2009; White et al., 2011). The distributions of smoking and BMI before and after
the imputations were compared (see Chapter 5, section 5.6, for a detailed description of

the imputation process).

8.34 Analysis

All the analyses in this study were based on a first bleeding event for a patient, and were
carried out on the imputed datasets. To examine whether those who completed the
study (i.e. those that had full 12 months of follow up or were censored at the time of first
bleed) had the same baseline characteristics as those lost to follow up (i.e. those that did
not have a bleed and did not have the full 12 months of follow up), the baseline
characteristics of those who completed the study were descriptively compared to those

who did not.

8.3.4.1  Univariable analysis
Crude associations between the outcome of bleeding (any bleed) within 12 months after

hospital discharge and each risk factor (as the exposure) were determined using a
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competing risk regression model, accounting for death as a competing event (for a
detailed description of the competing risk model, the reader is referred to Chapter 5,
section 5.5). Unadjusted associations between serious bleeds, non-serious bleeds, early
bleeds, and of each type of bleeding event with each risk factor (as the exposure) were
likewise determined. Robust variance estimators were used to account for clustering
within GP practice. The magnitude of each association was quantified by sub-hazard ratio

and associated 95% confidence intervals.

8.3.4.2  Multivariable analysis

Adjusted associations between the outcomes of bleeding and each risk factor (as the
exposure) were determined using a competing risk regression model. Following Sun et
al’s recommendation (Sun et al., 1996), a full model approach was adopted where all
candidate risk factors were included in the model regardless of whether they showed a
statistically significant association (at the conventional 5 percent threshold) with bleeding
or not in the univariable analysis. Robust variance estimators were used to account for
clustering within GP practice. All associations were adjusted for year of index hospital
discharge, geographic region and all other variables included in the models.

Overall, ten final models were created: the first model examined risk factors
independently associated with the outcome of bleeding (any bleed) within the first 12
months of hospital discharge. The second and third models examined these associations
with serious and non-serious bleeding events (based on first bleeds). The fourth model
examined risk factors independently associated with early bleeding events (any first bleed
within 30 days after hospital discharge). The remaining models examined the
independent risk factors associated with each site-specific bleeding event (based on first
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bleeds) within the first 12 months of hospital discharge. All analyses were carried out
using Stata version 14.2, and the magnitude of all associations were quantified by

adjusted sub-hazard ratios and associated 95% confidence intervals.

8.3.4.3  Checking the linearity assumption of the competing risk model

Age was the only continuous variable in the analyses. Thus, for each fitted model,
Fractional Polynomials (Royston and Sauerbrei, 2008) were used to assess the functional
form of age on the continuous scale. Fractional Polynomials assess the scale of
continuous variables on whether they should be modelled linearly or transformed if the

linearity assumption is violated.

8.3.4.4  Checking the proportional hazard assumption of the competing risk model

For each of the final models, risk factor by time (in days) interactions were included in the
models to assess whether the relative hazard of bleeding remained constant over the
duration of the follow-up period. A statistically significant interaction indicates a violation
of the proportional hazard assumption, whereas a non-statistically significant interaction
implies that the relative hazard of bleeding between the groups being compared was

constant over the whole duration of follow up.

8.3.4.5  Subgroup analyses

Previous studies have shown that the risk of bleeding may increase with age (Moscucci et
al., 2003; Raposeiras-Roubin, Faxén, et al., 2018), and may be higher among women than
men (Moscucci et al., 2003; Subherwal et al., 2009). To explore whether the risk factors

for bleeding differ by age and by gender, the multivariable analysis described above for
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any bleed was repeated stratified by age categories (< 65 years old, 66 to 80 years old,
and > 80 years old), and gender (men, women). Separately, the same analysis was
repeated stratified by in-hospital management strategy (whether medically managed or
with PCl). This was based on the hypothesis that the predictors for bleeding may differ
depending on the in-hospital management strategy employed (which is often influenced

by baseline patient characteristics).

8.3.4.6  Sensitivity analyses

The multivariable analysis described above for any bleed was repeated: 1) on patients
with complete data on all variables (complete case analysis); 2) using a standard Cox
regression model (that is, not within a competing risk framework); and 3) censoring
patients that had subsequent ACS events at the time of first ACS post-hospital discharge.
All sensitivity analyses except for the analysis using the Cox model were carried out using

a competing risk model, and results compared with those from the main analysis.
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8.4 Results

The baseline characteristics of the study population dichotomised into those who
experienced any bleeding and those who did not within the first 12 months after hospital
discharge are presented in Chapter 7 table 7.2. Figure 8.1 summarises the number of
patients with and without the outcome of bleeding within the first 12 months after
hospital discharge for ACS. Thirteen percent (3,620) of the study population experienced
their first bleeding events over a follow-up period of 12 months following hospital
discharge for ACS.

Figure 8.1: A flowchart depicting the number of patients with and without the outcome
of bleeding within the first 12 months after hospital discharge for ACS

2,126 PR 2N 1,494
Serious bleeds | g Non-serious
bleeds
3, 620 With first
bleed within 12
months after
> hospital
discharge for
I 949 I N 582
Bruising b - Respiratory
bleeds
27,660 patients
with coded ACS 698 With first 705 468
diagnosis between bleed within 30 Gastrointestinal |« »| Genitourinary
2006 and 2016, days after bleeds bleeds
and without prior hospital
ACS code in the discharge for
preceding 2 years ACS
135 PR 2N 81
Intraocular N g Intracranial
bleeds bleeds
24,040 Without
bleeding events
within 12
months after
hospital
discharge for
ACS

207



8.4.1 Distribution of smoking and BMI before and after multiple imputation
Table 8.2 shows the prevalence of smoking and BMI status before and after multiple
imputation. Overall, the distribution of both smoking and BMI status did not overly differ

before and after the imputation.

Table 8.2: Prevalence of smoking and BMI before and after multiple imputation

Variables Prevalence (%) before imputation Prevalence (%) after imputation

Smoking status Prevalence (95% Cl) Prevalence (95% Cl)
Non-smoker 33.2(32.6, 33.8) 32.9 (32.2, 33.6)
Ex-smoker 38.7 (38.1, 39.4) 38.6 (38.0,39.2)
Current smoker 28.1(27.5, 28.7) 28.5(27.9, 29.1)

BMI status Prevalence (95% Cl) Prevalence (95% Cl)
Normal weight 30.4 (29.7, 31.0) 30.8 (30.1, 31.5)
Underweight 2.00 (1.80, 2.20) 2.00 (1.80, 2.20)
Overweight 40.1 (39.4, 40.8) 40.1 (39.4, 40.9)
Obese 27.5(26.9, 28.1) 27.0(26.4, 27.7)

8.4.2 Baseline characteristics of those lost to follow-up

Table 8.3 descriptively summarises the baseline characteristics of those lost to follow up
and those that completed the study (i.e. those that had full 12 months of follow up).
Those lost to follow up as a result of transferring out of their GP practice or practice
leaving CPRD or the end of the study period were generally similar to those that
completed the study. But those that died in the course of the study were on average

older, with higher prevalence of comorbidities.
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Table 8.3: Baseline characteristics of those lost to follow up and those that completed the study

Reasons for non-completion
Not lost to follow up  Lost to follow up P

Risk factors (n = 22227) (n = 5433) Patient left practice Practice left CPRD Death End of study period
(n=1156) (n=1817) (n=2293) (n=167)
Demographics
Age (years) (Mean £ SD) 68.8+13.4 74.7 £14.0 72.7£16.2 68.8 £13.5 80.9+£10.3 67.5+13.3
Age (years) (n, %)
<65 8962 (40.3) 1426 (26.2) 402 (34.8) 750 (41.3) 198 (8.6) 76 (45.5)
66 - 80 8318 (37.4) 1729 (31.8) 271 (23.4) 664 (36.5) 734 (32.0) 60 (35.9)
>80 4947 (22.3) 2278 (41.9) 483 (41.8) 403 (22.2) 1361 (59.4) 31 (18.6)
Male (n, %) 14643 (65.9) 3212 (59.1) 668 (57.8) 1202 (66.2) 1240 (54.1) 102 (61.1)
Female (n, %) 7584 (34.1) 2221 (40.9) 488 (42.2) 615 (33.8) 1053 (45.9) 65 (38.9)
BMI (kg/m?) (n, %)
Normal weight (BMI 18.50 to < 25) 4529 (29.4) 1395 (34.2) 255 (34.3) 489 (28.7) 639 (40.0) 12 (36.4)
Underweight (BMI < 18.50) 251 (1.6) 136 (3.3) 29(3.9) 24 (1.4) 83 (5.2) il
Overweight (BMI 25 to < 30) 6298 (40.8) 1531 (37.6) 274 (36.9) 697 (40.9) 548 (34.3) 12 (36.4)
Obese (BMI > 30) 4352 (28.2) 1015 (24.9) 185 (24.9) 493 (28.9) 328 (20.5) 9 (27.3)
Smoking Status (n, %)
Non-smoker 5978 (33.0) 1482 (34.2) 290 (33.4) 501 (34.0) 647 (34.9) 44 (31.2)
Ex-smoker 6956 (38.4) 1745 (40.3) 303 (34.9) 530 (36.0) 869 (46.9) 43 (30.5)
Current smoker 5203 (28.7) 1108 (25.6) 274 (31.6) 442 (30.0) 338 (18.2) 54 (38.3)
Comorbidities
Diabetes (n, %) 4465 (20.1) 1351 (24.9) 252 (21.8) 415 (22.8) 646 (28.2) 38 (22.8)
Hypertension (n, %) 5661 (25.5) 1442 (26.5) 293 (25.3) 467 (25.7) 643 (28.0) 39 (23.4)
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Not lost to follow up

Lost to follow up

Reasons for non-completion

Continuation (n=22227) (n = 5433) Patient left practice Practice left CPRD Death End of study period
(n=1156) (n=1817) (n=2293) (n=167)
Heart failure (n, %) 1813 (8.2) 708 (13.0) 95 (8.2) 162 (8.9) 437 (19.1) 14 (8.4)
Cancer (n, %) 2256 (10.1) 701 (12.9) 105 (9.1) 199 (11.0) 387 (16.9) 10 (6.0)
PVD (n, %) 725 (3.3) 225 (4.1) 32(2.8) 51 (2.8) 139 (6.1) xk
COPD (n, %) 4269 (19.2) 1291 (23.8) 221 (19.1) 350 (19.3) 697 (30.4) 23(13.8)
CKD (eGFR < 60 mL/min/1.73 m?) (n, %) 6215 (28.0) 2192 (40.3) 413 (35.7) 459 (25.3) 1289 (56.2) 31(18.6)
Hyperlipidaemia (n, %) 14296 (64.3) 3512 (64.6) 684 (59.2) 1194 (65.7) 1542 (67.2) 92 (55.1)
History of bleeding (n, %) 2561 (11.5) 761 (14.0) 136 (11.8) 185 (10.2) 423 (18.4) 17 (10.2)
ACS presentation (n, %)
STEMI 2927 (13.2) 705 (13.0) 145 (12.5) 311 (17.1) 213 (9.3) 36 (21.6)
NSTEMI 8016 (36.1) 2399 (44.2) 445 (38.5) 821 (45.2) 1059 (46.2) 74 (44.3)
Not otherwise specified 11284 (50.8) 2329 (42.9) 566 (49.0) 685 (37.7) 1021 (44.5) 57 (34.1)
In-hospital procedure (n, %)
PCI 8165 (36.7) 1520 (28.0) 309 (26.7) 833 (45.8) 280 (12.2) 98 (58.7)
Drug Therapy (n, %)
Baseline NSAIDs 2940 (13.2) 543 (10.0) 132 (11.4) 192 (10.6) 203 (8.9) 16 (9.6)
Baseline SSRIs 1572 (7.1) 519 (9.6) 126 (10.9) 153 (8.4) 226 (9.9) 14 (8.4)
Discharge antithrombotic
Single antiplatelet 5644 (25.4) 1310 (24.1) 240 (20.8) 374 (20.6) 665 (29.0) 31(18.6)
Dual antiplatelet 13817 (62.2) 2653 (48.8) 541 (46.8) 1180 (64.9) 819 (35.7) 113 (67.7)
Oral anticoagulant 1242 (5.6) 317 (5.8) 42 (3.6) 116 (6.4) 144 (6.3) 15 (9.0)
No record 1524 (6.9) 1153 (21.2) 333 (28.8) 147 (8.1) 665 (29.0) 8 (4.8)

210



*** frequency count is < 5, eGFR: estimated glomerular filtration rate, ACS: acute coronary syndrome, STEMI: ST-elevation myocardial infarction, NSTEMI: Non ST-elevation
myocardial infarction, PVD: peripheral vascular disease, COPD: chronic obstructive pulmonary disease, CKD: chronic kidney disease, NSAID: non-steroidal anti-inflammatory
drugs, SSRI: selective serotonin re-uptake inhibitors, PCI: percutaneous coronary intervention, BMI: body mass index, CPRD: clinical practice research datalink
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8.4.3 Linearity assumption for age

Fractional Polynomial analysis indicated that the functional form of age was not linear.
That is to say, the relation between the outcome of bleeding and age (on a continuous
scale) did not follow a linear trajectory but rather a sigmoidal pattern. Therefore, a plot of
age against rates of bleeding (per 1000 person-years) was used to create cut points to
categorise age (Mathews et al., 2011; Raposeiras-Roubin, Faxén, et al., 2018). Age was
categorised into < 65 years, 66 to 80 years and > 80 years based on the distribution of

bleeding events.

8.4.4 Proportional hazard assumption of the competing risk model
Baseline characteristics/risk factors that violated the proportional hazard assumption of
the competing risk model were included in the relevant models as time-dependent

coefficients. These risk factors are denoted by asterisks in tables 8.4, 8.5, 8.6, and 8.7.
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8.4.5 Characteristics associated with bleeding after hospital discharge for ACS

The results of all univariable analyses are presented in table 8.4 (for any bleed in the first
12 months) and appendix table 8.1 (for all other analyses). All the multivariable models
presented in this section represents the main effect models (but models included
interactions with time for risk factors that violated the proportional hazard assumption of
the competing risk model). The direction of the effect of each risk factor that interacted
with time is signified by an asterisk. A single asterisk indicates that the risk of bleeding
with that risk factor decreases with time, whereas two asterisks indicate that the risk of
bleeding increases with time post-hospital discharge. The risk estimates of bleeding for
each (statistically significant) risk factor that interacted with time are reported at two

time-points (at 30 days and 365 days post-discharge) in appendix table 8.2.

8.4.5.1 Risk factors for any bleed in the first 12 months

Table 8.4 presents crude and adjusted associations between any bleed (within 12
months) and baseline patient characteristics. After multivariable adjustment, age greater
than 65 years, female gender, history of PVD, COPD or bleeding complications,
management with PCl during the ACS hospitalisation stay, and treatment with single
antiplatelet or oral anticoagulants post-hospital discharge were independently associated
with increased risk of bleeding in the first 12 months after hospital discharge for ACS. The
increased risk of bleeding in those managed with PCl or those aged 80 years and over
(compared to those aged 65 years and under) was highest on the day of hospital
discharge, but then decreased with time. There was also a modest increased risk of
bleeding with history of hypertension, prescription of NSAIDs, and in those without a

history of heart failure. The most significant predictors of bleeding complications in the
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first 12 months after hospital discharge were; history of bleeding within 2 years prior to
hospital discharge (sHR 1.88, 95% Cl: 1.73, 2.04), advanced age > 80 years vs age < 65
years (sHR 1.42, 95% Cl: 1.22, 1.66), and treatment with oral anticoagulants vs single
antiplatelet post-hospital discharge (sHR 1.35, 95% Cl: 1.17, 1.55). For those aged 80
years and over (compared to those aged 65 years and under), the increased risk of
bleeding was sHR 1.39 (95% Cl: 1.16, 1.67) at 30 days and sHR 1.06 (95% Cl: 0.67, 1.68) at
365 days post-hospital discharge (see appendix table 8.2). Risk factors independently
associated with bleeding in the first 12 months after hospital discharge for ACS are shown

in table 8.4
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Table 8.4: Characteristics associated with any bleed in the first 12 months after hospital

discharge for ACS

Characteristics

Unadjusted associations

Adjusted associations

Demographics

Age (years)

<65
66 - 80
>80
Female
BMI (kg/m?)

Normal weight (18.50 to < 25)
Underweight (< 18.50)
Overweight (25 to < 30)
Obese (= 30)
Smoking Status
Non-smoker
Ex-smoker
Current smoker
Comorbidities
Diabetes
Hypertension
Heart failure
Cancer
PVD
COPD
CKD (eGFR < 60 mL/min/1.73 m?)
Hyperlipidaemia
History of bleeding
ACS presentation
STEMI
NSTEMI

ACS not otherwise specified
In-hospital procedure

PCI
Drug therapy
Baseline NSAIDs
Baseline SSRls
Discharge antithrombotic
Single antiplatelet
Dual antiplatelet
Oral anticoagulant

No record

sHR (95% Cl)

P-value

sHR (95% Cl)

P-value

1.00
1.39 (1.28, 1.51)
1.55 (1.43, 1.69)
1.32 (1.23, 1.40)

1.00
1.09 (0.81, 1.45)
0.92 (0.84, 1.02)
0.93 (0.84, 1.03)

1.00
1.02 (0.94, 1.12)
0.82 (0.75, 0.91)

1.10 (1.02, 1.18)
1.24 (1.15, 1.34)
1.02 (0.91, 1.14)
1.14 (1.04, 1.26)
1.46 (1.25, 1.71)
1.44 (1.34, 1.55)
1.34 (1.25, 1.43)
1.24 (1.16, 1.33)
2.08 (1.92, 2.25)

1.00
1.17 (1.06, 1.30)
1.04 (0.94, 1.16)

0.92 (0.86, 0.99)

1.11 (1.00, 1.22)
1.22 (1.09, 1.37)

1.00
1.00 (0.92, 1.08)
1.39 (1.21, 1.60)
0.90 (0.80, 1.03)

P<0.001
P<0.001
P<0.001

0.571
0.104
0.182

0.584
P<0.001

0.013
P<0.001
0.703
0.006
P<0.001
P<0.001
P<0.001
P<0.001
P<0.001

0.002
0.466

0.019

0.042
P<0.001

0.962
P<0.001
0.117

1.00
1.20(1.10,1.31)
1.427 (1.22, 1.66)
1.19 (1.11,1.28)

1.00
1.01 (0.76, 1.34)
0.96 (0.87, 1.06)
0.95 (0.85, 1.06)

1.00
1.05 (0.96, 1.14)
0.96 (0.87, 1.07)

0.99 (0.91, 1.07)
1.13 (1.05, 1.21)
0.87 (0.78, 0.97)
1.06 (0.96, 1.17)
1.28 (1.09, 1.50)
1.29 (1.20, 1.39)
1.07 (0.99, 1.16)
0.97"" (0.86, 1.09)
1.88 (1.73, 2.04)

1.00
1.06 (0.95, 1.18)
1.00 (0.89, 1.12)

1.26" (1.11, 1.43)

1.13 (1.02, 1.25)
1.09 (0.97, 1.22)

1.00
0.81"(0.72, 0.93)
1.35 (1.17, 1.55)
1.07" (0.88, 1.30)

P<0.001
P<0.001
P<0.001

0.963
0.410
0.354

0.329
0.486

0.812
0.001
0.016
0.232
0.003
P<0.001
0.107
0.641
P<0.001

0.292
0.978

P<0.001

0.017
0.142

0.002
P<0.001
0.469

sHR: subhazard ratio, Cl: confidence interval,

" included as time-dependent coefficient — estimated sHR at

day of hospital discharge but increases with time post-discharge, *included as time-dependent coefficient —
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estimated sHR at day of hospital discharge but decreases with time post-discharge, eGFR: estimated
glomerular filtration rate, ACS: acute coronary syndrome, STEMI: ST-elevation myocardial infarction,
NSTEMI: Non ST-elevation myocardial infarction, PVD: peripheral vascular disease, COPD: chronic
obstructive pulmonary disease, CKD: chronic kidney disease, NSAID: non-steroidal anti-inflammatory drugs,
SSRI: selective serotonin re-uptake inhibitors, PCl: percutaneous coronary intervention, BMI: body mass
index, 1.00: reference category, Bold text: indicates statistically significant predictors of bleeding at the 5%
threshold.
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8.4.5.2  Risk factors for serious and non-serious bleeding events

Table 8.5 presents characteristics that are independently associated with serious and
non-serious first bleeding events post-hospital discharge for ACS. After multivariable
adjustment, the majority of the risk factors for any bleed were likewise found to be
associated with increased risk of serious bleeding events, except female gender. There
were some differences observed between the risk factors for serious and non-serious
bleeding events. Advanced age > 65 years, history of hypertension, prescription of
NSAIDs, and treatment with dual antiplatelets post-hospital discharge were not
significantly associated with non-serious bleeding events, whereas female gender and
having no record of diabetes were associated with increased risk of non-serious bleeds
but not serious bleeding events. The most significant risk factors for non-serious bleeding
events post-hospital discharge were: female gender (sHR 1.58, 95% Cl: 1.42, 1.76), history
of bleeding complications (sHR 1.58, 95% CI: 1.38, 1.80), and treatment with oral

anticoagulants vs single antiplatelet post-hospital discharge (sHR 1.42, 95% ClI: 1.15, 1.76).

8.4.5.3  Risk factors for early bleeding events

There were some differences in risk factors between any bleed within 12 months and
early bleeding events (any bleed within 30 days) post-hospital discharge. History of
smoking (current smoking) — recorded before hospital discharge and cancer were
significantly associated with increased risk of early bleeding events but not any bleed
(within 12 months). Table 8.5 presents the independent risk factors for early bleeding
events post-hospital discharge. The most significant predictors of early bleeds included
history of bleeding in the 2 years before hospital discharge (sHR 1.83, 95% Cl: 1.52, 2.20),

hypertension (sHR 1.69, 95% Cl: 1.27, 2.24), advanced age > 80 years vs age < 65 years
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(sHR 1.57, 95% Cl: 1.23, 2.01), and history of smoking (current smoking) vs non-smoking -
recorded before hospital discharge (sHR 1.54, 95% Cl: 1.04, 2.27). The increased risk of an
early bleed in patients with a history of hypertension or current smoking was highest on
the day of hospital discharge, but these risks decreased with time (table 8.5). In patients
with a history of smoking (current smoking) vs non-smoking - recorded before hospital
discharge, the increased risk of an early bleed was sHR 1.25 (95% Cl: 0.72, 2.19) at 7 days
and sHR 0.64 (95% Cl: 0.21, 2.01) at 30 days post-hospital discharge (see appendix table

8.2).

8.4.5.4  Risk factors for site-specific bleeding events

Baseline characteristics which were independently associated with each site-specific
bleeding event (based on first bleeds) following hospital discharge are summarised in
detail in table 8.5. Characteristics independently associated with increased risk of
gastrointestinal bleeding events included history of bleeding complications before
hospital discharge (sHR 2.22, 95% Cl: 1.87 to 2.64), advanced age > 80 years vs age < 65
years (sHR 1.29, 95% Cl: 1.01 to 1.65), history of COPD (sHR 1.29, 95% Cl: 1.08 to 1.55)
and treatment with single antiplatelet vs dual antiplatelet post-hospital discharge. When
considering intracranial bleeds, history of bleeding complications before hospital
discharge (sHR 1.91, 95% Cl: 1.05 to 3.45), and diabetes (sHR 1.77, 95% Cl: 1.08 to 2.89)
were the main risk factors for this type of bleeding complication following hospital
discharge. There was also a non-significant increased risk of intracranial bleeds with oral
anticoagulants, prescription of NSAIDs, history of PVD, and age > 65 years post-hospital

discharge.
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History of bleeding complications within 2 years before hospital discharge (sHR 2.06, 95%
Cl: 1.70, 2.49), management with PCI during the ACS hospitalisation stay (sHR 1.87, 95%
Cl: 1.37, 2.54), history of cancer (sHR 1.86, 95% Cl: 1.26, 2.74), COPD (sHR 1.66, 95% ClI:
1.36, 2.01), advanced age > 80 years vs age < 65 years (sHR 1.60, 95% Cl: 1.21, 2.12), and
treatment with oral anticoagulant vs single antiplatelet post-hospital discharge (sHR 1.61,
95% Cl: 1.15, 2.25) were the main risk factors for respiratory bleeding events post-
hospital discharge. The increased risk of respiratory bleeding events in patients with a
history of cancer or in those managed with PCl was highest on the day of hospital
discharge, but these risks decreased with time (the risk estimate for PCl and history of
cancer presented above represent the increased risk of respiratory bleed on the day of
hospital discharge, see appendix table 8.2 for these increased risks at 30 days and 365
days post discharge). There was also a significant increased risk of respiratory bleed with
prior hypertension, prescription of NSAIDs, and in those aged 66 to 80 years old. Risk
factors independently associated with each site-specific bleeding event are presented in

table 8.5.
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Table 8.5: Risk factors independently associated with serious bleeds, non-serious bleeds, early bleeds and each site-specific bleeding event post-
hospital discharge for ACS

Serious Non-serious Early bleeds Bruising Respiratory Gastrointestinal Genitourinary Intraocular  Intracranial
Risk factors bleeds bleeds (n = 698) (n = 949) bleeds bleeds bleeds bleeds bleeds
(n=2126) (n=1494) (n=582) (n=705) (n=468) (n=135) (n=281)
Demographics sHR sHR sHR sHR sHR sHR sHR sHR sHR
(95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl)
Age (years)
<65 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
66 - 80 1.29 1.09 1.33 0.98 1.27 1.05 1.37 2.02 1.81
(1.14, 1.45) (0.96, 1.24) (1.09, 1.62) (0.84, 1.14) (1.01, 1.60) (0.86, 1.29) (1.05, 1.79) (1.26,3.25) (0.86, 3.83)
> 80 1.43 1.08 1.57 0.81 1.60 1.29 1.65 1.49 2.31
(1.23,1.67) (0.91, 1.29) (1.23, 2.01) (0.65, 1.03) (1.21, 2.12) (1.01, 1.65) (1.21, 2.24) (0.81,2.75) (0.92,5.79)
Female 0.99 1.58 1.16 211 0.94 0.97 0.84 0.78 1.13
(0.90, 1.09) (1.42, 1.76) (0.98, 1.37) (1.85, 2.41) (0.79,1.12) (0.82,1.13) (0.67, 1.06) (0.55,1.11) (0.74, 1.73)
BMI (kg/m?)
Normal weight
(18.50 to < 25) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Underweight 0.92 1.14 0.94 1.16 2.02" 0.94 0.73 0.93 1.14
(< 18.50) (0.64, 1.32) (0.76, 1.71) (0.53, 1.66) (0.73, 1.87) (0.89, 4.58) (0.49, 1.79) (0.26, 2.04) (0.23,3.70)  (0.34, 3.80)
Overweight 0.91 1.04 0.96 1.10 0.93 1.23" 0.95 0.74 0.59
(25 to < 30) (0.80, 1.04) (0.90, 1.19) (0.77, 1.18) (0.93,1.31) (0.75, 1.16) (0.84, 1.81) (0.74, 1.22) (0.45,1.21) (0.34,1.02)
Obese 0.96 0.94 0.96 0.99 0.91 1.03 1.12 0.81 0.42
(= 30) (0.83,1.10) (0.81, 1.10) (0.74, 1.25) (0.81, 1.21) (0.71,1.17) (0.82,1.31) (0.82, 1.51) (0.49,1.33) (0.20, 0.88)
Smoking Status
Non-smoker 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Ex-smoker 1.06 1.03 1.01 0.97 1.13 0.95 1.10 1.07 1.15
(0.94, 1.18) (0.89, 1.20) (0.84, 1.23) (0.80, 1.17) (0.90, 1.43) (0.77, 1.17) (0.88, 1.38) (0.71,1.61) (0.69, 1.92)
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Serious Non-serious Early bleeds Bruising Respiratory Gastrointestinal Genitourinary Intraocular  Intracranial
Continuation bleeds bleeds (n = 698) (n = 949) bleeds bleeds bleeds bleeds bleeds
(n=2126) (n=1494) (n=582) (n=705) (n=468) (n=135) (n=81)
sHR sHR sHR sHR sHR sHR sHR sHR sHR
(95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl)
Smoking Status
1.04 0.86 1.54" 0.87 0.96 0.99 0.97 0.94 0.79
Current smoker
(0.90, 1.19) (0.72,1.01) (1.04, 2.27) (0.71, 1.07) (0.74, 1.24) (0.79, 1.25) (0.72, 1.30) (0.52,1.68) (0.37,1.68)
Comorbidities
Diabetes 0.98™" 0.79 0.96 0.73 0.91 0.92 0.96 1.10 1.77
(0.81,1.18) (0.69, 0.91) (0.79, 1.16) (0.61, 0.88) (0.73,1.13) (0.77, 1.10) (0.76, 1.19) (0.73,1.65) (1.08, 2.89)
Hypertension 1.15 1.11 1.69" 1.02 1.43 1.11 0.98 1.43 1.01
(1.05, 1.26) (0.98, 1.25) (1.27, 2.24) (0.88, 1.18) (1.20, 1.72) (0.94, 1.31) (0.79, 1.22) (1.02,2.02) (0.62,1.66)
Heart failure 0.90 1.09 0.90 0.75 1.09 0.87 0.80 1.10° 0.36
(0.79, 1.04) (0.81, 1.46) (0.71, 1.14) (0.59, 0.96) (0.82,1.43) (0.67,1.13) (0.57,1.11) (0.42,2.91) (0.13,0.97)
Cancer 1.10 1.00 1.36 0.97 1.86" 1.17 1.10 0.77 0.78
(0.96, 1.25) (0.86, 1.16) (1.13, 1.64) (0.79, 1.19) (1.26, 2.74) (0.94, 1.46) (0.84, 1.45) (0.43,1.37) (0.38,1.63)
PVD 1.29 1.29 1.00 1.20 1.30 1.06 1.33 1.03 1.31
(1.05, 1.58) (0.98, 1.70) (0.69, 1.44) (0.82, 1.76) (0.90, 1.87) (0.72, 1.54) (0.85, 2.08) (0.46,2.30) (0.49, 3.55)
COPD 1.32 1.28 1.18 1.21 1.66 1.29 1.26 1.02 1.11
(1.20, 1.45) (1.14, 1.44) (0.99, 1.42) (1.04, 1.40) (1.36, 2.01) (1.08, 1.55) (1.01, 1.58) (0.64,1.63) (0.64, 1.93)
CKD (eGFR < 60 1.10 1.02 1.15 1.10 0.81 1.12 0.93 1.71 1.06
mL/min/1.73 m?) (1.00, 1.22) (0.89, 1.17) (0.96, 1.36) (0.93,1.31) (0.66, 1.00) (0.95, 1.33) (0.73,1.18) (1.11, 2.65) (0.61, 1.84)
. . 0.97"" 1.12 0.95 1.09 1.15 0.94™ 1.00 1.32 0.74
Hyperlipidaemia
(0.83,1.12) (0.99, 1.27) (0.80, 1.12) (0.93, 1.26) (0.94, 1.40) (0.73,1.22) (0.83, 1.20) (0.88,1.95) (0.45,1.23)
History of bleeding 2.17 1.58 1.83 1.11" 2.06 2.22 2.79 2.11 1.91
(1.94, 2.42) (1.38, 1.80) (1.52, 2.20) (0.79, 1.56) (1.70, 2.49) (1.87, 2.64) (2.26, 3.44) (1.34,3.34) (1.05, 3.45)
ACS presentation
STEMI 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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Serious Non-serious Early bleeds Bruising Respiratory Gastrointestinal Genitourinary Intraocular  Intracranial
Continuation bleeds bleeds (n = 698) (n = 949) bleeds bleeds bleeds bleeds bleeds
(n=2126) (n=1494) (n=582) (n =705) (n =468) (n=135) (n=281)
sHR sHR sHR sHR sHR sHR sHR sHR sHR
(95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl)
ACS presentation
NSTEMI 1.11 1.00 1.27 1.13 0.89 0.82 1.18 1.07 0.75
(0.96, 1.29) (0.84,1.19) (0.95, 1.70) (0.92, 1.39) (0.69, 1.15) (0.65, 1.04) (0.85, 1.64) (0.59,1.93) (0.40,1.42)
Not otherwise specified 1.05 0.93 1.15 1.01 0.85 0.83 1.21 1.09 0.69
(0.91, 1.22) (0.79, 1.10) (0.87,1.52) (0.83,1.22) (0.65, 1.11) (0.65, 1.05) (0.89, 1.63) (0.62, 1.94) (0.37,1.30)
In-hospital procedure
pCl 1.19 1.23 1.32 1.24 1.87" 1.04 1.03 1.20 1.01
(1.01, 1.40) (1.09, 1.39) (1.10, 1.58) (1.06, 1.44) (1.37, 2.54) (0.87, 1.26) (0.81, 1.30) (0.77,1.86) (0.58,1.77)
Drug Therapy
. 1.15 1.12 0.95 1.06 1.29 1.12 1.26 0.96 1.95"
Baseline NSAIDs
(1.01,1.31) (0.97,1.29) (0.76, 1.20) (0.89, 1.27) (1.04, 1.59) (0.89, 1.42) (0.95, 1.66) (0.58,1.59) (0.71,5.32)
Baseline SSRIs 1.07 1.13 1.08 1.23 0.93 1.12 1.23 1.64 1.03
(0.92, 1.24) (0.95, 1.34) (0.83, 1.40) (1.00, 1.50) (0.68, 1.28) (0.88, 1.42) (0.90, 1.68) (0.97,2.77)  (0.48,2.19)
Discharge
antithrombotic
Single antiplatelet 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Dual antiplatelet 0.73" 0.99" 0.72 1.34 0.75" 0.67" 1.17 2.10 1.03
(0.61, 0.86) (0.79, 1.22) (0.60, 0.86) (1.14, 1.57) (0.54, 1.04) (0.49, 0.91) (0.93, 1.48) (1.27,3.45) (0.62,1.72)
Oral anticoagulant 1.34 1.42 1.19 1.18 1.61 1.15 1.61 3.64 1.45"
(1.12,1.61) (1.15, 1.76) (0.88, 1.61) (0.90, 1.56) (1.15, 2.25) (0.83, 1.59) (1.11, 2.34) (1.90, 6.98) (0.25, 8.46)
No record 1.34° 0.60 1.93" 0.49 0.60 1.26 0.96 1.33 (625335
(1.06, 1.69) (0.47, 0.76) (1.27, 2.93) (0.34, 0.68) (0.43, 0.85) (0.98, 1.60) (0.66, 1.39) (0.63, 2.82) 18.12')
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sHR: subhazard ratio, Cl: confidence interval, ™ included as time-dependent coefficient — estimated sHR at day of hospital discharge but increases with time post-discharge, *
included as time-dependent coefficient — estimated sHR at day of hospital discharge but decreases with time post-discharge, eGFR: estimated glomerular filtration rate, ACS: acute
coronary syndrome, STEMI: ST-elevation myocardial infarction, NSTEMI: Non ST-elevation myocardial infarction, PVD: peripheral vascular disease, COPD: chronic obstructive
pulmonary disease, CKD: chronic kidney disease, NSAID: non-steroidal anti-inflammatory drugs, SSRI: selective serotonin re-uptake inhibitors, PCI: percutaneous coronary

intervention, BMI: body mass index, 1.00: reference category, Bold text: indicates statistically significant risk factors for bleeding at the 5% threshold, Early bleeds: defined as first
bleeds within the first 30 days after hospital discharge.
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8.4.6 Subgroup analyses

The independent risk factors for any bleed within 12 months stratified by age, gender,
and in-hospital management strategy are presented in table 8.6. The risk estimates of
bleeding for each (statistically significant) risk factor that interacted with time are
reported at two time-points (at 30 days and 365 days post-discharge) in appendix table

8.3.

8.4.6.1 Age

Risk factors independently associated with any bleeding for each age band are
summarised in detail in table 8.6. After multivariable adjustment, history of hypertension,
and COPD mainly increased the risk of bleeding in those over 65 years old. While history
of CKD, prescription of NSAIDs, and management with PCl during the ACS hospitalisation
stay were mostly associated with increased risk of bleeding in those under 65 years.

There was also a gradual decline in the increased risk of bleeding for women with age.

8.4.6.2 Gender

History of hypertension, PVD, COPD, and bleeding complication were associated with
increased risk of bleeding in both men and women. However, advanced age > 65 years
and history of smoking (current smoking) — recorded before hospital discharge were

mainly associated with increased risk of bleeding in men (see table 8.6).

8.4.6.3  In-hospital management strategy
Advanced age > 80 years, female gender, history of COPD, and bleeding complications

prior to hospital discharge were associated with increased risk of bleeding regardless of
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the in-hospital management strategy. Whilst there were similarities in risk factors for
both management strategies, history of cancer, PVD, and prescription of NSAIDs were

mainly associated with increased risk of bleeding in those managed invasively with PCI

(see table 8.6).
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Table 8.6: Independent risk factors for any bleed within 12 months after hospital discharge by age, gender, and in-hospital management

strategy
. < 65 years 66 - 80 years > 80 years Men Women PCI Medically managed
Characteristics
(n=10388) (n=10047) (n=7225) (n=17855) (n =9805) (n =9685) (n=17611)
Demographics sHR sHR sHR sHR sHR sHR sHR
(95% Cl) (95% Cl) (95% Cl) (95% CI) (95% Cl) (95% Cl) (95% Cl)
Age (years)
<65 1.00 1.00 1.00 1.00
66 .- 80 1.31 0.95 1.14 1.43
(1.17, 1.46) (0.83, 1.09) (0.99, 1.32) (1.18, 1.73)
580 1.77° 0.96 1.27 1.56"
(1.42, 2.20) (0.81,1.13) (1.04, 1.56) (1.27,1.91)
Female 1.51 1.14 1.01 1.30 1.13
(1.31, 1.73) (1.02, 1.27) (0.89, 1.15) (1.15, 1.46) (1.04, 1.23)
BMI (kg/m?)
Normal weight (BMI 18.50 to < 25) 1.00 1.00 1.00 1.00 1.00 1.00 1.00
. 0.86 0.99 1.10 0.95 1.06 0.72 1.10
Underweight (BMI < 18.50) (0.37, 1.97) (0.65, 1.49) (0.74, 1.63) (0.54, 1.69) (0.78, 1.43) (0.34, 1.51) (0.82, 1.48)
. 0.86 0.92 1.08 0.94 1.00 0.89 0.99
Overweight (BMI 25 to < 30) (0.70, 1.05) (0.79, 1.08) (0.94, 1.26) (0.83, 1.07) (0.88, 1.14) (0.75, 1.05) (0.88, 1.11)
0.86 0.88 1.13 0.95 0.94 0.87 0.98
Obese (BMI 2 30) (0.71, 1.04) (0.76, 1.03) (0.91, 1.39) (0.84, 1.09) (0.80, 1.11) (0.70, 1.09) (0.86,1.12)
Smoking Status
Non-smoker 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Ex-smoker 0.96 1.11 0.98 1.04 1.02 1.14 1.03
(0.79, 1.16) (0.96, 1.28) (0.85,1.13) (0.93,1.17) (0.90, 1.16) (0.97, 1.34) (0.88, 1.21)
Current smoker 0.91 0.91 1.12 1.28" 0.89 1.01 1.16"
(0.78, 1.08) (0.77, 1.08) (0.89, 1.41) (1.03, 1.60) (0.77, 1.04) (0.85, 1.20) (0.96, 1.39)
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Continuation < 65 years 66 - 80 years > 80 years Men Women PCI Medically managed
(n=10388) (n=10047) (n=7225) (n=17855) (n =9805) (n =9685) (n=17611)
sHR sHR sHR sHR sHR sHR sHR
(95% ClI) (95% ClI) (95% ClI) (95% ClI) (95% ClI) (95% ClI) (95% ClI)
Comorbidities
Diabetes 0.89 1.10 0.90 1.02 0.92 1.07 0.96
(0.75, 1.06) (0.96, 1.25) (0.78, 1.05) (0.92, 1.13) (0.80, 1.06) (0.92, 1.24) (0.87, 1.05)
Hvoertension 0.93 1.22 1.16 1.11 1.16 1.12 1.13
yp (0.79, 1.09) (1.09, 1.37) (1.02, 1.32) (1.01, 1.21) (1.03, 1.30) (0.99, 1.27) (1.03, 1.23)
Heart failure 1.08 0.88 0.82 0.89 0.84 0.89 0.88
(0.82, 1.42) (0.74, 1.04) (0.68, 0.98) (0.77, 1.03) (0.72, 0.99) (0.69, 1.14) (0.78, 1.00)
Cancer 1.12 1.01 1.09 1.08 0.98 1.30 0.95
(0.90, 1.40) (0.88, 1.16) (0.89, 1.32) (0.96, 1.22) (0.82, 1.18) (1.11, 1.52) (0.84, 1.08)
VD 1.34 1.12 1.41 1.23 1.31 1.60 1.19
(0.93, 1.94) (0.89, 1.42) (1.09, 1.82) (1.01, 1.50) (1.04, 1.64) (1.20, 2.15) (0.98, 1.44)
COPD 1.03" 1.32 1.23 1.31 1.25 1.41 1.25
(0.77, 1.38) (1.18, 1.47) (1.07, 1.42) (1.19, 1.44) (1.12, 1.40) (1.23, 1.62) (1.14, 1.36)
1.46 0.99 1.06 1.08 1.06 1.10 1.07
i 2
CKD (eGFR < 60 mL/min/1.73 m’) (1.19, 1.79) (0.88, 1.12) (0.93, 1.20) (0.96, 1.21) (0.95, 1.19) (0.93, 1.31) (0.97, 1.17)
Hvoerlividaemia 1.17 0.80"" 1.08 1.13 1.05 1.11 1.09
yperip (1.03, 1.33) (0.66, 0.97) (0.94, 1.24) (1.02, 1.25) (0.93, 1.18) (0.98, 1.25) (0.99, 1.20)
Historv of bleedin 2.28 1.81 1.70 2.03 1.67 2.01 1.83
y & (1.93, 2.70) (1.60, 2.04) (1.48, 1.95) (1.79, 2.29) (1.48, 1.88) (1.69, 2.38) (1.67, 2.01)
ACS presentation
STEMI 1.00 1.00 1.00 1.00 1.00 1.00 1.00
NSTEMI 1.03 1.02 1.13 1.05 1.06 1.00 1.15
(0.86, 1.24) (0.86, 1.22) (0.91, 1.39) (0.92, 1.20) (0.89, 1.25) (0.85, 1.19) (0.97, 1.37)
Not otherwise specified 1.06 1.00 0.95 1.04 0.94 0.98 1.07
P (0.89, 1.26) (0.84, 1.18) (0.76, 1.19) (0.90, 1.19) (0.79, 1.12) (0.85, 1.13) (0.89, 1.28)
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Continuation < 65 years 66 - 80 years > 80 years Men Women PCI Medically managed
(n=10388) (n=10047) (n=7225) (n=17855) (n =9805) (n =9685) (n=17611)
sHR sHR sHR sHR sHR sHR sHR
(95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl)
In-hospital procedure
PCl 1.26" 1.11 1.16 1.10 1.12
(1.01, 1.57) (0.97,1.28) (0.98, 1.37) (0.99, 1.21) (0.99, 1.26)
Drug Therapy
Baseline NSAIDs 1.23 1.11 0.97 1.16 1.05 1.24 1.06
(1.06, 1.42) (0.94, 1.30) (0.78, 1.20) (1.02, 1.33) (0.90, 1.23) (1.05, 1.47) (0.94, 1.20)
Baseline SSRIs 1.07 1.28 0.86 1.06 1.09 0.93 1.15
(0.88, 1.30) (1.08, 1.52) (0.68, 1.08) (0.88, 1.28) (0.94, 1.28) (0.74, 1.16) (0.99, 1.31)
Discharge antithrombotic
Single antiplatelet 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Dual antiplatelet 0.87" 0.87" 0.74" 0.74" 1.11 0.74" 0.85"
(0.67,1.13) (0.70, 1.06) (0.60, 0.92) (0.62, 0.87) (0.97, 1.26) (0.59, 0.94) (0.73, 0.99)
Oral anticoagulant 1.32 1.43 1.20 0.94™ 1.29 1.22 1.06™
(0.96, 1.83) (1.16, 1.75) (0.97, 1.48) (0.69, 1.29) (1.03, 1.60) (0.92, 1.63) (0.80, 1.41)
No record 0.94 0.82 1.17° 0.95 1.25° 0.80 1.21°
(0.70, 1.25) (0.66, 1.01) (0.87, 1.58) (0.80, 1.12) (0.90, 1.73) (0.59, 1.10) (0.97, 1.50)

sHR: subhazard ratio, Cl: confidence interval, **included as time-dependent coefficient — estimated sHR at day of hospital discharge but increases with time post-discharge,
*included as time-dependent coefficient — estimated sHR at day of hospital discharge but decreases with time post-discharge, eGFR: estimated glomerular filtration rate,
ACS: acute coronary syndrome, STEMI: ST-elevation myocardial infarction, NSTEMI: Non ST-elevation myocardial infarction, PVD: peripheral vascular disease, COPD: chronic
obstructive pulmonary disease, CKD: chronic kidney disease, NSAID: non-steroidal anti-inflammatory drugs, SSRI: selective serotonin re-uptake inhibitors, PCI: percutaneous
coronary intervention, BMI: body mass index, 1.00: reference category, Bold text: indicates statistically significant risk factors for bleeding at the 5% threshold.
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8.4.7 Sensitivity analyses

Table 8.7 summarises the baseline characteristics that were independently associated
with any bleeding event from the full competing risk model, and the three sensitivity
analyses: the complete case analysis, the analysis using a standard Cox model (that is, not
using a competing risk framework), and the analysis where patients with subsequent ACS
were censored at the time of first ACS event post-discharge. Generally, the important risk

factors identified in the sensitivity analyses did not differ to those from the main analysis.
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Table 8.7: Comparison between the results of the imputed data analysis (main analysis), the complete case analysis, the Cox regression
analysis, and the analysis where patients with subsequent ACS post-hospital discharge were censored at the time of the subsequent ACS event
(for the outcome of any bleed within 12 months after hospital discharge)

Imputed data analysis

Main (Imputed Complete case subsequent ACS were anabel using Cox
data) analysis analysis censored at the time of model
Characteristics (n=27660) (n=16273) second ACS event (n = 27660)
(n = 27660)
Bleeding events Bleeding events Bleeding events Bleeding events
(n=3620) (n=2259) (n=3112) (n=3620)
Demographics sHR (95% Cl) P-value sHR (95% Cl) P-value sHR (95% Cl) P-value HR (95% Cl) P-value
Age (years)
<65 1.00 1.00 1.00 1.00
66 - 80 1.20(1.10, 1.31) P<0.001 1.14 (1.02, 1.27) 0.019 1.22 (1.11, 1.34) P<0.001 1.22(1.12,1.33) P<0.001
> 80 1.42°(1.22,1.66)  P<0.001  1.507(1.22,1.84)  P<0.001 1.48" (1.25, 1.75) P<0.001  1.41%(1.21,1.65) P<0.001
Female 1.19(1.11, 1.28) P<0.001 1.14 (1.05, 1.25) 0.003 1.18 (1.10, 1.28) P<0.001 1.19 (1.11, 1.27) P<0.001
BMI (kg/m?)
Normal weight (BMI 18.50 to < 1.00 1.00 1.00 1.00
25)
Underweight (BMI < 18.50) 1.01 (0.76, 1.34) 0.963 1.09 (0.81, 1.47) 0.579 1.05 (0.79, 1.39) 0.73 1.05 (0.79, 1.40) 0.721
Overweight (BMI 25 to < 30) 0.96 (0.87, 1.06) 0.41 0.99 (0.90, 1.10) 0.907 0.99 (0.90, 1.09) 0.794 0.94 (0.86, 1.04) 0.244
Obese (BMI > 30) 0.95 (0.85, 1.06) 0.354 0.98 (0.88, 1.09) 0.674 0.99 (0.88, 1.11) 0.838 0.94 (0.84, 1.04) 0.223
Smoking Status
Non smoker 1.00 1.00 1.00 1.00
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Continuation

Main (Imputed

Complete case

Imputed data analysis
where patients with
subsequent ACS were

Imputed data
analysis using Cox

Smoking Status
Ex-smoker

Current smoker

Comorbidities

Diabetes

Hypertension

Heart failure

Cancer

PVD

COPD
CKD (eGFR < 60 mL/min/1.73
m?)
Hyperlipidaemia
History of bleeding
ACS presentation
STEMI
NSTEMI

Not otherwise specified

d?:a_) ;;‘ggg's (nafig;;;) censored at the time of model
N - second ACS event (n =27660)
(n = 27660)
Bleeding events Bleeding events Bleeding events Bleeding events
(n=3620) (n=2259) (n=3112) (n=3620)
1.05 (0.96, 1.14) 0.329 1.03 (0.92, 1.15) 0.609 1.01(0.92,1.12) 0.773 1.05 (0.96, 1.15) 0.250
0.96 (0.87, 1.07) 0.486 0.92 (0.80, 1.05) 0.194 0.98 (0.87, 1.10) 0.724 0.97 (0.87, 1.08) 0.581
0.99 (0.91, 1.07) 0.812 1.04 (0.96, 1.14) 0.341 0.99 (0.90, 1.08) 0.772 1.00(0.92, 1.08) 0.981
1.13 (1.05, 1.21) 0.001 1.11(1.02, 1.22) 0.02 1.14 (1.05, 1.23) 0.001 1.12 (1.04, 1.20) 0.003
0.87 (0.78, 0.97) 0.016 0.85 (0.75, 0.98) 0.024 0.86 (0.76, 0.97) 0.015 0.90 (0.81, 1.01) 0.084
1.06 (0.96, 1.17) 0.232 1.10(0.97, 1.24) 0.126 1.07 (0.96, 1.19) 0.213 1.09 (0.99, 1.20) 0.077
1.28 (1.09, 1.50) 0.003 1.33(1.10, 1.61) 0.003 1.28 (1.07, 1.53) 0.006 1.29 (1.10, 1.52) 0.002
1.29(1.20,1.39)  P<0.001  1.24(1.14,1.36)  P<0.001 1.27(1.18, 1.37) P<0.001  1.32(1.22,1.42)  P<0.001
1.07 (0.99, 1.16) 0.107 1.06 (0.96, 1.18) 0.231 1.10(1.01, 1.20) 0.034 1.09 (1.01, 1.18) 0.035
0.97""(0.86,1.09) 0.641  0.98(0.84,1.15)  0.843 0.94"" (0.83, 1.07) 0.344  0.96(0.85,1.08)  0.498
1.88 (1.73, 2.04) P<0.001 1.85(1.67, 2.06) P<0.001 1.87 (1.71, 2.05) P<0.001 1.89 (1.73, 2.05) P<0.001
1.00 1.00 1.00 1.00
1.06 (0.95, 1.18) 0.292 1.14 (0.99, 1.31) 0.063 1.05 (0.94, 1.19) 0.379 1.06 (0.95, 1.18) 0.320
1.00 (0.89, 1.12) 0.978 1.03(0.90, 1.18) 0.64 1.00 (0.88, 1.12) 0.943 0.99 (0.89, 1.11) 0.866
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Main (Imputed

Imputed data analysis
where patients with

Complete case
P subsequent ACS were

Imputed data

analysis using Cox

data) analysis analysis censored at the time of model
Continuation (n=27660) (n=16273) second ACS event (n = 27660)
(n = 27660)
Bleeding events Bleeding events Bleeding events Bleeding events
(n = 3620) (n = 2259) (n=3112) (n =3620)

In-hospital procedure

PCl 1.26"(1.11,1.43)  P<0.001  1.307(1.10, 1.53) 0.002 1.24" (1.09, 1.41) 0.001 1.26"(1.11,1.43)  P<0.001
Drug Therapy
Baseline NSAIDs 1.13 (1.02, 1.25) 0.017 1.13 (1.00, 1.28) 0.057 1.10 (0.99, 1.23) 0.089 1.12 (1.01, 1.24) 0.027
Baseline SSRIs 1.09 (0.97, 1.22) 0.142 1.11 (0.96, 1.29) 0.146 1.10 (0.98, 1.25) 0.11 1.10 (0.98, 1.24) 0.090
Discharge antithrombotic
Single antiplatelet 1.00 1.00 1.00 1.00
Dual antiplatelet 0.817"(0.72, 0.93) 0.002 0.85"*(0.71, 1.00) 0.056 0.817"(0.71, 0.94) 0.004 0.81" (0.71, 0.93) 0.002
Oral anticoagulant 1.35(1.17,1.55)  P<0.001  1.38(1.16,1.65)  P<0.001 1.33 (1.15, 1.54) P<0.001  1.34(1.16,1.54)  P<0.001
No record 1.07" (0.88, 1.30) 0.469 1.12"(0.88, 1.42) 0.366 1.06" (0.87, 1.30) 0.551 1.19 (0.98, 1.44) 0.077

sHR: subhazard ratio, Cl: confidence interval, **included as time-dependent coefficient — estimated sHR at day of hospital discharge but increases with time post-discharge,
*included as time-dependent coefficient — estimated sHR at day of hospital discharge but decreases with time post-discharge, eGFR: estimated glomerular filtration rate,
ACS: acute coronary syndrome, STEMI: ST-elevation myocardial infarction, NSTEMI: Non ST-elevation myocardial infarction, PVD: peripheral vascular disease, COPD: chronic
obstructive pulmonary disease, CKD: chronic kidney disease, NSAID: non-steroidal anti-inflammatory drugs, SSRI: selective serotonin re-uptake inhibitors, PCI: percutaneous

coronary intervention, BMI: body mass index, 1.00: reference category.
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8.5 Discussion

8.5.1  Summary of findings

This study reports that age greater than 65 years, female gender, management with PCI
during the ACS hospitalisation stay, treatment with single antiplatelet or oral
anticoagulant post-hospital discharge, prescription of NSAIDs within 6 months prior to
hospital discharge, history of bleeding, hypertension, PVD, COPD, and not having a record
for heart failure within 2 years prior to hospital discharge were independently associated
with increased risk of bleeding complications in the first 12 months after hospital
discharge for ACS. These characteristics were also predictors across different types of
bleeding events, with some variation by time, severity, and anatomic site of the bleeding
event. Table 8.8 summarises the baseline characteristics that were significantly
associated with any bleed, serious bleeds, non-serious bleeds, early bleeds, and each site-

specific bleeding event post-hospital discharge for ACS.
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Table 8.8: Summary of risk factors significantly associated with any bleed, serious bleeds, non-serious bleeds, early bleeds and each site-
specific bleeding event post-hospital discharge for ACS

. Non- . . . . . .
Risk factors Any Serious serious Early Bruisin Respiratory Gastrointestinal Genitourinary Intraocular Intracranial
bleed bleeds bleeds bleeds & bleeds bleeds bleeds bleeds bleeds

Demographics

Age (years)

66 - 80

> 80

Female

Obesity (BMI = 30)

Current smoking

Comorbidities

Diabetes

Hypertension

Heart failure

Cancer

PVD

COPD

CKD

Hyperlipidaemia

History of bleeding

NSTEMI
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. Non- . . . . . .
Any Serious Early Respiratory Gastrointestinal Genitourinary Intraocular Intracranial

bleed bleeds serious  eds ruising bleeds bleeds bleeds bleeds bleeds

bleeds

Continuation

ACS not otherwise specified

In-hospital procedure
PCI

Drug Therapy
Baseline NSAIDs

Baseline SSRIs

Discharge antithrombotic

Dual antiplatelet

Oral anticoagulant

ACS: acute coronary syndrome, NSTEMI: Non ST-elevation myocardial infarction, PVD: peripheral vascular disease, COPD: chronic obstructive pulmonary disease, CKD:
chronic kidney disease, NSAID: non-steroidal anti-inflammatory drugs, SSRI: selective serotonin re-uptake inhibitors, PCl: percutaneous coronary intervention, BMI: body
mass index, tick mark: indicates statistically significant association in the multivariable analysis.
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8.5.2 Comparison of the risk factors identified in the present study with those for in-
hospital and post-discharge bleeding events from previous studies.

The primary objective of the current study was to identify the independent risk factors for

any bleeding event within the first 12 months after hospital discharge. But the emphasis

in the majority of previous studies has been on major bleeding events. Because the

majority of the predictors for any bleeding event (with the exception of female gender)

were also predictive of serious bleeds in the current study, comparison with previous

studies will be based on any bleed.

8.5.2.1 Comparison of the risk factors for any bleed identified in the present study
with those for in-hospital bleeding events.

Table 8.9 shows the comparison of risk factors for any bleed identified in the present
study with those for in-hospital bleeding events. Characteristics such as advanced age,
female gender, history of bleeding, hypertension, PVD, and management with PCl during
the ACS hospitalisation stay which were identified as predictors of any bleed in the
present study have some overlap with the risk factors reported for in-hospital bleeding
events (table 8.9). However, some characteristics that have been reported to increase the
risk of in-hospital bleeds did not increase the risk of any bleed in the present study.
Diabetes which increased the risk of major in-hospital bleeding events in both CRUSADE
and ACTION studies (Mathews et al., 2011; Subherwal et al., 2009) was not found to be
associated with an increased risk of any bleed in the present study. In previous studies
(Mathews et al., 2011; Subherwal et al., 2009), history of congestive heart failure was
shown to increase the risk of major in-hospital bleeding events (table 8.9). The present

study found a decreased risk of post-discharge bleed in patients with a history of heart
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failure. The reason for the decreased risk of bleeding with heart failure in the present
study is unclear, but the role of chance cannot be excluded, which also represent an
avenue for further research.

History of CKD has consistently been shown to increase the risk of major in-hospital
bleeding events (table 8.9) (Mathews et al., 2011; Mehran et al., 2010; Moscucci et al.,
2003; Subherwal et al., 2009). However, in the present study, history of CKD was not
associated with an increased risk of any bleed. The lack of an association between CKD
and bleeding in the present study may be due to differences in the methods used in
ascertaining CKD status between the present study and previous in-hospital studies. In
some studies of in-hospital bleeds, serum creatinine was used as a surrogate for CKD
(Mathews et al.,, 2011; Mehran et al.,, 2010), while in others, creatinine clearance
estimated by the Cockcroft Gault equation was used to ascertain kidney function
(Subherwal et al., 2009). Serum creatinine alone is a poor measure of kidney function
because the level of creatinine in blood depends on other factors such as age, gender and
ethnicity. In the present study, CKD was ascertained based on the presence of diagnostic
Read codes in patients primary care record or eGFR estimated using the kidney disease
improving global outcome guideline equation, which has been shown to be more robust
(Levey et al., 2009). Nevertheless, there was a strong unadjusted increased risk of any
bleed in patients with a history of CKD in the present study, but this increased risk of
bleeding disappeared after multivariable adjustment. Therefore, it may be possible that
residual confounding may explain the increased risk of major in-hospital bleeding event
seen in previous studies.

History of COPD and prescription of NSAIDs within 6 months prior to hospital discharge

for ACS increased the risk of any bleed in the present study. Previous contemporary
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studies of bleeding in the in-hospital setting have not examined the impact of these
characteristics on major in-hospital bleeding events. In contrast to previous studies of in-
hospital bleeds (Mathews et al., 2011; Mehran et al., 2010), the present study did not find
type of ACS indication to increase the risk of any bleed after hospital discharge.

Other characteristics such as Glycoprotein llb/llla inhibitors (Moscucci et al., 2003), use of
intra-aortic balloon pump (Nikolsky et al., 2007), access site used (whether femoral or
radial), sheath size, and time of sheath removal (Cantor et al., 2007) have been shown to
influence in-hospital bleeding events in the PCl setting. But these characteristics are
generally not recorded in primary care databases, hence were not examined in the
present study. Therefore, assessing the impact of these characteristics on the risk of

longer-term bleeding events has not been possible in the present study.
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Table 8.9: Comparison between the findings of the current study with those of previous
studies for in-hospital bleeding events

Risk factors Current CRUSADE ACUITY/ ACTION GRACE
study HORIZON
Demographics
Age 1 24 4 1 1
Female ‘i} "i} ‘1} {r 'i}
BMI (kg/m2) 3 ® ® ¥ ®
Smoking Status =4 =4 =4 - 4 ®
Comorbidities
Diabetes b o 4 b - o 4 @
Hypertension 4 4 = 1 @
Heart failure 1!:!- “i:i" ® {i“ ®
Cancer - 4 ] ® ® ®
PVD 4 iy ® 1 ®
COPD 4 ® @ ® ®
CKD 3 iy 1 1 1
Hyperlipidaemia b =4 ® A @
History of bleeding 4 ] ® ® 'y
ACS presentation
NSTEMI ¥ ® 1 1 ®
In-hospital procedure
PCI 1 3 3 3 1
Drug Therapy
Baseline NSAID's "i:i" @ @ ® @
Baseline SSRI's = ] ® ® ®
Discharge antithrombotic
Dual antiplatelet {!. @ @ ® ®
Oral anticoagulant "i:i" @ @ {i“ ®

4 Increased risk of bleeding
= No association with bleeding
4 Decreased risk of bleeding

[ ] Not studied

CRUSADE; can rapid risk stratification of unstable angina patients suppress adverse outcomes with early
implementation of the ACC/AHA guidelines quality improvement initiative, ACUITY; acute catheterisation
and urgent intervention triage strategy, HORIZON; harmonizing outcomes with revascularisation and
stents, ACTION; acute coronary treatment and intervention outcomes network registry, GRACE; global
registry of acute coronary events, BMI; body mass index, PVD; peripheral vascular disease, COPD; chronic
obstructive pulmonary disease, CKD; chronic kidney disease, ACS; acute coronary syndrome, NSTEMI; non
ST-elevation myocardial infarction, PCI; percutaneous coronary intervention, NSAID; non-steroidal anti-
inflammatory drugs, SSRI; selective serotonin re-uptake inhibitors.
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8.5.2.2  Comparison of the risk factors for any bleed identified in the present study
with those of previous studies of bleeding in the post-discharge setting.

Although an attempt will be made in comparing the risk factors identified for any bleed in
the present study with those from previous studies, it is important to note that the
majority of the previous studies were either carried out in the PCl setting in clinical trials,
or only considered major bleeding events, or the majority of patients enrolled in the
study were low-risk patients with stable coronary artery disease or other unspecified
cardiovascular diseases. Notwithstanding these differences, table 8.10 shows the
comparison of risk factors identified for any bleed in the present study with those
identified in previous studies in the post-discharge setting. Advanced age, history of
bleeding, and management with oral anticoagulant post-hospital discharge that were
identified as important risk factors for any bleed in the present study have also been
reported to be important predictors of bleeding in previous studies (table 8.10). The
present study found an increased risk of bleeding in women compared to men, which is in
contrast to the majority of previous studies of bleeding in the post-discharge setting
(table 8.10) (Baber et al., 2016; Buresly et al., 2005; Khan et al., 2015; Raposeiras-Roubin,
Faxén, et al., 2018; Yeh et al., 2016). The lack of an association between female gender
and bleeding in the previous studies may be due to the definition of bleeding used, as the
majority of the previous studies only considered major bleeding events, and the analysis
in this chapter has shown that female gender was only associated with increased risk of
non-serious bleeding events following hospital discharge.

Some of the characteristics identified as predictors for any bleed in the present study
(such as COPD and prescription of NSAIDs) have not been examined in previous studies,
whereas some characteristics which have been reported to increase the risk of bleeding
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in previous studies within the post-discharge setting (such as BMI, current smoking,
cancer, CKD, and type of ACS presentation) have not been found to increase the risk of
any bleed in the present study (table 8.10). Also, across previous studies within the post-
discharge setting, there were conflicting findings on risk factors of bleeding events. That is
to say, characteristics that increased the risk of bleeding in some studies were not shown
to increase the risk of bleeding in others. These disparities across studies may be due to
the lower number of events and the population studied. The present study is the largest
to identify and report on the risk factors for bleeding in an ACS cohort within the “real-

world” setting.
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Table 8.10: Comparison between the findings of the current study with those of previous studies of post-discharge bleeding events

Risk factors Current study DAPT Precise-DAPT Trilogy-ACS BleeMACs PARIS BRIC-ACS Genereux et al Valle et al Khan et al Buresly et al Lattuca et al

Demographics

Age i i @ Ry i i *® Ry i i @ =
Female 4 b4 [ ] EIs 4 b4 4 [ ] [ ] b4 b 4
BMI (kg/m2) * * [ ] [ ] [ ] i 4 [ ] [ ] ® [ ] [ ]
Smoking Status b4 b4 b4 [ ] [ ] ks [ ] [ ] [ ] i [ ] [ ]
Comorbidities
Diabetes * b s [ ] = 4 [ ] 4 i 4 4 K
Hypertension 4 4 ® [ ] i [ J 4 3 b4 i ® [ ]
Heart failure 4 *® [ ] [ ] » [ ] [ ] b Ry b4 [ ] [ ]
Cancer b4 b 4 [ ] [ ] ks L J [ ] [ ] [ ] L ] [ ] #H
PVD i i L ] x i = [ ] 4 i s L] L J
CcoPD i@ L] L J L] L] L] L J L] L] L J L J L J
CKD * @* ® 4 @* @* * ® i @+ i =
Hyperlipidaemia * [ J [ ] [ ] [ ] [ ] [ ] * R i [ ] [ ]
History of bleeding 4 b 4 4 [ ] 4 [ ] [ ] 4 i i g #
ACS presentation
NSTEMI # 4 [ ] i [ ] 4 4 [ ] # = [ ] L ]
In-hospital procedure
PCl 4 L] L ] L] L] L] L ] L] L] i L] L]
Drug Therapy
Baseline NSAID's i L ] [ ] [ ] [ ] L ] [ ] [ ] [ ] ® [ ] [ ]
Baseline SSRI's H [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]
Discharge antithrombotic
Dual antiplatelet 3 ks [ ] [ ] [ ] [ ] 4 [ ] i i g [ ]
Oral anticoagulant 4 [ ] ® [ ] ® ks [ ] 4 iy [ J 4 ®

Increased risk of bleeding
No association with bleeding

Decreased risk of bleeding

[ JECI L

Not studied
DAPT; dual antiplatelet therapy study, Precise-DAPT; predicting bleeding complications in patients undergoing stentimplantation and subsequentdual antiplatelet therapy, Trilogy-ACS; targeted Platelet Inhibition to Clarify the Optimal
Strategy to Medically Manage Acute Coronary Syndromes, BleeMACs; bleeding complications in a Multicenter registry of patients discharged with diagnosis of Acute Coronary Syndrome, PARIS; patterns of Non-Adherence to Anti-Platelet
Regimen in Stented Patients, BRIC-ACS; bleeding risk in real world chinese acute coronary syndrome patients, BMI; body mass index, PVD; peripheral vascular disease, COPD; chronic obstructive pulmonary disease, CKD; chronic kidney
disease, ACS; acute coronary syndrome, NSTEMI; non ST-elevation myocardial infarction, PCl; percutaneous coronary intervention, NSAID; non-steroidal anti-inflammatory drugs, SSRI; selective serotonin re-uptake inhibitors.
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8.5.3 Interpretation of the findings for the secondary objectives

Whilst the present study has shown that there was some overlap of predictors between
the in-hospital and post-discharge settings, the predictors identified for early bleeding
events in this study showed some differences to those for any bleed post-hospital
discharge.

History of smoking (current smoking) - recorded before hospital discharge increased the
risk of early bleeding events but not any bleed over 12 months, and this increased risk of
bleeding was highest immediately after hospital discharge but decreased with time.
Smoking may increase early bleeding events (30-days bleeds) by induction of cytochrome
p450 hepatic enzymes. These enzymes may increase the conversion of antiplatelet drugs
into their active metabolites, leading to greater platelet inhibition (Bliden et al., 2008,
2013). The gradual decline in risk of bleeding among smokers and the lack of an
association between smoking and longer-term bleeds may in fact be due to cessation of
smoking post ACS. One study report nearly 55% of patients diagnosed with ACS quit
smoking within the initial 30 days of ACS (Yudi et al.,, 2017). Smoking cessation
significantly increases platelet reactivity (Bliden et al., 2013; Park et al., 2012).

History of cancer in the two years prior to hospital discharge likewise increased the risk of
early bleeding events only. Cancers which are systemic, such as those emanating from the
lungs or gastro-oesophageal tract may likely increase bleeding more than skin cancers
(Potts et al., 2018; Shivaraju et al., 2011). It can be speculated that patients experiencing
early bleeding events represented those with higher prevalence of cancers, which were
systemic in nature. This was evidently reflected by the fact that, upon stratifying bleeding

by sites, patients with a history of cancer mostly had significant increase in risk of
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respiratory bleeds, which was only present at 30 days after hospital discharge, and a
modest albeit non-significant increased risk of gastrointestinal bleeds.

Another novel finding of this study was in the assessment of the predictors of site-specific
bleeding events. The study found that advanced age > 80 years and prior history of
bleeding were predictive of all site-specific bleeding events (except bruising). Increasing
age may cause vessels to be brittle, leaky and less likely to constrict and more prone to
bleed due to the deposition of amyloid and collagen in the ageing arterial tunica media
(Steg et al., 2011). Whilst both advanced age > 80 years and history of bleeding were
predictive of all site-specific bleeding events (except bruising), some predictors showed
variation in the types of bleeding events they are associated with post-hospital discharge.
Female gender was only predictive of nuisance bruising, and not serious bleeds (such as
intracranial and gastrointestinal bleeds) contrary to that reported by in-hospital studies
(Mathews et al., 2011; Mehran et al., 2010; Moscucci et al., 2003; Nikolsky et al., 2007;
Subherwal et al., 2009). This finding was consistent with the majority of studies in the
post-discharge setting which also showed a lack of association between female gender
and serious bleeding events (Baber et al., 2016; Buresly et al., 2005; Grodecki et al., 2018;
Raposeiras-Roubin, Faxén, et al., 2018; Yeh et al.,, 2016). The higher risk of bruising
observed among women may presumably stem from the fact that women in general
(Campbell and Roland, 1996), and those with ACS (Hyun et al., 2016), consult their GPs
more often than men post-hospital discharge. Therefore, they may be more likely to
report bruising and have this recorded in their medical record (the prevalence of bruising
was twice as high in women 5.0% than men 2.5%).

This study found COPD to be a strong risk factor for bruising, respiratory, gastrointestinal

and genitourinary bleeding events post-hospital discharge. Most contemporary studies in
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the ACS setting have either not examined the impact of COPD on bleeding or have not
recorded its diagnosis. COPD is characterised by local and systemic inflammation
(Moermans et al., 2011). Patients with COPD are exposed to oxidative stress via chronic
hypoxia and increased release of reactive oxygen species by leukocytes (MacNee, 2000,
2005). This damages gastric mucosa (Kang et al., 2010), and may predispose to peptic
ulcer bleeds (Huang et al., 2012). Patients with COPD are often treated with steroids to
control lung inflammation. Steroids may delay peptic ulcer healing (Luo et al., 2004), thus
increasing the risk of perforation and bleeding complications (Hernandez-Diaz and
Rodriguez, 2001; Narum et al., 2014).

History of CKD increased the risk of gastrointestinal, intraocular and intracranial bleeding
events in the univariable analysis. However, after multivariable adjustment, CKD was only
found to be predictive of intraocular bleeds. The reason for this finding remains difficult
to explain, but in patients that have a history CKD, 17% of those that sustained intraocular
bleeding events were discharged on oral anticoagulants, compared to only 8% in those
that did not have CKD. Dual antiplatelet therapy decreased the risk of gastrointestinal
bleeds in the immediate period following hospital discharge. The reason for the
decreased risk of gastrointestinal bleeds with dual antiplatelet may presumably stem
from the fact that patients with a history of this type of bleeding event, who were
deemed to be at higher risk of bleeding may have been only prescribed single antiplatelet

or not given any antithrombotic medication at the time of hospital discharge.

8.5.4 Interpretation of the subgroup analyses
When risk factors for bleeding (any bleed) were stratified by age in the subgroup analysis,
CKD increased the risk of bleeding in those under 65 years, but not in those over 65 years
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old. The lack of an association between CKD and bleeding in those over 65 years is
difficult to explain. But there was an indication that before the age of 65 years, patients
with CKD were more often discharged on anticoagulants than those without (7% vs 3%).
But this difference in rate of prescribing became attenuated after the age of 65 years.
Although discharge antithrombotic therapy has been accounted for in the analysis, the
impact of residual confounding from other unmeasured factors such the indications for
oral anticoagulant cannot be excluded.

This study did not find an association between age and bleeding among women in the
subgroup analysis. This lack of an association between age and bleeding may in part be
due to the natural decline in oestrogen seen in post-menopausal women (which
constitute the majority of women in this study). This decline in oestrogen is associated
with higher levels of fibrinogen, thus suggesting rapid clotting among women (The
Writing Group for the Estradiol Clotting Factors Study, 1996). Women also have higher
platelet count post menopause (Segal and Moliterno, 2006), with higher numbers of
surface receptors to bind greater amounts of fibrinogen (Faraday et al., 1997; Johnson et
al., 1975).

Smoking (current smoking — recorded before hospital discharge) increased the risk of
bleeding among men but not women. The prevalence of smoking generally tends to be
higher among men than women (ONS, 2017b), and smoking has been shown to increase
the conversion of antiplatelets into their active metabolites leading to greater inhibition
of platelet activities (Bliden et al., 2008, 2013). Besides, women generally have enhanced
platelet reactivity than men (Haque et al., 2001), both with and without antiplatelet

therapy (Bobbert et al., 2012).
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Malignancy has been an exclusion criterion in previous studies like the CRUSADE, DAPT,
and Trilogy-ACS (Alfredsson et al., 2017; Subherwal et al., 2009; Yeh et al., 2016). The sub-
group analysis in the present study revealed that cancer is an important predictor of
bleeding complications in patients managed with PCl. This finding was consistent with
those of the BleeMACS study and the study by Potts and colleagues which reported an
increased risk of serious bleeding events in cancer patients managed with PCI (Potts et al.,
2018; Raposeiras-Roubin, Faxén, et al., 2018). This increased risk of bleeding with cancer
may be due to the fact that patients managed with PCl often continue dual antiplatelet
therapy for up to 12 months following hospital discharge. Prolonged exposure to
antiplatelet drugs may irritate pre-existing systemic malignancies in mucosal linings (such
as gastric cancers), resulting in bleeding complications. Nausea and vomiting, which is
common among cancer patients undergoing chemotherapy (Sun et al., 2005) may result
in haematemesis from Mallory-Weiss tears. Radiotherapy and chemotherapy often result
in mucosal erosion and ulceration, which may also predispose to bleeding complications
(Shadad et al., 2013). Thus, this finding supported by the BleeMACS study and the study
by Potts and colleagues suggests that cancer should be taken into account when

assessing the future risk of bleeding in patients managed with PCI.

8.5.5 Strengths and limitations

This is the first large scale primary care consultation based study to examine the
independent risk factors for bleeding complications following hospital discharge for ACS.
It is also the first to examine the independent risk factors for site-specific bleeding events.
The study goes beyond the traditional risk factors identified from studies of in-hospital
bleeding events by further exploring the independent effects of cancer, COPD, and
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NSAIDs on risk of future bleeding complications. The study included ACS patients with
indications for oral anticoagulation which were excluded in the majority of previous
studies (Costa et al., 2017; Subherwal et al., 2009; Yeh et al., 2016).

The findings from this study should be interpreted in light of some limitations. First, the
observational design of the study does not preclude residual confounding from
unmeasured patient factors such as frailty, dosing and duration of discharge
antithrombotic drugs, gastroduodenal ulcer, and genetic factors. The study was not
adequately powered to examine the independent risk factors for some site-specific
bleeding events such as intracranial and intraocular bleeds. Thus, findings in relation to
these bleeding events should be viewed as exploratory. Each site-specific bleeding event
(such as gastrointestinal and respiratory) will consist of both serious and non-serious
bleeds. However, due to limited number of events, risk factors for site-specific bleeds
were not stratified by severity. Defining each patient discharge antithrombotic
medication was based on a 3 months follow-up from the date of hospital discharge. It was
therefore unclear whether or not patients remained and adhered to the same treatment
regimen beyond this period. Multiple statistical tests of associations were carried out,
and the possibility that some findings may be due to chance cannot be excluded. Finally,
the elderly and comorbid nature of the study population mean that over-adjustment bias

may have attenuated some associations between risk factors and bleeding events.

8.5.6 Conclusion

Using a large primary care consultation database with linkage to hospital episode
statistics and mortality data, this study has identified baseline characteristics that are
associated with increased risk of bleeding complications in the first 12 months after
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hospital discharge. These characteristics (such as age, female gender, history of bleeding,
hypertension, PVD, and management with PCI during the ACS hospitalisation stay) have
some overlap with those reported for in-hospital bleeding events, and whilst there were
some similarities in predictors, the present study did not find history of diabetes, heart
failure, CKD, and type of ACS presentation to be associated with an increased risk of any
bleed following hospital discharge for ACS. The characteristics identified that increased
the risk of any bleed were also predictors across different types of bleeding events, with
some variation by time, severity, and anatomic site of the bleeding event.

The next chapter (Chapter 9) will determine the independent effect of these bleeding
events on all-cause mortality. That is to say, whether patients who sustain these bleeding

complications have a higher risk of mortality than those who did not.
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Chapter 9.0: Prognostic impact of bleeding complications on

all-cause mortality
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9.1

Introduction

This chapter examines the association of bleeding following hospital discharge after ACS

with all-cause mortality (objective 5). The motivation for the present study has been

described in detail in Chapters 1 and 3 of this thesis, but briefly, these are summarised as

follows:

The emphasis in the majority of previous studies has been on the prognostic
impact of in-hospital or bleeding events within the first 30-days of ACS (a
composite of in-hospital and post-discharge bleeds), with little consideration for
longer-term (post-discharge) bleeds.

Previous studies within the in-hospital setting have shown an increased risk of
mortality in patients that experienced in-hospital bleeding events (Eikelboom et
al., 2006; Kinnaird et al., 2003; Manoukian et al., 2007; Rao et al., 2005, 2006).
There is limited evidence on whether post-discharge bleeding events are also
associated with an increased risk of mortality. The finding of an association
between in-hospital bleeds and mortality strengthens the need to determine
whether post-discharge bleeding events also convey greater risk of mortality.

The majority of the previous studies within the post-discharge setting have
excluded non-serious bleeding events, and it is unclear whether these types of
bleeding events are associated with all-cause mortality post-hospital discharge.
There is uncertainty on whether any adverse impact of post-discharge bleeding on
mortality may depend on the anatomic site of the bleed. This is important for
bleeding following hospital discharge since the site of bleeding may differ from

the in-hospital setting.
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e There is uncertainty on whether the risk factors for post-discharge bleeding will
also be predictive of mortality in patients that experienced bleeding events. If this
is true, this subgroup of patients may benefit from an individualised management

strategy.

Accordingly, this chapter addresses these gaps in knowledge by determining independent
associations between bleeding events within the first 12 months following hospital
discharge and all-cause mortality also occurring within a year after discharge. The
independent risk factors for all-cause mortality in patients that experienced bleeding

complications were also explored.
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9.2 Aim and objectives
9.2.1 Aim
The overall aim was to determine the independent association of post-discharge bleeding

with all-cause mortality within the first 12 months after hospital discharge for ACS.

9.2.2 Specific objectives
Primary objective:
To determine the independent association of any post-discharge bleeding event with all-

cause mortality within the first 12 months after hospital discharge for ACS.

Secondary objectives:

The secondary objectives were to determine the independent associations of:

e Serious and non-serious bleeding events with all-cause mortality within the first
12 months after hospital discharge for ACS.

e Sijte-specific bleeding events with all-cause mortality within the first 12 months
after hospital discharge for ACS.

e Whether early bleeding events (compared to late bleeding events) are associated
with a higher risk of mortality (within the first 30 days after the bleeding event).

e Whether the risk factors identified for bleeding are also associated with mortality
in patients that experienced bleeding complications in the first 12 months after

hospital discharge.
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9.3 Methods
The data source, exposures, covariates, and outcome definitions, as well as the baseline

characteristics of the study population are described in Chapters 5, 6 and 7.

9.3.1 Study design

This was a cohort study set within CPRD with linkage to HES and ONS mortality data.

9.3.1.1  Study population
The steps involved in identifying the study population were described in Chapter 6,
section 6.3.1. Briefly, the study population comprised 27,660 patients with a coded ACS

diagnosis between 2006 and 2016.

9.3.1.2 The outcome of all-cause mortality

For the primary objective of the analysis described in this chapter, the outcome of all-
cause mortality was defined as having a death record in the ONS mortality data within the
first 12 months after hospital discharge for ACS. The motivation for selecting the first 12
months after hospital discharge (as opposed to the first 12 months after the bleeding
event) was to avoid immortal time bias which may occur when the patients who
experienced a bleeding event are followed from the time of the bleeding event (thus
ignoring time contributed from hospital discharge to time of bleeding post-discharge) and
those who did not are followed from the date of hospital discharge. This time frame (the
first 12 months) was selected based on the findings of a previous review which indicated
that the prognostic impact of in-hospital bleeding events on mortality was maintained for

up to 12 months following hospital discharge (Kwok et al., 2014), and the fact that the
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descriptive analysis in Chapter 7 showed that 53% of all first bleeds that occurred during
follow up happened in the first 12 months after discharge.

For the secondary objectives of this analysis, the definition for the outcome of all-cause
mortality remained the same except for the comparison between early bleeds (bleeds
within the first 30 days) and late (bleeds between 31 — 335 days) bleeding events where
the outcome of all-cause mortality was defined as having a death record in the ONS
mortality data within the first 30 days after the bleeding event. The motivation for
selecting the first 30 days after the bleeding event was based on the hypothesis that

deaths occurring within this period are more likely to be due to the bleeding event.

9.3.1.3  The exposure (bleeding)

For the primary objective of the analysis described in this chapter, the exposure was
defined as having a coded consultation record for any first bleeding event in the patient’s
primary care record within the first 12 months after hospital discharge for ACS or a death
record in the ONS mortality data with bleeding as the primary underlying cause post-
hospital discharge. Patients with consultation records for bleeding within the first 12
months after hospital discharge or a death record in the ONS mortality data with bleeding
as the primary underlying cause were classified as exposed from the time of first bleeding
event (and unexposed prior to that) and those without any bleeding event as unexposed
for the entire duration of follow up.

For the secondary objectives, the definition for the exposure of bleeding remained the
same, but was categorised (based on first bleeds) by severity (serious and non-serious),
site (such as gastrointestinal), and timing of the bleeding event (early: within the first 30
days, and late: between 31 — 335 days post-discharge). The reason for categorising
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bleeding by severity and anatomic site was based on previous literature which showed
that the prognostic impact of in-hospital bleeding events on mortality varied by severity
and anatomic site of the bleed (Kwok et al., 2015; Rao et al., 2005, 2006). While the
motivation for grouping bleeding based on the timing of the event was to explore
whether patients who experienced early bleeding events have a higher risk of mortality
than those experiencing these bleeding complications at a later time-point post-hospital
discharge. This was mainly to expand on the findings from the descriptive analysis in
Chapter 7, which indicated that within the first 12 months following hospital discharge,
bleeding events occurred more frequently in the first 30 days. Also, the cut-off of 335
days was selected for late bleeding events because patients who experienced bleeding
complications after day 335 will not have the complete 30-days of follow up post bleed
(time period for outcome for this secondary analysis) within the 12 months after

discharge.

9.3.1.4  Covariates

All the baseline socio-demographic characteristics, comorbidities, in-hospital procedures,
and pharmacological characteristics considered as potential risk factors for bleeding in
Chapter 8 table 8.1, were considered as potential confounders of the association
between bleeding and all-cause mortality. The motivation for selecting these
characteristics as potential confounders was based on those which previous studies of in-
hospital and post-discharge bleeding had considered and adjusted for in their analyses
(Caneiro-Queija et al., 2018; Eikelboom et al., 2006; Généreux et al., 2015; Kinnaird et al.,
2003; Rao et al., 2005; Valgimigli et al., 2016; Valle et al., 2016), and the fact that these
characteristics are also associated with mortality (Généreux et al., 2015; Valle et al.,
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2016). The definitions for these characteristics are described in detail in Chapter 5,

section 5.4.

9.3.1.5 Follow up

The study population were followed from the date of hospital discharge until date of
death or date patient ceased contributing to CPRD due to the patient leaving practice or
practice leaving CPRD or the end of 12 months from the index date of hospital discharge
or the date of last data collection at the time of data request. Patients with a record for
any first bleeding event post-hospital discharge (the exposed group) were compared with
those without bleeding events (the unexposed group) in relation to all-cause mortality.
Associations between the outcome of all-cause mortality (within the first 12 months after
hospital discharge) with bleeding events also within 12 months after hospital discharge
were determined. For the secondary objectives of the study (examining the prognostic
impact of bleeding by severity and site), patients who had a record for the relevant
bleeding event (based on first bleed) were compared to those without any bleeding event
in relation to all-cause mortality. When comparing early bleeds (bleeds within the first 30
days) to late (bleeds between 31 — 335 days) bleeding events, patients that did not
experience any bleeding event within the first 12 months following hospital discharge

were excluded.

9.3.2 Sample size
Assuming 50 covariates were selected for adjustment in the current study, there will be

more than 50 EPVs (2,657/50) based on the 2,657 patients with the outcome of all-cause
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mortality within the first 12 months of hospital discharge. This sample size should be

sufficient for the primary analysis in this study (Ogundimu et al., 2016).

9.33 Missing data

The description of the variables that were imputed, the number of imputations, and the
imputation process were described in Chapter 8.0, section 8.3.3. The same imputed
datasets that were used for the analyses in the previous chapter (Chapter 8.0) were also

used for all analyses in this study.

9.34 Analysis

All the analyses in this study were based on a first bleeding event for a patient and were
carried out on the imputed datasets. Mortality rates (per 1000 person-years) within the
first 12 months following hospital discharge were determined among those that
experienced bleeding complications and those that did not, following the same procedure

described in Chapter 7, section 7.2.2.1.

9.3.4.1 Univariable analysis

The crude association between the outcome of all-cause mortality and any bleeding
event (as the exposure) within the first 12 months after hospital discharge was
determined using a Cox proportional hazard regression model. Bleeding was incorporated
into the model as a time-varying exposure. A time-varying exposure allows patients to be
classified as unexposed before experiencing a bleeding event and then as exposed
thereafter. For the outcome of mortality that occurred on the same day as the exposure

(bleeding event), half a day (0.5) was subtracted from the timing of bleeding so that these
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deaths could be included in the analysis. Similarly, for deaths that occurred on the last
day of the study (day 365), half a day was subtracted from the timing of death. Robust
variance estimators were used to take into account clustering within GP practices. The
magnitude of each association was quantified by hazard ratio and associated 95%

confidence intervals.

9.3.4.2  Multivariable analysis

Adjusted association between the outcome of all-cause mortality with any bleeding event
as a time-varying exposure was determined using a Cox proportional hazard regression
model. The association was adjusted for year of index hospital discharge, geographic
region and all the baseline characteristics considered as risk factors for bleeding in
Chapter 8 table 8.1. Adjustment was carried out in three stages. First, the association of
bleeding events with all-cause mortality was determined adjusting for socio-demographic
characteristics. Second, this association was re-examined adjusting for socio-demographic
characteristics, comorbidities and in-hospital procedures. Finally, the association of
bleeding events with all-cause mortality adjusting for socio-demographic characteristics,
comorbidities, in-hospital procedures, and pharmacological characteristics was
determined. Robust variance estimators were used to take into account clustering within
GP practices.

For the secondary objectives of the analyses, the univariable and multivariable analyses
described above for the primary objective were repeated with the exposure of any first
bleeding event (within 12 months) categorised by severity and site of the bleeding event.

All bleeding events were incorporated into the relevant Cox models as time-varying
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exposures. The magnitudes of all associations were quantified by adjusted hazard ratios
and associated 95% confidence intervals.

Separately, for the comparison between early and late bleeding events in relation to the
outcome of mortality within 30 days after the bleeding event, the univariable and
multivariable analyses described above were repeated, this time using a standard logistic
regression model. The magnitude of this comparison was quantified by odds ratio and

associated 95% confidence intervals. All analyses were carried out in Stata version 14.2.

9.3.4.3  Checking the proportional hazard assumption of the Cox model

For each of the final models, exposure or covariate by time (in days) interactions were
included in the models to assess whether the relative hazard of all-cause mortality
between the groups being compared remained the same over the duration of the study
follow-up period. A statistically significant interaction indicates a violation of the
proportional hazard assumption, whereas a non-statistically significant interaction implies
that the relative hazard of all-cause mortality between the groups being compared was
constant over the whole duration of follow up. That is to say, the relative hazard of all-
cause mortality between the exposed (those with any first bleeding event post-discharge)
and the unexposed (those without any bleeding event post-discharge) group is

approximately constant over the whole duration of follow up.

9.3.4.4  Subgroup analyses
To explore whether the association of bleeding with all-cause mortality varies by baseline
patient characteristics, the multivariable analysis described above for any bleed was

repeated including interaction terms between any first bleed and age, gender, in-hospital
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management strategy, and discharge antithrombotic therapy. Separately, the univariable
and multivariable analyses described above for any bleed were repeated stratified by age
categories (< 65 years old, 66 to 80 years old, and > 80 years old), gender (men, women),
in-hospital management strategy (whether medically managed or with PCl), and
discharge antithrombotic drugs combinations (single antiplatelet, dual antiplatelet, and
receipt of oral anticoagulants). The motivation for the gender stratification was based on
previous studies of in-hospital bleeding events which indicated that the risk of mortality
from major in-hospital bleeding may be higher among men than women (Holm et al.,
2016; Kaul et al., 2013; Mehta et al., 2012). While in regards to age, in-hospital
management strategy, and discharge antithrombotic therapy, the stratification was based
on the hypothesis that the risk of mortality from bleeding may increase with age, number
of discharge antithrombotic drugs, or differ based on the in-hospital management
strategy employed. For each stratified category, patients who experienced bleeding were
compared to those who did not within that category. For example, for the male gender,
men that experienced bleeding within the first 12 months following hospital discharge
were compared to men that did not in relation to the outcome of all-cause mortality also

within 12 months after discharge.

9.3.4.5 Sensitivity analyses

The multivariable analysis described above for any first bleed within 12 months following
hospital discharge was repeated on patients with complete data on all variables
(complete case analysis). Results of the complete case analysis were then compared with
those from the imputed dataset. Separately, the multivariable analysis described above
for any bleed was repeated taking account of multiple bleeding events (that is to say, not
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only first bleeds, but all bleeding events that occurred in the first 12 months after hospital
discharge) with the exposure of bleeding treated as a 3 category time-varying variable (no
bleed, non-serious bleed, and serious bleed) so that patients can move up the ladder

from no bleed to non-serious bleed to serious bleed over time, but not down the ladder.

9.3.4.6  Risk factors for mortality analysis

To explore whether the baseline characteristics that increased the risk of bleeding also
increase the risk of mortality in patients that sustained bleeding events, univariable and
multivariable Cox models were used to examine the association of all-cause mortality
(within the first 12 months after the bleeding event) with all the baseline characteristics
considered as potential risk factors for bleeding in Chapter 8 table 8.1. Analysis was
restricted to patients with a bleeding event and patients were followed from date of first
bleeding event following hospital discharge for ACS until death or date patient ceased
contributing to CPRD due to the patient leaving practice or practice leaving CPRD or the
end of 12 months from the date of first bleeding event post-hospital discharge or the
date of last data collection at the time of data request. Patients with a record for each of
the baseline characteristics listed in table 8.1 were compared to those without in relation
to the outcome of all-cause mortality within 12 months post-bleed. Associations between
the outcome of all-cause mortality with baseline socio-demographic, comorbidities,
pharmacological, and in-hospital procedural characteristics (as risk factors) were
determined. These associations were only examined in patients who did experience a
bleeding event within the first 12 months after hospital discharge, and those that did not
were excluded from the analysis. All multivariable associations were adjusted for year of
index hospital discharge, geographic region, and the anatomic site of bleeding. Robust
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variance estimators were used to account for clustering within GP practice. All modelling

assumptions were examined as described above for the primary objective of the study.

263



9.4 Results

The incidence and timing of mortality by bleeding within the first 12 months after hospital
discharge for ACS are summarised in Chapter 7, section 7.2. The number of patients with
the exposure of bleeding are summarised in Chapter 8, figure 8.1. Thirteen percent
(3,620) of the study population experienced first bleeding events over a follow-up period
of 12 months post-hospital discharge. Figure 9.1 summarises the number of patients with
and without the outcome of all-cause mortality within the first 12 months after hospital
discharge for ACS. Overall, 9.6% (2,657) of the study population died within a year after

discharge.

Figure 9.1: Flowchart describing the number of patients with and without the outcome of

all-cause mortality within the first 12 months after hospital discharge for ACS

6,692

With death record in the ONS
- mortality data between
hospital discharge and the end
of study follow up

27,660 2,657

Patients with coded ACS diagnosis With death record within

between 2006 and 2016, and 12 months after hospital
discharge for ACS

without prior ACS code in the

preceding 2 years

20,968

Without death record in the
ONS mortality data between
hospital discharge and the end
of study follow up
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9.4.1 Proportional hazard assumption of the Cox model
The covariates that did not satisfy the proportional hazard assumption of the Cox model
were included in the relevant models as time-dependent coefficients. All (bleeding)

exposures satisfied the proportional hazard assumption of the Cox model.

9.4.2 Associations of bleeding events with all-cause mortality

9.4.2.1 Association of any bleeding event with all-cause mortality

Table 9.1 presents crude and adjusted associations between any bleeding event and all-
cause mortality within the first 12 months following hospital discharge for ACS. Generally,
adjusting for socio-demographic characteristics had some effect on the risk of mortality,
while further adjusting for the other characteristics had little effect. After full
multivariable adjustment, any first bleeding was independently associated with all-cause
mortality. Those that experienced bleeding complications in the first 12 months after
hospital discharge had 70 percent (HR 1.70, 95% CI: 1.50, 1.92) increased likelihood of

mortality in this period than those who did not experience bleeding events.
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Table 9.1: Crude and adjusted associations between any first bleeding event and all-cause mortality within the first 12 months following

hospital discharge

Mortality Adjusted for socio-
rate per . . Adjusted for socio- demographics,
A f -
No: of 1000 Unadjusted djusted for S?CIO demographics, comorbidities, in-
Exposure . . demographic . . .
deaths person- association . . comorbidities and in- hospital procedures and
characteristics . .
years (95% hospital procedures pharmacological
Cl) characteristics
(n/N) HR (95% Cl)  P-value HR (95% Cl) P-value HR (95% Cl) P-value HR (95% Cl) P-value
. 103
No bleed (within 12 months)  2,295/24,040 1.00 1.00 1.00 1.00
(99, 107)
184 2.23 1.89 1.80 1.70
A | ithin 12 h 2 2 .001 .001 .001 .001
ny bleed (within 12 months) - 362/3,620 | "0 (199 250) P<0-00 (1.69,2.12)  P<0001 159503 POOOL 5549y P<O00

HR: Hazard ratio, CI: Confidence interval, 1.00: reference category, No: Number.
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9.4.2.2  Association of serious and non-serious bleeding events with all-cause mortality
Table 9.2 presents crude and adjusted associations of serious and non-serious first
bleeding events with all-cause mortality in the first 12 months following hospital
discharge. After full multivariable adjustment, patients who experienced serious (HR 1.89,
95% Cl: 1.64, 2.18) and non-serious (HR 1.32, 95% CI: 1.06, 1.63) bleeds as their first
bleeding events following hospital discharge both had a higher risk of mortality than
those who did not experience any bleeding event. This increased risk of mortality from
bleeding was nearly three times higher (89% vs 32%) in those that experienced serious
bleeding events than in those experiencing non-serious bleeds following hospital
discharge (table 9.2). Non-serious bleeds comprised bruising, nose bleeds and sub-
conjunctival bleeds, and upon stratifying the association of non-serious bleeds with all-
cause mortality by type, bruising (HR 0.94, 95% ClI: 0.68, 1.30) and sub-conjunctival bleeds
(HR 0.55, 95% Cl: 0.17, 1.77) did not increase the risk of mortality, whereas those that
sustained nose bleeds (HR 1.82, 95% Cl: 1.35, 2.46) had a higher risk of mortality than

those who did not experience any bleeding event following hospital discharge.

9.4.2.3  Associations of site-specific bleeding events with all-cause mortality

The crude and adjusted associations of each site-specific bleeding event with all-cause
mortality are summarised in detail in table 9.2. After full multivariable adjustment, an
intracranial first bleed (HR 7.52, 95% Cl: 4.41, 12.81, (compared to those with no bleed)),
gastrointestinal first bleed (HR 2.07, 95% Cl: 1.66, 2.58), and respiratory first bleeding
events (HR 2.02, 95% Cl: 1.56, 2.60) remained independently associated with increased
risk of all-cause mortality in the first 12 months following hospital discharge. The

increased risk of mortality from bleeding (compared to those with no bleed) was highest
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(sevenfold) in patients that experienced intracranial bleeds following hospital discharge.
There was a modest increased risk of mortality with genitourinary bleeding events (HR
1.26, 95% Cl: 0.88, 1.79), but this association did not reach statistical significance. Bruising
(HR 0.94, 95% Cl: 0.68, 1.30) and intraocular (HR 0.75, 95% Cl: 0.33, 1.71) first bleeding

events did not increase the risk of mortality post-hospital discharge (table 9.2).
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Table 9.2: Crude and adjusted associations between any first bleeding events (by severity and site) and all-cause mortality within the first 12 months

following hospital discharge

Exposures

No: of deaths

Mortality rate
per 1000 person-
years (95% ClI)

Unadjusted associations

Adjusted for socio-
demographic
characteristics

Adjusted for socio-
demographics,
comorbidities and in-
hospital procedures

Adjusted for socio-
demographics,
comorbidities, in-hospital
procedures and
pharmacological
characteristics

(n/N) HR (95% Cl) P-value HR (95% Cl) P-value HR (95% Cl) P-value HR (95% Cl) P-value
No bleed (within 12 months)  2,295/24,040 103 1.00 1.00 1.00 1.00
(99, 107)
By severity
. 234 2.81 233 2.09 1.89
Serious 266/2,126 (207, 264) (247,320)  POOOL 506265 P00l g g5 539 POO0L g 64 515 2 PO001
. 116 1.42 1.24 1.31 1.32
Non-serious 96/1,494 (95, 141) (1.14, 1.76) 0.002 (1.00, 1.55) 0:052 106162) 29 (1.06,1.63) 0.012
By type/site
. 78 0.90 0.84 0.91 0.94
Bruising 42/949 (57, 105) (0.66, 1.23) 0.517 (0.61, 1.16) 0297 (066,1.26) 9% (0.68 1.30) 0.706
. 218 2.56 2.12 2.07 2.02
Respiratory 68/582 (172, 277) (2.00, 3.29) p<0.001 (1.64, 2.73) p<0.001 (1.60, 2.67) p<0.001 (1.56, 2.60) p<0.001
o 250 2.9 2.62 239 2.07
<0. . <0. <0.
Gastrointestinal 92/705 (204, 306) (2.45,366) P01 515300 PO00L 394 504 POOOL 46 255  P<0001
o 142 1.71 1.46 1.39 1.26
Genitourinary 37/468 (103, 196) (1.23, 2.39) 0.002 (1.04, 2.06) 0.028 099, 196) 298 (0388 1.79) 0.201
85 1.00 0.79 0.74 0.75
Intraocular 6/135 (38, 189) (0.46, 2.20) 0.895 (0.35, 1.76) 0562 032,1700 %% (033,1.71) 0.496
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Mortality rate
per 1000 person-
years (95% Cl)

Continuation No: of deaths

Unadjusted associations

Adjusted for socio-
demographic
characteristics

Adjusted for socio-
demographics,
comorbidities and in-
hospital procedures

Adjusted for socio-
demographics,
comorbidities, in-hospital
procedures and
pharmacological
characteristics

(n/N) HR (95% Cl) P-value HR (95% Cl) P-value HR (95% Cl) P-value HR (95% Cl) P-value
. 1292 15.49 116 10.96 7.52
Intracranial 37/81 (936, 1784) (10.09,23.77) PP (55 1868) PO 5e0 1766) PO (441,12.81)  PO001

HR: Hazard ratio, CI: Confidence interval, No: Number, 1.00: reference category, Bold text: indicates statistically significant associations at the 5% threshold.
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9.4.2.4 Comparison between early and late bleeding events in relation to mortality
within 30 days after the bleeding event

Figure 9.2 summarises the types of early and late bleeding events after hospital discharge
for ACS, and table 9.3 presents the crude and adjusted associations of early bleeding
events (compared to late bleeds) with all-cause mortality within 30 days following the
bleeding event. Generally, there was no difference in the risk of mortality between those
that experienced early and those experiencing late bleeding events following hospital
discharge (OR 0.66, 95% Cl: 0.42, 1.03). Among those that experienced early bleeding
events and died within 30 days after the bleed (n that died = 20), 25% of all deaths were
due to bleeding, 45% to cardiovascular causes, and 30% to non-cardiovascular and non-
bleeding causes. Whereas in patients that experienced late bleeding events and died
within 30 days of the bleed (n that died = 99), 56% of all deaths were bleeding related,

23% were cardiovascular, and 21% were non-cardiovascular and non-bleeding related.
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Figure 9.2: Percentage of patients with first type of each bleeding event within 12 months
following hospital discharge stratified by timing of bleed (early/late)
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Table 9.3: Crude and adjusted associations between early bleed (compared to late bleed) and all-cause mortality within 30 days after the
bleeding event

Adjusted for socio-demographics,

Adjusted for socio- Adjusted for socio-demographics, . .
. . . . . . comorbidities, in-hospital
Exposure No: of deaths Unadjusted association demographic comorbidities and in-hospital .
. . procedures and pharmacological
characteristics procedures . .
characteristics
OR OR OR OR
% N P-val - - -
% (n/N) (95% Cl) value (95% Cl) P-value (95% Cl) P-value (95% Cl) P-value
3.6%
#
late bleeds (99/2,755) 1.00 1.00 1.00 1.00
* 2.9% 0.79 0.73 0.74 0.66
Early bleed . . . .
arly bleeds (20/698) (050,1.26) 2323 (045,116) 0182 (0.46, 1.19) 0.215 (0.42,1.03) 0.067

OR: Odds ratio, Cl: Confidence interval, 1.00: reference category, No: Number, *Late bleeds: defined as first bleeding events between 31 and 335 days following hospital
discharge for ACS, “Early bleeds: defined as first bleeding events within the first 30 days following hospital discharge for ACS.
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9.4.3 Subgroup analyses

None of the interaction terms between any bleeding event with age, gender, in-hospital
management strategy, and discharge antithrombotic therapy was statistically significant.
Table 9.4 presents the crude and adjusted associations between any bleeding event and
all-cause mortality within the first 12 months after hospital discharge for ACS, stratified
by age, gender, in-hospital management strategy, and discharge antithrombotic drugs
combinations. The exposure of bleeding for the subgroup analysis based on discharge
antithrombotic therapy did not satisfy the proportional hazard assumption of the Cox
model. For the subgroup of patients on oral anticoagulants, the Kaplan Meier plot in
figure 9.3 reveals that the risk of mortality in the first 100 days after hospital discharge
was approximately similar between those that experienced bleeding complications and
those that did not, but this risk was higher after the first 100 days in those who
experienced bleeding complications post-hospital discharge. Thus, the analysis time for
this subgroup of patients was split into the first 100 days and between 101 — 365 days

post-hospital discharge.
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Figure 9.3: Mortality rate within the first 12 months following hospital discharge among
patients discharged on oral anticoagulants stratified by bleeding
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9.43.1 Age

There was an increased risk of mortality from bleeding in the first 12 months after
hospital discharge, regardless of age category. This increased risk of mortality from
bleeding was higher in those below the age of 65 years (HR 2.97, 95% Cl: 1.94, 4.55)
which then decreased slightly with increasing age (66 to 80 years - (HR 1.77, 95% Cl: 1.39,

2.24), 80 years and over - (HR 1.61, 95% Cl: 1.38, 1.86)).

9.43.2 Gender
The increased risk of mortality from bleeding was similar in men (HR 1.77, 95% Cl: 1.49,

2.10) and women (HR 1.63, 95% Cl: 1.38, 1.93) (table 9.4).
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9.4.33 In-hospital management strategy

There was no difference in the increased risk of mortality from bleeding complications
following hospital discharge between those managed with PCI (HR 1.73, 95% Cl: 1.19,
2.51) and those who were medically managed (HR 1.67, 95% Cl: 1.46, 1.90) during the

index ACS hospitalisation stay.

9.4.3.4 Discharge antithrombotic drugs

There may be an increased risk of mortality from bleeding as the number of discharged
antithrombotic drugs increases (table 9.4). However, the interaction term for these
differences in the risk of mortality across the different treatment groups was not

statistically significant.
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Table 9.4: Crude and adjusted associations between any first bleeding event (by age, gender, in-hospital management strategy, and discharge
antithrombotic drug combinations) and all-cause mortality within the first 12 months following hospital discharge

No: of
. deaths Mortality
Mortality among rate per . .
rate per those 1000 Adjusted for socio-
No: of deaths 1000 ith . . Adjusted for socio- demographics,
without person- . Adjusted for socio- . S
among those person- . Unadjusted . demographics, comorbidities, in-
Sub-groups . . . any years in . demographic . s . .
with bleeding years in bleedi associations .. comorbidities and in-  hospital procedures
. eeding those characteristics . .
events those with event without hospital procedures  and pharmacological
o L .
bleegI;QSA (Referen  any bleed characteristics
ce (95% CI)
group)
(n/N) (n/N) HR (95% Cl) P HR (95% Cl) P- HR (95% Cl) P HR (95% Cl) P
value value value value
*Age
54 22 3.27 p<0.00 3.24 p<0.00 3.12 p<0.00 2.97 p<0.00
<
<65 years 34/1,079 (38,76) 1989309 1955)  (227,4.71) 1 (2.22,4.74) 1 (2.10,4.64) 1 (1.94,4.55) 1
147 89 2.01 p<0.00 2.04 p<0.00 1.81 p<0.00 1.77 p<0.00
66 - 80 years 115/1,433 (122,176) 73°/861% (93 96)  (1.62,2.50) 1 (1.64,2.53) 1 (1.44,227) 1 (1.39,2.24) 1
378 1362/6,11 265 1.71 p<0.00 1.72 p<0.00 1.70 p<0.00 1.61 p<0.00
> 80 years 213/1,108 (331, 433) 7 (251, 279) (1.48, 1.98) 1 (1.49, 2.00) 1 (1.46, 1.97) 1 (1.38, 1.86) 1
“Gender
Men 196/2,126 170 1,240/15, 84 2.53 p<0.00 1.99 p<0.00 1.84 p<0.00 1.77 p<0.00
’ (147, 195) 729 (80, 89) (2.14, 2.98) 1 (1.69, 2.34) 1 (1.55, 2.18) 1 (1.49, 2.10) 1
206 1,055/8,3 139 1.82 p<0.00 1.77 p<0.00 1.74 p<0.00 1.63 p<0.00
Women 166/1,494 (177, 239) 11 (130,147)  (1.54,2.14) 1 (1.50,2.08) 1 (1.48,2.06) 1 (1.38,1.93) 1
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No: of
. deaths Mortality
Mortality among rate per . .
rate per those 1000 Adjusted for socio-
No: of deaths 1000 ith . . Adjusted for socio- demographics,
without person- . Adjusted for socio- . S
. . among those person- . Unadjusted . demographics, comorbidities, in-
Continuation R R R any years in L. demographic s . .
with bleeding years in bleedi associations . . comorbidities and in-  hospital procedures
. eeding those characteristics . .
events those with event without hospital procedures  and pharmacological
o L .
bleegI;QSA (Referen  any bleed characteristics
ce (95% Cl)
group)
P_ -
0, [0) [?) 0,
(n/N) (n/N) HR (95% Cl) HR(95%C) . HR(95%C) = HR(95%C)
“In-hospital management strategy
. 249 2,008/15, 144 2.11 p<0.00 1.85 p<0.00 1.76 p<0.00 1.67 p<0.00
M lly M 13/2,381
edically Managed 313/2,38 (223, 278) 230 (138,151)  (1.86, 2.40) 1 (1.63,2.09) 1 (1.54,2.00) 1 (1.46,1.90) 1
69 34 2.62 p<0.00 2.20 p<0.00 1.84 1.73
PCI 47/1,201 281/8,484 .001 .004
¢ /1,20 (52, 92) 81/8,48 (31, 39) (1.90, 3.61) 1 (1.58, 3.06) 1 (1.29, 2.63) 0.00 (1.19, 2.51) 0.00
“Discharge antithrombotic medication
. . 224 117 2.06 p<0.00 1.71 p<0.00 1.70 p<0.00 1.71 p<0.00
Single antiplatelet 115/908 (186,260) °0%/®0% 109 127) (168, 2.53) 1 (1.39,2.11) 1 (137,2.11) 1 (137,2.12) 1
. 131 820/14,31 59 2.37 p<0.00 2.03 p<0.00 1.92 p<0.00 1.91 p<0.00
D 151/2,151
ual antiplatelet 51/2,15 (112, 154) 9 (55,63)  (1.97,2.85) 1 (1.69,2.45) 1 (1.59,233) 1 (1.58,2.32) 1
. 237 117 2.09 p<0.00 2.09 p<0.00 1.98 2.00
2 145/1,2 .002 .001
Oral anticoagulant 35/276 (170,330) #1283 150 138)  (1.41,3.08) 1 (138,317) 1 (129,306 °09% (131,307 ©0°
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No: of
. deaths Mortality
Mortality among rate per . .
rate per those 1000 Adjusted for socio-
No: of deaths 1000 ith . . Adjusted for socio- demographics,
without person- . Adjusted for socio- . S e s
. . among those person- . Unadjusted . demographics, comorbidities, in-
Continuation R R R any years in L. demographic s . .
with bleeding years in bleedi associations . . comorbidities and in-  hospital procedures
. eeding those characteristics . .
events those with event without hospital procedures  and pharmacological
o -
bleegI;QSA (Referen  any bleed characteristics
ce (95% Cl)
group)
(n/N) (n/N) HR (95% Cl) P R (95% a1 P R (95% cl) P LR (95% ci) P
value value alue value
Association of bleeding with all-cause mortality among patients discharged on oral anticoagulants stratified by follow-up time post-discharge
within 100 days post- 143 131 0.91 0.98 0.87 0.88
discharge 3/276 (46, 444) 52/1,283 (200, 172) (0.29, 2.84) 0.867 (0.32,3.01) 0.966 (0.27, 2.77) 0.817 (0.27, 2.89) 0.840
between 101 and 365 days 200 77 2.43 2.44 2.41 2.37
2/27 1,2 . . .001 .001
post-discharge 32/276 (141, 282) 93/1,283 (62,94) (1.56, 3.78) 0.000 (1.51, 3.93) 0.000 (1.46, 3.97) 0.00 (1.44, 3.92) 0.00
* the reference group for each category comprised patients within that category that did not experience any bleeding event within 12 months following hospital discharge, HR: Hazard
ratio, CI: Confidence interval, PCI: Percutaneous coronary intervention.
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9.4.4  Sensitivity analyses

The sensitivity analysis revealed that the estimated increased risk of mortality from
bleeding in the first 12 months after hospital discharge did not overly differ between the
imputed data analysis (HR 1.70, 95% Cl: 1.50, 1.92) and the complete case analysis (HR
1.57,95% Cl: 1.34, 1.85) table 9.5.

When the analysis was repeated so that patients with multiple bleeding events can move
between categories of bleeding severity over time (i.e. from no bleed to non-serious
bleed to serious bleed but not the reverse), the increased risk of mortality in patients
whose first or only bleeding events post-hospital discharge were non-serious, and in
those whose first bleeding events were serious, did not differ to those reported using first
bleeding events above (in table 9.2). But, the association of non-serious bleeding events
with all-cause mortality did not reach statistical significanc