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Abstract

Introduction

Although clinical guidelines recommend various care processes to improve outcomes of patients
with stroke, evidence to support many of them, such as the management of post-stroke infections
and the monitoring of abnormal physiological variables, are scarce. While for those care processes
with more evidence, very few studies have quantified their variations across regions and what
factors influence their implementation in clinical practice. This thesis aims to determine the
utilisation of guideline-recommended care processes for patients with acute stroke, and explore
various strategies that may improve their implementation.

Methods

I conducted secondary analyses of a large clinical trial to explore the associations of care processes
and clinical outcomes, using data of 11,093 patients with acute stroke from nine countries. These
care processes included dysphagia screening, indwelling urinary catheterisation (IUC), and early
detection of low blood pressure (BP) and oxygen saturation (Sa0z) levels. To explore variations in
the utilisation of care processes, | compared the evidence-based recommendations for stroke unit
care across Australia/UK, China, India/Sri Lanka and South America. | also conducted a process
evaluation of a ‘quality improvement’ intervention within an ongoing trial involving the
management of patients with acute intracerebral haemorrhage in China, to explore what factors
could improve the implementation of systems to improve the quality of care.

Results

Patients who failed a dysphagia screen, had an IUC, had SBP <120mmHg or Sa0» <93% during
the acute phase (up to 7 days after stroke onset) had increased odds of poor outcome. The
utilisation of care processes varied across regions, with lower probabilities of reperfusion therapy
and allied health care in low- and middle-income countries (LMICs) than high-income countries.

Constant training with the clinicians, case reviews, optimisation of workflow within available
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resources, and having a dedicated team, may facilitate the implementation of evidence-based care.
Conclusions

The utilisations of guideline-recommended care processes are associated with patient outcomes and
vary across regions. Timely assessment and appropriate management should be provided to those
with dysphagia, IUC, low BP, and low SaO: levels, in an effort to improve their recovery after
stroke. Future studies are needed to confirm the causality of these associations and to examine
opportunities to promote the delivery of evidence-based stroke care, especially in LMICs.
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Overview

Guidelines recommend certain care processes to improve outcomes for patients with acute
stroke. The thesis begins with a background on stroke, covers the definitions of stroke, its
epidemiology and prognosis, and outlines various aspects of guideline-recommended stroke
management focusing on acute care processes and their relevant implementation (Chapter 1).
This chapter outlines how this thesis aims to build upon current knowledge of care processes
in acute stroke to provide feedback on the impact of clinical guidelines and their use in
practice. The specific objectives of my thesis are to:

1. Provide evidence of the impact of two particular care processes - dysphagia screening

and urinary catheterisation - on post-stroke infections and other relevant outcomes;

2. Define evidence gaps in the monitoring of physiological parameters - blood pressure

(BP) and oxygen saturation (Sa0O);
3. Quantify variations in essential care processes in an acute stroke unit (ASU);

4. Determine the barriers and facilitators of implementing a ‘quality improvement’ care
package for patients with acute intracerebral haemorrhage in routine practice.

Chapter 2 focuses explicitly on important aspects relevant to the prevention and
management of two common post-stroke complications include pneumonia and urinary tract
infection. The first section (2.1) reports on the utility of dysphagia screening and assessment
across study regions, and the associations between these dysphagia evaluations and risk of
pneumonia and poor clinical outcome after acute stroke. The second section (2.2) reports on
the prognosis in relation to early indwelling urinary catheterisation (IUC) and risk of urinary
tract infection (UTI) and death or dependency. Stratified analyses were undertaken to

understand the role of UTI on patient outcomes.

In addition to care processes to prevent complications, the monitor and management of
abnormal physiological variables are also crucial as part of the key processes of acute stroke
care. In Chapter 3, the first section (3.1) summarises the characteristics of patients with low
presenting BP in the acute phase and describes the relationship between low BP and clinical
outcomes. The second section (3.2) reports on the associations of the lowest level of SaO: in
the first 24 hours after hospital admission and adverse outcomes in patients with acute stroke.

The study also identifies an optimal level of SaO> related to a favourable outcome.
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Besides abnormal parameters monitoring and essential care processes to manage post-stroke
infections, stroke unit care is critical to recovery after stroke. It is well acknowledged that
access to organised stroke care varies across the world, but limited data exist on quantifying
the extent of regional differences in the components of stroke unit care. Chapter 4 reports
upon such variations in guideline-recommended care processes in an acute stroke unit,
including comparison within and across four economically defined regions (Australia/UK,
China, India/Sri Lanka and South America).

Following determining the variations across the regions upon the care processes that are
delivered in the stroke care unit, Chapter 5 focuses on exploring the strategies for the
integration of guideline-recommended care in real-world practice. It outlines the barriers and
facilitators of implementing a quality improvement intervention for intracerebral
haemorrhage management in China, and suggests the strategies to improve guidelines-

recommended stroke care implementation.

Chapter 6 summarises all the data presented in the thesis, discusses the implications of the
findings, and provides recommendations for future research. This thesis involves secondary
analysis (Chapter 2-4) of the Head Positioning in Acute Stroke Trial (HeadPoST). HeadPoST
was an international, multicentre, cluster cross-over, randomised controlled trial involving
11,093 acute stroke patients from nine countries that aimed to determine whether outcomes in
acute stroke patients would differ by different types of head positioning (lying flat versus
sitting up). It involved collecting clinical and management data as part of routine care during
the first few days after admission to the hospital. The large and heterogeneous study
population of the HeadPoST study provides a unique opportunity to examine the utility of care
processes on the key clinical outcomes in patients with acute stroke. Chapter 5 is based on
the process evaluation incorporated within the third, INTEnsive care bundle with blood
pressure Reduction in Acute Cerebral haemorrhage Trial (INTERACT3). INTERACT3 is an
ongoing international, multicentre, stepped-wedge, cluster randomised controlled trial that
aims to determine the effectiveness of a protocol-directed care bundle for patients with acute
intracerebral haemorrhage. This aspect of the trial allows insights to be gained to understand

how well the guideline recommendations are implemented into routine practice.
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Chapter 1 Introduction
1.1 Synopsis

This Chapter provides an overview of stroke, covering definitions, epidemiology, prognosis,
and acute management. The guideline-recommended acute treatment and care processes,
which are the main context of this thesis, are outlined. An introduction to the included

projects is also provided.

1.2 Stroke
1.2.1 Definitions

In 1689, the term ‘stroke’ was first introduced by William Cole to describe acute
nontraumatic brain injury.! Before Cole, the common term used was ‘Apoplexy’ since 400
BC, which means “loss of consciousness” covering several conditions, including epilepsy.? In
1970, the standard definition of stroke was provided by World Health Organisation (WHO)
as “rapidly developing clinical signs of focal (or global) disturbance of cerebral function,
with symptoms lasting 24 hours or longer or leading to death, with no apparent cause other
than of vascular origin”.® By applying this definition, brief episodes we called a transient
ischaemic attack (TIA), and defined by focal neurological symptoms lasting less than 24
hours, and patients with neurological dysfunction caused by subdural haemorrhage, brain
tumours or trauma, are excluded. However, an updated definition of stroke has been
developed by experts associated with the American Stroke Association (ASA) for this
century that is broader and incorporates clinical and tissue criteria based on
neuropathological, modern neuroimaging, and/or where there is clinical evidence.* Thus, the
term ‘stroke’ can be broadly used upon the updated definition into the following situations of
central nervous system (CNS) infarction, ischaemic stroke, silent CNS infarction,
intracerebral haemorrhage (ICH), stroke caused by ICH, silent cerebral haemorrhage,
subarachnoid haemorrhage (SAH), stroke caused by SAH, stroke caused by cerebral venous

thrombosis, or not otherwise specified stroke.*
1.2.2 Types of stroke

Generally, stroke can be classified into two major categories according to the mechanism,

that of ischaemic and haemorrhagic stroke.

Ischaemic stroke (infarction) is a lack of blood supply to a vessel due to thrombosis or
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embolism, which accounts for 87% of all strokes.® There are several subclassifications for
ischaemic stroke. The most popular one is that from the Trial of Org 10172 in Acute Stroke
Treatment (TOAST), which groups ischaemic stroke into five types according to the
aetiology®: large artery thrombotic, small artery thrombotic (‘lacunar’), cardiogenic embolic,

other determined, and undetermined causes of stroke.

Haemorrhagic stroke is caused by a weakened vessel that ruptured with bleeding, mainly
within or outside the brain, that of spontaneous ICH or SAH. Spontaneous ICH (as opposed
to traumatic haemorrhage) is caused by arteriolar hypertensive disease, which resulting
rupture of the small vessels, accounting for 80% of all haemorrhagic strokes.” 8 SAH
attributes to only 2-7% of all haemorrhagic strokes, and is mainly caused by rupture of an
intracranial aneurysm (accounts for 85% of cases) and the rest relates to arteriovenous

malformations, intracranial neoplasm, and use of anticoagulants.”®

1.3 Epidemiology
1.3.1 Global incidence and prevalence

According to the Global Burden of Disease study, there were over 13.7 million new strokes
(9.6 million ischemic and 4.1 haemorrhagic strokes) worldwide in 2016.*° This number is
expected to increase with the continued growth and ageing of populations. Although there has
been an 11.3% decrease in age-standardised stroke incidence worldwide from 1990 to 2017,
the absolute number of stroke cases still increased as a result of population ageing.!* The
number of ischaemic strokes was 7.7 million in 2017, a doubling compared to 1990, but there
was a 5% decrease in haemorrhagic events globally.* Stroke rates vary by region, with the
highest being in Eastern Asia (especially China, with 354 per 100,000 person-years),
followed by Eastern Europe (ranging from 200 to 335 per 100,000 person-years),'2 whilst the

lowest rates are in Latin America (97 per 100,000 person-years).'?

The prevalence of stroke was 80.1 million in 2016, being slightly greater in women (41.1
million) than men (39.0 million),*® with an increase of 3% from 1990-2017, perhaps due to
reduced severity and better survival after stroke.!* The prevalence of ischaemic stroke
increased by 2.7%, but haemorrhagic stroke decreased by 1.7%, from 2006 to 2016.%% The
highest age-standardised prevalence figures are Eastern Asia and Eastern Europe.*®* Even
though the prevalence of haemorrhagic stroke has decreased overall, the figure remains high

with a range of 5.7 to 8.7 million in middle-income countries, where the burden of

32



hypertension and other risk factors are more significant than in high-income countries.! 4
For example, the incidence of ICH in China is 18% higher compared to a predominantly

white population.’®
1.3.2 Risk factors

Stroke shares several risk factors with coronary artery disease, and the risk factors can be
categorised as modifiable and non-modifiable. The former include age, sex, genetic variables
and ethnicity.'®1® Stroke is a disease of ageing, and the rates are doubling for each decade
after 55 years.'® Higher rates of stroke are reported in women than men in an older age group
because of their longer life expectancy.?® Racial disparity in stroke is well recognised in
studies of African American and Hispanic/Latino people compared to White Americans.?!
Compared to Western Europe, United States and Australia, stroke incidence is particularly
high in Asia, where a large majority of the world’s population live in low resource
developing regions, and disparities remain in the provision of healthcare which continues to
challenge effective disease control.?2 Common variants of genetic polymorphisms, such as
methylenetetrahydrofolate reductase (MTHFR) C677T and apolipoprotein E (ApoE), are
associated with increased risks of ischaemic stroke.’* The role of family history is complex:
in addition to shared genetic factors, there are also shared behavioural and gene-
environmental interactions influencing the impact of several modifiable risk factors include
high blood pressure (BP) or hypertension, diabetes mellitus (DM), and atrial fibrillation (AF).
Other key modifiable risk factors include dyslipidaemia, and unhealthy lifestyles of physical

inactivity, smoking, dietary intake and alcohol consumption.? 14
Hypertension

Hypertension is the most critical risk factor, which is attributed to approximately 54% of all
strokes.?® The relationship between BP and risk of stroke is strong, direct and near-
continuous, and more significant for haemorrhagic than ischaemic stroke.’* Hypertension
causes alternations in the structure of the cerebrovascular wall, resulting in endothelial
damage and atherosclerotic plaques in both small and large arteries, leading to varying
degrees of occlusion, rupture and ischaemic injury.?* Hypertension induces lipohyalinosis
(i.e. thickening of vessel walls and reduced luminal diameter) of small arteries, resulting in
various abnormalities include small infarcts or ‘lacunes’, white matter change or
leukoaraiosis, and small (micro haemorrhage) and large intracerebral haemorrhage (ICH).%

The antihypertensive treatment is pivotal for preventing stroke, regardless of age, gender or
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ethnicity.?* With on average of every 1-3 mmHg reduction in systolic blood pressure (SBP),
the risk of stroke decreases by 20-30%.2° Compared to normal BP (<130/85 mmHg), the
age- and sex-adjusted risk of stroke increases 1.6 times in untreated hypertension and 3.5
times in patients with poorly controlled SBP.?® Of the various available antihypertensive
drug classes that have been used for first-line treatment, calcium channel blockers and
angiotensin receptor blockers have the most substantial evidence for the protection of
stroke.?”- 28 Hypertension is the most prevalent risk factor for stroke in Asians.?® Unlike in
many Western countries, both SBP and DBP, and BP variability, are positively correlated

with stroke incidence in Asia.?®
Diabetes Mellitus

DM causes both micro- and macro-vascular complications, including stroke. Elevated blood
glucose level (BGL) can induce vascular endothelial dysfunction, increase arterial stiffness,
and cause atherosclerotic plaque formation and thickening of basal capillary membranes,
leading to stroke.>® Patients with DM are at a 1.5-3 times greater chance of stroke than those
without DM; and those with DM of more than 10 years duration are at 3.2 times greater risk
of stroke than others.3" 32 The hazard ratios (HRs) with DM are 2.27 for ischaemic stroke,
1.56 for haemorrhagic stroke, and 1.84 for unclassified stroke.®® The risks of ischaemic
stroke are higher in young people with DM, especially in the age group of 55-65 years.*
Women with DM are at a higher relative risk of stroke than men (2.28 versus 1.93),% and
people with DM are more likely to have risks of comorbidities such as hypertension and

hypercholesterolaemia than those without DM.*°
Atrial Fibrillation

AF is the most common cardiac arrhythmia, which is associated with an increased risk of
stroke. Stasis of blood in the atria leads to thrombus and embolization, with the most serious
complication being cardioembolic stroke to the brain.}* The global and regional effects of
potentially modifiable risk factors associated with acute stroke in 32 countries study
(INTERSTROKE) has shown that 17.1% for ischaemic strokes can be attributed to AF.23 AF
is the most important cause of ischaemic stroke in people over the age of 75 years. The risk
is also modified by sex, where women with AF and no other risk factors appear to have a
higher rate of stroke than men (0.7% versus 0.5%).3" Anticoagulation (i.e. either oral vitamin
K inhibitors [warfarin] or new oral anticoagulants [e.g. apixaban]) has been shown can

reduce the risk of ischaemic stroke by 65%-85%,% despite potential adverse effects of
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bleeding in the brain (ICH) or gut.®® Although aspirin can prevent stroke in those with AF, it
is not as potent as anticoagulation and probably works more of co-morbid thrombotic risk

from atherosclerosis rather than preventing cardioemboli.®®
Dyslipidaemia

There is solid evidence that a high level of total cholesterol increases the degree of lipid
peroxidation involved in the development of atherosclerosis.*® There is now substantial
evidence that total cholesterol, and particularly low-dose density lipoprotein cholesterol
(LDL-C), are risk factors for both coronary artery disease** and ischaemic stroke.*>*® While
a level of high-density lipoprotein cholesterol (HDL-C) >0.91 mmol/L has been shown to
provide protective effects against ischaemic stroke (i.e. 47% relative risk reduction), this
effect appears greater in older than younger people.*t The use of statin drugs are now well
established as providing significant reductions in the risks of ischaemic stroke and

cardiovascular deaths by 29% and 22%, respectively.*

However, there has been a controversial inverse association between the risk of haemorrhagic
stroke and serum cholesterol,*> 46 with an observational study showing that the relative risk
decreased by 31% and 38% with every 1 mmol/L reduction in total cholesterol and LDL-C,
respectively.*” Serum cholesterol of >7.23 mmol/L increased the risk of death from
ischaemic stroke, while a level <4.14mmol/L increased the risk of fatal intracranial
haemorrhage.*® A meta-analysis of prospective studies has shown that for every 1 mmol/L
increase in HDL-C, the risk for ICH increases by 17%.* Low cholesterol may destabilise the

endothelium, causing microaneurysms and bleeding.*’
Diet and nutrition

Diet plays an essential role in the prevention and control of cardiovascular disease, including
stroke.*® A meta-analysis of several randomised controlled trials (RCTs) has shown that
Mediterranean diet with lower dietary fat can reduce the risk of stroke by 35%.%° Folic acid
supplementation significantly reduces the risk of stroke by 11%, which may be beneficial to
people with elevated BP, low vitamin B1 and contraindication of using statins and
antiplatelet agents.> %2 Diets that are high in sodium/salt, and low in fibre, fruit and
vegetables are also associated with an increased risk of stroke.*® It has been estimated that
35.6% of stroke-related disability-adjusted life years (DALYS) are attributable to diets that
are low in fruit (<200 g/day), and 22.6% are related to diets high in sodium (>5 g/day).>® In
2012, 51.9% of the deaths from stroke in adults (age >25 years) were estimated to be related
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to suboptimal dietary habits, including low intake of fruits (22.4%), vegetables (21.9%),
whole grains (10.5%), and excess intakes of sodium/salt (10.7%) and sugar beverages
(0.7%).%

Obesity and physical inactivity

The prevalence of obesity (i.e. body mass index [BMI] >30 kg/m?) has increased from 4% to
34% worldwide over the half-century.>® Among patients with stroke, an estimated 18-44%
and 36% are obese by overall and central measures, respectively.>® There is firm evidence
that obesity is associated with an increased risk of cardiovascular disease,*® with the risk of
ischaemic stroke increasing by 5% for every one-unit increase in BMIL.5" However, both low
(<18.5 kg/m?) and very high (>30kg/m?) BMI are associated with an increased risk of ICH,
by as much as 76%.%® The relationship between obesity and increased risk of stroke is
explained, in part, by an association with hypercholesterolaemia, hypertension and DM.%®
Physical inactivity is associated with many adverse health consequences, including an
increased risk of stroke, hypertension and coronary heart disease. Compared to people
undertaking any form of regular physical activity, those who are inactive or sedentary (no
engagement in leisure-time physical activity or duration of activity <10 minutes) have a 60%
increased risk of stroke after the age of 80 years.>® Very active people had a 27% reduction
in the risk of stroke compared to low-active people, and this association holds for both

ischaemic and haemorrhagic stroke.®°
Alcohol

Compared to abstainers, those who consume alcohol >60 g per day have a 64% increased risk
of total stroke.®* However, the strength of the relationship varies across stroke subtypes. A J-
shape relationship is evident for alcohol intake and ischaemic stroke: light to moderate (<1-2
drinks or <24 g per day) is protective, with a 20-28% relative reduction in risk compared to
low intake of alcohol.?™ %2 However, the relationship between alcohol and haemorrhagic
stroke increases linearly, which means even a small intake is associated with an increased
risk of haemorrhagic stroke.®? % Daily consumption of three or more drinks independently
increases the risk of ICH for at least one-fifth.® The reduced risk of ischaemic stroke from
moderate alcohol intake may be explained by the effects of increasing HDL-C and decreasing
platelet aggregation and fibrinolytic activity.%* Conversely, alcohol can increase BP and

coagulation, which contribute to an increased risk of ICH.%

Smoking
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Smoking has been identified as the leading risk factor for respiratory diseases and
cardiovascular disease. Even smoking as little as one cigarette per day is associated with a
35% increased risk of stroke.®® There was a clear dose-response relationship between pack-
years of smoking and risk of stroke, and smoking cessation can rapidly reduce the risk of
stroke by as much as 34% compared to those who continue to be regular heavy smokers.5
The excess risk of stroke nearly returns to the level of non-smokers within 5-15 years of
cessation.% % Moreover, exposure to second-hand smoke is associated with a 30% increased
risk of stroke compared to those who are not exposed.”® Atherosclerosis and arterial damage
caused by cigarette smoking contribute to both large- and small-vessel cerebrovascular
diseases, with a relative risk ratio (RR) of 2.30, although this is somewhat lower for non-
lacunar (RR 1.61) and cardioembolic (RR 1.94) strokes.”* There is also an increased risk of
cerebral aneurysms and damage to small intraparenchymal arteries from cigarette smoking
which is associated with both ICH and SAH. Cigarette smoking to levels >15 per day

increases the risk of haemorrhagic strokes by 2.29 for females and 1.36 times for males.”

In summary, although there are fewer established risk factors for haemorrhagic stroke than
ischaemic stroke, the relationship with BP is much higher. DM, AF, smoking and
dyslipidaemia, are more potent risk factors for ischaemic stroke. Alcohol consumption is
more related to haemorrhagic stroke. Increasing age and sex disparities apply to both types

of stroke.”®

1.4 Prognosis
1.4.1 Death and disability

Stroke is the second leading cause of death and the third leading cause of disability,
consequently causing considerable suffering and economic and social burden worldwide.”*"
The greatest risk of death is in the first few days and weeks after the onset of stroke,*® where
the early case fatality (21 days to 1 month) ranges from 17% to 30%, but is higher for
haemorrhagic (25%-35%) than ischemic (12%-23%) stroke.”® A large prospective US
population study indicates cumulative mortality after stroke as 10.5% at 30 days, 21.2% at 1-
year, and 40% by 5 years.”” During the first month, the major causes of death are related to
initial stroke (53%), recurrent stroke (2%), and cardiac events (19%).7® In the long-term (>1
year) after the first-ever stroke, the leading causes of death are cardiovascular disease
(67.5%), cancer (11.8%), other diseases (18.3%), and accidents and suicides (2.4%).7® 7

With improvements in stroke treatment and management over recent decades, age-
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standardised deaths from stroke have decreased by 39.2% globally from 1990 to 2016 across
all socio-demographic index levels™ and age groups.®’ From 1990 to 2016, the absolute
number of deaths and disability-adjusted life years (DALYS, a metric for ‘years of healthy
life lost’) increased by 28% and 22%, respectively. Stroke is the most common cause of
disability in adults, causing more than half of patients to be left with a residual disability,
which amounts to over 5 million people affected each year.81® There are more than 116
million DALY s due to stroke annually, and the vast majority (87%) occurs in low- and
middle-income countries (LMICs).1% &

1.4.2 Functional recovery

Functional recovery after stroke is influenced by stroke type, size and location of the lesion in
the brain as well as underlying neuronal plasticity, external treatment, rehabilitation and
motivation.2* The critical process of recovery from stroke can be conveniently divided into
the time points of hyper-acute (0-24 hours), acute (1-7 days), early subacute (7 days to 3
months), late subacute (3-6 months) and chronic (>6 months) phases.®> During the hyper-
acute phase, treatments such as unblock (reperfusion therapy) the clots in blood vessels of the
anterior and posterior circulation have the potential to enhance recovery after ischaemic
stroke.®® Most recovery of motor function occurs in the first 12 weeks (recovery ranging from
48% to 91%),34 while gross cognitive function improves more rapidly, most within 3 weeks.2®
After 6 months, the amount of spontaneous recovery is small, and how much of this relates to
internal and external factors that lead to the chronic deficit is uncertain.®® The first week
(hyperacute and acute) to the first month (early subacute) after stroke onset is critical for
neural plasticity, which is potential for treatment to influence recovery but has not yet been

clearly proven.®
1.4.3 Predictors

Baseline characteristics and clinical variables that predict outcome include age, initial
severity, pre-morbid levels of function, and pre-existing diseases (i.e. heart failure, ischaemic
heart disease, and AF), DM, and previous stroke.®® An Australian population-based registry
reported the highest probability of good outcome after ischemic stroke was in the age group
of 18-35 years; this probability declined by ~4.2% per increasing decade but with a steep
drop to approximately 10% at 75 years age.?® Baseline severity of the neurological deficit is
often measured by the National Institute of Health Stroke Scale (NIHSS, see Supplementary
Appendix 1), an important predictor for functional recovery with good external validation
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and calibration.®® NIHSS is composed of 11 items with a total score range of 0-42, and a
score 0 typically indicates a normal function, while a higher score over 15 indicates moderate
to severe impairment. For every 1-point increase in the score on the NIHSS, there is a 3-fold
increased risk of worsening ambulatory function.®? Patients with pre-stroke disability (the
degree of disability or dependence in daily activities before the occurrence of stroke was
evaluated within the first 24 hours of hospital admission using modified Rankin Scale), are
more likely to have moderate to severe stroke upon arrival (odds ratio [OR] 3.2, 95%
confidence interval [CI] 2.3-4.6), and increased mortality (OR 4.9, 95% CI 3.7-6.5) and
dependency on discharge from hospital (OR 3.1, 95% CI 2.3-4.1).%2 Co-morbidities of DM,
heart disease and prior stroke are independently associated with poor outcomes after stroke.®®
% Hyperglycaemia predicts poor prognosis after stroke (hazard ratio 1.87, 95% CI 1.43-2.45)
after adjusting for age, severity, and pathological subtype of stroke.®®> DM independently
increases the chance of death or dependency by 23% after acute ischaemic stroke.?® Ina
large population-based study, any heart disease (including heart failure) independently
predicts future dependency (OR 3.0, 95% CI 1.1-8.0), and AF predicts death (HR 2.4, 95%
Cl 1.6-3.6) at one year after the first-ever stroke.®” Three large trials have shown that a
history of stroke significant predicts death or dependency at 3 months after acute ischemic
stroke (ORs ranging from 1.14 to 1.67, all p <0.0001).% In ICH, initial volume and
subsequent growth of the haematoma of 24 hours, and initial severity of the neurological
deficit on the Glasgow coma scale (GCS) predict adverse outcome.® With every 10%
increase in baseline haematoma, there are 1% and 18% increasing in the HR for death and
dependency by 90 days, respectively.'® Baseline GCS score is highly correlated with 90-day
functional outcome, including the score at Day 5 such that for 1 point increased in GCS, there
is a 37% decrease in the odds of death or dependency (p <0.001).1*

Approximately half of all in-hospital deaths are caused by serious medical or neurological
complications, including recurrent stroke and increased intracranial pressure after ischaemic
stroke.?? Brain oedema significantly increases the odds of in-hospital death (OR 18.93, 95%
Cl 14.65-24.46)'% and recurrent stroke increases the odds of death or dependency by 10.45
(95% CI 1.03-38.93).194 Other post-stroke complications include pneumonia, urinary tract
infections, and urinary incontinence, are also strong predictors of poor functional recovery
across all types of stroke and age groups.'%* 1% An observational study indicates that post-
stroke pneumonia is associated with a doubled risk of poor outcome, while infections other

than in the urinary tract have increased the risk by 59%.% Moreover, patients with urinary
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incontinence have a significantly increased risk of an unfavourable outcome after ischaemic
(OR 13.9, 95% CI 5.4-35.5) and haemorrhagic (OR 25.0; 95% CI 3.9-160.5) stroke.!% Post-
stroke fatigue has been reported to be an independent predictor of living in an institution (OR
2.71,95% Cl 1.94-3.77) and to result in greater dependency in daily activities (OR 5.00,
3.72-6.72), in comparison to those without fatigue.'° Moreover, post-stroke fatigue in young
stroke patients (age 18-50 yrs) has been reported to be associated with poor functional
outcome (OR 4.0, 95% CI 1.6-9.6), even after almost a decade of follow-up.'%” Chronic pain
syndrome after stroke is associated with greater dependence (OR 2.16, 95% CI 1.82-2.56)
and an increased risk of recurrent stroke compared to those without pain (8.5% vs. 7.3%,
p=0.07),%% but no significant association has been found between the absence of pain
complication in the first 90 days and worse functional outcome.'® Mortality at 1.5 yrs of
follow-up is higher in patients with stroke-related aphasia compared to those non-aphasic
patients (36% vs. 16%).1%° Aphasia at baseline and persisting over 90 days is associated with
poor functional recovery after stroke.''° Other complications after stroke, such as visual
impairment, may be permanent and be associated with reduced quality of life, poor
rehabilitation outcomes, and loss of daily living activities.!* Cognitive impairment at 6
months has been reported to be a predictor of a lower level of independence (coefficient -
3.605, 95% -5.705 to -1.505), worse quality of life (coefficient -0.595, 95% -0.943 to -0.248)
and increased likelihood of depression (OR 4.60, 95% 1.22-1.74) at 5-year follow up.1*2

Low socioeconomic status is also an important predictor of stroke mortality; that is, people
with the lowest education and income, or defined by a composite of low socioeconomic
variables, have a significant increase in death from stroke.!*® Socio-economics status (SES)
also involves caregiver support, marital status, and disease awareness, which are essential for
survival and recovery from stroke.** Patients with low SES are also more likely to have
greater co-morbidities and less access to rehabilitation, which contributes to poor functional
recovery from inadequate or delayed therapy, and aids and adaptions to the living
environment.'4 Race-ethnicity also explains some of the variations in outcomes after acute
stroke. For example, Caucasians had significantly higher mortality (p=0.0003) and worse
quality of life (p=0.003) compared to Asians, although functional recovery is similar between

these groups at 3-months (p=0.14).11°
1.4.4 Outcome evaluation

There are three commonly used and validated outcome assessment scales in stroke: the
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NIHSS, modified Rankin Scale (MRS, see Supplementary Appendix 2), and Barthel Index
(BI, see Supplementary Appendix 3), with each suited to different aspects of measuring
physical function,!1® whilst the health-related quality of life (HRQoL) is typically measured
with the 5-Dimension European Quality of life scale (EQ-5D, see Supplementary Appendix

4) which taps into the patient’s own (or their caregiver’s) perception of their recovery.
National Institute of Health Stroke Scale

The NIHSS is an 11-item scale that can provide an ordinal, non-linear measure of
neurological impairments, with the total score ranging from 0 (no deficit) to 42 (maximum
deficit). A score of >21 is typically used to indicate ‘severe stroke’.*'” The scale incorporates
assessments of language, motor function, sensory loss, consciousness, visual fields,
extraocular movements, coordination, neglect, and speech.!’ It is the gold standard for
rating stroke severity among participants of clinical stroke trials.*'® Compared to mRS and
BI, NIHSS provides a more sensitive measure of neurological impairment. Therefore, when
using NIHSS as a measure of early recovery, it requires a smaller sample size to detect
therapeutic effects.!® To this end, the NIHSS is a valid surrogate endpoint of recovery in the
first week after the onset of symptoms in trials of acute ischaemic stroke, particularly Phase
11(b) studies where extra time and costs are required to administer the mRS at 3 months.'°
However, caution is advised in using the NIHSS scale as it is not a measure of disability
biased towards lesions of the left hemisphere and has only moderate inter- and intra-rate

reliability.1!8
modified Rankin Scale

The mRS is a valid and reliable tool to assess disability after stroke and the most popular
primary endpoint to explore the efficacy of acute treatments in ischaemic stroke.'® It is a 7-
level scale that covers the entire range of function from no symptoms (score 0), no significant
disability (1), slightly disability (2), moderate disability (3), moderately-severe disability (4),
severe disability (5) and death (score of 6), which can be easily grasped and understood by
clinicians and patients.'?* The broad categories of the mRS provide a global measure of
physical activities covering walking, dressing, and grooming albeit emphasising motor
function and so extent covering higher level, instrumental activities of living such as the
preparation of meals, shopping and handling money, where assistance may also be required
for everyday activities.'?! 122 However, the limited range of scoring of the mRS makes it less

responsive to change than other scales, and there can be inconsistency and interobserver
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variability.*® Thus, a simplified mRS has been developed with structured questions that
require ‘yes/no’ answers has been shown to improve its consistency of use.'® The
assessment can be conducted face-to-face or by telephone, either directly with a patient or an
appropriate surrogate who takes care of the patients.

Barthel Index

The BI is adapted from the Maryland Disability Index, and is more commonly used to assess
functioning in a rehabilitation setting as well as in acute stroke trials.'’® The Bl evaluates 10
aspects of function in activities of daily living (ADL): feeding, bathing, grooming, dressing,
bowels, bladder, toilet use, transfers, mobility and stairs; scores range from 0 to 100, with a
higher score indicating greater independence.'?® A cut-off score of >80 is often used to
indicate an independent function that is suitable to return home, while a score <40 indicates
extreme dependency.'?* However, as Bl does not include a measure of mortality, it is more

suitable to measure inpatient rehabilitation of stroke survivors.'
5-Dimension European Quality of life scale

Quality of life (QoL) is the overall and meaningful quality of an individual’s life.?”® HRQoL
focuses on the measure of an individual’s wellbeing and functioning in relation to health,1%
The EQ-5D, as a simple generic measure of HRQoL, is commonly used among patients with
stroke. It comprises two main elements: descriptive assessments across five dimensions and
a vertical visual analogue scale (EQ-VAS).1?" This instrument makes index values and health
profiles with the five dimensions of mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression, and the EQ-VAS allows patients to rate the quality of their health on a
vertical thermometer scale, from 0 (worst imaginable health state) to 100 (best imaginable
health state).1?® The EQ-5D can be completed by patients or a surrogate such as
family/caregivers. More recently, the EQ-5D has evolved into 5 levels of grading (EQ-5D-
5L) for the five dimensions as a more sensitive measure on the functioning over time.?® Due
to HRQoL being subjective, it may be influenced by personal and socio-cultural expectations,
which has led to debate over the degree of bias being introduced by proxy assessments,
particularly for people with cognitive impairment, fatigue, stress or communication

difficulties.6 130
1.4.5 Medical complications

Medical complications occur with wide-ranging frequency (40% to 96%) after stroke onset,

and are often associated with poor outcome.'* Common complications include neurological
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deterioration, infections (e.g. pneumonia and urinary tract infection [UTI]), cardiac
arrhythmias, deep vein thrombosis, pulmonary embolus, falls, pressure sores, pain, and
psychological disorders (depression and anxiety).'*! Most complications occur within the
first few weeks after stroke, particularly those directly related to the injured brain and the
complications of disability, while the risk of falls and mood disorders persist through

rehabilitation and recovery at home.*3!

Neurological complications

Recurrent stroke is a frequent complication after stroke.3? The pooled cumulative risk of
stroke recurrence ranges from 3% within one month, 10% by one year, and up to 25% at 5
years.'®® After the first-ever ischaemic stroke, 91% of the recurrent strokes are ischaemic,
while after ICH, 56% of the recurrent strokes are haemorrhagic and 41% ischaemic.'3* A
meta-analysis of 34 studies, including both ischaemic stroke and TIA, concluded the annual
risk of recurrent stroke is 4.3%.1% After ICH, the annual rate of recurrence is 2%.%%¢ Age,
stroke severity, baseline BP, family history of stroke, DM, smoking, peripheral artery disease,

and hypercoagulable status are common risk factors for recurrent stroke.**’

Brain oedema from the evolving complications of cerebral ischaemia occurs in approximately
8% of the patients in the first week after ischaemic stroke.*® Cerebral oedema is more
common after haemorrhagic stroke: 12% after SAH, resulting in about one-third of patients
dying or left with a severe disability;**® For ICH, it is approximately 17% within 24 hours
after onset, increasing by 3% and 1% at 48 hours and 72 hours, respectively.4’ Cerebral
oedema is characterised by the movement of accumulated intracellular water across the
blood-brain barrier into the interstitial space caused by high BP in the acute phase, and is
often leading to compartmental shift and potential for cerebral herniation.**! 142 Other less
frequent neurological related complications include haemorrhagic transformation (2%),

carotid stenosis (2%), brain herniation (2%), seizures (1%) and delirium (1%).143
Infections

Infections are common after stroke, occurring in up to two-thirds of patients.’*? Timely
assessment and prevention management are critical for survival and functional recovery after

acute stroke. 32

Pneumonia is the most frequent post-stroke infection, which is in some way linked to
aspiration.” 144145 Older age (>65 years), severe stroke, speech impairment, cognitive

impairment, dysphagia, and the use of mechanical ventilation, are predictors of pneumonia.'4®
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The frequency of pneumonia varies across clinical settings, ranging from 9.5% to 56.6% in
intensive care units to 3.9% to 12.0% in general medical wards.'*" 48 The frequency of
pneumonia also varies by stroke subtype, being higher in ICH (16.8%) than ischaemic stroke
(11.5%).14° Pneumonia is also associated with other complications, including gastrointestinal
bleeding, decubitus ulcers, deep vein thrombosis, epileptic seizures, UTI, AF and recurrent

stroke.1*?

UTI occurs in up to one-quarter of the patients in the first few weeks after the stroke onset.t*
Patients are vulnerable due to immunosuppression, bladder dysfunction, and catheter use. Risk
factors include stroke severity, indwelling urinary catheterisation, depressed conscious level,
and DM. 150 1S4 UTIs are associated with worse recovery, poor neurological outcome and
increased costs from a prolonged stay in hospital and inflammatory responses.’® A recent
review, however, suggests that post-stroke UTI is not independently associated with death and
disability.*® Further studies are needed to better define the relationships between UTIs and

outcomes after stroke.
Cardiac complications

Since stroke and heart disease share common risk factors, it is not surprising that serious
cardiac adverse events are common in patients with stroke.'* The Virtual International
Stroke Trials Archive suggests one-fifth of patients experience at least one serious cardiac
adverse event after ischaemic stroke.® Acute myocardial infarction/angina occurs in
approximately 6% of patients after stroke,'>* with other events include AF, and ventricular
tachycardia and ectopic beats; these increase the risk of systemic embolism, further strokes
and sudden death.* Congestive heart failure occurs in 2%-11% of patients and obviously
increases the likelihood of reduced long-term survival.'*® %3 Cardiac events account for 2%-
6% of deaths after ischaemic stroke, mainly in relation to heart failure, DM, renal failure, and

severity of the illness.3
Other common complications

Deep vein thrombolysis (DVT) can develop early after stroke, particularly in patients with
limb paralysis,'*® and is predicted by older age, neurological severity and dehydration.}*® The
overall frequency of DVT is reported as 2%-4%, but can be up to 50% in patients with
hemiparesis who have not used thromboembolism prophylaxis.'®® DVT can cause local pain
and swelling, and it is the leading risk factor of pulmonary embolisms that can be fatal in the
first few weeks after the onset of stroke.’** Pulmonary embolism occurs in approximately

44



1% of patients with stroke and now is less frequent with the broader use of heparin.}*> Falls
are another complication, occurring in up to 22% of patients after stroke, which can result in
hip fractures, and consequently increased risks of death and disability, especially in older
patients with age-associated osteoporosis.’*® Pain syndromes can occur in relation to a limb
or shoulder, more often on the affected hemiparetic side.1* Depression can occur in one-
third of patients after stroke,'* and this impedes rehabilitation, adherence to medication and

other therapy, and therefore reduces chances of an optimum recovery.4

1.5 Acute stroke management
1.5.1 Clinical guidelines for stroke management

Clinical practice guidelines are systematically developed recommendations based on
currently available evidence that guide clinicians in their provision of care for patients.’
Guidelines are considered to address the gap between research and practice, and therefore,
reduce variability in clinical practice.’®® Clinical guidelines in stroke management provide
up-to-date comprehensive recommendations, covering pre-hospital care, emergency
management, diagnostics, stroke unit service, acute treatments, primary/secondary
prevention, management of complications, and rehabilitation.*®® Each guideline has its
hierarchical system to classify the evidence to assist the clinician’s decision-making and
judgement. One of the most widely cited guidelines are those of the American Heart
Association (AHA) / American Stroke Association (ASA), where their recommendations are
classified into three classes: | - treatment/procedure should be performed; Il -
reasonable/considered to perform; 111 - no benefit/harm. These are based upon evidence
levels classified as A (multiple populations evaluated), B (limited populations evaluated) and
C (very limited populations evaluated).'®® ¢ Similar classifications of evidence level are
applied by the European Stroke Organisation (ESO)** and Australian Stroke Foundation.®2
The recommendations at Level C or low level of evidence indicate limited data and the need

for continued research.
1.5.2 Stroke Unit Care

An acute stroke unit (ASU), defined as an organised stroke care or a stroke-specific dedicated
team, can provide quality of care to improve patient’s recovery through the provision of
multidisciplinary care for diagnosis, emergency treatments, prevention of complications,

rehabilitation, and secondary prevention.®® The dedicated multidisciplinary team consists of
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doctors, nurses, physiotherapists, occupational therapists, speech and language therapists,
clinical psychologists, dieticians and social workers.*® A Cochrane review has shown that
ASU care can significantly reduce the odds of death (OR 0.81, 95% CI 0.69-0.94) and death
or disability (OR 0.79, 95% CI 0.68-0.90) at one year.%> The benefits of the organised ASU
are consistent across subgroups defined by patient age, sex, stroke severity and stroke type, as
compared to alternative services (i.e. general wards).'®® Thus, guidelines recommend all
patients with acute stroke be treated in an ASU immediately upon hospital admission. > 162
166,167 The organisational care provided in the ASU generally includes, but not limited to,
reperfusion therapy for acute ischaemic stroke, early use of antiplatelet agents for ischaemic
stroke, anticoagulants for patients with AF, antihypertensive for secondary prevention,
dysphagia screening, formal dysphagia assessment (see by a speech pathologist) if screening
fails, feeding to assist in those with dysphagia, early mobilisation, an assessment of
rehabilitation needs (see by a physiologist / occupational therapist), and an assessment of any

mood disorder (see by a psychologist).*0817

Even though the benefits of ASU are well recognised, variations exist in the use of various
components of care, as highlighted in a wide range of studies. For example, European
registries have shown significant variations in care processes across populations, and where
there is greater organisational capability, there are better levels of patient survival. 1’ 172
Despite some contextual factors, such as health policy, knowledge, beliefs, skills, and costs
related to these variations in the quality of care, day and time of admission also influence the
delivery and performance of standardised care from reduced or changed staffing in evenings
and weekends.31"> However, there are conflicting results as to the influence of setting,
organisation or process of care on a patient’s recovery.'’® The variations in the utility of care

processes across regions and their impact on stroke outcomes require further research.
1.5.3 Treatment of acute ischaemic stroke
Reperfusion therapy

The primary therapeutic goal in acute ischaemic stroke is the rapid dissolution of a clot that
blocking a blood vessel to restore blood flow into an ischaemic area of the brain to improve
the chances of recovery after stroke.}”” There is now strong evidence that intravenous
thrombolysis (IVT), mainly the use of recombinant tissue plasminogen activator (rtPA, or
alteplase), is effective for patients with acute ischaemic stroke.’® A meta-analysis of

randomised trials has shown administration of alteplase within 6 hours of the onset of
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symptoms significantly reduces the chance of death or disability (defined as mRS 3-6) by
26% (p=0.0006), with the greatest effect observed within 3 hours (risk reduction of 32%,
p=0.002).}"® Another individual participant data meta-analysis has shown that IV alteplase
significantly increased the odds of an excellent outcome (MRS 0-1) when given <3 hours
(OR 1.75, 95% CI 1.35-2.27) but not after 4.5 hours (OR 1.15, 95% CI 0.95-1.40).1
However, this treatment is complicated by an increased risk of symptomatic intracranial
haemorrhage (sICH) and fatal intracranial haemorrhage (OR 3.75 and 1.69, respectively).!”®
Since the time window is a principal criterion for selecting reperfusion therapy, current
guidelines recommend use within 4.5 hours of the onset of stroke symptoms (or last known to
be well).*8% A rapid assessment of patients with suspected stroke is required for timely

reperfusion treatment.

IV alteplase is less effective in patients with acute ischaemic stroke due to large vessel
occlusion (LVO) of the anterior circulation.’® Endovascular treatment (EVT) has emerged
over the last several years as an effective treatment for these patients, where guidelines now
recommend the therapy within 6 hours from the onset of symptoms.'8t A meta-analysis of
RCTs has shown EVT can significantly reduce disability compared to standard care
(generally IVT alone) where there is a lesion related to the proximal anterior circulation, even
up to 12 hours after the onset of symptoms (common OR 2.49, 95% Cl 1.76-3.53).182
Compared to IVT, EVT is associated with a higher probability of recanalization (>80%
versus 46%).18 The multicentre randomized clinical trial of endovascular treatment for acute
ischemic stroke in the Netherlands study (MR CLEAN) has shown a good achievement of
functional outcome occurred in 13.5% of participants despite a slight increase in SICH.'84
The benefits of EVT have been extended to patients who are unable to receive IVT and in
those presenting at longer times, provided there is viable ischaemic brain tissue evident on

advanced brain imaging demonstration of a perfusion mismatch.®

However, the risk of sSICH is a major concern of reperfusion therapy. Thus, guidelines
recommend the close observation and monitoring of patients for at least 24 hours to allow for
early detection and management, in the event of any neurological deterioration. This includes
checking for any alteration in homeostasis (i.e. heart rate, BP, oxygen saturation) and
biochemistry parameters (e.g. hyperglycaemia), or any other adverse event.16%13  Although
reperfusion therapies, both IVT and EVT, have been shown to reduce mortality and
morbidity after stroke, only a minority of patients meet the criteria for them since the

therapies require well-organised systems of care and are high-resource (e.g. costly). Among
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high-income countries with ASU, IVT occurs in about 14.5%-34.5% of cases, while EVT is
even low (5% being eligible).8? Further research is required to enhance access and quality of

care for these highly effective interventions.
Antithrombotic treatment

Antithrombotic therapy, including administration of anticoagulants and/or antiplatelets, is
recommended for secondary prevention to reduce the risk of recurrent stroke and other
serious vascular events.’®” Aspirin, commonly at a dose of 160-300mg, is recommended in
patients with ischaemic stroke and commenced within 24-48 hours after onset; in patients
who receive IV rtPA, antiplatelet therapy is delayed until 24 hours later to avoid increasing
the risk of ICH.1®® The Antithrombotic Trialists’ Collaboration analysed 10 trials to show
that aspirin after an ischaemic stroke or TIA significantly reduced the risk of serious vascular
events by 17% (p=0.001), major coronary events by 21% (p=0.01), nonfatal myocardial
infarction by 36% (p=0.003), and any stroke by 17% (p=0.01).188 However, the treatment led
to a slight absolute increase in the risk of haemorrhagic stroke (RR 1.90, 95% CI 1.06-3.44)
and gastrointestinal bleeding (RR 2.69, 95% CI 1.25-5.76).18

The use of anticoagulation early after the onset of AIS is not recommended due to concerns
about the potential risk of ICH.1®® A Cochrane review indicates there is no evidence to
support the initiation of anticoagulant therapy within the first 14 days of the onset of AIS
(outcome of death or dependency, OR 1.05, 95% CI1 0.98-1.12).18 Although early use of
anticoagulants can reduce the risk of recurrent ischaemic stroke by 24% (95% CI 12%-35%),
this is offset due to a significant increase of sICH (OR 2.55, 95% CI 1.95-3.33) and
extracranial haemorrhage (OR 2.99, 95% CI 2.4-3.99).%° For patients with AIS and AF, non-
vitamin K antagonist oral anticoagulants are now the preferred treatment over warfarin for
secondary prevention of recurrent stroke and/or thromboembolism.'*® The Early Recurrence
and Cerebral Bleeding in Patients With Acute Ischemic Stroke and Atrial Fibrillation (RAF)
study showed that initiating anticoagulation in such patients within 4-14 days from stroke
onset significantly reduced recurrent stroke and major bleeding events (sSICH or extracranial
bleeding) by 47%.1%

Antihypertensive therapy

Elevated BP (i.e. >140/90 mmHg) occurs in approximately 75% of the AIS patients within 24
hours of the onset of symptoms and is associated with increased odds of death and
dependency.'®? As such, clinical guidelines recommend early treatment of hypertension to
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reduce BP by about 15% in the first 24 hours of AIS, particularly in patients with severe
comorbidities such as acute coronary heart disease, heart failure, aortic dissection, and post-
thrombolysis SICH.%® However, a meta-analysis suggests that early BP lowering within 3
days of AIS does not significantly reduce the odds of death or dependency at 3 months (RR
1.04, 95% Cl1 0.96-1.13).1% Another review of RCTs indicates that BP lowering within the
first 48 hours does not significantly reduce the odds of either early or long-term death and
dependency (RR 1.04, 95% CI 0.94-1.19 and RR 1.00, 95% CI 0.95-1.05, respectively).'%
The controversy may be related to the complexity of AlS, where a rapid reduction in BP
could reduce perfusion of the ischaemic penumbra and collateral flow within the ischaemic
region of the brain.’® However, a cohort study indicates that using an angiotensin receptor
blocker at the time of hospital discharge is associated with a lower risk of death at one year of
follow-up than no such treatment (9.4% versus 26.9%).1% Several RCTs have shown that
intensive antihypertensive therapy is effective for secondary prevention of stroke.'” The
pivotal perindopril protection against recurrent stroke study (PROGRESS) showed that active
treatment of hypertension reduced the risks of recurrent stroke by 26% over several years of
follow-up.%® A meta-analysis of 10 RCTs has also shown that antihypertensive agents can
reduce the risks of recurrent stroke and cardiovascular events by 29% and 31% in patients

with prior stroke or TIA, respectively.®®
1.5.4 Treatment of intracerebral haemorrhage
Blood pressure lowering

Acute hypertension (>160/100 mmHg) occurs in up to 90% of the patients with ICH, and it
predicts haematoma expansion, death and disability.?® Thus, BP lowering seems appropriate
to be included within a package of management strategies to stabilise abnormal
cardiorespiratory parameters and neurological complications associated with ICH. There is
solid evidence that the expansion of the haematoma and peri-haematoma oedema contribute
to secondary brain damage and worsen outcomes from ICH.?®! Large haematomas, whatever
their location, can result in rapid neurological deterioration and death from increased
intracranial pressure (ICP) or direct compression of the brainstem.2°2 Thus, BP control could
reduce haematoma growth and neurological deterioration. This rationale was tested in the
main phase of the Intensive Blood Pressure Reduction in Acute Cerebral Haemorrhage
(INTERACT?2) study, where patients who received early intensive BP lowering to a target
SBP <140mmHg had significantly better functional recovery and health-related quality of life
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compared to those received standard care.?®®> There were no increases in death or serious
adverse events (SAEs).2%® Guidelines, therefore, recommend SBP control to <140 mmHg in
all patients with ICH and SBP between 150-220mmHg without a contraindication to
treatment.'®® In patients with SBP >220mmHg, the treatment is considered reasonable with
continuous 1V infusion and frequent BP monitoring, but more evidence is required to support

a firm recommendation.61

Haemostatic therapy

Underlying haemostatic abnormalities are another important cause of ICH. Patients
undertaking oral anticoagulant agents (OACs) comprise 12%-20% of ICH in high-income
countries where AF is now standard, and the use of warfarin and NOACS is increasing in
older people.?*4 2% However, the benefit of these agents is offset due to risks of
haemorrhage: warfarin intake increases an annual risk of ICH by 0.3-3.7% in patients with
the international normalized ratio (INR) is at the therapeutic range of 2-4.5,2% and also
increases a greater risk of death (OR 2.2; 95% CI 1.3-3.8).2%" In the event of ICH,
haemostatic therapy is essential in minimising haematoma expansion and improving the
chances of a good outcome. A cohort study has shown that reversal of INR levels to <1.3 is
associated with lower rates of haematoma enlargement (19.8%) compared to no treatment
(41.5%).2% Therefore, guidelines recommend that ICH patients with an elevated INR on
vitamin K antagonists (VKAS) should receive fresh frozen plasma (FFP) or prothrombin
complex concentrates (PCCs) alongside vitamin K to rapidly correct INR.%! The INR
normalisation in Coumadin associated intracerebral haemorrhage trial (INCH) has shown that
PCC can rapidly normalise and reduce haematoma expansion without any increase in
thrombotic complications, as compared to FFP.2%° For patients taking a NOAC (e.g.
dabigatran, rivaroxaban and apixaban), there is no requirement for laboratory monitoring, but

PCC can still be considered to correct haemostasis and coagulopathy. 6!
Surgical treatment

The main surgical approaches to treat ICH include craniotomy or minimally invasive
procedures and decompressive craniotomy (DC), which aim to evacuate and reduce the
haematoma, respectively. However, despite much effort over several decades, the results in
RCTs comparing surgery to conservative medical management have not shown a clear
benefit for surgery.®! On the one hand, surgery to evacuate the haematoma can reduce ICP
and prevent herniation of the brain, but on the other hand, this involves cutting through the
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healthy brain in sick patients who often have other comorbidities and are at high risk of
complications.'®* The US-led Minimally Invasive Surgery Plus Rt-PA for ICH Evacuation
Phase 111 (MISTE-I1I1) trial has shown that patients who receive minimally invasive surgery
and use of thrombolysis to evacuate the haematoma had only marginally, non-significant,
improved functional outcome compared to standard medical care (45% versus 41%, p=0.33),
but there was no difference in adverse events including symptomatic bleeding and cerebral
bacterial infections (2% and 1%, respectively).?!® Similar neutral findings were obtained in
an earlier international study, the Surgical Trial in Lobar Intracerebral Haemorrhage phase 11
(STICH-II) trial, where poor outcomes were similar for early DC versus delayed or
conservative treatment (59% versus 62%, p=0.37).2! A systematic review suggests DC
might be safe and improves outcomes for a targeted group of patients with impaired
consciousness (GCS scores 10-13) and large haematoma volume.

1.5.5 Treatment of subarachnoid haemorrhage

The management of SAH has some similarities to ICH, where involves strict BP control and
surgical interventions to secure the bleeding aneurysm (bleeding source) and prevent
rebleeding and complications. Rebleeding is the most severe complication of SAH, which
occurs in 7%-26% of patients.?*® Rebleeding may be prevented by reducing acute
hypertension and repairing the aneurysm as soon as possible.® BP control can decrease
transmural pressure in the aneurysm and thus reduce rebleeding. However, there is also,
albeit limited, evidence indicating that control of SBP <140 mmHg is associated with an
increased risk of rebleeding compared to SBP >140mmHg (14.2% versus 5.9%).2% Thus,
studies suggest that hypertension after SAH is a compensatory phenomenon and should not
be treated.?® A prospective randomised study has shown that administrating antifibrinolytic
agents within 72 hours after SAH reduced the incidence of rebleeding from 10.8% to 2.4%.2%
Surgical clipping and endovascular coiling of aneurysms are now established treatment
choices, according to availability, affordability and location of the aneurysm.?!” There does
not appear to be any significant differences between the approaches according to endpoints of
in-hospital mortality (OR 1.04; 95% CI 0.70-1.54), discharge to rehabilitation (OR 1.07; 95%
C10.72-1.58) or readmission at 30 days (OR 1.44; 95% CI1 0.70-1.87).2*8 Delayed cerebral
ischaemia (DCI) and vasospasm that are indirectly related to the aneurysm occur in 60% of
the SAH patients between day 4-10, and are associated with worse outcome.?*® Triple H
therapy, that is the use of hypertension, hypervolaemia and haemodilution, appears able to

improve cerebral blood flow and oxygen delivery in DCI.2° The calcium channel blocker,
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nimodipine, which is recommended as a standard treatment to prevent DCI, is associated with
a significantly lower risk of death or dependence (RR 0.67, 95% CI 0.55-0.81).2%°

1.5.6 Acute care processes

Stroke care processes are defined as quality indicators that relate to patient outcomes.??
Clinical guidelines recommended a variety of acute care processes, such as dysphagia
screening, dysphagia assessment, subsequent feeding restrictions, appropriate urinary
catheterisation, monitoring of physiological parameters, assessment and treatment. Much of
this work is undertaken by nurses, together with allied health care professionals and other
members of a multidisciplinary stroke team, as part of general active and supportive in-

hospital management of patients with acute stroke.
Screening and assessment for dysphagia

Dysphagia occurs in ~50% of patients in the acute phase of stroke and consequently increases
the risk of aspiration pneumonia from ineffective swallowing of food and/or fluids.??? 223
Evidence shows that early detection of dysphagia can reduce the risk of pulmonary
complications, dehydration and malnutrition, as well as decrease the length of hospital stay
and health care costs.?** Patients with dysphagia are 3-4 times more likely to develop
pneumonia.?® 2% Dysphagia screening is a simple, invasive procedure (e.g. 3-0z water
swallow test) that enables early identification of vulnerable individuals with aspiration risk,
while dysphagia assessment is a more formal, comprehensive approach that uses a valid
instrument assessment (e.g. video-fluoroscopic swallowing study) by specialists to detect
swallow dysfunction in these patients.??” An observational study has shown that early
identification of dysphagia is associated with a reduced likelihood of pneumonia (3.8%
versus 11.6%) and reduced length of hospital stay (8 versus 9 days).??® Current guidelines
recommend dysphagia screening should be performed in the first 24 hours after stroke; and
that those patients who fail in screening should be referred to a speech pathologist to perform
a further specialist assessment.*®? The results of an assessment should then inform
subsequent management, which may entail remaining ‘nil by mouth’ or having a modified
consistency of food and/or fluids, and reassessments performed at regular intervals.
However, the evidence to support the implementation of dysphagia screening and subsequent
assessment is only graded as a Level C recommendation in guidelines.*®® Even though a
range of simple and systematic approaches exist for the evaluation of dysphagia, more

research is required to underpin their incorporation in clinical practice.??®
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Assisted feeding for dysphagia

For patients who failed a swallow assessment, their nutrition should be maintained by way of
a nasogastric feeding tube and transition to oral intake after improvement in swallow
function.??® A feeding tube is not essential in all dysphagia patients, but short-term use is
preferable in those with severe dysphagia where the likelihood of improvement will take a
longer time.??® Guidelines recommend the initial use of a nasogastric tube should occur
within the first week of the stroke, and the percutaneous endoscopic gastrostomy (PEG) tube
can be placed more permanently in those with persistent swallow dysfunction at 2-3 weeks.
The large, multicentre, international, Feed or Ordinary Food Collaboration Trial (FOOD) has
shown that a supplemental diet was associated with a reduced risk of death by 0.7%, and an
early tube feeding (<7 days after admission) decreased the absolute risk of death by 5.8%.2%°
A Cochrane review on feeding strategies for dysphagia treatment after stroke suggests there
is no difference between PEG and nasogastric feeding, in terms of death or dependency, but a
PEG significantly reduces the likelihood of a treatment failure (OR 0.09, 95% CI 0.01-0.51),
gastrointestinal bleeding (OR 0.25, 95% C1 0.09-0.69) and high intake of food (OR 22.00,
95% Cl 16.15-27.85).23 However, a large stroke registry identified that the use of direct
enteral tubes (e.g. PEG) was associated with higher levels of disability at the time of hospital
discharge (89.6% versus 78.4%), aspiration pneumonia (14.4% versus 5.1%) and other
complications, as well as mortality at 2 years (41.1 versus 35.9%), in comparison to
temporary use of nasogastric tubes alone.?®? This might be related to severe patients being
more likely to have persistent dysphagia and thus prone to the need for PEG tubes, but are
also that they are more likely to have a poor outcome. Moreover, patients with assisted
feedings were more likely to have swallowing difficulties, impaired consciousness or older
age, compared to patients without assisted feeding who often lack these characteristics.1%% 233
Swallow treatment combined swallowing exercises and modified diets that are prescribed by
speech pathologists, has a positive effect in reducing the risk of pneumonia after stroke, but

there is limited evidence of their benefit in the rehabilitation stage of stroke.?**
Indwelling urinary catheter (IUC)

The insertion of IUC is often used in patients with incontinence issues to drain and collect
urine. In some circumstances, such as urine retention, incontinence, surgery or measuring
fluid balance in the intensive care unit, the use of IUC is particularly necessary. Studies
suggest that IUC is used in 25% of patients after acute stroke, mostly (86%) in the first few
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days of admission.*® However, IUC is a well-recognised cause of UTIs, particularly in older
patients.?® In the general medical population, the risks of UTI increase by 3% to 10% per
day, and approach 100% after 30 days.’>® Compared to patients without urinary incontinence
or IUC, patients who are urinary incontinent and with ITUC have approximately 2 times the
greater odds of death.?*” Current guidelines recommend against the routine use of an IUC,
and that any need for catheterisation should be removed as soon as possible in stable
patients.'®® However, evidence for this recommendation is again only at Level C, with
limited data about the impact on long-term outcomes, especially in a diverse range of patients

from different regions.
Monitoring of abnormal physiological parameters

BP, body temperature, BGL and arterial oxygen saturation (Sa0.), are often altered from
impaired autoregulation in those with severe or specifically localised types of stroke.?® BP
and temperature generally increase in the acute phase of stroke and normalise within 1-2 days

as part of a hypertensive response;?%

while BGL and SaO> may persist with a more variable
pattern.®® Left untreated, some of these abnormal physiological parameters can have serious
consequences. Thus, frequent monitoring and responses are essential to inform timely and
appropriate clinical management.?*® Table 1 summarises the recommendations of various
national guidelines (American, European, Australian, UK) regarding the management of
physiological parameters in acute stroke. In general, they recommend tolerating higher BP
but treating excessive elevation use of BP lowering with caution; and treatment of fever,
hyperglycaemia, hypoglycaemia and hypoxia. However, the evidence underlying these
recommendations, particularly around treatment thresholds and targets, are very limited; and
guidelines lack harmonisation over abnormal ranges in action over management that should

be taken.16?
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Table 1. National guideline recommendations for physiological parameters management

Physiological AHA/ASA Guidelinest® 61 ESQ241-243 Australia Stroke UK NICE Guideline?**
variable Foundation!6?
BP AIS: Patients with elevated AIS: BP <220/110mmHg not AIS: Patients eligible for AIS: Antihypertensive is

BP and are otherwise eligible
for 1V alteplase is
recommended to target SBP
<185 mmHg and DBP <110
mmHg before IV fibrinolytic
therapy is initiated (Level B);
Hypotension and
hypovolaemia should be
corrected to maintain
systemic perfusion levels
necessary to support organ
function (Level C).

ICH: Patients with SBP 150-
220mmHg and without
contraindication, acute
lowering to SBP <140 mmHg
is recommended (Level A);
For those with SBP >220
mmHg, reasonable to
consider aggressive reduction
of BP with a continuous
intravenous infusion and
frequent BP monitoring

treated with intravenous
thrombolysis/mechanical
thrombectomy is recommended
routine lowering BP lowering at
least in first 24 hours unless
specific comorbid conditions
(Moderate Level); Patients
undergoing treatment with
intravenous thrombolysis

to maintain SBP <185/110
mmHg for 24 hours after
alteplase infusion; and lowering
SBP to 130-140mmHg during
the first 72 hours (Moderate
Level).

ICH: In patients with
hyperacute (<6 hours), suggests
lowering SBP <140mmHg (and
to keep it above 110 mmHg) is
recommended (Moderate
Level).

intravenous thrombolysis
should have BP reduced
<185/110 mmHg before
treatment and in the first 24
hours after treatment; patients
with BP >220/120 mmHg
should have BP cautiously
reduced (e.g. by no more than
20%) over the first 24 hours.
(Consensus-based)

ICH: In patients with ICH,
BP may be acutely reduced to
a target SBP of ~140 mmHg
(Weak)

recommended only if there is
a hypertensive emergency
with serious concomitant
medical issues; BP reduction
to <185/110 mmHg should be
considered in people who are
candidates for intravenous
thrombolysis.

ICH: Rapid BP lowering to
target SBP 130-140 mmHg
within 1 hour and maintain
for at least 7 days is
recommended in people
within 6 hours stroke onset
and have a SBP of 150-220
mmHg; for those beyond 6
hours of onset or have a SBP
>220 mmHg, recommend to a
target of 130-140 mmHg
within 1 hour and maintain
for at least 7 days.
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(Level C).

Temperature  AIS: Sources of hyperthermia  AlS: Do not recommend All stroke patients should AIS: Not recommend
(temperature >38°C) should induction of hypothermia (Very have their temperature therapeutic hypothermia.
be identified and treated, and  low Level). monitored at least four times  ICH: No specific advice
antipyretic medications ICH: No specific advice. a day for 72 hours (Strong);
should be administered to Stroke patients with fever
lower temperature in >37.5 °C may be treated with
hyperthermic patients with paracetamol as an antipyretic
stroke (Level C). therapy (Weak).
ICH: Treatment of fever after
ICH may be reasonable
(Level C).
Blood AIS: Hypoglycaemia AIS: Suggest against routine All stroke patients should Maintain BGL concentration
Glucose (BGL<60 mg/dL) should be use of 1V insulin to achieve a have BGL monitored for the  of 4-11 mmol/L in people
Level (BGL) treated (Level C); persistent tight glycaemic control (Low first 72 hours and appropriate  with acute stroke; no specific

in-hospital hyperglycaemia
during the first 24 hours is
reasonable to treat to achieve
BGL in a range of 140-180
mg/dL and to closely monitor
to prevent hypoglycaemia
(Level C).

ICH: Glucose should be
monitored, and both
hyperglycaemia and
hypoglycaemia should be
avoided (Level C)

Level).

ICH: Suggest against routine
use of IV insulin to achieve a
tight glycaemic control (Very
low Level).

glycaemic therapy instituted
to treat hyperglycaemia (BGL
>10 mmol/L), regardless of
their diabetic status (Strong);
an intensive approach to the
maintenance of tight
glycaemic control (between
4.0-7.5 mmol/L) is not
recommended (Strong).
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Oxygen AIS: Supplemental oxygen
saturation should be provided to
(Sa0y) maintain Sa02>94% (Level
C); Supplemental oxygen is
not recommended in
nonhypoxic patients (Level
B).
ICH: No specific advice

No specific advice.

AIS: patients who have
Sa0; >92% on room air, the
routine use of supplemental
oxygen is not recommended,;
hyperbaric oxygen therapy is
not recommended (Weak).
ICH: No specific advice

Give supplemental oxygen to
people with SaO, <95%. The
routine use of supplemental
oxygen is not recommended
in people with acute stroke
who are not hypoxic. No
specific advice for AIS or
ICH, respectively.

AIS denotes acute ischaemic stroke, ICH intracerebral haemorrhage, AHA American Heart Association, ASA American Stroke Association,
ESO European Stroke Organisation, UK United Kingdom, NICE National Institute for Health and Care Excellence
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Hypotension: Low BP is relatively less common in acute stroke, ranging from 18% to 25%
in 48 hours after onset,?* and is related to sepsis, cardiac arrhythmias, heart failure,
ischaemia, hypovolaemia, and aortic dissection.?*® Current guidelines focus on the
management of the more common situation of elevated BP in AIS and ICH, without
addressing approaches to low BP.1% 161 Evidence on the consequences and threshold of low
BP are conflicting. Some studies have shown that low BP has prognostic significance,?4/249
and others have not.>® Additionally, there are arguments over reversal causality in that low
BP is simply a marker of an underlying severe premorbid condition.?! More research is

needed to define an optimal range of BP for better recovery in acute stroke.

Oxygen desaturation: Hypoxia (defined as a lower-than-normal SaO2 range of 95-98%),%°? is
common after acute stroke and is related to aspiration pneumonia, pulmonary embolism,
sleep apnoea and respiratory muscle impairment, especially in patients with respiratory
comorbidities (dyspnoea, chronic obstructive airways disease, asthma or heart failure).?%
Decreases in SaO2 can lead to neurological damage and poor outcomes.?* AHA/ASA
guidelines recommend the use of supplemental oxygen to maintain SaO, >94%, and to avoid
supplemental oxygen in nonhypoxic patients.!®® It remains unclear whether SaO- has
independent prognostic significance or is simply a marker of severe stroke.?>® Moreover, the
appropriate level of SaO- for treatment is not standardised across guidelines. Further research

on this topic is needed to guide clinical practice recommendations.
Allied health care

Guideline-recommended stroke care incorporates allied healthcare professionals as part of the
expert multidisciplinary team.* 160.162 Rehabilitation includes input from physiotherapy,
occupational therapy, and speech-language therapy, and is now accepted as being critical for
giving patients the best opportunity to recover function (e.g. walking) and daily activities
(e.g. dressing, showering, communication) and to assist them in returning to work, leisure
activities and roles in society.?®® Psychological screening and assessment of cognitive
function and mood in the acute phase is recommended to identify any significant cognitive

impairment and depression.

Early rehabilitation: Guidelines recommend rehabilitation should be commenced within 24-
48 hours of admission, including an assessment by a physiotherapist within the
multidisciplinary team of the ASU.?*® A cohort study indicates that 78% of patients with
stroke receive physical and occupational therapy in the acute care, but only 41% receive such
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input early after hospital discharge.?®” Very early mobilisation as part of rehabilitation within
the first 24 hours after stroke onset, is considered important in reducing complications, such
as infections.!¥2 A cohort study found that mobilisation within the first day after admission
was associated with a 57% reduction in the risk of pneumonia and a 44% lower risk of
UTIs.2%8 A meta-analysis indicates that early mobilisation is associated with an average
increase of 0.66 scores of Bl and shorter hospital stay (-2.0 days), but not significantly
improved functional outcome (MRS 0-2).2°® Findings are consistent with the large,
international, A Very Early Rehabilitation Trial (AVERT), which has shown that
mobilisation <24 hours of admission was associated with a significant reduction of 27% in
the odds of favourable functional outcome compared to usual care, which is against the
common concepts of early mobilisation.?®® 20 There are concerns that early upright
mobilisation might compromise reperfusion of the ischaemic penumbra in patients treated
with thrombolysis and cause elevation of BP in those with ICH, which potentially increases
the risk of bleeding. However, a national wide cohort study reported a higher proportion of
functional independence with early rehabilitation compared to standard care (41.2% versus
36.6%), without any increase in sSICH.?! Guidelines recommend early speech rehabilitation
should be available in stroke services as part of multidisciplinary care. Aphasia occurs in 35-
40% of the patients after acute stroke and is associated with poor recovery.?®? From a large
national-wide registry study, aphasia is associated with higher in-hospital mortality compared
to those free of aphasia (11% versus 4%) and poor functional outcomes at 2-years of follow
up (61% versus 48%).25% A single centre study reported improved functional communication
in patients with aphasia who received early speech rehabilitation compared to those who
received usual care (11.3 score improvement, p=0.004).2%* However, the Australian
multicentre Very Early Rehabilitation for Speech Trial (VERSE) showed no difference in
communication recovery, quality of life, depression or adverse events, between intensive
aphasia therapy (commences <15 days after admission) and usual care group at 12 or 26
weeks.2% While another clinical trial conducted in Germany has shown significant
improvement in verbal communication by 10% in patients with chronic post-stroke aphasia
after they received intensive speech and language therapy for >3 weeks (mean difference 2.61
points, 95% Cl 1.49-3.72).266

Cognition screening: Some degree of cognitive impairment occurs in up to 70% of patients
immediately after stroke.?®” An observational study has shown that cognitive screening based
upon the popular Mini-Mental State Examination (MMSE) and Montreal Cognitive
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Assessment (MoCA\) at baseline can predict functional outcomes at 3-6 months.?®® Although
guidelines suggest that all survivors of stroke should undergo a screen for cognitive or
perceptual deficits by an expert (e.g. neuropsychologist, occupational therapist) using
validated and reliable screening tools prior to discharge from hospital,?® there is very limited
research about various methodological considerations (sensitivity, specificity and accuracy)
and implementation barriers in clinical practice.?®® There are also strong arguments against
the use of cognitive screening due to lack of empirical evidence on clinical efficacy, potential
increases in anxiety, and unnecessary costs that outweigh any potential benefits.?"

Depression screening: Depression is common after stroke, occurring in about one-third of

211 and is related to disability and mortality.?’® Post-stroke depression significantly

patients,
increases 1.5 times the risk of death compared to non-depressed patients.?’> Guidelines
recommend routine screening for post-stroke depression, but the optimal time point for
screening and the best management approaches are uncertain.®® Early post-stroke depression
often remains underdiagnosed and untreated due to the lack of a gold standard for
assessment. The diagnosis is also complex in the context of other impairments such as
aphasia, cognitive impairment, and fatigue.?’> A meta-analysis on screening for post-stroke
depression indicates a simple tool such as the patient health questionnaire-9 (PHQ-9) has
high sensitivity and specificity, which could improve outcomes by providing an accurate
diagnosis and ensuring timely and effective treatment.?’® However, there are cautions that
early depression/anxiety screening may not be feasible or accurate, even in medically stable

patients.?’

1.5.7 Stroke care in low- and middle-income countries
Stroke guidelines in low- and middle-income countries

A systematic review of the stroke guidelines in 28 LMICs indicates issues regarding lack of
standards for guideline development, breadth of the target audience, coverage of the
components of stroke services, and adaption to relevant socio-economic context. This study
also shows that guidelines in LMICs have less demonstrated transparency than those from
high-income countries (HICs).?”® Though HICs guidelines recommendations (e.g. AHA
guidelines) were used in 22% of the guidelines in LMICs and the Level A/Class |
recommendations were homogenous among LMICs, while patient views and preferences
were less considered in the guidelines of LMICs compared to those in HICs.?’® Moreover, the

stroke surveillance, rehabilitation, speech therapy, nursing care and cognition assessment post
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stroke, are not well addressed in most of the guidelines in LMICs.?"
Acute care barriers in low- and middle-income countries

The emerging issues of acute care for stroke in LMICs are in relation to limited health
systems. Compared to HICs, stroke units are less common in low-income countries (91% vs.
18%) and relevant aspects of acute stroke treatment are seldom offered in LMICs (26% vs.
60%).2"" In India, stroke units are relatively sparse and mainly provided by the private
sector.2’® In other LMIC settings, such as in Africa, stroke units do not exist, and patients
have to be admitted to generic wards for multidisciplinary team care that is formed by non-
specialised health providers where allied health professionals such as speech therapists, are
often absent.?”® In addition, inadequate facilities also provide structural barriers to providing
effective stroke care processes. Although there is evidence that thrombolysis treatment is
cost-effective, even in LMICs, very few patients are able to receive this important treatment
in these countries.?® In India, for example, it has been reported that delays in brain imaging
prior to administration of thrombolysis exclude large numbers of otherwise eligible patients
who are outside the treatment time window.?8! Rehabilitation represents a key part of stroke
care, but many interventions are in limited supply in most LMICs.2%° For example, access to
early rehabilitation after stroke (within 24-48 hours) is low in LMICs, mainly due to
insufficient numbers of different rehabilitation professionals.?®® 282 Stroke survivors in
LMICs are less able to access rehabilitation specialists after their discharge to home after
receiving their acute care in hospital.?® Lack of infrastructure, financial support, clinical
guidelines and national policies to support and provide stroke rehabilitation is widespread in
LLMICs.283

1.6 Implementation of guideline recommendations
Guideline implementation challenges

Although the identification of evidence gaps in the management of stroke is a priority for
enhancing the process for updating the best practice recommendations and thereby the quality
of care, there is considerable non-adherence to guidelines that lead to unnecessary diagnostics
and suboptimal or inadequate treatment.?3* It has been reported that most of the guideline
recommendations are not adequately applied, with 30-40% of patients receiving treatment
that is not based upon high-quality scientific evidence and 20-25% receiving treatments that
are unneeded or potentially harmful.?®* Translating guidelines into clinical practice are

challenging, sometimes taking an average of 17 years for less than 20% of the published
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evidence to translate into practice.?®® Despite this issue, implementation strategies are rarely
reported within the conduct of clinical trials that reveal effectiveness and efficacy, especially
for the uptake of research into practice across different contexts and populations.
Implementation strategies should be based on current knowledge about potentially effective
interventions to assess barriers and facilitators for better adoption of clinical guidelines.?®
However, knowledge on appropriate implementing guidelines remains scarce, with no
implementation strategy being identified that is effective across all circumstances.?®* Thus, it
IS necessary to embed studies of implementation strategies within clinical research, to help
accelerate the translation findings into practice, as well as to understand whether clinical

interventions are ready for implementation and scale-up.2®’

Implementation barriers

Despite the range of evidence supporting various recommendations in stroke management,
the uptake of guideline recommendations is compromised by multiple barriers across
organisational and health professional levels.?®® A review of this topic suggests poor
institutional support, limited skills or incompetence in the use of particular therapies, low
awareness, lack of familiarity or knowledge of the effectiveness of a particular evidence-
based therapy, and inadequate support among health professionals and patients are all barriers
that affect the delivery of evidence-based practice care in high-income countries (HIC).%®
However, very few studies are being conducted in LMICs or regions where resources are
often limited. A summary of the services that are required for optimal acute stroke care at
each stage, and their relevant barriers to implement in LMICs is shown in Supplemental
Table S2. The delivery of acute stroke care in LMICs is reported to be affected by factors that
include financial constraints, inadequate facilities and various socio-cultural practices.?®
Considering the rising burden of stroke in LMICs, it is crucial that key barriers are well
defined in order to explain the low uptake of evidence-based care in LMICs. The
implementation of guideline recommendations in LMICs may be impeded by factors such as
insufficient health care providers, limited access to health care services, ineffective health
policies, and shortage of infrastructure.?®® Implementation research will be the key to
studying and improving all forms of stroke care delivery, with detailed implementation study
designs able to inform and accelerate activities for sustainability.?®® Since such an endeavour
to explore the barriers or facilitators is unique to stroke specialists, doctors, nurses and allied
health staffs, all various stakeholders’ perspectives in stroke care need to be involved when

considering strategies to promote the integration of guideline recommendations into routine
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practice. Each LMIC may need to analyse its health system capacity and identify factors that
impede the implementation of stroke guidelines. This is key to developing guidelines that are

relevant to the country context, and therefore, more likely to be effective.?’®

1.7 The Head Positioning in Acute Stroke trial (HeadPoST)

This thesis involved secondary analysis of the Head Positioning in Acute Stroke Trial
(HeadPoST) data. The large-scale size of this study, which involved the recruitment of
patients with a minimum selection bias across different LMICs and HICs, provides a unique
opportunity to undertake cross-regional comparisons of different aspects of acute stroke care.

Herein, | outline the design, statistical analysis, and main results of this large trial.
Trial overview

HeadPoST was an international, multicentre, cluster-randomised, crossover, open-label,
blinded outcome assessed trial which aimed to determine the effectiveness and safety of a
simple nursing intervention of different head positions in acute stroke. This trial was
conducted at 114 hospitals in nine countries, including Australia, Brazil, Chile, China
(include Taiwan), India, Colombia, Sri Lanka, and the United Kingdom (UK), between
March 2015 and November 2016. All hospitals participated in both the lying flat (0°) and
sitting up (>30°) head position treatment, then crossed over to the opposite intervention until
the target number of patients was reached. Patients with age >18 years, who presented to a
participating centre with a clinical diagnosis of acute stroke, were eligible for the trial.
Patients with any contraindication to either of the assigned head positions, had a confirmed
TIA, or where the investigator considered head position could not be maintained were
excluded. The assigned head position was initiated in patients as soon as possible at the time
of their admission, and it was to be strictly maintained for the next 24 hours. Patients
assessed with dysphagia had a restricted oral intake or received assisted feeding actions in the
assigned head position. A guardian consent process was used to implement the randomised
intervention as a policy of usual service delivery to a pre-defined patient cluster; patients
provided consent for the use of their medical record data and centralised telephone follow-up.
The primary outcome was the degree of disability at 90 days, analysed as an ordinal outcome
on mRS. Secondary outcomes included death or dependency (mRS 3-6) at 90 days, death
within 90 days, length of hospital stay, NIHSS or death at 7 days as well as any SAE,
including pneumonia. HeadPoST is registered at ClinicalTrials.gov (NCT02162017). The

detailed HeadPoST study protocol has been published.?!
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Data collection

Demographic, stroke details, vital signs/laboratory test results, medical history, medications
at the time of admission, and swallowing tests include dysphagia screening, assessment and
feeding restrictions/actions, were collected at baseline (data availability is shown in Appendix
5-6). A 24-hour bedside diary was used to record interruption time and reason of assigned
head position, vital signs, and lowest SaO.. Hospitalisation data were collected on Day
7/before discharge, including final diagnosis, acute care and medications administration.
Trained staff who were blind to the randomised intervention contacted patients by telephone
for the 90-day assessment. SAEs were reported by site investigators during the hospital stay

to the end of follow-up.
Statistical analysis

The full statistical analysis plan of HeadPoST study was published in 2017.2%2 The analysis
used an intention-to-treat approach. The primary analysis of the intervention effect was
evaluated with an ordinal, logistic regression, hierarchical, mixed model, with adjustment for
fixed intervention effect (lying flat versus sitting up), fixed crossover period effect, random
cluster effect and effect of the interaction between cluster and crossover period. This primary
model was defined as the ‘unadjusted’. Sensitivity analysis adjusted the following variables:
region (grouped by Australia/UK, China include Taiwan, India/Sri Lanka, South America
[Chile/Brazil/Colombia]), pre-stroke mRS, age and sex, baseline NIHSS, previous history of
heart disease, stroke or DM. Multiple imputations using a fully conditional specification®®’
was applied as a sensitivity analysis if >10% of mRS observations were missing

(methodology is described in Appendix 7).
Main results

A total of 11,093 acute stroke patients were assigned to randomised head position (5292 in
lying flat and 5798 in sitting up). The mean age of patients was 68 years (with 23% >80
years), 40% were female, and 85% were diagnosed with AIS. The median NIHSS score was
4 (interquartile range [IQR] 2-8). The median time from stroke onset to commencement of
head position was 14.0 (IQR 5.0-35.0) hours. Patients randomised to the lying flat group
were more likely to prematurely cease the position within 24 hours after initiation compared
to the sitting up group (13.0% versus 4.2%). There was no significant difference between the
two groups in the primary outcome of a shift on the mRS at 90 days (OR 1.01, 95% CI 0.92-
1.10). Results from sensitivity analysis with prespecified adjustments and multiple
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imputations for missing outcomes were consistent with the primary analysis. There was no
significant difference between lying flat and sitting up on death or dependency at 90 days
(38.9% versus 39.7%; OR 0.94, 95% CI 0.85-1.05) and death within 90 days after stroke
(7.3% versus 7.4%; OR 0.98, 95% CI 0.85-1.14). No significant difference was evident for
other outcomes and prespecified subgroup analyses. No significant difference in the rate of
any SAE (14.3% versus 13.5%; OR 1.05, 95% CI 0.91-1.20) or pneumonia (3.1% versus
3.4%; OR 0.86, 95% CI 0.68-1.08) within 90 days. More detailed findings can be found in
the main publication for HeadPoST study.2%

1.8 The INTEnsive care bundle with blood pressure Reducation in Acute
Cerebral haemorrhage Trial (INTERACT?3)

Trial overview

The third phase, INTEnsive care bundle with blood pressure Reduction in Acute Cerebral
haemorrhage Trial (INTERACT3), is an ongoing pragmatic, international, multicentre,
stepped-wedge, clustered RCT that aims to determine the effectiveness of a multifaceted care
package in the early management of patients with ICH. This trial has been conducted since
December 2017 and is now recruiting patients from 110 hospitals in nine LIMICs, including
Brazil, China, India, Mexico, Nigeria, Pakistan, Peru, Sri Lanka, and Vietnam, and one HIC,
Chile. Adult patients (>18 years) who present to the hospital within 6 hours of ICH with a
confirmed ICH by clinical history and CT brain imaging are eligible. Patients with definite
evidence that the ICH is secondary to a structural abnormality in the brain, who have had
recent thrombolysis/thrombectomy, or have a high likelihood of non-adherence to the study
treatment/follow-up regime, are excluded. A mixed consent process is used, where a
cluster/guardian consent or appropriate approval is obtained to implement the randomised
care bundle followed by individual consent for the data collection and centralised follow-up.
The stepped-wedge cluster design allows all participating hospitals to commence in a usual
care (control) phase, before progressively transferring over to the care bundle (intervention)
phase at pre-determined stages according to the randomisation assignment. The timeline for
each phase depends on when the pre-determined target recruitment number of eligible ICH
patients (vary from 1 to 50 patients according to service configuration and patient volumes)
or the 3-month time limit is reached. INTERACT3 is registered at ClinicalTrials.gov
(NCT03209258) and Chinese Trial Registry identifier (ChiCTR-IOC-17011787).

Intervention and outcome
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The intervention of a goal-directed care bundle involves early intensive BP lowering (to
achieve a target of SBP <140mmHg within 1 hour of initiation), glucose control (target BGL
of 6.1-7.8 mmol/L for non-diabetic and 7.8-10.0 mmol/L for diabetic patients), treatment of
pyrexia (target of <37.5 °C within 1 hour of initiation) and reversal of previous use of
anticoagulation (target of INR <1.5 within 1 hour of treatment). The intervention involves the
target goals being maintained for the next 7 days in the hospital, or to hospital discharge if
earlier. The control group receives usual care or previous routine protocols before transferring
over to the intervention phase. The primary outcome is functional recovery according to an
ordinal analysis of the mRS at 6 months, measured by trained staff that blind to the randomised
allocation. The secondary outcomes include death or neurological deterioration according to
the change in NIHSS at 7 days, unfavourable outcome (MRS 3-6), death, disability (mRS 3-5),
HRQoL using the EQ5D, duration of hospital stay, measured at 6 months. The safety outcomes
of all-cause and cause-specific SAEs, are recorded according to standard definitions for the

duration of follow-up.

The intention of introducing this care bundle is to promote the implementation of guidelines
or recommendations, narrow the evidence-practice gap, and translate care and research into
practice in LIMCs to improve outcomes in ICH. Regular intervention implementation quality
reports, remote communications and on-site monitoring are conducted to improve the
adherence of the intervention implementation. A process evaluation, designed to gain
insights into the barriers and facilitators to change systems of care and adherence to the
protocol, is undertaken through formative stakeholder engagement by survey, focus group

and interviews, during the study.

1.9 Conclusions

Acute stroke continues to have a poor prognosis, where timely management offers the chance
of improving recovery and outcomes for those affected. Clinical guidelines recommend
reperfusion therapy, antithrombotic treatment, antihypertensive therapy, screening and
restricted feeding for dysphagia, appropriate IUC, vital signs monitoring and allied health care
to improve clinical outcomes in patients with acute stroke. However, evidence to support
dysphagia screening and IUC are at low to moderate quality, requires further studies to fill the
gaps for clinical guideline development. In addition, insufficient data exists on thresholds for
various abnormal physiological parameters, such as low presenting BP and SaO: levels, to
support early detection and management to improve patient outcomes. Challenges of
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implementing evidence-based care in clinical practice remain in settings with limited
resources, especially in LMICs. Studies are required to determine the variations in the utility
of guideline-recommended stroke care across regions and explore the strategies to improve

stroke care implementation.

The large, international, HeadPoST database provides a unique opportunity to examine the
utility of various care processes on outcomes in acute stroke patients and further support (or
otherwise) for guideline development. The broad inclusion of participants from nine countries
across different economic levels in HeadPoST enables the comparison of variations in the

components of ASU care across regions.

The process evaluation undertaken within INTERACTS3 allows better understandings of the
barriers and facilitators of implementing a novel care bundle for ICH management in China,
which might provide insightful strategies to improve guideline uptake and delivery in LMICs

with similar issues.
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Chapter 2 Guideline-recommended care processes to prevent
post-stroke infections

Post-stroke infections, particularly pneumonia and urinary tract infections (UTIs), are
common complications after acute stroke and are related to increased risk of poor outcome,
prolonged hospital stay, and increased cost of care. However, the supporting evidence for the
care recommendations for post-stroke infections is at low to moderate grade due to limited
studies. This Chapter contains my two papers which focus on the care processes
recommended by guidelines to prevent and manage post-stroke infections, including
dysphagia screening and assessment (Section 2.1) and early indwelling urinary
catheterisation (IUC) (Section 2.2).

The objectives of this chapter are:

1. To determine the associations between a “brief” screen and “detailed” assessment of

dysphagia on clinical outcomes in acute stroke patients at 90 days (Section 2.1).

2. To determine the association between IUC and clinical outcomes at 90 days in patients

with stroke (section 2.2).

The HeadPoST study, which collected the principal care and management variables during
patients’ hospitalisation, provided a unique opportunity to examine the utility of these care
processes on the key clinical outcomes in a large cohort of acute stroke patients with a
heterogeneous characteristic. | used statistical analyses that incorporated the Chi-square test,
T-test, Wilcoxon rank-sum test and generalized linear mixed models. Multiple imputations

and stratification were used for sensitivity analyses.

The findings showed that the utilisation of these guideline-recommended care processes
varied by region and local guidelines. Failing either a dysphagia screening or assessment was
associated with increased risks of pneumonia and poor clinical outcomes after acute stroke.
Early ITUC was associated with death or dependency but not with UTIs. Further studies to

explore the appropriate management in patients with dysphagia and 1UC are urgently needed.

| co-designed the studies, analysed and interpreted the data, wrote the first drafts of the
manuscripts, coordinated and incorporated co-authors’ edits, and prepared and submitted the
manuscripts, drafted the responses to the editor’s and reviewers’ comments, and prepared the

final drafts of the manuscripts for publication.
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2.1 Dysphagia screening and risks of pneumonia and adverse outcomes after

acute stroke: an international multicentre study
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Conclusions: Failing a dysphagia screen is associated with increased risks of pneumonia and poor clinical outcome after
acute stroke. Further studies concentrate on determining the effective subsequent feeding actions are needed to

improve patient outcomes.
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Introduction

Pneumonia is a common complication of acute stroke,
which increases the likelihood of death and poor recov-
ery, and costs of care.'™ As dysphagia is also common
and associated with aspiration pneumonia,*® stroke
management guidelines recommend that health profes-
sionals screen for this impairment before their patients
receive any oral intake of food, fluid, or medica-
tions.””'> However, the evidence base supporting this
recommendation is of moderate grade, with only one
cluster clinical trial of implementing protocols that
included dysphagia screening/assessment in conjunc-
tion with fever and hyperglycemia management show-
ing improved short- and long-term clinical outcomes."?
A small “‘before-and-after” study showed that the
implementation of dysphagia screening by nurses
reduced pneumonia and length of stay in hospital,'
while delays in screening and assessment for dysphagia
in patients were associated with pneumonia in the UK
national stroke registry.'> Although a range of simple
and systematic approaches exist for the assessment of
dysphagia, data are limited on how well these are incor-
porated into clinical pathways and influence feeding
actions and clinical outcomes in practice.'"* The inter-
national Head Positioning in Acute Stroke Trial
(HeadPoST) data set,'® therefore, provides an oppor-
tunity to examine the utility of screening and assess-
ment of dysphagia, and feeding actions, on key
clinical outcomes in a large cohort of stroke patients
with a broad range of characteristics who were
recruited from 114 hospitals in nine countries.

Methods
Design

This study is a predefined secondary analysis of
HeadPoST, the design and main results of which are
outlined in detail elsewhere.'® In brief, HeadPoST was
an international, multicenter, cluster cross-over, ran-
domized controlled trial of two different head pos-
itions in 11,093 adult patients with acute stroke
undertaken between March 2015 and November
2016. Patients were excluded if they had resolved

neurological symptoms consistent with a transient
ischemic attack, a clear contraindication to either
head position, any medical condition that would com-
promise adherence to the protocol or assigned head
position, or refusal to participate. The main results
showed there were no significant differences in disabil-
ity outcomes and risks between those assigned to the
lying-flat or sitting-up head positions for at least 24 h
after hospital admission. The study was approved by
ethics committees of participating sites. Consent was
obtained from all patients or appropriate surrogates
for participation, use of medical data, and central
follow-up assessment.

Assessments

After central randomization, stratified by country, cen-
ters were required to implement the first assigned inter-
vention position until a target number of consecutive
patients was reached, before crossing over to apply the
other intervention to a similar number of consecutive
patients. Data collection included the time, result, and
action of any: dysphagia screen, defined as the use of a
simple brief noninvasive bedside test, such as a drink-
ing a sip of water; and any dysphagia assessment,
defined as a more systematic examination performed
by a speech pathologist/therapist or qualified clinician,
according to local standard protocols. Only data per-
taining to the first performed dysphagia screen/
assessment were recorded. In practice, patients
should have a dysphagia assessment after failing a dys-
phagia screen,'? and the results used to inform a local
treatment plan to prevent aspiration pneumonia. As
this was a pragmatic study, the specific practitioner,
tool, and approach to any dysphagia screen/assess-
ment were not specified in the protocol. Moreover,
the study protocol allowed some flexibility in the
assigned head position: to address any potential inves-
tigator concerns over harms, those patients allocated
to the lying-flat position could be turned to their side;
and patients assigned to either head position could
have this interrupted for short intervals (<3 nonconse-
cutive periods for <30min) for feeding or mobility
over the required 24 h of applying the intervention, if
it was considered necessary.
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Outcome

The primary outcome for these analyses was pneumo-
nia, reported as a serious adverse event, and classified
according to the following predefined criteria'”: ““defin-
ite”” pneumonia included >3 features of new or worsen-
ing cough, increased respiratory rate, oxygen
desaturation, fever >38°C, leukocytosis or leukopenia,
and purulent secretions, rales or bronchial breath
sounds over the chest together with positive radio-
logical abnormalities (patchy infiltration, lobar consoli-
dation, or pleural effusion); ““probable” pneumonia was
defined as >3 of the listed features but without any
radiological abnormalities; and “‘uncertain’” pneumonia
was <3 features with or without an abnormal X-ray.
The secondary outcome was death or disability, defined
as scores 3—6 on the modified Rankin scale (mRS) on
blinded assessment at 90 days postrandomization.

Statistical analysis

Both individual and hospital baseline characteristics
were assessed in univariate analyses. Predictors of dys-
phagia screening (or assessment) and the outcomes of
interest were determined by chi-square test for categor-
ical variables, t-test for approximately normally distrib-
uted variables, and Wilcoxon rank-sum test for skewed
continuous variables. Variables identified with P values
<0.2 were included in multivariable models. All poten-
tially significant predictors were included in multilevel
logistic regression models to estimate associations
(Supplemental Tables S1 and S2). The primary analyses
were the associations between the use of a dysphagia
screen (as a quality of stroke care performance meas-
ure, yes vs. no) and its result (fail vs. pass) on the out-
comes of pneumonia and death or disability (mRS:
3-6), independent of having a dysphagia assessment.
Secondary analyses were for associations of a dyspha-
gia assessment according to dysphagia screen status
(unscreened, pass, and fail) and clinical outcomes.
A complete case data set was used to build models
for analyzing each of the association. The term “‘unad-
justed” was used in an initial, binomial logistic regres-
sion, hierarchical mixed model, where adjustment was
made for the study design with fixed effects of head
position (lying-flat vs. sitting-up) and cross-over
period, and random effects of cluster and interaction
between cluster and cross-over period. Sequential
multilevel models were then ‘adjusted,” first for
region of recruitment and then with the addition of
prespecified baseline covariates and hospital character-
istics. A further analysis was conducted to explore the
influence of feeding restrictions on clinical outcomes in
patients who failed either screening or assessment. Any
interactions between significant variables and dyspha-
gia screen/assessment were checked in each level of the

models, and only those that were significant (P < 0.01)
were included in the final model. Associations between
exposures and outcomes were assessed across the pre-
defined subgroups of the main trial. Multiple imput-
ations were used for sensitivity analysis due to 12%
missing data on 90-day clinical outcome. Ten imputed
data sets were generated and the odds ratios (ORs) were
pooled from the imputation analysis. Data are reported
with OR and 95% confidence intervals (Cls), and a
standard level of significance was used (P <0.05). No
adjustments were made for multiplicity or missing data.
All analyses were performed with SAS Software version
9.3 (SAS Institute, Cary, NC).

Results

Frequency and time of dysphagia screen and
assessment

Among 11,093 HeadPoST participants, there were 15
patients without any details on the use of dysphagia
screening or assessment. Overall, there were 8784
(79.2%) and 3917 (35.3%) patients who had a screen
and assessment for dysphagia, respectively, but the fre-
quency and timing for each varied significantly across
regions (Table 1). Frequency of dysphagia screening
was low in China (69.2%) and South America (61.5%)
compared to Australia/UK (91.4%) and India/Sri
Lanka (87.0%). Conversely, the frequency of dysphagia
assessment was highest in South America (62.3%) com-
pared to the other regions (range, 23.3%-35.5%).
Overall, median times from admission to dysphagia
screen and assessment were 2.2h (interquartile range
(IQR)=0.8-6.3) and 12.5h (IQR =1.8-28.0), respect-
ively, but this varied from approximately 1 to 38h
across regions, being shortest in China and longest in
South America (Table 1). The majority of dysphagia
assessments were undertaken subsequent to dysphagia
screening; only 3% had an assessment recorded before a
dysphagia screen.

Baseline and hospital characteristics by screening
and assessment

Patients without a dysphagia screen were younger, had
greater premorbid disability, and more severe neuro-
logical impairment at the time of presentation
(Supplemental Table S3). At hospital level, patients
from hospitals with a stroke unit, guidelines for acute
stroke treatment, local special pathways from stroke
care, local protocols for swallow dysfunction, and
speech pathologists were more likely to receive screen-
ing (Supplemental Table S4). In comparison, in hos-
pital with available protocol for swallow dysfunction,
neurologists, dysphagia specialist nurses, and speech
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pathologists, patients were more likely to have further
dysphagia assessment (Supplemental Table S5).

Results of dysphagia screen and further
assessment

Overall, 22.8% (2004/8784) of patients failed a dyspha-
gia screen (Table 2; Supplemental Figure SI).
Compared to those who passed, dysphagia screen-fail
patients were significantly older, with greater premorbid
disability, cardiovascular disease and chronic obstruct-
ive pulmonary disease, and more severe baseline neuro-
logical impairment (Table 2). Of the 6778 patients who
passed the dysphagia screen, 1775 (26.2%) proceeded to

a dysphagia assessment, which was passed by the great
majority (96.1%). There were 2292 patients who did not
have a dysphagia screen, of whom 739 (32.2%) pro-
ceeded to a dysphagia assessment (Supplemental
Figure S1). They were older, more often female, with
greater premorbid dependency and more severe baseline
neurological impairment without coma, and more often
placed on a feeding restriction regime, compared to
those without a dysphagia assessment (Supplemental
Table S6). Of the 2003 dysphagia screen-fail patients,
there were 1402 (70.0%) who proceeded to a dysphagia
assessment; they tended to have milder neurological
impairment compared to the 601 patient who did not
have a dysphagia assessment (Supplemental Table S7).

Table 2. Baseline characteristics of patients, by result of dysphagia screen

Baseline characteristics

P value

Note: Data are n (%), mean £ SD, or median (interquartile range). GCS: Glasgow coma scale; NIHSS: National Institute of Health Stroke Scale; COPD:

chronic obstructive pulmonary disease; mRS: modified Rankin scale.
*Includes history of heart disease, stroke, or diabetes mellitus.
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Patients who neither had a screen nor assessment were
younger, had lower NIHSS scores, were less dependent,
and free of prior medical history, but with higher GCS
scores at baseline (Supplemental Table S8).

Pneumonia outcome

Overall, 362 (3.3%) patients developed pneumonia, but
the frequency varied significantly across regions and
according to the use and results of a dysphagia screen-
ing and assessment (Supplemental Table S9). In par-
ticular, the frequency of pneumonia was higher in
those who had dysphagia screen (or assessment), and
especially in those who failed, and it was also associated
with longer times to having a dysphagia screen (and
assessment) (Supplemental Tables S9 and S10).

In multivariable analysis adjusted both individual and
hospital level of characteristics, there was no association
between the use of dysphagia screen and pneumonia
(adjusted odds ratio (aOR)=1.20, 95% CI=0.82-
1.75; Figure 1(a)). However, compared to those who
passed a dysphagia screen, screen-fail patients had a sig-
nificantly higher risk of pneumonia (1.5% vs. 10.0%;
aOR =3.00, 95% CI=2.19-4.10) (Supplemental Table
S9; Figure 2(a), Model 2). Similarly, there was no asso-
ciation between the use of dysphagia assessment and risk
of pneumonia (Supplemental Figure S2(A)).

Death and disability at 90-day outcome

There were 12% (1345/11,093) of patients with miss-
ing 90-day clinical outcome data, who were younger
and with greater premorbid disability compared to
those with complete data (Supplemental Table S12).
There was no association between the use of dyspha-
gia screen itself and poor clinical outcome (death or
disability) (aOR=096, 95%  CI=0.81-1.13;
Figure 1(b)). However, there was a significant associ-
ation between those who failed compared to those
who passed a dysphagia screen (68.1% vs. 30.8%,
P<0.0001; aOR=1.66, 95% CI=1.41-2.95;
Supplemental Table S9 and Figure 2(b)). Compared
to patients who did not have a dysphagia assessment,
those who did had a higher risk of poor outcome
(47.5% vs. 34.6%, P <0.0001; Supplemental Table
S9). There was a significant association between dys-
phagia assessment and poor outcome in patients who
passed a dysphagia screen (aOR=1.39, 95%
CI=1.14-1.69; Supplemental Figure S2(B)). The sig-
nificance of this association varied by region
(Supplemental Figure S3). Failing a dysphagia assess-
ment was significantly associated with increased risks
of pneumonia (aOR=3.04, 95% CI=2.11-4.39) and
poor outcome (aOR=222, 95% CI=1.76-2.80;
Supplemental Figure S4).

Figure |. Outcomes by the use of dysphagia. Poor outcome refers to death or disability (scores 3—6 on the mRS) at 90 days.
*Unadjusted refers to adjustment for study design features in a mixed logistic regression model with fixed period, fixed head
position treatment, random cluster, and random cluster cross-over period. "Model | (country level) includes adjustment for
region of recruitment (Australia and UK, China includes Taiwan, India and Sri Lanka, and South America). *Model 2 (individual
level) for analysis includes variables in model | and age as continuous, sex, premorbid function (mRS scores: 0| as independent; 2

as mild disability but independent; 3-5 as disabled), NIHSS (National Institutes of Health Stroke Scale) as continuous, stroke type

(acute ischemic, intracerebral hemorrhage, or uncertain), past history of cardiovascular disease (heart disease, diabetes mellitus,
or stroke), past history of chronic obstructive pulmonary disease, and current smoker. *Model 3 (hospital level) for (a) further
adjusted number of stroke patients admitted annually, academic hospital, location of hospital, local protocol for swallow dys-
function, available of neurologists, dysphagia specialist nurses, and speech pathologists. For (b) further adjusted present of
dedicated stroke unit and guidelines for acute treatment of stroke care. OR: odds ratio; Cl: confidence interval.

(a) Pneumonia (b) Poor Outcome
OR (95% Cl) OR (95% ClI)
Unadjusted * — 0.96 (0.67, 1.38) - 0.90 (0.78, 1.04)
Model 11 —i— 0.89 (0.62, 1.28) o 0.88 (0.76, 1.01)
Model 2+ ——  1.18(0.81,1.71) - 0.97 (0.82, 1.15)
Model 3§ —=——  1.20(0.82, 1.75) - 0.96 (0.81, 1.13)
b V2 0 1,2
screened Screened ﬂ; scroenod Scrooned
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Figure 2. Outcomes by results of dysphagia screen. Poor outcome refers to death or disability (scores 3—6 on the mRS) at 90
days. *Unadjusted refers to adjustment for study design features in a mixed logistic regression model with fixed period, fixed head

position treatment, random cluster, and random cluster cross-over period. "Model | (country level) includes adjustment for

region of recruitment (Australia and UK, China includes Taiwan, India and Sri Lanka, and South America). ‘Model 2 (individual
level) for analysis includes variables in model | and age as continuous, sex, premorbid function (mRS scores: 0-| as independent; 2
as mild disability but independent; 3-5 as disabled), NIHSS (National Institutes of Health Stroke Scale) as continuous, stroke type
(acute ischemic, intracerebral hemorrhage, or uncertain, past history of cardiovascular disease (heart disease, diabetes mellitus, or
stroke), past history of chronic obstructive pulmonary disease, and current smoker status. Model 3 (hospital level) for (a) further
adjusted number of stroke patients admitted annually, academic hospital, location of hospital, local protocol for swallow dys-

function, available of neurologists, dysphagia specialist nurses, and speech pathologists; and (b) further adjusted present of
dedicated stroke unit and guidelines for acute treatment of stroke care. OR: odds ratio; Cl: confidence interval.

(a) Pneumonia (®)  Poor Outcome
OR (95% ClI) OR (95% ClI)
Unadjusted * ——— 6.85(5.24, 8.95) ——  4.65(4.09,5.30)
Model 11 —— 6.30(4.82, 8.24) —~—  446(3.92,5.07)
Model 2F - 3.00 (2.20, 4.10) - 1.66 (1.41, 1.95)
Model 38 —— 3.00 (2.19, 4.10) - 1.66 (1.41, 1.95)
P Py

Subgroup analysis

There was consistency in the relation between the use of
dysphagia screening and pneumonia and poor outcome
across patient subgroups (Supplemental Figures S5 and
S6). Although there was no influence of head position-
ing on pneumonia, there was a lower risk of poor
outcome in patients who were allocated to the lying-
flat position (aOR=0.88, 95% CI=0.77-1.00;
Supplemental Figure S7). Similarly, there was no het-
erogeneity across subgroups in the results according to
either a pass or fail on a dysphagia screen on pneumo-
nia and poor outcome (Supplemental Figures S8 and
S9). The effect of failing dysphagia screen is also con-
sistent in patients with different head positions of the
patients (Supplemental Figure S10(B)).

Influence of feeding restrictions

Patients who failed dysphagia screen were more likely
to be placed on feeding restrictions compared to those
passed (84.1% vs. 11.2%, P<0.0001; Table 2). The
incidence of pneumonia and poor outcome were more
in patients had feeding restrictions compared to those
did not (9.5% vs. 0.9%, P<0.0001 and 67.6% vs.
28.7%, P <0.0001, respectively; Supplemental Table
S9). In the stratified analysis, subsequent use of feeding
restrictions were related to higher risk of pneumonia,

especially for patients failed a dysphagia screen or dys-
phagia assessment (11.9% vs. 1.8%, P <0.0001;
Supplemental Table S12 and aOR=4.06, 95%
CI=1.72-9.54; Supplemental Figure S11(A)). There
was considerable regional variation in the feeding
regimes provided to patients who failed a dysphagia
screen, although the use of a nasogastric tube was the
most common method (Supplemental Table S13).

Sensitivity analysis

With adjustment of both baseline and hospital charac-
teristics, and the use of multiple imputation for missing
outcome, the results were similar to our primary ana-
lyses (Supplemental Figures S12 and S13).

Discussion

In this large multinational study, we found no clear
association between the use of a simple screen or
detailed assessment of dysphagia regardless of the test
results, as a quality of care measure, and either pneu-
monia or poor functional outcome after acute stroke.
However, patients who failed either of these tests were
clearly at increased risks of these adverse outcomes.
The risk of pneumonia varied widely across regions
and was related to the timing of dysphagia screen and
assessment.
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The overall 3% frequency of pneumonia in our
study was lower than reported in many other stu-
dies,">'""™® but similar to that of a large registry
study.'® The patients in our study were likely subjected
to rigorous assessment and management of dysphagia
by virtue of their participation in a clinical trial, where
pneumonia was an expected adverse outcome.
However, it is likely that selection bias and variable
definitions influence the detection and reporting of
pneumonia across studies. As in a real-life registry-
based study, our protocol included consecutive patients
with acute stroke. However, we did not specify any
particular procedures for investigators to follow, and
the assessment and management of dysphagia were per-
formed according to local protocols.

Dysphagia screening, assessment, and management
vary across countries in the context of specifications
and interpretation of guidelines for stroke manage-
ment.”™? In our study, the median times from admission
to screening and assessing dysphagia in Australia and
UK were similar to another study conducted during
2013-2014." In China, dysphagia screens and assess-
ments were performed at approximately the same time,
although guidelines in this country make no specific rec-
ommendation regarding when or how to conduct
them.'” Another UK stroke registry study has shown
an association between delayed screen and assessment
of dysphagia and increased risk of pneumonia.'® In our
study, dysphagia screening was most delayed in South
America, which may in part explain the higher rate of
pneumonia (6.5%) there compared to other regions.

We found no evidence of an association between the
use of dysphagia screening and the risk of adverse out-
comes. Another cluster clinical trial also showed no
association of dysphagia screening and risk of pneumo-
nia but rather a relation with lower risk of death and
severe disability,'”” which may have been due to an
effect of other components of the care bundle targeting
fever and hyperglycemia. However, our study shows
that patients who fail a dysphagia screen are at
increased risk of pneumonia and poor clinical outcome,
which is consistent with other studies.'>'***' The
majority (84%) of patients who failed dysphagia
screening were placed on feeding restrictions. These
data are consistent with guideline recommendation
for routine use of dysphagia screening in patients with
acute stroke, with subsequent use of feeding restrictions
or early dysphagia treatment in those who fail.

Another finding from our study was the increased
risk of pneumonia or poor clinical outcome in
“screen-fail” or “‘assessment-fail” patients and particu-
larly those placed on restricted feeding. We assume that
it might be related to the mixed methods of feeding
practices we measured, some of which might introduce
adverse effect. A previous retrospective study has

shown that the presence of nasogastric feeding was
associated with reduced functional recovery and
increased mortality after stroke.? However, there is
randomized evidence of early use of nasogastric tubes
in dysphagia patients and lower risk of adverse out-
comes,”> while dysphagia therapy programs appear to
reduce the risk of pneumonia in the acute phase of
stroke.® We were unable to assess for any association
of individual feeding actions on outcomes, as patients
were often on multiple feeding restriction regimes. It is
likely that analyses are complicated by indication bias,
where high-risk patients receive the intervention of
interest, as our stratified analyses showed that patients
who passed a dysphagia screen but subsequently had a
dysphagia assessment had higher risks of poor clinical
outcome compared to other patients. Further studies
concentrate on evaluating different methods of feeding
actions subsequently after failing dysphagia screen will
be essential to improve patient’s clinical outcomes.

In our study, it is interesting to note that a quarter of
patients passed a dysphagia screen yet went on to also
receive a dysphagia assessment, and majority (96%) of
them were reconfirmed as passed. Some of them may
have deteriorated after screen and therefore required
further assessment; however, many may not have.
This duplicated assessing for dysphagia was also
noted in the QASC (Quality in Acute Stroke Care)
trial, with similar proportion (97%) also deemed safe
to swallow by the speech pathologist.'® Further exam-
ination of the reason for double swallowing surveillance
in stroke patients is warranted. From another perspec-
tive, such inefficient duplicated assessment is costly and
time-consuming, especially for some low-resourced set-
tings. We recommend patients who had passed a screen
and with no further deterioration should not be
reviewed by a health professional.

We acknowledge several limitations, including the
inability to prespecify (or standardize) the methods of
screening and assessment used across participating cen-
ters. As such, we were unable to provide any details
regarding the type and quality of screening and assess-
ments approaches undertaken for dysphagia and for
other aspects of background management. Another
factor is that participants in our study are likely to
have received a greater attention to standard of care
processes including dysphagia monitoring and feeding
actions because of the specific nature of our clinical
trial assessing the influence of head positioning on
stroke outcomes. However, this was a prespecified sec-
ondary analysis of a large international trial based on
local protocol by regions. Our findings reflect usual
practice according to current guideline recommenda-
tions across countries. A major strength of our study
is the large sample size of patients with a broad
range of characteristics from a range of health-care
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settings with variable resourcing levels. Moreover,
selection bias was likely reduced compared to most
conventional individual patient randomized -clinical
trials, by the inclusion of consecutive stroke patients
within a cluster cross-over design. We also considered
the influences of institutional factors in multilevel
models that included adjustment for various hospital
characteristics.

Conclusions

The utility of dysphagia screening and assessment varies
according to countries and local guidelines. Failing a
dysphagia screen was associated with higher risk of
pneumonia and poor outcome from acute stroke.
Subsequent feeding restrictions are related to increased
risk of adverse outcomes. Further randomized con-
trolled trials that evaluating the effects of feeding actions
are urgent to improve patient’s outcome.
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Abstract

Background: An indwelling urinary catheter (IUC) is often inserted to manage bladder dysfunction, but its impact on
prognosis is uncertain. Ve aimed to determine the association of [UC use on clinical outcomes after acute stroke in the
international, multi-center; cluster crossover, Head Positioning in Acute Stroke Trial (HeadPoST).

Methods: Data were analyzed on HeadPoST participants (n= 11,093) randomly allocated to the lying-flat or sitting-up
head position. Binomial, logistic regression, hierarchical mixed models were used to determine associations of early
insertion of IUC within seven days post-randomization and outcomes of death or disability (defined as “poor outcome,”
scores 3-6 on the modified Rankin scale) and any urinary tract infection at 90 days with adjustment of baseline and post-
randomization management covariates.

Results: Overall, | 167 (12%) patients had an IUC, but the frequency and duration of use varied widely across patients in
different regions. IUC use was more frequent in older patients, and those with vascular comorbidity, greater initial
neurological impairment (on the National Institutes of Health Stroke Scale), and intracerebral hemorrhage as the
underlying stroke type. I[UC use was independently associated with poor outcome (adjusted odds ratio (aOR): 1.40,
95% confidence interval (Cl): I.13—1.74), but not with urinary tract infection after adjustment for antibiotic treatment
and stroke severity at hospital separation (aOR: 1.13, 95% Cl: 0.59-2.18). The number exposed to IUC for poor
outcome was |3.

Conclusions: IUC use is associated with a poor outcome after acute stroke. Further studies are required to inform
appropriate use of IUC.
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Bladder dysfunction is common after acute stroke,
affecting at least one third of patients." A urodynamic
study suggested frequencies of urinary incontinence of
73% and 64%, and urinary retention of 13% and 52%.,
in patients with acute intracerebral hemorrhage (ICH)
and ischemic stroke, respectively.” An indwelling urine
catheter (IUC) is often inserted to manage these condi-
tions,” but the benefits may be offset by increased mor-
tality and morbidity, especially in the context of
incontinence.*> Guidelines®’ therefore recommend
cautious use of IUC and for their early removal to
avoid urinary tract infection (UTI) and other sepsis.
However, these recommendations are based on level
C grade of evidence, since the data are derived from
studies limited by small sample size, retrospective
design, and incomplete adjustment for confounding.
We aimed to determine associations of TUC use and
90-day clinical outcomes in stroke patients with a
broad range of characteristics who participated in the
international Head Positioning in Acute Stroke Trial
(HeadPoST).®

Methods
Study population

HeadPoST was an international, multicenter, cluster
crossover, clinical trial that involved 11,093 adults
(>18 years) with acute stroke randomly allocated to
the lying flat or sitting up head position soon at 114
hospitals in nine countries from March 2015 to
November 2016.° A guardian consent process was
used to implement the randomized intervention as a
policy of usual service delivery to a pre-defined patient
cluster; patients provided consent for use of their med-
ical record data and centralized telephone follow-up.
HeadPoST is registered at ClinicalTrials.gov
(NCT02162017).

Procedures

Demographic, medical history, and clinical informa-
tion, included the severity of neurological impairment
on the National Institutes of Health Stroke Scale
(NIHSS), were collected at baseline. Data of TUC use,
including insertion date, along with other pre-defined
management interventions, repeat NIHSS, and an

assessment of functional status on the simplified mod-
ified Rankin scale (mRS) were collected at day 7 post-
randomization (or at hospital separation if earlier).
Recorded TUC use was assumed as the first insertion
after hospital admission and duration of use was cen-
sored at day 7. Trained staff, blind to treatment alloca-
tion, contacted patients not known to have died by
telephone to assess their functional status on the mRS
at 90 days. The primary outcome for these analyses was
death or dependency (mRS scores 3—6). The secondary
outcome was UTI identified from details related to ser-
ious adverse events (SAEs) reported by site investiga-
tors to the end of follow-up at 90 days.®

Statistical analysis

Binomial, logistic regression, hierarchical mixed models
were used to adjust for the fixed effects of head position
(lying-flat vs. sitting-up) and cross-over period, random
effects of cluster, and random interaction effects
between cluster and crossover period. The term ““unad-
justed” was used for convenience in defining this initial
mixed model. Potential confounders at baseline and
day 7 post-randomization (P value < 0.2) in univariate
analyses (Table 1; Supplemental Tables S1 and S2)
defining associations of IUC and outcomes were
included in sequential hierarchical logistic regression
models with (model I) country groups according to
region, (model II) baseline characteristics, and (model
IIT) management covariates. As the NIHSS and mRS
scores at day 7 (or earlier) were correlated (Spearman’s
rank correlation =0.72), the former scale was used in
model III to adjust for early neurological change. As
there was a high proportion of missing day 90 mRS
scores (12%), multiple imputation was conducted for
a sensitivity analysis with all covariates (include out-
come variable) in the mixed model for analysis
(method was described in Supplemental Material).
Considering UTI as an intermediate variable for IUC
and poor functional outcome, an additional sensitivity
analysis was conducted to assess the strength of asso-
ciation in patients without UTI. Pre-specified subgroup
analyzes considered head position, age, sex, baseline
neurological severity (NIHSS score), and medical his-
tory. To assist in understanding the adverse conse-
quences of IUC use, we calculated a number needed
to expose for poor outcome using the adjusted odds
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Table 1. Characteristics of | 1,093 patients by urinary catheter use

Urinary catheter inserted

Characteristics Yes (N=1167) P value®

Note: Data are n (%), mean (SD) and median (IQR). AlS: acute ischaemic stroke; SD: standard deviation; IQR: interquartile range; ASU: acute stroke
unit; GCS: Glasgow coma scale; ICH: intracerebral hemorrhage; ICU: intensive care unit; mRS: modified Rankin scale; NIHSS: National Institutes of
Health Stroke Scale.

?P values from the Student’s t-test or Wilcoxon rank-sum test for continuous variables, and the Chi-squared test or Fisher’s extract test for categorical
variables.

PEstimated functional grade score 01 on the mRS.

“Includes decompressive hemicraniectomy, open craniotomy, minimally invasive surgery, and intraventricular drainage of ICH.
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ratio (aOR) obtained in models.” Data are reported
with 95% confidence intervals (CIs), and a two-sided
P <0.05 was considered statistically significant. All
analyses were performed with SAS version 9.3 (SAS
Institute, Cary, NC).

Data sharing

Individual participant data used in these analyses can
be shared by formal request with protocol from any
qualified investigator to the Research Office of The
George Institute for Global Health, Australia.

Results
Patient characteristics for IUC insertion

Of the 11,093 randomized HeadPoST patients (mean
age 68 £ 14 years; 60% male), 1167 (11.6%) had an
IUC inserted during their hospitalization, but this
figure varied widely across regions: highest for partici-
pants in India/Sri Lanka (33.8%), followed in decreas-
ing frequency by those in South America, Australia/
UK, and China (including Taiwan) (Supplemental
Table S3). The median duration over seven days of
IUC insertion was five days (interquartile range
(IQR): 3-7) (Supplemental Table S3).

Table 1 shows that the highest likelihood of IUC use
was in older patients, and those with history of heart
disease, greater initial neurological impairment, and a
diagnosis of ICH. In particular, most (70.7%) older
patients (>65 years) had an IUC. Similarly, day 7
data indicate that TUC use was related to greater

neurological impairment and physical disability,
defined by higher NIHSS and mRS scores, respectively.
Moreover, IUC use was more frequent after an admis-
sion to an intensive care or acute stroke unit, and in
those who received antibiotics within the seven days, as
compared to those without an IUC (Table 1).

IUC and outcomes

Median duration of IUC use in patients with a poor
outcome (death or dependency, mRS 3-6) was signifi-
cantly higher than in those with good functional recov-
ery (six vs. five days, P=0.013; Supplemental Table
S4). Compared to patients without an ITUC, those
with IUC had a greater likelihood of a poor outcome
(76.6% vs. 34.7%; P <0.0001; Supplemental Table S5).
Table 2 shows that the increased odds of poor outcome
with TUC use persisted after adjustment for imbalance
in baseline characteristics and post-randomization
management variables (model IIT aOR: 1.40, 95% CI:
1.13-1.74) and after multiple imputation of missing
outcome data (aOR: 1.36, 95% CI: 1.14-1.63). A sig-
nificant interaction was found for [TUC use and baseline
NIHSS score (P for interaction 0.0019; Supplemental
Figure S1). The number needed to be exposed to an
IUC for harm (death or dependency) was 13.

Overall, only 0.7% (76/11,093) patients had a UTI
(Supplemental Table S5), and this was more likely in
those with IUC (1.5% vs. 0.6%, P=0.0002;
Supplemental Table S5). The median time to diagnosis
of UTI was 17 (IQR: 5-36) days; but only 38% (29/76)
of UTI events occurred within day 7/discharge
(Supplemental Figure S2). However, in those patients

Table 2. Association of urinary catheter use and death or dependency at 90 days

Complete case dataset

aOR (95% Cl)

Unadjusted® 5.44 (4.54-6.39)

P value

<0.0001

Multiple imputation dataset
P value

aOR (95% Cl)

5.17 (4.44-6.02) <0.0001

Model I

231 (1.91-2.78)

<0.0001

221 (1.85-2.64) <0.0001

aOR: adjusted odds ratio; Cl: confidence interval.

*Binomial logistic regression model with adjustment for the fixed effects of head position (lying-flat vs. sitting-up) and crossover period, and random
effects of cluster, and random interaction effects between cluster and crossover period.
®Model | adjusted for region (Australia/UK, China including Taiwan, India/Sri Lanka, South America).

“Model Il is model | with further adjustment for baseline covariates of age as a continuous variable, sex, estimated premorbid grade 0 or | on the mRS,
baseline NIHSS score as a continuous variable, history of heart disease (any heart failure, atrial fibrillation or coronary artery disease), diabetes mellitus
or stroke, and pathological stroke type.

“Model lll is model Il further adjusted for individual variables at day 7 or earlier hospital separation, including intensive care unit admission, acute stroke
unit admission, antibiotic use, and NIHSS score as a continuous variable.
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Table 3. Association of urinary catheter use and urinary tract infection within 90 days

Original dataset

Multiple imputation

aOR (95% Cl) P value aOR (95% ClI) P value

Unadjusted® 2.85 (1.62-4.99) 0.0003 285 (1.62-4.99) 0.0003

Model 11 2.08 (1.13-3.82) 0.018 2.05 (1.12-3.75) 0.020

aOR: adjusted odds ratio; Cl: confidence interval.

*Binomial logistic regression model with adjustment for the fixed effects of head position (lying-flat vs. sitting-up) and crossover period, and random
effects of cluster; and random interaction effects between cluster and crossover period.

®Model | adjusted for region (Australia/lUK, China including Taiwan, India/Sri Lanka, and South America).

“Model Il is model | with further adjustment for baseline covariates of age as a continuous variable, sex, estimated premorbid grade 0 or | on the mRS,
baseline NIHSS score as a continuous variable, history of heart disease (any heart failure, atrial fibrillation or coronary artery disease), diabetes mellitus
or stroke, and pathological stroke type.

9Model Il is model Il further adjusted for individual variables at day 7 or earlier hospital separation, including intensive care unit admission, acute stroke
unit admission, antibiotic use, and NIHSS score as a continuous variable.

with UTI, there was no clear difference in the median
duration of IUC compared to those without UTI (4 (3—
6) vs. 5 (3-7) days; P=0.17) (Supplemental Table S4).
Table 3 shows this association in the initial adjusted
analysis (model II, aOR: 2.08, 95% CI: 1.13-3.82),
but lost significance after adjustment for post-randomi-
zation management variables that included antibiotic
use and day 7 (or hospital discharge) neurological
severity (model III, aOR: 1.13, 95% CI: 0.59-2.18).
These associations remained after multiple imputation
(model III, OR: 1.18, 95% CI: 0.63-2.19). In patients
who received an IUC, duration of early use was not
associated poor outcome (aOR: 1.03, 95% CI: 0.93—
1.14; Supplemental Table S6).

Subgroup analysis

The odds of poor outcome being higher in females (P
for interaction 0.01), the elderly (age >80 years; P for
interaction 0.006), and those with mild neurological
impairment (NIHSS scores of 0-4; P for inter-
action <0.0001) compared in other subgroups
(Supplemental Figure S3). No heterogeneity was
found for stroke subtypes (P for interaction 0.47;
Supplemental Figure S3), nor among subgroups for
outcome in those with UTI (Supplemental Figure S4).

Role of UTI on poor outcome

Patients with UTI were more likely to have a poor
90-day outcome compared to those without UTI
(71.9% vs. 39.0%; P <0.0001; Supplemental Table S2),
but not after adjusting for all confounders (aOR: 1.46,
95% CI: 0.70-3.04; Supplemental Table S7). The positive

association of IUC and poor outcome persistent after
including UTI as a confounder in the primary analysis
(aOR: 1.41, 95% CI: 1.13-1.75; Supplemental Table S7).
Sensitivity analysis shows that the positive association of
IUC use and poor outcome was also present in patients
without UTI, and of the same magnitude as identified in
the primary analysis of the overall population (aOR:
1.43, 95% CI: 1.15-1.78; Supplemental Table S8).

Discussion

In these secondary analyses of a large population of
patients with acute stroke, we have shown that inserting
an [UC was associated with a poor functional outcome
after adjusting for various prognostic and management
confounders, including a diagnosis of UTI and early in-
hospital antibiotic use.

Opverall, approximately 1 in 10 stroke patients in our
study had an IUC inserted, but the frequency was
higher in the elderly and those with a history of heart
disease, greater baseline neurological deficit, and ICH
as the cause. As such, the lower overall frequency of
IUC in our study than reported in registries (20%—
30%)*>"'" may reflect the selective nature of the clinical
trial population which included patients with predom-
inantly mild to moderate neurological severity, despite
the pragmatic design and broad inclusion criteria. Yet,
our data are consistent with others in showing an asso-
ciation of IUC with increasing age and stroke sever-
ity.*!"" Clearly, critical ill patients with more severe
deficits are at increased risk of bladder dysfunction
and adverse outcomes, and therefore, they require
more intensive monitoring and interventional proced-
ures, such as IUC insertion.
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Explanations for the adverse consequences of IUC
insertion not so clear cut.” While an ITUC may com-
promise early mobilization and rehabilitation and
cause an inflammatory reaction from subclinical uro-
sepsis.'? Another explanation for the significant associ-
ation of IUC and poor outcome is indication bias,
whereby patients at risk of poor recovery (old age or
severe disability) are more likely to receive an IUC as
part of their management. Our subgroup analyses
showed the adverse effect of TUC to be greater in
patients with mild deficits (NIHSS scores 0—4) and
early residual disability (mRS 0-2), suggesting caution
in considering an [UC in such patients. Protocols out-
lining indications and management of ITUC may help
reduce complications and improve outcomes.'*!*
Moreover, the finding elsewhere of females with poor
functional stroke outcome'® having higher rates of
inappropriate IUC use'® may explain our finding of
sex differences in the prognostic significance of IUC.

A recent meta-analysis has shown a wide frequency
(3%—44%) of UTI after stroke according to study
design and setting.'” Once again, the low (0.7%) fre-
quency of UTI in HeadPoST compared to an observa-
tional study'® may relate to selection and observer bias,
and diagnosis based on reported SAEs rather than sys-
tematic surveillance. However, our approach was argu-
ably more clinically relevant in using a “‘clinically
significant” endpoint and in showing attenuation of
the association of ITUC use and UTI after adjustment
for antibiotic use and level of functional impairment.
Our findings are therefore contrary to a previous hos-
pital-based study showing a significant association of
IUC and UTL" but these results were based on small
sample where UTIs were reported without standard
diagnostic criteria, and there was no adjustment for
other variables, such as antibiotic use. Our study also
contrasts with another study which found an associ-
ation of UTI and poor functional outcome (mRS 3-
5) at the time of hospital discharge,”’ but is consistent
with another study where adjustments were made for
prognostic covariates.” Nonetheless, we recognize that
the small number of cases of UTI in our study restricted
our ability to undertake stratified analyzes or adjust for
a large number of covariates.

Strengths of our study include the large sample size
of participants with a broad range of characteristics
managed in a range of health-care settings. Moreover,
we were able to adjust for a large number of potential
confounding prognostic factors in different multivari-
able models. However, in any observational study,
there is the potential for incomplete adjustment, while
the lack of systematic screening for UTI and reliance on
SAE data, likely biased reported events toward those
that were more clinically significant or symptomatic.
We also had very limited information of the type of

IUCs used, their indication, timing of removal, and
relationship in the use of antibiotics. The data of cen-
sored assessment of all hospital management also lim-
ited the utility analysis of IUC duration and outcomes.

In summary, IUC use is associated with a poor func-
tional outcome after acute stroke, after adjustment for
a range of important prognostic and management fac-
tors. Further studies are required to establish causal
pathways and inform guideline recommendations
regarding the appropriate indications for ITUC to
decreases potential risks and promote recovery in vul-
nerable patients.
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Chapter 3 Observation on abnormal physiological parameters

Physiological parameters of blood pressure (BP) and oxygen saturation (SaO.) are often
altered after acute stroke. Although clinical guidelines recommend monitoring these
physiological parameters and responding to any abnormal conditions, evidence is still scarce,
particularly in less frequent scenarios of low BP and oxygen desaturation after stroke. This
Chapter contains my two studies which focus on abnormal physiological parameters,
including low presenting BP in acute stroke (Section 3.1) and the lowest SaO- recorded in the

first 24 hours after hospital admission (Section 3.2).
The objectives of this chapter are:

1. To define the characteristics and prognostic significance of low BP early after the onset of

acute stroke (Section 3.1).

2. To determine the strength of association between oxygen desaturation and clinical

outcomes in patients with stroke (section 3.2).

The HeadPoST study is a systematic assessment of a broad range of large sampled patients
and the collection of clinical data at baseline and during hospitalisation, which provided an
opportunity for these analyses. | used descriptive statistics to report differences across the BP
categories with ANOVA and Kruskal-Wallis test; and Chi-square test, t-test, Wilcoxon rank-
sum test for SaO- categorized levels. Restricted Cubic Spline was used to visualise the
relationships between continuous BP and SaO- and clinical outcomes, respectively.
Generalized linear mixed models with adjustment of potential confounders were conducted to

report the associations.

The findings outlined a ‘J-shaped’ relationship between presenting BP and death or
dependency, with a similar revered ‘J-shaped’ relationship found in the lowest SaO» and
clinical outcomes. Patients with low presenting BP and oxygen desaturation are associated
with an increased risk of adverse outcomes, suggesting clinicians should closely monitor

these vulnerable patients and take appropriate management to improve clinical outcomes.

| co-designed the studies, analysed and interpreted the data, wrote the first drafts of the
manuscripts, coordinated and incorporated co-authors’ edits, and prepared and submitted the
manuscripts, drafted the responses to the editor’s and reviewers’ comments, and prepared the

final drafts of the manuscripts for publication.
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3.1 Low blood pressure and adverse outcomes in acute stroke: HeadPoST study
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Low blood pressure and adverse outcomes 1n acute
stroke: HeadPoST study explanations

Menglu Ouyang®P®, Paula Muioz-Venturelli*“9, Laurent Billot?, Xia Wang?, Lili Song®®,
Hisatomi Arima®®, Pablo M. Lavados®, Maree L. Hackett®", Verénica V. Olavarria®,
Alejandro Brunser?, Sandy Middleton9, Octavio M. Pontes-Neto", Tsong-Hai Lee’,

Caroline L. Watkinsf, Thompson Robinson!, and Craig S. Anderson

Objective: As uncertainties exist over underlying causes,
we aimed to define the characteristics and prognostic
significance of low blood pressure (BP) early after the
onset of acute stroke.

Methods: Post hoc analyzes of the international Head
Positioning in acute Stroke Trial (HeadPoST), a pragmatic
cluster-crossover randomized trial of lying flat versus sitting
up in stroke patients from nine countries during 2015~
2016. Associations of baseline BP and death or
dependency [modified Rankin scale (mRS) scores 3—6] and
serious adverse events (SAEs) at 90 days were assessed in
generalized linear mixed models with adjustment for
multiple confounders. SBP and DBP was analysed as
continuous measures fitted with a cubic spline, and as
categorical measures with low (<10th percentile) and high
(>140 and >90 mmHg, respectively) levels compared with
a normal range (>10th percentile; 120-139 and 70-

89 mmHg, respectively).

Results: Among 11083 patients (mean age 68 years,
39.9% women) with baseline BP values, 7.2 and 11.7%
had low SBP (<120 mmHg) and DBP (<70 mmHg),
respectively. Patients with low SBP were more likely to
have preexisting cardiac and ischemic stroke and functional
impairment, and to present earlier with more severe
neurological impairment than other patients. Nonlinear ‘J-
shaped’ relationships of BP and poor outcome were
apparent: compared with normal SBP, those with low SBP
had worse functional outcome (adjusted odds ratio 1.27,
95% confidence interval 1.02-1.58) and more SAEs,
particularly cardiac events, with adjustment for potential
confounders to minimize reverse causation. The findings
were consistent for DBP and were stronger for ischemic
rather than hemorrhagic stroke.

Conclusion: The prognostic significance of low BP on
poor outcomes in acute stroke was not explained by
reverse causality from preexisting cardiovascular disease,
and propensity towards greater neurological deficits and
cardiac events. These findings provide support for the
hypothesis that low BP exacerbates cardiac and cerebral
ischemia in acute ischemic stroke.

Keywords: acute stroke, blood pressure, hypotension,
outcome, trial

Journal of Hypertension

a,b,ck,l

Abbreviations: AIS, acute ischemic stroke; BP, blood
pressure; Cl, confidence interval; GLM, generalized linear
mixed model; HeadPoST, Head Positioning in acute Stroke
Trial; ICH, intracerebral hemorrhage; mRS, modified Rankin
scale; NIHSS, National Institutes of Health Stroke Scale; OR,
odds ratio; SAE, serious adverse events

INTRODUCTION

lood pressure (BP) is often altered in acute stroke
B [1-3], typically as an acute hypertensive (physio-

logical) response (SBP >140 mmHg and/or DBP
>90mmHg within 24h of symptom onset), presumably
related to cerebral ischemia and/or elevated intracranial
pressure. Observational studies are consistent in showing
that high BP is positively associated with adverse clinical
outcomes [4,5]. However, randomized controlled trials of
blood pressure lowering have produced mixed results [6,7],
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although any benefits on functional recovery appear more
likely for intracerebral hemorrhage (ICH) [7] than acute
ischemic stroke (AIS) [8]. Although the prognostic signifi-
cance of the less frequent situation of low presentation BP
(variously defined by SBP <120, <130, or <155 mmHg) in
an acute stroke is well recognized [9-14], uncertainties exist
over whether this represents a risk factor or risk marker in
relation to premorbid factors in final few years of life [15] or
critical cerebral injury from impaired perfusion pressure in
acute stroke. Herein, we report post hoc secondary anal-
yses of the Head Positioning in acute Stroke Trial (Head-
PoST) dataset, where the systematic assessment of a large
and broad range of relatively unselected patients provided
us with an opportunity to determine relationships of low
baseline BP and the patterns of functional recovery and
serious adverse events (SAEs), overall and by major patho-
logical subtype of acute stroke.

METHODS
Study design

HeadPoST was an international, pragmatic, multicenter,
cluster crossover, clinical trial involving 11093 adults
(>18years) with acute stroke who were randomly allocated
to the lying flat or sitting up head position at a median time
of 14 h (interquartile range 5-35 h) after symptom onset at
114 hospitals in nine countries between March 2015 and
November 2016 [16].

Standard protocol approvals, registrations, and
patient consents

Relevant hospital ethics committees or institutional review
boards approved the study, which included the use of a
cluster guardian consent to allow implementation of the
randomized intervention as a policy of usual service deliv-
ery for a predefined patient cluster; patients only provided
written consent for use of their medical record data and
release of personal information to allow centralized tele-
phone interview for follow-up at 90 days. The study is
registered at ClinicalTrials.gov (NCT02162017).

Procedures

Demographic information, clinical data, including the
severity of neurological impairment according to the
National Institutes of Health Stroke Scale (NIHSS). The
NIHSS is a measure of neurological impairment caused
by a stroke, composed of 11 items, each of which scores
a specific ability between a 0 and 4. For each item, a score of
0 typically indicates normal function in that specific ability,
while a higher score is indicative of some level of
impairment. The individual scores from each item are
summed in order to calculate a patient’s total NIHSS score,
ranging from 0 to 42. Baseline BP were collected at the time
of presentation/admission to hospital. Trained and certified
staff, blind to treatment allocation, contacted patients not
known to have died by telephone to assess their functional
status on the modified Rankin scale (mRS) at 90 days. The
mRS is a global, seven-level assessment of disability, in
which scores of 0 or 1 indicate good function without or
with symptoms but no disability, scores of 2 indicates slight
disability, 3 to 5 indicate increasing levels of disability (and
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dependency), and a score of 6 indicates death. The primary
outcome for these analyses was death or dependency (mRS
scores 3—0), and secondary outcomes were all-cause and
cause-specific SAEs, as reported by site investigators and
coded centrally according to standard definitions.

Statistical analysis

Descriptive statistics were reported across categories with
ANOVA for normally distributed data, Kruskal-Wallis test
for skewed continuous variables, and chi-squared test for
categorical variables. Generalized linear mixed (GLM)
models were built with initial adjustment for the study
design of the fixed effects of head position (lying-flat versus
sitting-up) and cross-over period, random effects of cluster,
and random interaction effects between cluster and cross-
over period; and then adjusted for clinical risk factors with P
less than 0.1 (listed in Table 1 and Supplemental Table e-1,
http://links. Iww.com/HJH/B455) to determine the esti-
mates of low SBP and DBP on outcomes, respectively.
Restricted cubic splines was used to visualize the relation-
ships of baseline SBP and DBP as continuous variables and
outcomes in the models, fitted with three to five knots with
placement recommended by Harrell [17] and optimal knots
selected according to the likelihood ratio test and Aikaike
information classification (AIC). The point of lowest odds
ratio (OR) was used as the optimal reference. To explore
associations of categorical BP and clinical outcomes, the
first decile of BP (121 mmHg for SBP and 68 mmHg for
DBP) were used to define the ranges of low BP in the study
population (<120 mmHg in SBP and <70 mmHg in DBP
being considered for meaningful interpretability). High BP
was defined as at least 140 and at least 90 mmHg in SBP and
DBP, respectively, according to guidelines[18]. The primary
analysis were according to the intention-to-treat popula-
tion, with stratified analyses conducted by final diagnoses
of AIS or ICH. Prespecified subgroup analyses were per-
formed by ethnicity (Asian vs. non-Asian), use of intensive
BP-lowering treatment, preuse of antihypertensive agents,
and randomized head position. In view of the high propor-
tion (12%) of missing 90-day mRS data, multiple imputation
was conducted as a sensitivity analysis with all missing
covariates and outcome variable imputed [19] in a mixed
model for analysis of the main results (see Supplemental
Appendix, http://links.lww.com/HJH/B455). Data are
reported with OR and 95% confidence intervals (CD), with
a two-sided P less than 0.05 considered statistically signifi-
cant. All analyses were performed with SAS version 9.3 (SAS
Institute, Cary, North Carolina, USA) and STATA version 15
(StataCorp, College Station, Texas, USA).

Data availability

Individual de-identified participant data used in these anal-
yses may be shared by request from any qualified investi-
gator via the Research Office of The George Institute for
Global Health, Australia.

RESULTS

Atotal of 11083 patients (mean age 68 years, 39.9% women)
had baseline BP recorded, of whom 64.7% had a history of
hypertension and 85.6% had a final diagnosis of AIS (Table 1
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TABLE 1. Baseline characteristics by categories of SBP

Low blood pressure and outcomes in acute stroke

Variable Overall
Number of patients 11083
Age (years) 68 (13.8)
Female 4423 (39.9)
Region
Australia and UK 4754 (42.9)
China and Taiwan 4652 (42.0)
South America 910 (8.2)
India and Sri Lanka 770 (6.9)
Clinical features
Final pathological type of stroke
AlS 9467 (85.6)
ICH 930 (8.4)
Uncertain 696 (6.0)
Severity of neurological impairment, NIHSS score® 4 (2-8)
Score >15 1207 (11.1)
SBP (mmHg) 151 (136-171)
DBP (mmHg) 85 (76-97)
Time from onset (h) 7.5 (2.3-26.8)
Medical history
Hypertension 7148 (64.7)
Current treatment 5616 (50.7)
Number of antihypertensive agents 1(1-2)
Diabetes mellitus 2650 (24.0)
Atrial fibrillation 1189 (10.8)
Coronary disease 1540 (14.0)
Heart failure 413 (3.8)
Previous stroke 2605 (23.6)
Smoking 2124 (19.4)
High level of premorbid function (mRS 0-1)° 8733 (78.9)
Hypercholesterolemia 2731 (24.6)
COPD/emphysema 406 (3.7)
Medications
Aspirin/other antiplatelet 5398 (48.7)
Anticoagulation 951 (8.6)
Statin/other lipid lowering 2295 (20.7)

SBP (mmHg)
120-139
795 (7.2) 2393 (21.6) 7895 (71.2)
65 (15.5) 66 (14.6) 69 (13.2) <0.0001
300 (37.7) 888 (37.1) 3235 (41.0) 0.0012
<0.0001
390 (49.1) 971 (40.6) 3393 (43.0)
245 (30.8) 1056 (44.1) 3351 (42.4)
83 (10.4) 179 (7.5) 645 (8.2)
77 (9.7) 187 (7.8) 506 (6.4)
<0.0001
675 (85.1) 2086 (87.4) 6701 (85.1)
39 (4.9) 123 (5.1) 768 (9.8)
79 (10.0) 178 (7.5) 405 (5.1)

5(2-10) 4 (2-8) 4 (2-8) 0.0002
112 (14.3) 240 (10.2) 855 (11.0) 0.0079
110 (105-116) 130 (125-134) 162 (150-180) <0.0001

70 (61-75) 80 (70-84) 90 (80-100) <0.0001
6.4 (2.0-25.3) 8.9 (2.5-31.8) 7.2 (2.3-25.9) <0.0001
382 (48.2) 1310 (54.8) 5456 (69.3) <0.0001
322 (40.6) 1055 (44.1) 4238 (53.7) 0.0007

1(1-2) 1(1-2) 1(1-2) 0.0030
159 (20.1) 546 (22.9) 1945 (24.7) 0.0054
112 (14.1) 287 (12.0) 790 (10.1) 0.0002
141 (17.8) 361 (15.1) 1038 (13.2) 0.0003

53 (6.7) 105 (4.4) 255 (3.3) <0.0001
189 (23.9) 571 (23.9) 1845 (23.4) 0.8779
177 (22.7) 519 (21.9) 1428 (18.3) <0.0001
603 (75.9) 1860 (77.8) 6270 (79.5) 0.0205
215 (27.3) 591 (24.8) 1925 (24.5) 0.2175

37 (4.7) 78 (3.3) 291 (3.7) 0.1809
387 (48.7) 1249 (52.2) 3762 (47.7) 0.0005

87 (11.0) 223 (9.3) 641 (8.1) 0.0088
188 (23.6) 501 (20.9) 1606 (20.3) 0.2219

Data are mean (SD), median (IQR), and n (%). Analyses were ANOVA test for normally distributed variables, Kruskal-Wallis test for skewed continuous variables, and chi-squared test for
categorical variables. AlS, acute ischemic stroke; COPD, chronic obstructive pulmonary disease; ICH, intracerebral hemorrhage; mRS, modified Rankin scale; NIHSS, National Institutes of

Health Stroke Scale; UK, United Kingdom.

NIHSS is a measure of neurological impairment caused by a stroke, composed of 11 items, each of which scores a specific ability from 0 up to 4. For each item, a score of 0 typically
indicates normal function in that specific ability, whereas a higher score is indicative of some level of impairment. The individual scores from each item are summed in order to calculate

a patient’s total NIHSS score, ranging from 0 to 42.

he mRS represents a global, seven-level assessment of disability, in which score of 0 or 1 indicate good function without or with symptoms but no disability, score of 2 indicates slight
disability, scores of 3-5 indicate increasing levels of disability (and dependency), and a score of 6 indicates death.

and Table e-1, http://links.lww.com/HJH/B455). Overall,
their mean baseline SBP and DBP were 155 and 87 mmHg,
respectively, and 7.2% were defined as having low SBP
(<120 mmHg). Compared with other patients, those with
low SBP were younger, less likely to have history of hyper-
tension, and more likely to have comorbid heart disease and
functional impairment, and greater neurological impairment
and strokes without brain imaging confirmation (Table 1). In
multivariable analysis, history of atrial fibrillation, coronary
disease, heart failure and current smoking were related to
increased risk of low BP at presentation (Table e-2, http://
links.lww.com/HJH/B455).

Low SBP and clinical outcomes

After adjustment for study design and various potential
confounding baseline factors, restricted cubic splines
regression curves show a nonlinear ‘J-shaped’ relationship

Journal of Hypertension

between baseline SBP and death or dependency, with the
odds increasing for SBP levels less than 130 mmHg (Fig. 1a)
and in those with a final diagnosis of AIS rather than ICH
(Fig. 2). Patients with low SBP had an increased risk of
death or dependency in the main analysis (adjusted OR
1.27, 95% CI 1.02—-1.58; Fig. 3), which was consistent after
multiple imputation (adjusted OR 1.26, 95% CI 1.02-1.56;
Fig. 3). Risks of death and any SAE were also higher in
patients with low SBP, with the latter related to an increased
risk of cardiac events (Table 2). Similar J-shaped relation-
ships were found for SBP and SAEs, with adjusted OR
increasing with SBP less than 140 mmHg (Fig. 1b). Com-
pared with those with AIS, ICH patients were more likely to
present with high SBP (>140 mmHg; Table 1), which sig-
nificantly increased the risk of SAEs compared with those
with normal SBP (adjusted OR 2.31, 95% CI 1.16-4.60;
Figure e-1A, http://links.lww.com/HJH/B455).
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SBP and death or dependency at 90 days
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FIGURE 1 Restricted cubic spline of baseline SBP and dinical outcomes at 90 days.
Generalized linear mixed models were used with adjustment for study design
(fixed effects of head position and cross-over period, random effects of cluster,
and random interaction effects between cluster and crossover period) and poten-
tial baseline confounders of age, sex, region, history of diabetes mellitus, hyper-
tension, heart failure, atrial fibrillation, coronary heart disease, National Institutes
of Health Stroke Scale score, pathological stroke type, premorbid score 0-1 on
the modified Rankin scale, aspirin/other antiplatelet treatment, anticoagulant treat-
ment, time from stroke onset to hospital arrival and current smoking. (a) Spline
fitted with five knots (percentiles 5th, 27.5th, 50th, 72.5th, 95th) for SBP; (b)
Spline fitted with four knots (percentiles 5th, 35th, 65th, 95th) for SBP. Reference
SBP 140 mmHg. Solid line indicates odds ratios; dotted line indicates 95% confi-
dence intervals. SAE, serious adverse events.

Low DBP and clinical outcomes

A similar relationship applied for DBP, with odds of poor
outcome increasing with DBP levels less than 90 mmHg,
overall and in those with AIS and ICH (Figures e-2A, http://
links.lww.com/HJH/B455 and e-3, http://links.lww.com/
HJH/B455). Similar associations were identified for low
DBP and poor outcome, where patients with low DBP
had an increased risk of death or dependency in the main
analysis (adjusted OR 1.25, 95% CI 1.06-1.48), which was
consistent after multiple imputation (adjusted OR 1.20, 95%
CI 1.03-1.40) (Figure e-4, http://links.Ilww.com/HJH/
B455). There was a nonlinear relationship between DBP
and SAE (Figure e-2B, http://links.lww.com/HJH/B455),
but this association was not significant when compared
with a normal range (70-89 mmHg) of DBP (Figure e-1B,
http://links.Iww.com/HJH/B455).
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FIGURE 2 Restricted cubic spline of baseline SBP and 90-day death or depen-
dency, by stroke subtype. Generalized linear mixed model fitted were used with
adjustment for study design (fixed effects of head position and cross-over period,
random effects of cluster, and random interaction effects between cluster and
crossover period) and potential baseline confounders of age, sex, region, history of
diabetes mellitus, hypertension, heart failure, atrial fibrillation, coronary heart dis-
ease, National Institutes of Health Stroke Scale score, pathological stroke type,
premorbid score 0-1 on the modified Rankin scale, aspirin/other antiplatelet treat-
ment, anticoagulant treatment, time from stroke onset to hospital arrival and
current smoking. Splines fitted with five knots (percentiles 5th, 27.5th, 50th,
72.5th, 95th) for SBP. Reference SBP 140 mmHg. Solid line indicates odds ratios;
dotted line indicates 95% confidence intervals. AlS, acute ischemic stroke; ICH,
intracerebral hemorrhage.

Subgroup analysis

Heterogeneity was found in the association between low
BP and outcome, comparing Asian (17 =4947) and non-
Asian (1= 4428) patients, with the former having a signifi-
cantly higher risk of poor outcome at 90 days (SBP, adjusted
OR 1.53, 95% CI 1.11-2.11, Figure e-5, http://link-
s.lww.com/HJH/B455; DBP, adjusted OR 1.38, 95% CI
1.05-1.81, Figure e-6, http://linkslww.com/HJH/B455).
However, for non-Asian patients, high BP was associated
with lower risk of poor outcome (SBP, adjusted OR 0.78,
95% CI 0.65-0.94, Figure e-5, http://links.lww.com/HJH/
B455; DBP, adjusted OR 0.80, 95% CI 0.68—0.94, Figure e-0,
http://links.Iww.com/HJH/B455). No heterogeneity was
found in subgroup analysis by use of intensive BP lowering
during hospitalization, prior use of antihypertensive treat-
ment, or randomized head positioning, and death or
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A. Original dataset
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B. Imputation dataset
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Trial population

<120 —-— 1.26 (1.02, 1.56)

>140 -+ 0.97 (0.85, 1.10)

Confirmed stroke

<120 1o 1.18 (0.95, 1.46)

2140 - 0.98 (0.86, 1.11)

AIS

<120 B 1.18 (0.94, 1.47)

2140 - 0.96 (0.84, 1.09)

ICH

<120 = > 1.49 (0.52, 4.23)

2140 —— 1.29 (0.73, 2.31)
T 1

T T T
0.2 0.5 1 2 34

FIGURE 3 Association of categorical baseline SBP and 90-day death or dependency, by dataset. Generalized linear mixed model fitted were used with adjustment for study
design (fixed effects of head position and cross-over period, random effects of cluster, and random interaction effects between cluster and crossover period) and potential
baseline confounders of age, sex, region, history of diabetes mellitus, hypertension, heart failure, atrial fibrillation, coronary heart disease, National Institutes of Health
Stroke Scale score, pathological stroke type, premorbid score 0-1 on the modified Rankin scale, aspirin/other antiplatelet treatment, anticoagulant treatment, time from
stroke onset to hospital arrival and current smoking. Reference SBP 120-139 mmHg. Boxes indicate point estimate of odds ratios, solid line indicates 95% confidence
intervals. AlS, acute ischemic stroke; aOR, adjusted odds ratio; Cl, confidence interval; ICH, intracerebral hemorrhage; OR, odds ratio.

dependency (Figures e-5, http://links.lww.com/HJH/B455
and e-6, http://links.lww.com/HJH/B455).

DISCUSSION

In these secondary analyzes of a large and heterogenous
international clinical cohort, low BP early after hospital
presentation for acute stroke was associated with increased
odds of poor clinical outcome after full adjustment for many
potential confounding factors. The findings of consistency
in the association for both SBP and DBP on functional
recovery and cardiac SAEs, and being greater for AIS than
ICH, provides support for the common concern for an
interaction between low BP and cardiac and cerebral hypo-
perfusion and ischemia [1].

TABLE 2. Outcomes at 90 days by baseline SBP

Outcome

Most guidelines provide recommendations on the man-
agement of BP in AIS [20] and particularly ICH [20,21],
principally as hypertension is a commonly observed phe-
nomenon [22-24] with a well documented relation to
increased adverse outcomes [25]. Although less frequently
observed, low BP is also clearly not a benign phenomenon.
Previous observational studies have found J-curve relation-
ships between BP and adverse outcomes in relation to
various heart diseases [26-28], and proposing ‘reverse
causation’ as the basis for the progression of heart failure
with premorbid comorbidities and frailty [29]. Similarly for
stroke, one study has shown that low SBP (<120 mmHg)
after recent AIS is related to increased recurrent stroke and
vascular death [30], whereas another showed that diastolic
hypotension increased the risks of death, myocardial

Death or dependency (mRS® 3-6) 296/669° (44.2)
Disability (mRS? 3-5) 228/669 (34.1)
Death 68/669 (8.7)

SAE 138/795° (17.4)

Recurrent stroke 43/795 (5.4)
Cardiac or other vascular events 26/795 (3.3)
Pneumonia 23/795 (2.9)
Other infection 11/795 (1.8)
Other SAE 28/795 (3.5)

SBP (mmHg)
120-139
778/2084° (37.3) 2746/6986° (39.3) 0.0060
607/2084 (29.1) 2189/6986°31.3) 0.0349
171/2084 (7.3) 557/6986 (7.2) 0.3308
303/2393° (12.7) 1098/7895¢ (13.9) 0.0040
104/2393 (4.4) 380/7895 (4.8) 0.4289
40/2393 (1.7) 169/7895 (2.1) 0.0247
54/2393 (2.3) 215/7895 (2.7) 0.4103
28/2393 (1.2) 79/7895 (1.0) 0.1326
60/2393 (2.5) 197/7895 (2.5) 0.2134

Data are n/N (%); P value from chi-squared test. mRS, modified Rankin scale; SAE, serious adverse event.
*The mRS represents a global, seven-level assessment of disability, in which scores of 0 or 1 indicate good function without or with symptoms but no disability, score of 2 indicates
slight disability, scores of 3-5 indicate increasing levels of disability (and dependency), and a score of 6 indicates death.

°N'is according to total number of patients at 90-day follow-up.
N is according to total number of patients randomized.
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infarction [31], and recurrent vascular events including
stroke [32]. There is a strong argument that a reduction
in systematic BP may worsen cerebral ischemia in relation
to altered cerebral autoregulation in the vulnerable pen-
umbral region of AIS [33], whereas comorbidity and greater
neurological severity in those presenting with hypotension,
may partly explain the increase in SAEs shown in previous
acute stroke trials [34]. Although low BP in frail older
patients might be a harbinger of preterminal decline [35],
we found the increased risk of adverse events in stroke
patients with low BP persisted after adjustment for pre-
morbid disability and comorbid heart disease.

Our study also found that the prognostic significance of
low BP was modified by ethnicity, with Asian patients
having a worse outcome irrespective of BP than non-
Asians, who had a comparably lower odds of death or
dependency from low BP. Although some studies have also
shown poorer functional outcome in Asian compared with
European stroke patients [30], there are limited data spe-
cifically pertaining to ethnicity and low BP. Yet, ethnic
disparities in cardiovascular risk factor control, as well as
acute stroke care, and regional differences in rehabilitation,
might explain some of this variation [37].

In addition to the large sample size and systematic
recording of outcomes, key strengths of our study were
the steps taken to adjust for many potential confounding
factors and to minimize potential reverse causation. More-
over, the generalizability of the results is enhanced by the
use of broad inclusion criteria applied to AIS and ICH
patients recruited in multiple countries. However, as the
HeadPoST study was a pragmatic clinical trial focused on
different head positions after stroke, there were limited in-
hospital BP measures recorded for the study or these were
measured BP according to local protocols, although any
effect of BP misclassification would be to attenuate the
strength of associations. In addition, we did not have data
concerning dose of prior antihypertensive therapy nor use
of other cardiac medications, although the frequency of
hypertension and number of antihypertensive agents were
greater in those patients presenting with elevated BP. Other
limitations related to these being secondary analyses with
relatively small number of patients in subgroups, variable
cut-points to define BP categories, and missing or misclas-
sification of confounding covariates.

In conclusion, our study has shown that low presenting
BP, both SBP and DBP, are associated with poor outcome
after acute stroke, even after taking account of these
patients being a particularly high-risk group from having
preexisting cardiac or cerebral cardiovascular comorbidity
and dependency/frailty; and of the severity of neurological
injury. As well as alerting clinicians to the care of these
vulnerable patients, there may be merit in further studies
being undertaken to better define the mechanisms of low
BP on the cerebral circulation, and the most appropriate
management strategies for low BP.
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ARTICLEINFO ABSTRACT

Keywords: Objective: Uncertainty exists over the prognostic significance of low arterial oxygen saturation (SaO,) in acute

Oxygen saturation stroke. We aimed to determine the strength of association of SaO; and adverse outcomes among participants of

Disability the international Head Positioning in acute Stroke Trial (HeadPoST).

gcu;e strolfe Methods: Post-hoc analyzes of HeadPoST, a pragmatic cluster-crossover randomized trial of lying flat versus

C;;C:;)::;Tn sitting up head positioning in 11,093 patients (age >18 years) with acute stroke at 114 hospitals in 9 countries
during 2015-2016. Associations of the lowest recorded SaO3 level, as a continuous measure and as a cut-point for
desaturation (SaO, <93%), in the first 24 h and clinical outcomes of death or dependency (modified Rankin scale
[mRS] scores 3-6) and any serious adverse event (SAE) at 90 days, were assessed in generalized linear mixed
models adjusted for baseline and in-hospital management confounders.
Results: There was an inverse J-shaped association between SaO, and death or dependency, with a nadir for
optimal outcome at 96-97%. Patients with SaO, desaturation were older, and had greater neurological
impairment, premorbid disability and cardiorespiratory disease. Desaturation was not clearly associated with
death or dependency (adjusted odds ratio [aOR] 1.19, 95% confidence interval [CI] 0.95-1.48) but was with
SAEs (aOR 1.34, 95% CI 1.07-1.68), without heterogeneity by head position, cardiac-respiratory comorbidity, or
other pre-specified subgroups.
Conclusions: Any change in SaO; outside of 96-97% is associated with poorer outcome after acute stroke.
Clinical trial registration: HeadPoST is registered at ClinicalTrials.gov (NCT02162017).

1. Introduction the result of many factors including the severity of the neurological
deficit, dysphagia, sleep apnea, and cardiac or respiratory disease [1].
Hypoxia is common in patients who have suffered an acute stroke, Given that it can cause harms, such as worsening of the cerebral lesion,
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guidelines are consistent in recommending that patients with an acute
stroke, as well as anyone with a critical illnesses, be carefully monitored
and for supplementary oxygen to be used when the levels of arterial
oxygen saturation (SaOy) fall below 93% or 94% [2-4] . Although ran-
domized trials have not shown a benefit from the routine use of sup-
plementary oxygen in acute stroke [5-8], prompt correction of Sa0,
desaturation is likely to improve outcomes, although supporting evi-
dence is limited [1]. The few studies that have evaluated the influence of
different head positions in bed suggest that SaO, improves with head
elevation or sitting up [9,10], but these data are derived from small
samples where high-risk patients have been excluded [11]. Herein, we
present post-hoc analyzes of the large international, Head Positioning in
Acute Stroke Trial (HeadPoST) dataset [12], to determine any associa-
tions between the lowest SaO, recorded during patient monitoring in the
first 24 h after hospital admission for acute stroke and 90-day clinical
outcomes; and whether this was modified by head position or comorbid
cardiorespiratory illness.

2. Methods
2.1. Study population

HeadPoST was a multicenter, cluster crossover, clinical trial in
11,093 adults (age >18 years) with presumed acute stroke (both
ischemic and hemorrhagic) randomly allocated to the lying flat or sitting
up head position soon after presentation at 114 hospitals in 9 countries
between March 2015 and November 2016 [8]. A guardian consent
process was used to implement the randomized intervention as a policy
of usual service delivery to a pre-defined patient cluster; patients pro-
vided consent for the use of their medical record data and centralized
telephone follow-up. HeadPoST is registered at ClinicalTrials.gov
(NCT02162017).

2.2. Procedures

Demographic, medical history and clinical information, including
the severity of neurological impairment on the National Institutes of
Health Stroke Scale (NIHSS), were recorded at baseline. Data were
collected on the lowest SaO2 within the first 24 h as part of a protocol for
standard monitoring of vital signs and adherence to the allocated head
position. Trained staff, blind to treatment allocation, contacted patients
not known to have died, by telephone to assess their functional status on
the modified Rankin scale (mRS) at 90 days. The primary outcome for
these analyzes was death or dependency (mRS scores 3-6). Secondary
outcomes were all-cause and cause-specific, serious adverse events
(SAEs), reported by site investigators during the hospital stay to the end
of follow-up at 90 days (see appendix for list of SAEs) [8].

2.3. Statistical analysis

Continuous relationships of lowest SaO3 level and clinical outcomes
were visualized using restricted cubic splines fitted with 3-5 knots for
placement, as recommended by Harrell [13], with optimal knots
selected according to the likelihood ratio test and Aikaike information
classification (AIC). Associations were also assessed according to SaOo
desaturation as a binary variable, defined as < 93% by the 1st decile of
distribution and according to clinical guideline recommended threshold
for use of supplementary oxygen [14]. These levels were assessed by
generalized linear mixed (GLM) models that were built with adjustment
for the fixed effects of head position (lying-flat versus sitting-up) and
cross-over period, random effects of cluster, random interaction effects
between cluster and crossover period, and potential confounding base-
line (Model 1) and relevant hospital management variables (Model 2)
(with P < 0.20 from Table 1). A sensitivity analysis used a SaO2 < 92%,
another popular definition of desaturation [15]. Due to the high pro-
portion of missing data in SaO2 and baseline blood glucose level,

Clinical Neurology and Neurosurgery 207 (2021) 106796

Table 1
Baseline characteristics and hospital management by lowest level of arterial
oxygen saturation (Sa0,) in the first 24 h after acute stroke.

Variables Lowest Sa0;
<93% (n=784 93-100% (n = P value
[9.7%]) 7283 [90.3%])
Age 72.7 (13.00) 68.6 (14.00) < 0.001
Female 354 (45.2) 2987 (41.0) 0.025
Region < 0.001
Australia/UK 418 (53.3) 3958 (54.5)
China/Taiwan 176 (22.5) 2194 (30.1)
India/Sri Lanka 44 (5.6) 457 (6.3)
South America 146 (18.6) 674 (9.3)
Premorbid mRS scores 2-5 196 (25.1) 1401 (19.3) < 0.001
NIHSS score 6(3-13) 4(2-9) < 0.001
>15 169 (21.8) 842 (11.8) < 0.001
Systolic blood pressure, 152 (135-176) 152 (135-172) 0.749
mmHg
Blood glucose level, mmol/L 6.5 (5.6-8.5) 6.1 (5.3-7.7) < 0.001
Time from symptom onset to 4.1 (1.8-14.1) 6.2 (2.1-23.5) < 0.001
hospital arrival, hrs
Medical history and
medications
Heart failure 49 (6.3) 279 (3.9) 0.001
COPD/emphysema 72 (9.3) 262 (3.6) < 0.001
Hypertension 541 (69.2) 4621 (63.6) < 0.001
Atrial fibrillation 117 (15.0) 875 (12.1) 0.017
Coronary heart disease 114 (14.7) 1027 (14.2) 0.719
Diabetes mellitus 202 (25.8) 1705 (23.5) 0.143
Hyperlipidemia 245 (31.5) 2051 (28.3) 0.060
Previous stroke 178 (22.8) 1598 (22.0) 0.619
Other major health conditions 184 (23.8) 1318 (18.3) < 0.001
Current smoker 127 (16.4) 1275 (17.7) 0.352
Antiplatelet use in AIS 318 (48.1) 3092 (50.4) 0.270
Anticoagulant use in AIS 82 (12.4) 529 (8.7) 0.002
Dysphagia 264 (34.2) 1370 (19.0) < 0.001
Final diagnosis 0.431
Acute ischemic stroke 664 (84.7) 6143 (84.4)
AIS subtype < 0.001
Large vessel occlusion 168 (25.3) 1896 (30.9)
Cardioembolic 146 (22.0) 922 (15.0)
Lacunar 158 (23.5) 1600 (26.1)
Other 194 (29.2) 1725 (28.1)
Intracerebral haemorrhage 74 (9.4) 629 (8.6)
Presence of intraventricular 16 (22.2) 188 (30.1) 0.165
blood
Haematoma volume 10 (3-15) 10 (3-15) 0.446
Not AIS/ICH* 46 (5.9) 504 (6.9)
Hospitalisation management
Reperfusion therapyf for AIS 151 (22.8) 1030 (16.8) < 0.001
Surgical procedures for ICH 3(4.1) 4 (0.6) 0.005
Withdraw active care 26 (3.4) 66 (0.9) < 0.001
Endotracheal intubation 21 (2.7) 60 (0.8) < 0.001

Data are mean (SD), median (IQR), and n (%)

Analyses were T-test for normally distributed variables, Wilcoxon rank sum test
for skewed continuous variables, and Chi-squared test for categorical variables.
AIS denotes acute ischemic stroke, COPD chronic obstructive pulmonary dis-
ease, ICH intracerebral haemorrhage, mRS modified Rankin scale, NIHSS Na-
tional Institutes of Health Stroke Scale, UK United Kingdom

*includes transient ischemic attack, migraine, seizure, functional weakness,
syncope, transient global amnesia, metabolic disorder, tumour or other sources
tReperfusion therapy includes recombinant tissue-type plasminogen activator
(rt-PA) treatment (intravenous or intra-arterial) or endovascular clot retrieval
iICH surgical procedures include decompressive hemicarnectormy, open
craniotomy surgical evacuation, minimally invasive surgery or intraventricular
drainage

multiple imputation was also used as another form of sensitivity analysis
(Model 3), where all covariates and outcomes [16] were used with a
fully conditional specification of 20 imputed sets through PROC MI ac-
cording to fully conditional method (FCS) methods. A propensity score
matching approach was also conducted as a sensitivity analysis to
address variable imbalance between the two groups in exploring asso-
ciations of desaturation and clinical outcomes (described in
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supplemental materials). Pre-specified subgroup analysis considered
participating region, age, stroke subtype, baseline neurological severity,
pre-morbid function, presence of dysphagia, allocated head position,
comorbid cardiorespiratory disorder (i.e. heart failure or chronic
obstructive pulmonary disease [COPD] / emphysema), and time from
the onset of symptoms to hospital arrival. Estimates are presented as
adjusted odds ratios (aOR) and 95% confidence intervals (CI), and a
two-sided P < 0.05 was considered statistically significant. All analyses
were performed with SAS version 9.3 (SAS Institute, Cary, NC).

3. Data sharing

Individual participant data used in these analyses can be shared by
formal request, with the protocol from any qualified investigator, to the

A. Death or dependency at 90 days

Clinical Neurology and Neurosurgery 207 (2021) 106796
Research Office of The George Institute for Global Health, Australia.
4. Results

There were 8067 (73%) patients (mean age 69 years; 58.6% male)
from the total study population with data on their lowest SaO, level
recorded in the 24 h after hospital admission (Supplemental Fig. $1): the
median lowest SaO3 was 95% (IQR 94%—97%) and the 1st decile was
93% (Supplemental Fig. $2). Participants who lacked data on SaO, were
significantly more often from China, had greater prior strokes and co-
morbid conditions of COPD/emphysema and ischemic stroke, with
adjustment of study design (Supplemental Table S1). Among the 8067
patients with SaO3 recorded, 784 (9.7%) met the definition of SaO,
desaturation (<93%), and they were older, more often female, arrived

Fig. 1. Relationship of lowest arterial oxygen saturation
(Sa0,) in first 24 h of acute stroke and clinical outcomes A.
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earlier to hospital, had greater neurological severity, higher baseline
blood glucose, more premorbid disability, cardiac and respiratory co-
morbidities and dysphagia, than other patients (Table 1).

Fig. 1A shows a reverse J-shape relationship between the lowest
Sa0, in first 24 h post-stroke and death or dependency, with a nadir at
96-97%. When analyzed as a binary variable, patients with SaO, desa-
turation (<93%) had a higher odds, albeit non-significant, association of
death or dependency (55.6% vs. 40.0%; aOR 1.19, 95% CI 0.95-1.48;
Table 2). The relationship of Sa0, and SAEs was inverse linear, with a
decrease in SAEs as SaO; increased (Fig. 1B), which translated into a
significant association between Sa0O, desaturation (<93%) and any SAE
(aOR 1.34, 95% CI 1.07-1.68; Table 2). These results were consistent
after multiple imputation (Table 2), when using a lower cut-point of <
92% for Sa0, desaturation (Supplemental Table S2), and after pro-
pensity score matching to adjust unbalanced covariates (Supplemental
Tables 83 and $4). Although desaturation was associated with stroke-
specific SAEs in Model 1 (aOR 1.54, 95% ci 1.12-2.12), the signifi-
cance was lost after adjustment of hospital management variables (aOR
1.38, 95% CI 0.98-1.93; Table 2).

There was no evidence of heterogeneity in the association between
Sa0; desaturation across subgroups for death or dependency (Supple-
mental Fig. $3), and for SAEs (Supplementary Fig. S4). In particular,
there was no clear modification of these associations by different head
position, comorbid cardiorespiratory disease, and dysphagia, nor was
there any heterogeneity across regions. However, significant higher
odds of poor outcome were found in males and without dysphagia
(Fig. S3). Moreover, minor stroke, ICH, lying flat, and presence of
cardiac-respiratory comorbidity, were all related to a higher odds of
SAEs in subgroup analysis (Fig. S4). The level of the lowest Sa0, at
which the spline for death and disability had its nadir was consistent
across stroke subtypes (Supplementary Figs. S5), but varied across re-
gions: ranging between 95% and 98% (Supplementary Figs. S6). Post-
hoc power calculations underlying these analyzes based on the
observed outcomes are outlined in the Appendix (Supplementary
Table S5).

5. Discussion

In these secondary analyzes of a large clinical cohort, patients with
the lowest Sa0, of around 96-97% early after the onset of stroke had a
better clinical outcome compared to others with either lower or higher
levels of Sa0,. Patients with SaO; desaturation were more often older,
frailer, and had greater neurological impairment, than other patients,
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which placed them at higher odds of adverse outcomes.

Our results are consistent with the conclusions drawn from a recent
review of hypoxia in stroke, where there is no clear association of Sa0O,
desaturation, as a binary cut-point variable, and adverse functional
outcome [1]. Although another study showed that hypoxic (Sa0, <93%)
patients treated with supplemental oxygen had improved neurological
function by one week, this might have been a chance finding due to the
small sample and/or an imbalance in baseline neurological severity
between the groups [17]. As some studies have shown an increased odds
of adverse outcomes at much lower cut points to define hypoxia (SaO,
<90%) [18], our finding of a poor outcome in patients with higher levels
of Sa0, might be due to reverse causality, where supplementary oxygen
had been used in high-risk patients. This is supported the significant
relationship between desaturation and stroke-specific SAEs being elim-
inated after adjustment of aspects of hospital management. As the
normal range of SaO; in healthy adults is 95-98% [19], the finding of
poor outcome associated with SaO, at full concentration (100%) sup-
ports the potential for mechanisms such as oxidative stress to be exac-
erbated by over-aggressive use of oxygen treatment [20,21]. Other
studies have shown that inappropriately high oxygen therapy is asso-
ciated with greater mortality without any improvement in
patient-centred outcomes [22]. As such, guidelines recommend that
supplementary oxygen should not be used routinely, but instead
restricted to those with evidence of desaturation, with a SaO5 of 94-96%
being a reasonable treatment target [3,14].

Compared to other studies [23-25] suggesting that females have
greater respiratory effort and are less prone to ischemic injury than
males, we could not find any heterogeneity by sex, nor according to the
presence of dysphagia or neurological severity; but this might be due to
incomplete adjustment for confounding, such as the use of supplemen-
tary oxygen in sicker patients. Similarly, although there was no clear
influence of head position on the association of SaO, desaturation and
poor outcome, the higher odds of SAEs in those who were lying flat
could have been due to reduced lung expansion and gas exchange [10],
and risk of aspiration, especially in the presence of dysphagia [26].
Moreover, the smaller sample size of subgroup analyzes and different
national standards of care, could have influenced the varying nadir of
Sa0, for optimal outcome across regions.

A strength of our study was the inclusion of a large sample of patients
with a broad range of characteristics who were managed across a variety
of health systems. However, there are several limitations, one which
being the high proportion of missing data, which may have introduced
further bias on top of selection bias pertaining to the data being derived

Table 2
Association of arterial oxygen saturation (Sa0,) and clinical outcomes at 90 days after acute stroke.
Sa0; Model 1 Model 2 Model 3
Outcome < 93% 93-100% aOR (95% CI) P value aOR (95% CI) P value aOR (95% CI) P value
Death or dependency 380/683* (55.6) 2503/6266* (40.0) 1.20 (0.96-1.50) 0.102 1.19 (0.95-1.48) 0.133 1.16 (0.97-1.39) 0.106
Any SAEs 197/7841 (25.1) 1085/7283t (14.9) 1.41 (1.13-1.76) 0.002 1.34 (1.07-1.68) 0.012 1.26 (1.03-1.52) 0.023
Acute stroke 70/784 (8.9) 364/7283 (5.0) 1.54(1.12-2.12) 0.008 1.38 (0.98-1.93) 0.063
Cardiac/other vascular disease 27/784 (3.4) 168/7283 (2.3) 1.12(0.70-1.79) 0.631 1.12 (0.70-1.80) 0.624
Pneumonia 49/784 (5.1) 212/7283 (2.9) 1.18(0.79-1.76) 0.433 1.12 (0.74-1.68) 0.597
Other infection 12/784 (1.5) 86/7283 (1.2) 0.97 (0.49-1.92) 0.923 0.95 (0.47-1.89) 0.875
Other SAEs 38/784 (4.5) 252/7283 (3.4) 1.29(0.88-1.90) 0.200 1.28 (0.87-1.89) 0.208

Data are n/N (%)

aOR adjusted odds ratio, CI denotes confidence interval, SAEs serious adverse events,

*Denominators represent the total number of patients with follow-up to 90-days
iDenominators represent the total number of randomized patients

Model 1: aOR obtained from generalized linear mixed models with adjustment for study design (fixed effects of head position and cross-over period, random effects of
cluster, and random interaction effects between cluster and crossover period) and baseline variables of age, sex, region, history of diabetes mellitus, hypertension, heart
failure, atrial fibrillation, National Institutes of Health Stroke Scale score, pre-morbid score 0-1 on the modified Rankin scale, dysphagia, hyperlipidemia, other major
health conditions, chronic obstructive pulmonary disease, stroke type, antithrombotic treatment, and time from symptom onset to hospital arrival

Model 2: further adjusted management variables include withdraw active care, endotracheal intubation and reperfusion therapy for ischemic stroke during hospi-
talisation and surgical procedures for intracerebral haemorrhage during hospitalisation

Model 3: imputation dataset analysis based on the variables adjusted in Model 2 with additional adjustment of imputed blood glucose level
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from a clinical trial population. Despite consistency of the results after
multiple imputation, the assumption that missingness occurred at
random for these analyzes may not have applied, and thus the observed
data may not have been sufficient to explain the association. Another
major limitation is the availability of only a single exposure measure,
that of the lowest recorded SaO; in the first 24 h after hospital admis-
sion, being recorded as a measure of safety to the allocated head posi-
tion. A full appreciation of the role of desaturation would require data on
the timing of SaO, desaturation, its change, purpose of measurement,
and its management. As SaO, is physiologically dynamic, a single
measure will not adequately capture the frequency and duration of ep-
isodes of Sa0; desaturation [18], and chance and bias further compli-
cate post-hoc analyzes with variable cut-off points for SaO,. Taken
together with issues of indication bias and reduced power in subgroup
analysis and of disease-specific SAEs, any associations may not be
causal, and caution should be applied when interpreting these results.
In summary, a Sa0, of 96-97% is associated with optimal functional
recovery from acute stroke, with poor outcomes evident at both lower
and higher values without any clear influence of head position or
cardiorespiratory disease this association. Further research is required to
determine the potential impact of avoiding SaO, desaturation and/or
over-correction to full SaO, concentration in acute stroke.
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Chapter 4 Quantifying regional variations in components of acute
stroke unit care (ASU) in the international HeadPoST study

ASU is acknowledged as being able to improve survival and functional recovery for patients
affected by stroke. The treatment effect is homogeneous across a range of patient
characteristics in all age groups and different stroke subtypes. However, studies are limited
on variations of ASU care processes across regions, especially in low- and middle-income
countries. This Chapter contains one of my studies which aims to quantify regional

variations in the various components of care processes by ASU admission.

The HeadPoST trial collected in-hospital management variables that covered the essential
standard care processes, as recommended by clinical guidelines, from a wide range of
settings in nine countries. This allowed me to compare variations in care processes across
four economically-defined regional groups. | used descriptive analysis to compare
differences in care processes according to ASU admission, within and across grouped
regions. In order to estimate the regional variations in the ASU care, generalized linear
mixed models were used with adjustment for the study design and potential patient- and

hospital-level confounders.

My findings showed significant variations in the ASU care processes across regions, with
lower probabilities of receiving reperfusion therapy and multidisciplinary care in low
economic-level regions compared to high economic-level regions. Efforts are required to
eliminate the disparities of acute stroke care across lower economic-level regions to improve

patient outcomes.

| designed this study, analysed and interpreted the data, wrote the first draft of the
manuscript, coordinated and incorporated co-authors’ edits, prepared and submitted the
manuscript, drafted the responses to editor’s and reviewers’ comments, and prepared the final

draft of the manuscript for publication.
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1. Introduction

National guidelines universally recommend well-organised, inter-
disciplinary, acute stroke unit (ASU) care [1-4], based upon consistent
evidence from systematic reviews and individual trials showing
improved survival and functional recovery [5,6], with the treatment
effect being consistent across a range of patient characteristics within all
age groups and different stroke subtypes [7-10]. However, such care is
absence or only partially established in many hospitals around world
[11]. While ASU care is relatively well-defined in high resource settings,
less attention has been given to its availability and appropriateness in
low- and middle- income countries (LMICs), where most of the global
burden of stroke occurs [12,13]. Previous studies have shown large
variations in the organisation of stroke care across hospitals which may
compromise effective ourcomes, as significant associations between
receipt of evidence-based care and clinical outcomes were reported in
our international, multicentre, Head Positioning in acute Stroke Trial
(HeadPoST) [7,14]. Despite acknowledging variations in stroke care
pathways, access to ASU, and other aspects of stroke care [14,15], few
studies have systematically quantified how the specific components of
ASU care may differ across regions of the world [16]. Herein, we
quantify the components of ASU care, within and across hospitals, in
four participating income-grouped geographical regions for patients
who participated in the HeadPoST. This study included a large and
broad range of relatively unselected patients with acute stroke with
systematic assessment of their management and outcome.

2. Methods
2.1. Study design and population

This descriptive study is a secondary analysis using data prospec-
tively collected from 114 hospitals in nine countries in the HeadPoST
study. In brief, HeadPoST was an international, multicentre, cluster
crossover, randomised trial that involved 11,093 adults (>18 years)
with acute stroke who were randomly allocated to lying flat (head
down) or sitting up (head up) positioning between March 2015 and
November 2016 [17]. Patients were excluded if they had early resolu-
tion of their neurological symptoms consistent with a transient ischae-
mic attack; a clear contraindication to either head position; any medical
condition that would compromise adherence to the protocol or assigned
head position; or refused participation. A cluster guardian consent
process was used to implement the randomised intervention as a policy
of usual service delivery to a pre-defined patient cluster; patients pro-
vided consent for use of their medical record data and centralised tele-
phone follow-up. HeadPoST study is registered at ClinicalTrials.gov
(NCT02162017).

2.2. Procedures

ASU admission and processes of care were derived from hospital
management data collected at Day 7 post-randomisation (or at hospital
separation, if earlier). Eleven in-hospital processes of care data of
evidence-based guideline recommendations and/or clinical quality of
care indicators were assessed [18-20], including reperfusion treatment
(thrombolysis or endovascular clot retrieval), antiplatelet therapy for
acute ischaemic stroke (AIS), anticoagulant for atrial fibrillation (AF),
blood pressure (BP) lowering, dysphagia screening, formal dysphagia
assessment for those failed screening, feeding assistance in those with
dysphagia, and components of multidisciplinary care including physio-
therapy, occupational therapy and psychological therapy (Supplemental
Table S1). Baseline data collection included demography, medical his-
tory and clinical information, including severity of neurological
impairment on the National Institutes of Health Stroke Scale [21]
(NIHSS). Patients were re-grouped into four principle geographical re-
gions and world bank country income levels: [22] Australia/UK, China
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(includes Taiwan), India/Sri Lanka, and South America (including
Brazil/Chile/Colombia). Outcomes were time to hospital discharge,
death, and functional outcomes on the modified Rankin scale [23]
(mRS), as determined by trained staff, blind to treatment allocation,
through telephone interviews at 90-days of follow-up.

2.3. Statistical analysis

Randomised patients with no record of ASU care were excluded from
analyses. Differences in baseline characteristics and processes of care
were compared according to ASU admission within and between
grouped regions; where there were limited data, standardised differ-
ences (SD) were used to describe any imbalances. For outcomes by ASU
admission, univariate analyses were reported with Chi-square and Wil-
coxon rank-sum tests. To estimate regional variations in the processes of
ASU care, logistic regression hierarchical mixed models were used with
adjustment for the study design (with fixed effects of head position and
crossover period, and random effects of cluster and interaction between
cluster and crossover period) and potential baseline confounders related
to patient (age, sex, neurological severity [NIHSS score], and patho-
logical stroke subtype) and hospital (academic status, size, and location)
factors. Data are reported with odds ratios (OR) and 95% confidence
intervals (CI), and a standard level of significance (P < 0.05) was used.
All analyses were performed with SAS Enterprise 7.1 (SAS Institute,
Cary, NC), and R Studio 3.6.3 was used for data visualisation.

2.4. Data sharing

Individual participant data used in these analyses can be shared by
formal request and protocol from any qualified investigator to the
Research Office of The George Institute for Global Health, Australia.

3. Results

A total of 11,086 patients were included in these analyses: their
average age was 68.0 (+13.8) years, 39.9% were female, 85.6% had AIS,
and 59.7% received ASU care (Supplementary Table S2). Table 1 shows
that ASU admission varied from 98.2% in Australia/UK, 84.0% in India/
Sri Lanka, 41.3% in South America, and 20.0% in China, with associated
regional variations in the distribution of patient characteristics and
processes of care. In Australia/UK, care processes were generally
balanced, except for ASU patients being less likely to have dysphagia
assessment and more likely to receive physiotherapy and occupational
therapy, compared to non-ASU patients. In China, ASU patients were
older, more often had AIS and greater neurological impairment but
fewer pre-morbid health problems, compared to other patients. More-
over, ASU patients were more likely to receive reperfusion therapy,
antihypertensive treatment, dysphagia screening and formal assess-
ment, assisted feeding, and input from an occupational therapist than
patients on other wards in China (Fig. 1). Although ASU patients in
India/Sri Lanka had less severe neurological impairment and greater
pre-morbid health problems, they received more multidisciplinary care
than patients on other wards (Fig. 1). Finally, in South America, ASU
patients were older, had more history of hypertension (Table 1) and
greater use of reperfusion therapy, intensive BP lowering, and physio-
therapy, occupational and psychological therapy but less screening or
assessment for dysphagia (Fig. 1).

There were significant variations in a range of processes of ASU care,
except early use of antiplatelets and psychological therapy, in adjusted
analyses with Australia/UK as the reference group (Fig. 2). ASU patients
in India/Sri Lanka had the lowest probability of receiving reperfusion
therapy (adjusted odds ratio [aOR] 0.27, 95%CI 0.12-0.63) but highest
probability of receiving anticoagulation for AF, whereas Chinese ASU
patients were more likely to receive early BP lowering (aOR 2.50, 95%
CI 1.10-5.68) and less likely to receive oral BP lowering treatment for
secondary prevention (aOR 0.49, 95% CI 0.36-0.67). ASU patients in
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South America were the least likely to have dysphagia screening (aOR
0.07, 95% CI 0.01-0.37) but together with those in India/Sri Lanka,
were more likely to receive feeding assistance (aOR 5.83, 95% CI
2.47-13.74, and aOR 2.41, 95% CI 1.15-5.00, respectively). The prob-
ability of receiving allied health care (formal dysphagia assessment,
physiotherapy and occupational therapy) was much lower in all regions
compared to Australia/UK (Fig. 2).

Time from hospital arrival to discharge was longest in China and
shortest in Australia/UK (median 11.0 [IQR 8.0-15.0] days vs. 4.0 [IQR
2.0-10.]; Supplementary Table S3). Within regions, there were no sig-
nificant differences in time to discharge in Australia/UK and South
America by ASU admission, but this was prolonged for patients without
ASU care in China and ASU patients in India/Sri Lanka (Supplementary
Table S3). Death and functional outcomes also varied across regions
(Supplementary Fig. 1): case fatality was greatest in India/Sri Lanka
(12.3%) and lowest in China (3.5%) (Supplementary Table S3), whilst
death and dependence (mRS scores 3-6) in patients admitted ASU was
significantly lower in India/Sri Lanka compared to those without ASU
care (Supplementary Table S3).

4. Discussion

In these post-hoc analyses of the large international HeadPoST study,
we have shown considerable regional variations in patient characteris-
tics, processes of care, and outcomes according to the receipt of ASU
care, where admission was highest in Australia/UK and lowest in China.
Except for patients in Australia/UK, those admitted to ASU differed in
age, neurological severity and comorbid risk factors, and were generally
more likely to receive reperfusion therapy and multidisciplinary team

Journal of the Neurological Sciences 419 (2020) 117187

care.

Our study confirms findings elsewhere, that ASU is more accessible
and available in high-income countries compared to LMIC [24]. The
fragmentation of care and absence of standardised healthy policies also
undermine access to ASU care [25]. However, some of this variation
may reflect differences in definitions, concepts and approaches to
monitoring; for example, use of neuro-intensive care and neurosurgery
for stroke patients is high in China [26,27], and interdisciplinary
vascular units, which combine stroke with cardiac care, are popular in
Brazil [28,29]. As shown in various national registries in China and
India [30-32], the patients who are more likely to receive ASU care are
those who are old, have AIS, greater neurological severity and more
vascular risk factors.

Our finding of lower thrombolysis treatment rates for AIS patients in
China and India/Sri Lanka, compared to Australian/UK patients, is
consistent with Asian registries [32,33]. Underlying barriers for
thrombolysis in Asia include delayed presentation from the onset of
symptoms, concerns over harm, inexperience, and high cost of throm-
bolysis treatment when there is no health insurance coverage
[31,34,35]. Although ASU care is defined as multidisciplinary and a
Level I guideline recommendation, early rehabilitation is less common
in China and India/Sri Lanka, and many other resource settings in
LMICs, in part due to limited availability of allied healthcare pro-
fessionals and ethnic/cultural differences in the understanding of ‘pas-
sive’ and ‘active’ rehabilitation [11,33,36,37]. Additionally, compared
to AU/UK, the recommendation for assessment by a speech pathologist
and assisted feeding is explicit stroke management guidelines in China
and India [38,39], which also influences their implementation into
practice [40]. The consistent high use of antiplatelet therapy across

Table 1
Patient baseline characteristics according to acute stroke unit (ASU) admission by region.
Variable AU/UK China (includes Taiwan) India/Sri Lanka South America”
ASU care ASU care ASU care ASU care
Yes No SD* Yes No SD* Yes No SD* Yes No SD*
Number of 4669 (98.2) 88 (1.9) 931 (20.0) 3721 647 (84.0) 123 (16.0) 373 (41.3) 534 (58.7)
patients (80.0)
Age, yr 72.5 71.7 0.05 66.5 63.9 0.22 61.3 60.0 0.09 70.4 67.4 0.21
(£13.9) (£14.1) (£12.0) (£12.0) (£13.1) (£14.0) (£13.8) (£14.2)
Female 2122 (45.4) 37 (42.0) 0.07 350 (37.6) 1253 0.08 239 (36.9) 34 (27.6) 0.20 173 (46.4) 218 (40.8) 0.11
(33.7)
Pre-morbid 1036 (22.2) 22 (26.5) 0.10 150 (16.1) 807 (21.7) 0.14 112 (17.3) 11 (8.9) 0.25 84 (22.6) 114 (21.4) 0.03
disability"
Stroke subtype
AIS 3767 (81.1) 65 (73.9) 0.17 855(91.8) 3323 0.11 560 (86.6) 98 (79.7) 0.26 336 (90.1) 463 (86.7) 0.30
(89.3)
ICH 355 (7.6) 9(10.2) 64 (6.9) 338 (9.1) 83 (12.8) 25 (20.3) 28 (7.5) 28(5.2)
Uncertain 522 (11.2) 14 (15.9) 12 (1.3) 59 (1.6) 4 (0.6) 0(0.0) 9(2.4) 43(8.1)
NIHSS score 4.0 5.0 0.13 4.0 3.0 0.25 7.0 12.0 0.66 6.0 5.0 0.02
(2.0-10.0) (2.0-13.0) (2.0-8.0) (2.0-6.0) (4.0-12.0) (8.0-18.0) (3.0-11.0) (3.0-11.0)
Severe, score 674 (14.8) 18 (20.9) 0.13 56 (6.0) 142 (3.9) 0.21 106 (16.4) 47 (38.2) 0.55 64 (17.3) 97 (18.2) 0.13
=15
Coronary heart 730 (15.8) 9(10.2) 0.17 114 (12.3) 506 (13.6) 0.04 76 (11.8) 16 (13.0) 0.04 38 (10.3) 50 (9.6) 0.02
disease
Atrial fibrillation 837 (18.3) 23 (26.4) 0.20 66 (7.1) 151 (4.1) 0.13 20 (3.1) 324 0.04 36 (9.8) 41(7.9) 0.07
Heart failure 250 (5.4) 3334 0.10 17 (1.8) 74 (2.0) 0.01 11 (1.7) 1(0.8) 0.08 20(5.4) 37(7.1) 0.07
Diabetes mellitus 986 (21.2) 11 (12.5) 0.23 226 (24.4) 848 (22.8) 0.04 265 (41.0) 41 (33.3) 0.16 112 (30.0) 163 (30.7) 0.01
Prior stroke 895 (19.3) 10 (11.4) 0.22 252 (27.1) 1124 0.07 93 (14.4) 11 (8.9) 0.17 96 (25.8) 125(23.5) 0.05
(30.2)
Hypertension 2940 (63.3) 47 (53.4) 0.20 610 (65.5) 2438 <0.01 375 (58.0) 62 (50.4) 0.15 264 (71.0) 411 (77.7) 0.15
(65.5)
COPD 269 (5.8) 5(.7) <0.01 19 (2.0) 58 (1.6) 0.04 11 (1.7) 324 0.05 21(5.8) 20(3.8) 0.09
Current smoker 633 (13.8) 7 (8.0) 0.19 253 (27.3) 959 (25.8)  0.03 90 (14.0) 22 (17.9) 011 57 (15.4) 104 (19.7) 0.11
Dysphagia 1069 (23.2) 30 (34.1) 0.24 102 (11.0) 413 (11.2) 0.01 131 (20.2) 49 (39.8) 0.44 98 (26.3) 151 (28.4) 0.05

Data are N (%), mean (+standard deviation) or median (interquartile range). AF donates atrial fibrillation, AIS acute ischaemic stroke, ASU acute stroke unit, AU
Australia, BP blood pressure, COPD chronic obstructive pulmonary disease, ICH intracerebral haemorrhage, mRS modified Rankin scale, NIHSS National Institute of

Health Stroke Scale, SD standardised difference, UK United Kingdom.

# Standardised difference = absolute difference in means or proportions divided by standard error; imbalance defined as value greater than 0.20.

Y South America including Brazil, Chile and Colombia.
¢ Defined by scores 2-5 on the mRS.
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regions reflects its simplicity, safety and low cost [24,41], whilst the
similarly infrequent use of psychological therapy reflects its limited
availability and high cost; even in the UK, only one-third of ASUs have
access to clinical psychology services [42].

It is well recognised that the length of time stroke patients spend in
hospital varies across regions, and tends to be longer in China with some
variations by the level of hospitals (teaching/tertiary vs. rural/second-
ary) [43]. It is important to note that the variations in functional out-
comes between patients in China and India does not appear to be
explained entirely by the severity of stroke deficit [31], when the ben-
efits of ASU care have been shown to apply equally across grades of
neurological severity [44].

Some strengths of our study include the large number of patients
with wide ranging characteristics who were managed in contrasting
health care settings, where the pragmatic cluster crossover design
minimised selection bias and facilitated recruitment and efficient
application of the intervention as part of routine care. However, as these
data were derived from a clinical trial, only a limited range of man-
agement variables were collected; and they lacked standardised defini-
tions across hospitals. Since hospitals were purposefully selected to
participate in the trial, these results might be more favourable than
compared to other, less research active hospitals in these regions.
Finally, our approach to clustering hospitals within regions was rather
arbitrary, while post-hoc analyses and multiple testing introduces po-
tential bias and chance findings. Further data on variation in ASU care
would help design multinational research studies and strengthen the
external validity of these findings [45].

In summary, further analysis of our large international study has
shown considerable variation in the characteristics of patients, and the
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types of care and management they receive under the umbrella of ASU
care, within and across different health care systems. The extent to
which this is driven by policy, costs, skills, beliefs, and expectations,
requires further investigation.
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Variable n/N a0R(95% Cl) P Value
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India/Sri Lanka 18/20 —a— 12401 94479_41&
South America 29/36 —8— 1268(266-60.36)
Antihypertensive for secondary prevention <0.0001
AUIUK 3196/4669 | Reference
China 442 /931 HH 0.49 (0.36-0.67)
India/Sri Lanka 397/647 HH 0.87(0.61-1.25
South America 252/373 HH 1.17(0.77-1.78)
Intensive BP lowering 0.0229
UIUK 257/4669 [ | Reference
China 139/931 —a— 25(1.1-5.68)
India/Sri Lanka 631647 —a— 0.44 20.14-1 ,38g
South America 321373 i 208(0.72-599
Dysphagia screen 0.0061
AUIUK 425414669 | Reference
China 681/931 —a— 0.35(0.1-1.22)
India/Sri Lanka 585/647 —a— 167(0.3-9.35)
South America 150/373 ] 0.07(0.01-0.37)
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Psychologist 0.0779
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India/Sri Lanka 18/647 —a— 0.96 (0.14-6.697)
South America 471373 ] W : 893 (1.65-48.47)
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Fig. 2. Variations of acute stroke unit (ASU) process of care by region.
AF denotes atrial fibrillation, AIS acute ischaemic stroke, aOR adjusted odds ratio, ASU acute stroke unit, AU Australia, BP blood pressure, CI confidence interval, UK

United Kingdom.

Square indicates point estimate and error bar indicates 95% CI.
Hierarchical mixed models adjusted study design (fixed effects of head position [lying-flat vs. sitting-up] and crossover period, and random effects of cluster and
interaction between cluster and crossover period) and baseline variables related to the patients (age, sex, neurological severity [National Institutes of Health Stroke
Scale score] and pathological stroke subtype) and hospital (academic status, size and geographical region).
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Chapter 5 Implement guideline-recommended care in routine
practice

Clinical guidelines translate medical research and expert opinions into recommendations to
support health professionals’ daily practice. However, the delivery and implementation of
clinical guidelines in routine practice are challenging. In this Chapter, my work aimed to
determine the factors that impeded and facilitated a goal-directed intervention for ICH
management in China. The INTERACT3 study aims to evaluate the effectiveness of a
protocol based on guideline recommendations, as a novel intervention ‘care bundle’ package
applied to patients with ICH as part of routine care. It involves the rapid correction of
physiological parameters and their maintenance during hospitalisation. The process
evaluation on INTERACT3 provides insights into how well the intervention was
implemented and integrated into ‘real-world’ practice. The first part of this Chapter is the
INTERACTS3 process evaluation protocol (Section 5.1) which explicitly illustrates the study
design. The second part (Section 5.2) reports the process evaluation findings, including
barriers and enablers of implementation of the intervention in the clinical settings in China
(Section 5.2).

The main findings from the process evaluation study informed constant training, cases
review, good communication with patients, and optimising the procedures and workflow that
fits available resources are the facilitators to promote guideline recommendations uptake and

implementation.

| co-designed the study, analysed the data, wrote the first draft of the manuscript, coordinated
and incorporated co-authors’ edits, and prepared and submitted the manuscript for publication

(currently under review).
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5.1 Understanding implementation of the guideline-recommended care bundle in
the INTERACT3 study: process evaluation protocol for an international cluster

randomized control trial

Abstract

Background: The third, INTEnsive care bundle with blood pressure Reduction in Acute
Cerebral Haemorrhage Trial (INTERACT3) is an ongoing, international, multicentre, stepped
wedge cluster, prospective, randomised, open, blinded event assessed trial evaluating the
effectiveness of a quality improvement ‘care bundle’ for the management of patients with
acute spontaneous intracerebral haemorrhage (ICH) in low- and middle-income countries
(LMICs). An embedded process evaluation is designed to explore the uptake and
implementation of the intervention, as well as understand the context and stakeholder

perspectives, in interpreting the trial outcomes.

Methods: Mixed methods are used to evaluate implementation outcomes of fidelity, reach,
dose, acceptability, appropriateness, adoption and sustainability, as well as relevant
contextual factors, affecting the delivery of the care bundle. Semi-structured interviews and
non-participant observations will be conducted with the primary implementers (physicians
and nurses) and patients/carers to explore how the care bundle was integrated into routine
care. Focus group discussions will be conducted with investigators and project operational
staff to understand challenges and possible solutions in the organisation of the trial. Data
from observational records, surveys, routine monitoring data, field notes and case report
forms, will be used to assess contextual factors and adoption of the intervention. Purposive
sampling of selected sites according to pre-specified criteria will be used to achieve sample

representativeness.

Results: Findings of implementation outcomes, and relevant barriers and facilitators of
embeding the care bundle into the routine practice, will be reported after the process

evaluation is completed.

Discussion: The process evaluation will provide timely insights necessary to optimize the
implementation of the care bundle across diverse settings in LMICs. It will provide an aid to

understanding the relationship between care bundle elements and clinical outcomes.
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Introduction

Acute spontaneous intracerebral haemorrhage (ICH) is the most severe and least treatable
type of stroke, which is a major cause of the global burden of disease! in low- and middle-
income countries (LMICs).2® Protocols to systematically monitor and control key
physiological parameters, such as blood pressure (BP), may improve outcomes in patients
with acute ICH.* The INTEnsive care bundle with blood pressure Reduction in Acute
Cerebral Haemorrhage Trial (INTERACT3) is an international, multicentre, stepped wedge
cluster, prospective, randomised, open, blinded event assessed trial aims to determine the
effectiveness of a quality improvement ‘care bundle’, comprising early intensive BP
lowering, glycaemic control, treatment of pyrexia, and reversal of anticoagulation, in patients
with acute ICH in LMICs. As a complex intervention with multiple components and
involving organisational change, there is a need to provide details of how the care bundle is
delivered and what local contextual factors impact outcomes.®”’ Insufficient details of how
the complex intervention and its components are implemented may limit the transferability of
the generated evidence into other contexts, which is a recognised barrier to the provision of
optimal care and treatment.®® Moreover, consideration of how implementation can address
knowledge gaps in real-world settings can better inform potential sustainability and scale-
up.X® A process evaluation allows examination of the complexities of implementation
strategies, and explanations for discrepancies between expected and observed outcomes, how

context influences outcomes, and aids wider implementation. 13

A process evaluation was embedded into INTERACT3 with three principle aims: (i)
determine implementation outcomes of care bundle through fidelity (whether the care bundle
was delivered as intended), dose (what quantity and quality was delivered), reach (whether all
eligible ICH patients received all components), acceptability (whether the care bundle was
agreeable and acceptable to participants), appropriateness (participant views on the perceived
fit or relevance of the care bundle in their practice settings), and adoption and sustainability
(whether the care bundle was integrated and incorporated within routine practice and local
policies; (ii) provide information to explain the trial results regarding possible barriers and
facilitators of implementation on each of the components of care bundle, their integration into
routine practice, and possible context factors related to implement of care bundle; and (iii)
determine transferability and sustainability of the care bundle in LMICs through provision of
participant perspectives on how and why the care bundle can or cannot be implemented at

national level and in other LMICs.
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Methods
Study design

INTERACTS is a cluster stepped-wedge design (Figure 1) that aims to evaluate the
effectiveness of a care bundle in 8360 patients at 110 hospitals in ten LMICs (Brazil, Chile
[identified as high-income country in 2020], China, India, Mexico, Nigeria, Pakistan, Peru,
Sri Lanka and Vietnam) from December 2017 to October 2022. All sites started in a control
‘usual care’ phase; and are then transferred to the intervention phase where the care bundle
protocol is to be implemented as part of the regular standard of care. The stepped-wedge
cluster design allows implementation of the care bundle through one direction cluster switch
(from control to treatment) at different time points, reduces contamination between control
and intervention patients, and allows evaluation of implementing multi-faceted system-wide

changes.!* Details of the study design are described elsewhere.!®

Figure 1. Stepped-wedge design of INTERACT3
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Theoretical approach

The process evaluation of INTERACTS3 is informed by the Medical Research Council
(MRC) process evaluation guidance and framework. The framework includes three
components: implementation (e.g. fidelity, dose, reach, etc.), mechanisms of impact (e.g. how
nurses and physicians perceived the appropriateness of the care bundle), and context (external
factors that influenced the delivery of the care bundle). As recommended by the MRC
guidance, a logic model was developed to describe how the care bundle and research
activities result in short- and long-term outcomes, and to inform data collection of relevant
process indicators (Figure 2). Normalization Process Theory (NPT) is used to understand the
adoption and integration of the care bundle into routine health care practice.'® NPT is an
implementation science theory that provides a deeper understanding of embedding integration
and sustainability of a new model of care or guidelines, and to enhance understandings of the
outcome data.!” The core components of NPT include coherence (meaning and sense-making
by participants), cognitive participation (commitment and engagement by participants),
collective action (the work participants do to make the trial function) and reflexive
monitoring (participants reflect on or appraise the trial).®A logic model of contextual
determinants and intervention components was developed to describe how the care bundle
and research activities result in short- and long-term outcomes, and to inform data collection
of relevant process indicators (Figure 2). Considering the different contexts of each country,
a separate implementation research logic model for each country is being generated to guide
the PE.19
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Figure 2. Logic model of INTERACT3 process evaluation
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Setting and sampling

The study is being undertaken across different areas of hospitals including, emergency and
intensive care departments and neurology and neurosurgery wards, where representative
health professionals will be recruited through purposive sampling for qualitative data
collection,? stratified by country. It is estimated that approximately 28-32 sites will be
sampled using criteria of geographical location (across regions), level of the hospital (tertiary
vs. secondary), and department (neurosurgical vs. neurology or emergency), and performance
(e.g. recruitment speed, cooperation) although the final number will be determined by
saturation of themes and available resources. Since most of the sites in INTERACT3 are in
China (in the vanguard phase), it is estimated of 12 sites will be sampling in China and 18

sites in the other nine participating countries (average 2 sites per each country).
Participants

Participants for the process evaluation will be key stakeholders involved in implementing the
INTERACTS intervention, including study investigators, ward clinicians and nurses, patients
(or carers) who have received the care bundle, and clinical research associates (CRAS)
involved in training site staff in delivering the intervention. Only patients who are medically
stable will be invited to participate in an interview. For patients who have communication
issues, visual impairment or other conditions that might influence the information consent,
their carers/family will be invited and informed for the interview. An information sheet and
consent form will be sent to potential participants about the process evaluation and inviting
them to an interview and/or focus group discussion with a member of the process evaluation

team.
Data collection

A parallel mixed method with a convergent design approach is planned for data
collection,??2 to provide different perspectives, validation and triangulation from multiple
sources.? Table 1 and 2 outlines the mixed-methods approach being used, including both
qualitative methods (semi-structured interviews, focused groups discussion, non-participant
observation) and quantitative methods (observational records, surveys and questionnaires) to
explore the implementation outcomes. Other data sources include observational records and
a hospital organisation questionnaire to provide additional context for the participating sites

and inform the sampling frame. The time point for data collection will be at an early phase of
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intervention, ideally after at 2-5 patients have been enrolled, in order to obtain feedback from

site staff about implementation challenges and allow the operations team to better support

sites to optimise implementation of the care bundle. The interview and focus group

discussion guides have been piloted with the physicians from the central site prior to the

formal conduct of process evaluation.

Table 1. Summary of data collection methods

nurses who
implemented the
intervention

Item |Data collection | Participants Participant number  [Time point of data
method collection
1 Semi-structured | Doctors s and 3-4 per sampled sites |At early stage of
interviews nurses from intervention phase (e.g.
selected sites who enrolled 5-10
implemented the intervention patients)
intervention
2 Semi-structured | Stable 2-3 per sampled sites [Patient with condition
interviews patients/carers (if stable (before discharge)
patient is unable in the intervention group
to inform consent
or participate the
interview) from
selected sites
3 Non-participant | Selected sites Purposive sampling  [Onsite monitoring visit
observations sites (assume 28-32)
4 Focus group Pl invited from Purposive sampling [Investigator meetings
discussions the sampled sites | sites (assume 28-32) jand quality control
meeting
5 Focus group All CRAs from Purposive sampling |At the early phase of
discussions the regional sites (assume 28-32) |intervention phase
coordinating
center
6 Hospital Pl or Sub-Is All sites Collected prior to the
Organisation recruitment
Questionnaires
7 Survey Doctors and All sites Intervention phase:

quality control meetings
(in China) and
throughout the
intervention phase
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8 Monitoring
records,
including
routine
monitoring
field notes,

forms

recruitment logs,
and case report

N/A

data,

All sites

Throughout the study

Table 2. Implementation outcomes summary

patients received all
components of the care
bundle

interviews

Non-participant
observations

Recruitment logs

Implementation | Aims Measurements Participants to inform
outcomes outcomes
Fidelity Whether the care Semi-structured Clinicians and
bundle under interviews patients/carers
investigation in Non-participant
INTERACT3 was -
: : observations
delivered as intended
Surveys
Routine monitoring
data, field notes and
case report forms
Dose What were the quantity | Semi-structured Clinicians
and quality the care interviews
bundle was delivered Surveys
Routine monitoring
data, field notes and
case report forms
Reach Whether all eligible Semi-structured Clinicians and

patients/carers

Acceptability

Whether the care
bundle was agreeable
and acceptable by
participants

Semi-structured
interviews

Focus group
discussions

Survey

Clinicians, CRAs and
patient/carers

Appropriateness

Participant views on
the perceived fit or

Semi-structured

Clinicians
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relevance of the care interviews
bundle in their practice

. Focus grou
settings group

discussions

Adoption and | Whether the care Semi-structured Clinicians
sustainability  |bundle was integrated |interviews
and incorporated into

. . Non-participant
routine practice and P P

observations

local policies
Focus group
discussions
Routine monitoring
data, field notes and
case report forms
Barriers and What are the barriers | Semi-structured Clinicians. CRAs and
facilitators and facilitators for the |interviews patients/carers
care bundle . Focus group
implementation in the discussions
clinical practice?
Survey

Semi-structured interviews Semi-structured interviews are conducted with both primary
implementers (physicians and nurses) and patients/carers from purposively sampled sites at
an early phase of the intervention. At each sampled site, 3-4 implementers and 1-2
patients/carers will be invited to interview. For the implementers, the evaluation will explore
options on challenges to implement the intervention, facilitating factors, context, progress on
implementation, and perspectives of the intervention. For patients/carers, the interview will
focus on their perspectives of receiving the goal-directed care bundle, and thoughts and
concerns over participating in the study. The timing of the patient interview will be at
hospital discharge (face to face) or during their follow up (via telephone) according to the
patient’s conditions and request. The semi-structured interview guide (see Appendix 1) has
been developed based on the objectives of the process evaluation and after pilot testing.
Early findings from interviews will be discussed with the project operation team and to allow
minor modifications to procedures. Trained interviewers collect the qualitative data under
the supervision of an experienced qualitative researcher by face-to-face or teleconference

interview.

Focus group discussion
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Focus group discussions are conducted to explore implementation barriers and facilitators of
the care bundle as part of an international collaboration. Two sets of focus group discussions
(see Appendix 2) will be conducted, involving the clinical trial coordinating team and
principal investigators (PIs) or sub-principal investigators (Sub-Is) from selected sites. For
the former, the group discussion will mainly involve CRAs to evaluate how well the training
sessions to site implementers were delivered and received. These training sessions included
presentations, hands-on exercises on using the database, onsite monitoring visits, and
interactions with implementers. In the other group discussion involving 6-8 Pls/Sub-Is, the
aim is to identify barriers at coordinating the site, including roles and responsibilities,
leadership, training staff, and providing daily support. These discussions are facilitated by PE

team from the International Coordinating Center via teleconference.

Non-participant observation

Non-participant observation aims to understand contextual factors, recruitment processes, and
delivery of the care bundle. An observation template (see Appendix 3) was adapted from a
process evaluation of another stroke trial?* to allow the collection of information on
implementer behaviour of operational staff alongside an onsite monitoring visit. Trained
observers from the Regional Coordinating Center conduct the observation at the purposively

sampled site.

The time point of data collection will be at an early phase of the intervention, to obtain
feedback from site staff about implementation challenges and allow the operation team to
better support sites to optimize implementation of the care bundle. Interviews with site staff

will occur after at least 2 patients have been enrolled, and ideally as face-to-face interviews.

Survey

A quality check survey informed by NPT is used to collect perceptions of the intervention
and other relevant information from clinicians (see Appendix 4) during the intervention
phase. The quality check survey has been piloted at meetings with investigators from 20 sites
who had completed at initial vanguard phase in China. All sites outside of China are invited
to complete the survey at an early phase of intervention as a part of the PE.

Contextual information of health services will be collected through a Hospital Organization
Questionnaire (HOQ) sent to all sites prior to patient recruitment (see Appendix 5).
Monitoring records, field notes and case report forms, will be obtained to evaluate whether

the intervention has been delivered as intended. These quantitative data will be reviewed
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monthly as part of the routine monitoring of patient recruitment, data quality, and adherence
to the protocol. Monthly performance reports highlighting recruitment targets and details of
protocol adherence and intervention implementation will also be retrieved to assist sampling

of the participating sites.
Data management

Data will be saved electronically in a secure password-protected system only accessible to
specified members of the research team. Interview transcripts will be uploaded into the
software program NVivo V.9 for data analysis.

Analysis and report

Qualitative data from focus groups, semi-structured interviews, non-participant observations
and free text of answers to sections of the survey, will be thematically analysed.? 26
Inductive findings of the interviews involving the first three sites will be discussed by the
process evaluation team to explore emerging themes to guide subsequent interviews.
Interim-analysis will be performed after 5-10 interviews to further adapt the interview format
and to generate themes for subsequent interviews. The data will be independently double
coded by two trained researchers using a coding framework developed through iterative input
from investigators to reveal consistency in patterns of data. Descriptive statistics will be
undertaken on the quantitative data, with frequencies and percentages used to summarise
categorical variables and means or median reported for continuous variables. The analysis
will be initially stratified by the country to understand the local context, and to co-design
implementation strategies for that context. The integration of quantitative and qualitative
data will be done through merging methods and comparison across the numerical and textual
data, addressing similar research questions.?? Reporting of the integrated data will be done
through a mixed methods joint display®? 2 that synthesises data with a visual display and

summary meta-inference of the findings.

The qualitative findings will be reported in accordance with the consolidated criteria for
reporting qualitative research (COREQ),?® with the implementation outcomes used to monitor
and document fidelity to the project plan.

Discussion

PE is crucial to understanding contextual factors that may impact intervention

implementation, especially as to whether the intervention can be adapted and implemented
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effectively across other contexts.™®> Implementation outcomes will also be useful to explain
what can actually be done in real-world settings and better understand any potential variation
proposed treatment effect under investigation in the trial. Contextual factors (COVID-19
impact, current policies, settings resources, etc.) that could influence delivery of the
intervention can be identified through interviews, focus group discussions, observations and
survey, to enable a better understanding of the results, and the opportunity for future scale-up
of the intervention to other LMICs. The INTERACT3 PE aims to inform a broader
implementation plan that can be tailored to local contextual factors to improve the quality of
care for patients with ICH, the most severe type of stroke. Relevant data pertaining to local
stroke protocols and care pathways will provide a useful assessment of health systems for
planning further studies that incorporate process evaluations to strengthen the implementation
and assessment of complex health service interventions in multicentre clinical trials involving
LMICs.

A systematic review of the use of PE in translational research indicates that most involve data
collection at the post-intervention phase, but which has limited value in optimising
implementation of the trial in complex health systems.?® In INTERACTS3, | have taken the
opportunity to conduct a PE at the early phase of the intervention, to assist in the timely
identification of barriers and facilitators, and to allow the coordinating team to address any
issues that arise and to foster clinician confidence through support and training.}” Moreover,
implementation outcomes will also be useful in explaining what was actually done in real-
world settings and allow a better unpacking of any potential variation in the proposed
treatment effect under investigation in the trial. The causal relationship between intervention
and trial outcome in real-life implementation might be affected by adaptability/unpredictable
actors, and of a wide range of influencing elements at geographical and organisational levels
(e.g. the impact of the COVID-19 pandemic on workforce capacity and patient engagement

with health services).
Strength and weakness

Key strengths of this study include the use of multiple methods and diverse sources of data to
obtain a comprehensive picture of the implementation of a goal-directed care bundle. The
process evaluation will be conducted across different health care systems in multiple
countries to document variable care pathways and health system factors (e.g. workforce,

medication availability), and assist in understanding the value of implementation research and
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its generalizability. However, there are limitations that include selection and information bias
due to voluntary participation in interviews, further influenced by the COVID-19 pandemic
restricting on-site visits and need to conduct many interviews by teleconference/video
conference. Data provided through remote monitoring and regional coordinating data can go
some way in mitigating these issues. In addition, the survey focuses on barriers in embedding
care bundle into routine care can result in biased answers without the opportunity for positive
feedback, which we aim to amend in future trials. Even flexible time points were offered for
patient interviews, this may have introduced recall bias in relation to the patient reported

experience of the care bundle.
Timeline of the process evaluation

The process evaluation is undertaken in stages and intended to be completed within 6 months
of sites being activated in participating countries. However, due to the emergence of the
COVID-19 pandemic from early 2020, the timelines of process evaluation in China have to
be extended since patient recruitment, transfer to intervention phase and project staffing
resources were affected. The process evaluation in other countries commenced in 2021, but
again progress depends on the trial progress and COVID-19impact in each country.

Trial and process evaluation status

Up to May 2020, there are 5986 patients recruited into INTERACT3, including 261 enrolled
outside of China. In China, focus group discussions involved 14 investigators from 9 sites,
and 24 interviews with doctors/nurses at 9 sites, during January to December 2020.
Preliminary analysis of transcripts has been reported to the project team to enhance operation

and monitoring in the investigator meetings.
Reflections

The PE in a large multicenter international clinical stroke trial has improved capacity and
built qualitative research skills at regional coordinating centres for conducting interviews and
observations. However, the involvement of multiple countries in a common protocol requires
significant ongoing efforts to address local language and cultural barriers. Although this
study has been time and resource intensive, and crucial to the quality control component of
the PE, it has also led to a strengthening of international collaborations through shared
experience. | recommend the collection of preliminary data prior to proceeding with the
delivery of an intervention across countries in order to better understand local health systems

and inform focus group discussions. This could be facilitated by co-developing an
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implementation logic model and implementation strategies to overcome anticipated local

barriers with the local Pls and the trial coordinating team.

Ethics and Dissemination

Ethical approval for this study has been obtained from central and site-specific ethic
committees in each country. The information sheet will be provided to the participants prior
to individual interviews and focus group discussions. Written consent will be obtained prior
to interviews, and verbal consent will also be taken prior to any participation in a focus group

discussion.
Conclusions

The process evaluation of the INTERACTS3 study will not only provide insights necessary to
optimize implementation of the care bundle intervention across diverse settings, but also lead
to better understandings of the relationship between elements of the care bundle and
outcomes. The embedded PE should advance future conduct of international pragmatic stroke
clinical trials to optimise implementing complex interventions within different health system

contexts.
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Abstract

Background: The third INTEnsive care bundle with blood pressure Reduction in Acute
Cerebral Haemorrhage Trial (INTERACT3) is an ongoing international, multicentre, stepped-
wedge, cluster randomised trial to determine the effectiveness of a goal-directed care bundle
(early intensive blood pressure [BP] lowering, glycaemic control, treatment of pyrexia, and
reversal of anticoagulation), as compared to standard of care, on patient-centred outcomes
after acute intracerebral haemorrhage (ICH). An embedded process evaluation aims to
identify factors related to the uptake and implementation of the intervention. Herein, we

present the results of the process evaluation for hospital sites in China.

Methods/design: A mixed methods approach, including surveys, focused group staff
discussions and interviews with implementers, routine monitoring and recruitment logs were
used to collect data across purposively sampled hospitals. Medical Research Council
guidance and Normalisation Process Theory were used as theoretical frameworks for design,

data analysis and synthesis.

Results: Twenty quantitative surveys were completed with implementers, and 26 interviews
and two focus group discussions, were conducted during 2019-2020. The care bundle was
generally delivered as planned and acceptable by doctors and nurses, but difficulties were
reported in achieving the protocol-defined target levels of BP and glycaemic control.
Resistance to implementing the care bundle occurred for patients perceived to be at high risk
of adverse effects. Common organisational contextual factors that impeded implementation
included delayed processes and limited medication supply, while established background care
procedures, expertise and capacity influenced its integration into routine practice. Areas to
facilitate implementation included optimising workflow within available resources, having a

dedicated team, and recognising the potential benefits of the intervention.

Conclusions: Varied established care protocols across sites, different levels of background
expertise, and lack of staff capacity impeded the integration of goal-directed care bundle into
routine practice for ICH patients in China. Ready identification, and efforts to address, these
barriers could facilitate uptake of future guideline-recommended interventions for the

management of patients with ICH.

Trial registration: ClinicalTrials.gov NCT03209258, registered on 1 July 2017. Chinese
Trial Registry ChiCTR-IOC-17011787, registered on 28 June 2017.
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Background

Spontaneous intracerebral haemorrhage (ICH) is the most severe and least treatable type of
stroke, generally related to rupture of blood vessels from elevated blood pressure (BP), with
approximately two-thirds of patients either dying or left disabled.! Several physiological
parameters, such as elevated BP, hyperglycaemia and pyrexia, predict poor outcomes after
ICH,%* while the rapid reversal of systematic anticoagulation in those with associated use of
anticoagulants may reduce haematoma enlargement and improve recovery.® A before-and-
after study showed that the implementation of a care bundle, involving rapid anticoagulant
reversal, intensive BP lowering and access to criticial care with immediate neurosurgical

referral, significantly decreased 30-day case fatality after ICH.®

The third INTEnsive care bundle with blood pressure Reduction in Acute Cerebral
Haemorrhage Trial (INTERACTS3) is an ongoing international, multicentre, stepped wedge,
cluster randomised clinical trial that aims to determine the effectiveness of a multifaceted
interventional package of care in 8000+ patients with acute ICH and a broad range of
characteristics who are managed at 110 hospitals across eight LMICs (China, India, Nigeria,
Pakistan, Peru, Sri Lanka and Vietnam), and one high-income country (Chile) during 2017-
2022. The intervention is a goal-directed care bundle that involves the rapid correction (<1
hour) of several variables as soon as an abnormality is recognised, and to maintain this
control in patients over seven days (or prior to hospital discharge or death, if these occur
earlier). These variables include (i) intensive BP lowering to the systolic target of <140
mmHg; (ii) control of elevated blood glucose level (BGL) to targets of 6.1-7.8 and 7.8-10.0
mmol/L in those without and with diabetes mellitus, respectively; (iii) treatment of pyrexia to
a target body temperature <37.5 °C; and (iv) reversal of anticoagulation to target international
normalised ratio (INR) of <1.5 using vitamin K and prothrombin complex concentrate (PCC)

or fresh frozen plasma (FFP).

The care bundle in INTERACT3 is a complex intervention that contains multiple interacting
components requiring changes in behaviour for delivering or receiving the intervention,
within existing structures and processes of the local health care systems.” As implementation
of a complex intervention is often challenging, it is critical to examine the experiences of
healthcare professionals to understand how the intervention was interpreted, perceived and
implemented.® This informs further implementation strategies to ensure broader fidelity and

consistency of use. A process evaluation (PE) examines the implementation of such complex
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interventions with regards to adoption, implementation barriers, facilitators, and contextual
factors that influence outcomes. A lack of appreciation of the contextual factors in particular,
may limit the transferability of evidence-based practice by policymakers and practitioners
into routine practice, and challenge intervention scale-up and sustainability.® Several
constraints on healthcare services can impede the delivery of care in LIMCs. These include a
shortage and poor distribution of qualified staff, low pay and lack of motivation, weak
technical guidance, program management and supervision, limited medical supplies, and
inadequate drug policies and supply systems.? Previous studies have focused on barriers of
evidence-based care implementation in acute ischaemic stroke, for example, in the uptake of
thrombolysis treatment, but there are limited studies on the management of acute ICH,

especially in LMICs.'

INTERACTS3 was initiated as a vanguard phase in 28 hospitals in China in 2017, before
expansion to 110 hospitals in late 2019. An embedded PE in the vanguard phase, aims to
explore the feasibility and identify any implementation barriers that can inform subsequent
implementation in other sites. Herein, we outline how the goal-directed care bundle was
implemented and explore clinician perspectives and contextual conditions that influence the

quality of the implementation in China.

Methods
Theoretical framework

The PE was informed by the Medical Research Council (MRC)!? guidance and framework,
with three components: implementation, mechanisms of impact and context (The domains to
evaluate for implementation include fidelity, dose, reach, acceptability, appropriateness,
adoption and sustainability (definitions are in Figure 1). Mechanisms of impact are explored
by how the clinicians perceived the appropriateness of the care bundle. The external factors
that influenced the delivery of the care bundle were investigated to understand the context

(Supplemental Figure S1).

Normalisation process theory (NPT)'2 was used to understand the adoption and integration of
the care bundle into routine health care practice. Core components of NPT include coherence
(meaning and sense-making by participants), cognitive participation (commitment and
engagement by participants), collective action (the work participants do to make trial
function) and reflexive monitoring (participants reflect on or appraise the trial).!* NPT is a

valuable theory to aid a comprehensive understanding of implementation as a dynamic
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process, to identify and explain the fundamental mechanisms that promote or impede
implementation, and the embedding of a complex intervention into everyday practice .*> 14

The theoretical approach to the PE design is displayed in Figure 1.
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Figure 1. Theoretical approach of the INTERACT3 Process Evaluation

Contextual factors

Individual level: patients/family support, implementer backgrounds/expertise

National level: burden of stroke, policies of the provinces, cost of care, health insurance cover, madication supply

Organisation level: Organisation of care at the hospital, underlying/established protocol template for stroke unit, hospital policy, staffing resources, equipment resources

i

Strong evidence of BP lowering but
there is less conclusive evidence in
regard to =arly treatment of pyrexia,
INR and BGL.

INTERACTS is a step-wedged design
randomized controlled trial (RCT) that
combines several components delivered
in this implementation study with the
hypothesis that this package, if
implemented accordingly, will improve
outcomes.

Intervention characteristics

* Intensive BP lowering (systolic <140
mmHg)

*  Hyperglycaemia control
(BGL<7.8/10.0 mmaol/L in non-
diabetic/diabetic)

*  Pyrexia control (body temperature
<37.5°C)

+  Anticoagulant reversal
(international normalized ratio
[INR] <1.5)

1§ |

Implementation evaluation (MRC
framework)

Fidelity: whether the care bundle was
delivered as intended” @ & @

Dose: what were the quantity and quality
the care bundle was delivered @

Reach: whether all eligible ICH patiants

received all components of the care
bundle & @

Acceptability: whether the care bundle
was agreeable and acceptable by
participants @ &

Appropriateness: Participants views on
the perceived fit or relevance of the care
bundle in the practice settings®

Adoption and sustainability: whether the
care bundle was integrated and
incorporated into routine practice® @

Implementation barriers and facilitators @

162

N |

i1

Mechanism of impact

Using the Normalisation Process Theory
(NPT) to understand the participants
perspectives regarding how, why and for
whom this care bundle work for:

* Coherence

= Cognitive participation
+ Collective action

+ reflexive monitoring

Is this care bundle can be generalizable,
scale up, and sustainable?

Outcomes

Implementation:
outcomes

Clinician perspective:
adherence to
guidelines;
knowledge/awarenes
s/maonitoring of
abnormal physical
parameters

Disease: reduced
mortality and
disability in patients
with ICH

Data sources

voeowN e

Quality control survey @

Focus group discussion@®

Semi-structured interview
Non-participant observation @

Routine monitoring data, field notes, CRFs




Sample, participant and setting

We used purposive sampling to select representative sites for semi-structured interviews.™
Sampling was based upon pre-specified criteria to achieve representativeness and stratified
by: geographical location; hospital level (tertiary vs. secondary); department (neurosurgery
vs. neurology or emergency); rate of recruitment (actual enrolment number divided by
expected weekly enrolment) using routine monitoring chart and data entry quality assessed
according to case report forms (CRFs) completion (see Supplementary Table S1). We invited
at least three clinicians at each sampled site to obtain information from the perspective of
different roles, including a co-investigator (a member of the research team designated and
supervised by the principal investigator [P1] to perform critical study-related processes and
make important decisions), study coordinator, attending physicians, and research nurses that
were designated by the department head. Twelve sampled sites were invited to participate
during the early intervention phase, and nine sites agreed to participate, which included 26
doctors, nurses, and other ward staff. All the participating sites received training on the
INTERACTS3 protocol provided by the central coordinating centre via onsite visits and
ongoing remote monitoring. The nominated ‘local champion’ from the designated research
team at each site is responsible to champion the study at the hospital, and to provide refresher

training for existing and new staff on the intervention at regular intervals.
Data sources and collection

A mixed-methods approach with convergent design®® was used to collect data, with data

sources and flow work presented in Supplemental Figure S2.
Quantitative data

An initial quality control survey to understand the concepts and project operational barriers to
implementing the intervention, and inform the approach to interviews, was conducted among
20 clinicians from seven hospitals transferred into the intervention phase at a regional
investigator meeting in June 2019. A hospital organisation guestionnaire (HOQ) was used at
the beginning of the trial to capture different health system contexts, such as the
characteristics of hospitals (region, level, participating department). The rate of recruitment
speed obtained from monitoring logs and data entry quality assessed from CRFs were used to

inform sampling for the interviews.

Quialitative data
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A focus group discussion was conducted with site Principal Investigators (PIs) who attended
a national investigator meeting facilitated by PE research team, prior to the in-depth
interviews in January 2020. There was discussion over role responsibilities and assignment,
their experience in trial conduction, how the intervention was being implemented, and factors
that might impede or facilitate the intervention components. Another focus group was
conducted with project clinical research associates (CRAS) when all the sites transferred from
control to intervention phases to gain further perceptions of the implementation challenges
from an operational perspective. Semi-structured interviews were conducted by two trained
researchers (MO, LLS) between January and October 2020 and audio recordings were
collected for analysis. Interviewees were crucial stakeholders involved in the implementation
of intervention, and included study coordinators, ward clinicians and nurses. Interview guide
questions were informed by the NPT domains to enable an in-depth understanding of the
integration of the care bundle into routine practice. During the process of conducting the
interviews, questions were iteratively modified to allow the exploration of emergent themes
identified by the research team. All interviews were conducted in Chinese, with interviews
undertaken in person at the first three hospitals, while the rest were conducted online due to

restricted health services access during the COVID-19 pandemic.
Ethical approval and participants consent

De-identification data were collected through the processes, with ethical approval obtained by
the participating sites. The information sheet and consent form were sent to the participants

prior to the interview, and verbal consent was obtained prior to the focus group discussions.
Data analysis and report

Quantitative data were analysed using descriptive statistics and reported in numbers and
percentages. Qualitative data were analysed independently by two trained coders to ensure
the credibility of the findings. Transcripts in Chinese were coded, and the themes and
illustrative quotes were translated into English by the two coders (MO and LLS) who are
bilingual (native speakers of Chinese and proficient with English). The two coders have
intensive experience in academic research and clinical background, with a higher degree of
education (master/doctoral degree). An initial thematic codebook was developed from the
first four sites (12 interviews) by two independent coders to examine the key variations of
context, intervention acceptability, adoption, and fidelity, at each site. Thematic saturation

was reached after interviews were completed from nine sites (26 interviews), with no new
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codes being created and agreement reached between two coders. Preliminary findings were
discussed with the research team over interpretation and the need to explore the significance
of the results. Nvivo 11.0 was used to manage the data and COREQ checklist!” was used to
report the qualitative findings (Appendix 1).

The merging method was used to integrate both quantitative and qualitative datasets for
analysis and comparison across the numerical and textual data that were derived from similar
questions.® Joint display technique, a helpful approach to visualise data integration to
enhance insights into the findings in mixed methods research,'® was used to display
integrated findings through a merging of percentages obtained from the quality survey and

themes from qualitative data.

Results
Characteristics of participants

There were 20 participants from seven hospitals who completed the initial qualitative survey,
and 14 Pls/sub-Pls from eight hospitals who underwent focus group discussions after their
site had transferred over to the intervention phase. Semi-structured in-depth interviews were
conducted in eight tertiary and one secondary hospital (4, 3, and 1 each, in Eastern, Western,
and Northern and Middle regions of China, respectively). Interviews occurred with 26
implementers, who were mostly (76%) doctors from Neurosurgery Departments with
different professional grades. Among the sampled hospitals, four had a low recruitment rate,
while six had moderate to good data entry quality (Supplemental Table S1).

Fidelity, reach, dose, acceptability and appropriateness, adoption and sustainability

Table 1 summarises the implementation outcomes of the care bundle. Participants were in
agreement over the perceived importance of the care bundle for ICH management, and they
reported that it had been delivered as planned. However, many expressed a reluctance to
provide the care bundle to patients where there were concerns over the potential to cause
harm from hypotension or hypoglycaemia. Clinicians concerns of compensatory
physiological responses (e.g. stress hyperglycaemia), and underlying similar established care
procedures but with a broader range of target values also compromised delivery of care
bundle, especially over glycaemic control. Participants also reported difficulties in reaching
and maintaining the protocol-defined target levels of BP and blood glucose level (BGL).

Moreover, the low recruitment rate was due to a shortage of staff and beds, particularly in
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secondary or rural hospitals. This factor was highlighted by participants as relevant to the

potential scale out of the intervention at a national level.
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Table 1. Implementation outcomes of the guideline-recommended care bundle in INTEREACT3

Implementation Definition Coded theme Quote
outcomes
Fidelity Whether the care e The care bundle was “Patients with comorbidity of heart disease felt uncomfortable and agitated
bundle under delivered as planned after lowering blood pressure to 140; then we feared to control” (No.4,
investigation in e Concerns of delivery in neurosurgeon)
INTERACT3 was igh-ri i . .
delivered as intended high-risk p?t'ents “We did not take specific control of pyrexia according to the protocol
¢ Culture_bellefs an_d because the procedure is similar to the routine care and the doctors thought
underlying es_tabllshed it is not meaningful to do so...” (No.3, neurologist)
management impede the
delivery
Dose What were the e Adherence to BP/BGL/body “We tried (to achieve<140mmHg)but half of the patients can achieve the
quantity and quality temperature monitoring as  target level, but some patients had very high blood pressure and became
of the care bundle planed aggressive in the acute phase, make it difficult to reduce the blood pressure
was delivered e Hard to achieve and to target level within one hour” (No.5, neurosurgeon)
gsmt?jlrll?’tgel_target level for “The glucose level control also involves the patient’s diet intake, so
an sometimes it is not easy to control...there is a delay in the insulin
adjustment after food intake and after adjusted a higher dose of insulin the
level decreased...then introduce a big fluctuation ” (No.3, neurologist)
Reach Whether all eligible e Care bundle was delivered “Some very severe patients self-discharged because the economic burden

ICH patients received
all components of the
care bundle

for all recruited patients
except self-discharged
patients due to economic
burden

and stopped the treatment” (No.9, neurosurgeon)

“Some patients would like to be recruited but not enrolled because
considered lack of economic support for the medications for BP
lowering...” (N0O.5, nurse)
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Acceptability andWhether the care
appropriateness bundle was

Adoption and
sustainability

acceptable and
perceived fit in
practice settings

Whether the care
bundle was integrated
and incorporated into
routine practice and
local policies

Insufficient consecutive “Not all the eligible patients were included in the study, some were related

recruitment due to to an unwillingness to participate from the family, others might because the
contextual factors such doctors were too busy and missed to recruit...” (No.5, neurosurgeon)
asshort of medications and

resources

The implementers accepted “The trial has clinical practice guidance instruction because it is a bundle

the care bundle concentrates on the key treatments for the ICH acute phase and have better
Implementers perceived the effects than single treatment... This kind of treatment strategy and standard
benefit of care bundleto  quality certainly meaningful for clinical practice” (No.3, neurologist)

|CH management “Because the care bundle is taken consider for the patients, they usually not

reject to (receive) it. We have successfully implemented this intervention...”
(No.9, nurse)

Recognised the importance “I think it is not easy to implement the care bundle for the hospitals at our
of adopted into routine care level (tertiary hospital). The care bundle needs sufficient staffing... BP

and widely used intervention is fine since we have electric monitors but BGL monitoring will
Factors such as resources, be a heavy workload” (No.6, neurosurgeon)

knowledge and admit of the ..
benefits on the care bundle
need to be solved to ensure
the sustainability

The cooperation between multiple departments and medication supply
might have issues for generalizability...” (No.2, neurosurgeon)

Footnote: BGL denotes blood glucose level, BP blood pressure, ICH intracerebral haemorrhage;

Data sources are from semi-structured interview.
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From the survey, 45% and 40% of participants reported that BP and BGL control,
respectively, were challenging to implement, but only 20% stated difficulties with the
treatment of pyrexia. Regarding anticoagulation reversal, 45% of the participants claimed
that very few patients were eligible for this intervention. From interviews and focus group
discussions, BGL control was highlighted as the most complex intervention to implement,
where there were concerns about treating simple stress hyperglycaemia, the need for frequent
finger prick or venepuncture tests, difficulties in regulating BGL in fasting patients, and
increased out-of-pocket payments with greater monitoring. Conversely, interventions for BP
lowering and treatment of pyrexia were simpler to implement as it was part of routine
management outlined in national guidelines. Given the infrequent use, few reflections were
expressed over barriers to pyrexia treatment and reversal of anticoagulation in the context of
the small number of patients already taking anticoagulants prior to admission or being

admitted with pyrexia.
Implementation barriers

From the in-depth interviews with doctors and nurses, further insightful barriers of each
component of care bundle implementation were identified at implementer, patient and
organisational levels (Table 2). From the clinician’s level, lack of guidelines for specific
conditions (e.g. more severe patients or for those with comorbidities) and concerns over
harms from adverse events were the most frequently cited factors that challenged them in
care bundle delivery. Patient level included cardiac or renal disease comorbidities, and lack
of cooperation from the patient/families related to non-adherence of diet advice and
complaints about increased frequency of BGL testing, impacted upon clinician’s decision to
deliver the care bundle. Contextual factors at an organisational level, such as lack of staff and
equipment, underlying similar established procedures, shortage of medication supply, and
local policy on restrictions related to health insurance, were reported as common barriers to

the delivery of intervention components.
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Table 2. Barriers and facilitators of the intervention implementation by each component

Components Barriers Facilitators & Suggested solutions
Implementer level Patient level Organisational level

Intensive BP « Concerns of « Difficult to achieve » Local policy or Constant training, especially for new or

lowering adverse effects of target in patients with restriction of rotated clinicians

ischemia or
hypotension,
especially in elder,
heart disease or
surgery patients
New or changed
staffs lack
communication or
training to deliver
intensive care

No specific
guidelines for
patients under
surgery when BP
lowering is not the
priority

Similar procedure
of hypertension
control but not
intensive

severe, agitated, very
high BP, renal
hypertension, with
pain, incontinence or
medication-resistant
Patients did not
accept the
intervention due to
increased medication
expenses for
hypertensive agents

medication supply
Difficult to achieve
the target level within
1 hour due to
assessment delay,
pre-operation
preparation

Delegated nurse to ensure the process
Case review to summarize the reasons
of BP elevation and find out a solution
Start BP lowering at the ED with a
smooth pathway

Deep communication between multiple
departments

Standardized BP procedure leading by
residency doctors

Ensure medication supply and
appropriate administration
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Blood sugar
control

Body
temperature
control

Concerns of .
hypoglycaemia,
especially in non-
diabetic

No specific .
guidelines for

random BGL,e.g. -
after dinner and
stressed
hyperglycaemia

High frequent
monitoring-not
feasible outside

NICU

BGL fluctuation:
difficult to adjust
insulin to achieve
narrow target

range

Similar procedures e
and monitoring in
routine care

Not strict control
if temperature not
over 38.5 from
routine care

Challenging to
achieve target BGL
in patients with
comorbidities

Not adhere to diet
advice

Complain and in-
cooperation because
high frequent finger
point tests

Difficult to achieve
the target in patients
with pneumonia
Small number of

patients with pyrexia

after admission

Lack of insulin pump
and staff to do
monitoring

Hospital policy
restricted frequently
monitoring-related to
expense for BGL
check

Underlying
established protocol

N/A

Communication with patients/family of
the frequent BGL testing

Constant training

Use additional pumps to control
glucose and consider the nasogastric
nutrition

Consider patients disabled side to do
BGL check can reduce pain
Consultation with endocrine expertise
of insulin treatment case by case
Non-diabetic patients should set
routine prescriptions of glucose level
monitoring to assure adequate
monitoring

N/A




Anticoagulant  « Limited supply of « Small number of » Restriction policy of  N/A
reversal fresh blood patients using using fresh plasmin
plasmin anticoagulation
« Patients very severe
and family did not
accept treatment

Footnote: BP denotes blood pressure, BGL blood glucose level, ED emergency department, N/A not applicable, NICU neuro-intensive care unit;
data sources are from semi-structured interviews and focus group discussions.
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Since achieving the effective BP and BGL control were reported as the most challenging
aspects of the protocol in both the survey and interviews, the findings were integrated as a
joint display. From the survey, nearly half of respondents reported medication limitation as
the main barrier to reaching the BP control target; this was related to hospital policy and
insufficient supply (probed interview, Supplemental Figure S3). For BGL control, barriers in
correcting abnormal glycaemia levels were reported by 50% of the survey respondents, as the
target BGL range was narrow, glucose solutions were often used. Moreover, as many
neurosurgeons lacked expertise in internal medicine, they found it difficult to control BGL in

patients with high levels of hyperglycaemia (Supplemental Figure S4).
Implementation facilitators and suggested solutions

Constant training during regular trial operational meetings, especially for new or rotated
clinicians, was the main facilitator reported. Other facilitators/solutions included case
reviews, specific procedures for timely initiation of the intervention, and good
communication with patients (Table 2). Interviewees also identified solutions that could
improve implementation: such as designating particular personnel for ensuring quality
processes for BP lowering, early initiation of the intervention in the ED through effective
communication and collaboration, obtaining additional insulin pumps to allow effective BGL
control, and establishing routine prescriptions for BGL monitoring, particularly in non-

diabetic patients with elevated BGL.

Preliminary findings from this section were reported to the project operations team and
discussed in trial meetings involving lead investigators to address the barriers in June 2020.
Additional training was provided to staff at participating sites to enhance the delivery of the
intervention and improve implementation quality. After these meetings and training, there
were improvements in BP reduction and glycaemic control: the average time to achieve the
BP target was reduced by 0.5 hours (comparison provided in Supplemental Figure S5), and
the rate achieving the BSL target was increased by 9% in sites in the intervention phase (38%
in May 2020 vs. 47% in July 2020).

Mechanism of embedding the care bundle into routine practice

The themes to understand the mechanisms of normalising the care bundle into routine
practice were coded according to the domains of NPT in Table 3 and Supplemental Table S2.
These themes include an appreciation of the interventions as standardised guidelines

(coherence), ‘champions’ in the view of constraints (cognitive participation), streamlining the
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workflow across departments (collective action), recognition of the care bundle advantages
and case reviews to improve implementation quality (reflexive monitoring). From the
reflexive monitoring, nurses were more focused and motivated to make efforts to reach the
intervention target by reviewing details of each individual case, self-directed group
discussions and consulting specialist; whereas doctors who considered patients with severe
ICH to be more prone to adverse effects or those with comorbidities showed resistance to
following the guideline-directed care bundle. Neurosurgeons recognised improvement in
regular monitoring and increased awareness of abnormal physical parameters while ED
doctors who have already established similar practice and knowledge reported non-adherence

to the care bundle.
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Table 3. Mechanism of embedding the care bundle into routine care by NPT domains

NPT domains and Explanation Quote
theme
Coherence: e Implementers appreciated the “I knew doctors from secondary hospitals did not apply standard ICH
established care bundle standardised usual management. | think this intervention is very standardised management for
procedures and care, and perceived a benefit of ~ ICH, and that participating in this trial can learn more on how to monitor
knowledge how participating in the trial and manage hypertension-related ICH...especially for guidance in secondary
challenging the provided them with a chance to  hospitals.” (No.7, neurosurgeon)
integration learn and enhance their
knowledge on the primary care
of ICH patients.
e Resistance in embedding the “Some of the doctors did not adhere intervention protocol because they
care bundle into routine practice  thought it is not meaningful. Actually, everyone controls body temperature in
mainly due to established the routine care, but we usually treat pyrexia when body temperature over
procedures and different levels ~ 38°C or 39°C, so we are not following your standard (37.5°C)” (No.3,
of background expertise that did  neurologist)
not agree with the suggested “The BGL ranges for both diabetic and non-diabetic patients have no special
cut-off parameters of the care meanings to our Emergency Department doctors. To control blood glucose
bundle between 7-10 mmol/L is similar to our usual care and we did not intervene
too much if it is between 6~12 mmol/L.” (No.8, ED doctor)
Cognitive e Participation of the site staff was  “Without the supervision of the director and me, everyone is not particularly

participation:
responsibility,
capacity and
incentives

reportedly reliant on whether
there were designated
‘champions’ with clear
responsibility and supervision
from the PI. This was in the

interested (to participate). Because they are uncertain as to whether it can be
done or not, and the workload is increasing. This may be a problem in every
research centre” (No.5, neurosurgeon)
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Collective action:
Optimising
workflow at the
organisational
level with a
dedicated team

Reflexive
monitoring:

context of the trial imposing
greater workload, thereby
affecting site staft’s
commitment to take part in the
research.

Incentives (such as opportunities
to have academic outputs) could
be a motivation to promote
participation:

It was important to adapt and
streamline workflows through
standardised procedures while
ensuring that there was a
specific group of clinicians to
support the implementation of
the intervention in routine care.

Involving multiple departments
was seen as difficult to
coordinate from an
administrative perspective

Recognition of improvement in
regular monitoring and

“If the PI appointed delegated staffs to be responsible for the implementation
and they have a clear division of work with individual responsibility, then the
implementation is better in this site. Incentives and opportunity to have
academic outputs also can be motivations for the doctors” (project research
coordinator)

“Because the ED is very busy, and it is difficult to rely on them to operate.
Therefore, we have a nurse team to the ED and ensure the diagnosis
immediately after CT, then inform the responsible doctors for enrolment and
activate intervention... We are cooperating well with ED and familiar with

each other, so the intervention implementation could be relatively better.’
(No.3, nurse)

“The patients admitted ED had done most investigations in ED so that no
delays or disrupts in the ward then the intervention can initiate immediately.
This is the improvement we did for the procedures after transfer to
intervention” (No. 7, neurosurgeon)

“Regarding the quality of implementation, because the neurosurgical
department is paralleled to our department (neurology), | cannot supervise
them and ensure they have achieved the target level timely” (No.4,
neurologist)

“Probably the internal medicine doctors might be more aware of it (BGL)
since we (neurosurgeons) more focused on surgeries...but I found the doctors
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acknowledged increased awareness of in our department have more awareness of the BGL than before also in the

benefits and abnormal physical parameters, nurses. Usually, the internal medicine doctors were more likely to reach the
reflections on especially among the target ranges while neurosurgeons more focus on extreme variabilities and
contextual factors neurosurgeons. pay less awareness of the range.” (No. 1, neurosurgeon)

for broad

implementation
e Organising case reviews to solve  “To find the underlying reason of increased BP before reducing BP helps. We

delayed processes and constantly started learning from the intervention phase and reviewing cases
difficulties to reach the target of different patients to analyse and practice. For blood glucose control, we
levels of parameters within the  wusually collaborate with the Endocrine Department...” (No.6, nurse)
timeframe, consultation with

experts, and efficient

communication,

e Elements relating to settings, “I don’t think it will be an issue to generalise this care bundle into the
staffing resources, equipment, national level, but I'm not sure in other general wards. Nurses will have
medication supply, patient increased workload, and if the ward has adequate monitoring equipment and
insurance and hospital policy are the hospital has the policy for performance-related payment as a commission,
important for integration and then that should not be an issue...” (No.2, nurse)

sustainability of the care bundle.

Footnote: BGL denotes blood glucose level, BP blood pressure, ED emergency department, ICH intracerebral haemorrhage, PI principal
investigator; data sources are from semi-structured interview.
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Discussion

The guideline-directed complex intervention of INTERACTS3 has been found to be feasible
and acceptable in clinical practice. However, the target parameter levels of the intervention
were difficult to achieve due to the critical illness and pathophysiology nature of ICH in
China and severe comorbid conditions, and contextual factors at an organisational level such
as delayed processes, limited supply of medication and lack of staff capacity. The embedding
of care bundle into routine care required the clinicians to optimise workflow at the
organisational level with a dedicated team, accept the care bundle and reflect on contextual
factors for broad implementation. Strategies such as generating a streamlined workflow
within available resources, having a dedicated team, and processes that fed back the benefits

of the care bundle, assisted the implementation of the care bundle in routine clinical practice.

Our findings are consistent with other studies that have identified common barriers to
implementing guideline recommendations, such as lack of time, concerns over adverse
effects, financial constraints, and personal preferences or values.*® We found contextual
factors at an organisational level, such as lack of staffing and equipment, inconsistent
procedures and limited medication supply, were the most often mentioned barriers for
intervention delivery. These factors were also recognised as potential barriers to scale-up the
care bundle into a national level, especially at secondary hospitals located in regional areas
with limited sources yet bear the major burden of diagnosis and treatment for the
populations.?® Significant heavy workload on healthcare professionals in China compromised
their capacity to do additional work, which challenges their ability to adhere to new clinical

guidelines and participate in research.?°

Establishing protocols and procedures at local sites might go some way to address the heavy
workload and responsibilities but appear to impede the implementation of guideline-based
care bundle. Although the Chinese Stroke Association recommends there are no
contraindications to reduce SBP<140mmHg in ICH patients with elevated BP
(SBP>150mmHg), there is no explicit time interval provided around such targets being
achieved.?? For BGL management, the recommendation is for close monitoring to avoid both
hyperglycaemia and hypoglycaemia, but without any specific goals being recommended.?!
Compared to usual care based on national guidelines, the care bundle of INTERACT3
provides more details, but this requires more time and effort to embed into routine care.

Clinicians reported that they did not explicitly adhere to the recommended level of pyrexia
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control (<37.5 °C) as it was set similar to the target level (<38°C) in the national guideline.?
Given the low rate of warfarin use (6%-14%) in Chinese patients,? it is not too surprising

that the clinicians claimed that very few patients required anticoagulation reversal.

We found that the decision-making and management processes underlying implementation of
the care bundle varied according to the different background expertise of clinicians. This is
consistent with another study where nurses had a tendency towards problem-solving and for
their management to be influenced by individuals while the decision of doctors was generally
based on experience and autonomy.?* Guidelines may be most influential in physicians who
are less experienced or lack of a dominant practice style,?® which could explain the attitude
change on physiological parameters monitoring in neurosurgeons who were used to focusing

on surgical interventions and lack of regular monitoring of BGL in their general practice.

Formal leadership and behaviour regulation are essential ingredients for ensuring that stroke
care is of high quality and evidence-based.?® Although most participants recognised the
importance and appropriateness of the care bundle, they also highlighted the PI’s role in
motivating its delivery, and the value of generating a specialised procedure/workflow within
available hospital resources to optimise the integration of the care bundle into routine
practice. Dissemination of clinical guidelines alone was ineffective at changing the behaviour
of healthcare professionals; involving all staff in establishing new routines and procedures
around guidelines is necessary to implement evidence-based care in practice.?* In China,
however, establishing standardised therapies and protocols are challenging due to variation
and discrepancies between services. Thus, there is a need to consider the availability of

resources and systems before introducing workflows around implementing guidelines.
Implications

Careful consideration of potential barriers and facilitators, in collaboration with health
services providers should be done prior to the start of the trial and in an ongoing iterative
process to identify and deliver implementation strategies relevant to local sites. These
strategies include: having a lead physician to evaluate the available resources and involve all
staffs in changing management to optimise standardised workflow to allow timely initiation
of interventions to achieve required targets; having a designated team of experienced nurses
and doctors that can facilitate processes in collaboration with ED; encouraging constant

training and regular case reviews, to improve the quality of implementation.

In regards to other LMICs implementing guideline-recommended interventions for ICH
179



management, it is crucial to identify and solve relevant issues at an organisational level, such

as medication supply, necessary equipment and personnel resourcing.
Strengths and limitations

This is the first study using mixed methods to explore the implementation and integration of
guideline-directed ICH management in China in conjunction during a vanguard phase of a
stepped wedged international trial, which provided timely opportunity to optimise
implementation. The sample size for the initial survey was small due to the limited number of
sites had transferred into intervention phase at that time point. Moreover, we were limited in
the number of people available for interview, and these were not balanced for region or level
of hospitals. Despite our efforts at purposive sampling, most of the participating hospitals
were academic tertiary-referral level hospitals with the capacity and interest to participate in
research. Due to the pause of recruitment and restrictions to access the hospitals during the
COVID-19 pandemic, we were unable to expand the survey and conduct non-participant
observations to obtain more objective data on the care bundle implementation. We
acknowledge limitations that introduced by deviations to the protocol and timeline. Lack of
perceptions from patients is another limitation, which was due to the severity and unstable
nature of ICH in the acute phase, and it was difficult to engage with patients/family in an
efficient manner, especially as the COVID-19 pandemic evolved. However, we did include
questions regarding the patient journey to the clinician interviews to understand patient’s
attitude and experience towards the care bundle. We intend to undertake similar PE studies as
the study rolls out in the other LMICs, including a series of patient interviews when the
patient’s condition has stabilised, to enable a deeper understanding of the patient’s journey

and the impact of the intervention and patient outcomes of the trial.
Conclusion

Varied local established care procedures across sites, different levels of background
expertise, and lack of staff capacity impeded the integration of goal-directed care bundle into
routine practice for ICH management in China. Identifying and addressing these barriers is
likely to facilitate implementation of the protocol in other LMICs with similar limited
resources and settings, and more broadly if the trial results prove positive. For future study
designs, explicit consideration at organizational and care-delivery levels should be given at

the trial set up to develop strategies for intervention implementation.

Statement of Ethics
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All written informed consent to participate in the study were obtained. The Biomedical Ethics
Committee of West China Hospital approved the INTERACT3 study before the
commencement of any patient recruitment (Ethics Reference No. 2017 Review [217]).
According to funding request from Medical Research Council, additional approval (Ethic
Reference: 26596-tgr2-Is: cardiovascular sciences, dept of) had been obtained from Research
Ethics Committee of the University of Leicester, United Kingdom. Ethics approval was
obtained in each site before site activation. Cluster Guardian consent (signed by General
Manager or Chief Executive of hospital, or Head of Neurology/Neurosurgery/Stroke
Department) for patients to receive the randomised care bundle to be implemented for acute
intracerebral haemorrhage patients in Emergency Department, Stroke Unit, Intensive Care
Unit or Neurology/Neurosurgery Wards. Written individual standard consent for the
collection of data through in-person assessment and data extraction from medical records
during the hospital stay and follow-up, and for release of personalised information for
research purposes to allow centralised follow-up at 6 months following admission will be

obtained from all patient participants or their person responsible.
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Chapter 6 Discussion and future research direction

Nurses, as integral members of the interdisciplinary team who work across the whole stroke
care continuum, are responsible for the rapid assessment of patients with suspected stroke and
in processes to facilitate the appropriate use of interventions. The various nursing care
processes include timely screening and/or assessment of dysphagia, nutrition and hydration
status, mood and rehabilitation needs; monitor and respond to abnormalities in physiological
parameters; and identify and manage common complications. This body of work is primarily
based on the data derived from two large-scale, international, multicentre, cluster-randomised
controlled trials focusing on aspects of acute stroke care: HeadPoST and INTERACT3. With
a background in nursing, | am proud to have been given the opportunity to work on these
projects and conduct specific research on care processes that are relevant to nursing care,
including dysphagia screening, indwelling urinary catheterisation (IUC), early detection and
management of low presenting BP and SaO: levels. My work also involves exploring the
variations of the components of stroke unit care across regions, and defining the enablers to
improve the care implementation in clinical practice. | believe these nursing care processes
are crucial to ensuring optimum recovery for patients, and future studies are needed to
enhance the development, uptake and delivery of the clinical guidelines for stroke care.
Within this context, | will summarise the key findings of this thesis, explain their implications

for clinical practice, and make several recommendations for future research.

6.1 Summary of the key findings

In Chapter 2, | found patients who failed a dysphagia screen or used an I[UC were vulnerable
to post-stroke infections and had a significantly increased risk of adverse outcomes. The
frequency and timing for care processes for dysphagia screening varied widely across
regions, with it being high in Australia/UK (91.4%) and low in China (69.2%) and South
America (61.5%). | found patients who failed a simple dysphagia screen had an increased
risk of both pneumonia and death or dependency (aOR 3.00, 95%CI 2.18-4.10, and aOR
1.66, 95%CI 1.41-1.95, respectively) compared to those who passed. Failed a formal
dysphagia assessment was also associated with greater odds of pneumonia and poor outcome
(aOR 3.04, 95% CI 2.11-4.39, and aOR 2.22, 95% CI 1.76-2.80, respectively). Moreover,
subsequent use of feeding restrictions in patients who failed either of the dysphagia
evaluations was related to a higher risk of pneumonia (aOR 4.06, 95% CI 1.72-9.54). 1 also
found there is a significant association between early IUC and death or dependency (aOR
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1.40, 95%CI 1.13-1.74) but not in urinary tract infection (UTI, aOR 1.13; 95% CI 0.59-2.18),
after adjusting for a range of key prognostic and management factors. In the stratified
analysis, a similar magnitude of association was identified in patients without UTI (aOR 1.43,
95%CI 1.15-1.78), suggesting that UTI was not a mediator between the relationship of early
IUC and poor outcome. Again, significant regional variation was also identified in the
frequency and duration of early IUC, with the highest utilisation in India/Sri Lanka (33.8%)
and lowest in China (5.7%). The longest duration of insertion was in Australia/UK and China
(6 days) compared to the shortest in India/Sri Lanka (4 days).

In Chapter 3, my findings suggest that patients with a low BP or SaO; were at increased risk
of adverse outcomes. I found a ‘J-shaped’ relationship between BP and poor outcomes. The
odds of death or dependency increased when SBP <130mmHg, especially in patients with a
final diagnosis of AIS. Patients with a low presenting SBP (<120 mmHg) were younger,
more likely to have comorbid heart disease and functional impairment, and greater
neurological impairment at the time of stroke onset. Compared to those presenting with
moderate SBP (120-139 mmHg), patients with low SBP had an increased risk of death or
dependency (aOR 1.27, 95% CI 1.02-1.58) and SAEs (aOR 2.31, 95% CI 1.16-4.60), after
adjusting for potential confounders of pre-existing cardiac/cerebral comorbidity,
dependency/frailty, and severity of the neurological deficit. Similar results applied to
diastolic blood pressure (DBP) and were consistent in the sensitivity analyses. The
significant association between low BP and adverse outcomes was not explained by reverse
causality from pre-existing cardiac comorbidities, and the findings support the hypothesis that
low BP exacerbates cardiac and cerebral ischaemia after acute stroke. Regarding SaO: in the
first 24 hours after acute stroke, I found a reverse ‘J-shaped’ relationship between the lowest
Sa0; and death or dependency, with a nadir at 96-97%. Patients with oxygen desaturation
(Sa02<93%) were older, and more likely to have a severe neurological impairment,
premorbid disability and cardio-respiratory disease. Oxygen desaturation was not clearly
associated with death or dependency (aOR 1.19, 95%CI 0.95-1.48) but with increased odds
of any SAEs (aOR 1.34, 95%CI 1.07-1.68) within 90 days. No heterogeneity was found

across the prespecified subgroups by head position or cardio-respiratory comorbidity.

In Chapter 4, | found patients in low- and middle-income countries (LMICs), compared to
those in high-income countries, were less likely to receive established optimal treatments that
are beneficial to better functional recovery, particularly of admission to an ASU and

multidisciplinary allied health care. | identified significant variations in the components of
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care processes according to ASU admission across four economically-defined regional
groups of the world (Australia/UK, China, India/Sri Lanka and South America). ASU
admission was highest in Australia/UK (98.2%), followed by India/Sri Lanka (84.0%), South
America (41.3%) and China (20.0%). | also showed considerable regional variation in the
characteristics of the patients admitted to ASU, and the types of care and management they
received under the umbrella of ASU care, within and across different health care systems.
Consistent with previous findings, the data confirmed that admission to ASU differed by age,
neurological severity, and presence of comorbidities. Patients admitted to ASU having a
better functional outcome, and this was consistent across all regions. Clinical outcomes by
ASU admission also varied across regions, with the highest case fatality in India/Sri Lanka
(12.3%). Compared to patients in Australia/UK, those in lower-income regions were less
likely to receive reperfusion therapy as a care process in ASU, especially in India/Sri Lanka
(aOR 0.27, 95%CI 0.12-0.63). The probability of receiving allied health care, including
formal dysphagia assessment, physiotherapy, and occupational therapy, was significantly
lower in all LMICs than in Australia/UK.

In Chapter 5, my findings outlined the key factors that influence the implementation of a
quality-improvement intervention for ICH management in a middle-income country, China.
Clinician knowledge, preferences, and values around the intervention, and level of patient
acceptance, all complicate a healthcare professional decision over the provision of evidence-
based care. Moreover, contextual factors at the organisational level, such as lack of staff and
equipment, underlying established care procedures, limited medication supply, local policy
and restrictions related to health insurance, impede stroke care delivery. Conversely,
constant training, cases review, good communication with patients, and optimising the
procedures were all the areas that were identified as facilitators for care implementation.
Generating workflow that fits into available resources, having a dedicated team, and
recognising the benefits of the intervention, were elements that assisted the embedding of the

new system of care into everyday clinical practice.
6.2 Implication of findings for researchers and clinicians

Standardise care process to improve quality of care

It is crucial to standardise local protocols to deliver high-quality stroke care to prevent post-
stroke complications. Simple dysphagia screening alone or combined with a formal

assessment (e.g. video-fluoroscopy) is cost-effective for patients with acute stroke.® Although
186



dysphagia screening is recommended by the World Stroke Organisation (WSO) and widely
used as a stroke care quality indicator,? the frequency of performing this procedure is often
low (46.1% in Germany, 74.4% in the US).>* There is an urgent need to standardise
protocols for dysphagia evaluations and incorporate them in clinical pathways with regular
audits to ensure local competence. Early IUC was independently associated with death or
dependency at 90 days after stroke (Chapter 2.2), highlighting the need for appropriate use to
decrease potential risks and promote recovery in vulnerable patients. Although guidelines
recommend avoiding the routine placement of a urinary catheter, studies have shown that
improper use of IUC is high (43.9% to 52.8%).> Explicit clinical policy at national and
hospital levels, and regulation of documentation and specific education for healthcare

professionals, could ensure high quality of care for patients with acute stroke.®
Closely monitoring and appropriate management on vulnerable patients

Clinicians should closely monitor patients with low BP and SaO- levels and take appropriate
corrective management as needed. Potential causes of low BP including volume depletion,
acute myocardial infarction, cardiac arrhythmia, blood loss and aortic dissection.” Treatment
should be rapid and tailored to underlying diagnoses, but at the same time being cautious in
vulnerable patients, such as those with pre-existing cardiac comorbidities, who are prone to
the complications of volume overload. In Chapter 3.2, | showed that patients with the lowest
Sa02 (96-97%) in the first 24 hours of admission had a better outcome compared to those
with full concentration (SaO2 100%). Together with other evidence that liberal oxygen
therapy is associated with increased mortality and no improvement in other outcomes,®
supplemental oxygen therapy should be used cautiously in clinical practice. As such,
guidelines recommend avoiding routine use of supplemental oxygen, but instead restricted to
patients with evidence of desaturation and to reach a reasonable treatment SaO- target of 94-
96%.° However, excessive use of supplemental oxygen is often reported in patients with
acute stroke without hypoxia, partly because healthcare professionals believe oxygen has
little or no harm.1® Thus, as well as regular monitoring of vulnerable patients, clinicians

should be cautious with their actions that may contribute to adverse outcomes.

Improve accessibility and availability of acute stroke care in low- and middle-income

countries

An organised ASU, with a coordinated multidisciplinary team and special expertise in stroke,
has been proven effective in improving patient outcomes after stroke.!* Although guidelines
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recommend all stroke patients be admitted to ASU,*? the admission rates are low in LMICs,
suggested in Chapter 4. There were few or no ASU in any of the settings within LMICs due
to limited resources, fragmentation of care, and lack of standardised health policies.'>*’
Moreover, findings from Chapter 2 and 4 indicate the timely dysphagia assessment,
probability of receiving essential care processes, such as reperfusion therapy and allied health
care, were lower in LMICs compared to HICs. As rtPA has been shown highly cost-effective
for AIS, it is recommended as a priority treatment across the world.!81° However, only 3-
19% of the cases of AlS receive the treatment, and the use is particularly low in LMICs
because of limited accessibility, availability and affordability.t”2° Multidisciplinary stroke
care is also an effective management strategy, improving outcomes and length of hospital
stay particularly in those with mild to moderate neurological impairment.2X However, in
many LMICs, there is limited multidisciplinary care and formal rehabilitation, with less than
10 skilled allied health practitioners per 1 million people.”?? Health ministry and other
government departments need to establish policies to improve accessibility and availability of
organised acute stroke care.r” 23 2* Furthermore, there is a need to develop opportunities for
career advancement, upskilling and training, and actions to promote and retain healthcare

professionals where there are gaps in specialists.!’
Strategies to improve implementation of guideline recommendations

| have shown that the implementation of guideline-recommended care could be improved by
enhancing the knowledge and awareness of clinicians, and by systematically identifying and
addressing barriers related to necessary resources. | recognise that embedding evidence into
clinical practice is challenging, and many obstacles have to be overcome with various
strategies.?® Such implementation strategies need to be based on sound evidence
(knowledge) of benefits and risks to improve clinician’s awareness and agreement with self-
efficacy, skills and motivation over implementing guidelines recommendations, and that with
all potential implementation barriers are identified and addressed.?6? The embedding of
constant training/education and regular case reviews are two approaches to improving
knowledge and motivation among health professionals within a broad strategy of integrating
evidence-based care in routine practice. Stroke services vary across regions according to the
availability of skills and resources: human resources, healthcare facilities, diagnostic and
laboratory services, medications, and transport.!® Contextual factors impeding the delivery of
the various components of a complex intervention should be readily identified at the early

stages of an implementation strategy. Generating a workflow that suits available resources for
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a particular setting and having a dedicated and committed team are two solutions to minimise

contextual barriers and promote the use of procedures to facilitate implementation, as

outlined in Chapter 5.

6.3 Strength and limitations of studies

The studies involved in this thesis included a very large number of patients with a broad

range of characteristics who were managed across a variety of health settings. This enhances

the generalisability of the findings. Selection bias was minimised through the use of broad

inclusion criteria and the consecutive enrolment of participants, particularly so in the

HeadPoST trial which used cluster recruitment with guardian consent.

However, there are several limitations.

1.

Much of my work involved post-hoc analysis in the trial population, which increases the
potential for chance findings, and incomplete adjustment of unknown confounding that is
common in observational studies.

The subgroup analysis might be complicated by random associations due to the low
power introduced by small sample sizes.

The inability to pre-specify or standardise the various care under investigation, such as
procedures of dysphagia screening and assessment, feeding restrictions, IUC, and
recordings of BP and SaO», prohibits a greater detail and potentially introduces indication
bias, whereby sicker patients received particular interventions.

In this large pragmatic HeadPoST study, there was a limited range of variables with
simple criteria, and no data were collected on other variables that may influence the
recovery from stroke, such as depression, pain, caregiver support, financial resources.
Moreover, the analyses pertained to associations and are therefore complicated by
indication bias (i.e. the more severe cases received an intervention and have a worse
outcome than others) and incomplete adjustment for severity.

Another factor relevant to this design was the high proportion of missing values in the
primary outcome. Although multiple imputation approach was used to solve this problem,
missingness does not always occur at random as assumed in statistical programs.

For the mixed methods study in Chapter 5, the lack of participation from consumers
(patients/families) is an acknowledged limitation. Moreover, this aspect of the thesis was
interrupted during the course of the COVID-19 pandemic, which introduced deviations of

the data collection from the protocol. There was an inability to undertake interviews with
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patients/carers, and non-participant observation on ward due, to restricted access to the

hospitals.

6.4 Recommendation for future research

This body of work provides sound evidence and foundation for future research in acute stroke
care that can inform the development of guideline recommendations and their

implementation into clinical practice.

A particular area for further research is the prevention and management of post-stroke
infections. AHA/ASA guidelines recommend the early use of nasogastric tube feeding in
patients with dysphagia,’* but the Australian Stroke Foundation suggests a broader ‘early
consideration of alternative non-oral routes’ without explicit guidance on the choice of
feeding method.® It is unclear how patients will benefit from different timing and approaches
to assisted feeding after stroke.?® Further studies are required to evaluate indications and
effects of feeding actions to improve outcomes in those with dysphagia. Another topic is the
management of urinary incontinence, which is common after stroke.2® Considering the
prognostic significance of early IUC, studies are needed to guide the appropriate use of

urinary catheters in these vulnerable patients.

Abnormal physiological responses, such as low BP and oxygen desaturation after acute
stroke, require rapid treatment to minimise adverse outcomes. However, few studies have
examined the best approach to manage low BP, and the few small trials have produced
inconclusive results.>* Moreover, guideline recommendations lack explicit guidance on
volume and duration of parenteral fluid replacement to treat hypotension and/or hypovolemia
due to insufficient data.* Future research should focus on identifying the mechanisms of low
BP and test different appropriate managements to improve clinical guidelines.

The extent to which variations in acute stroke care are driven by policy, system, costs,
healthcare professional skills and beliefs, needs further investigation. Future studies are
needed on how to effectively increase the uptake and delivery of stroke care, especially in
other LMICs. This could include a comprehensive scoping study of the guideline
recommendations in LMICs, as a foundation to a broad implementation strategy based on
local contextual factors to improve the quality of care for patients (and families) affected by

stroke.
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Appendices

Supplementary Appendix of Chapter 1
Appendix 1. National Institute of Health Stroke scale

Assessment

Response Score

la. Level of Consciousness:

The investigator must choose a response, even if a full
evaluation is prevented by such obstacles as an
endotracheal tube, language barrier, orotracheal
trauma/bandages. A 3 is scored only if the patient makes
no movement (other than reflexive posturing) in
response to noxious stimulation.

0 = Alert; keenly responsive.

1 = Not alert, but arousable by minor
stimulation to obey, answer, or respond.

2 = Not alert, requires repeated stimulation
to attend, or is obtunded and requires strong
or painful stimulation to make movements
(not stereotyped).

3 = Responds only with reflex motor or
autonomic effects or totally unresponsive,
flaccid, areflexic.

1b. LOC Questions:

The patient is asked the month and his/her age. The
answer must be correct - there is no partial credit for
being close. Aphasic and stuporous patients who do not
comprehend the questions will score 2. Patients unable
to speak because of endotracheal intubation, orotracheal
trauma, severe dysarthria from any cause, language
barrier or any other problem not secondary to aphasia are
given a 1. It is important that only the initial answer be
graded and that the examiner not "help" the patient with
verbal or non-verbal cues.

0 = Answers both questions correctly.
1 = Answers one question correctly.
2 = Answers neither question correctly.

1c. LOC Commands:

The patient is asked to open and close the eyes and then
to grip and release the non-paretic hand. Substitute
another one step command if the hands cannot be used.
Credit is given if an unequivocal attempt is made but not
completed due to weakness. If the patient does not
respond to command, the task should be demonstrated to
them (pantomime) and score the result (i.e., follows
none, one or two commands). Patients with trauma,
amputation, or other physical impediments should be
given suitable one-step commands. Only the first attempt
is scored.

0 = Performs both tasks correctly.
1 = Performs one task correctly.
2 = Performs neither task correctly.

2. Best Gaze:

Only horizontal eye movements will be tested. Voluntary
or reflexive (oculocephalic) eye movements will be
scored but caloric testing is not done. If the patient has a
conjugate deviation of the eyes that can be overcome by
voluntary or reflexive activity, the score will be 1. If a
patient has an isolated peripheral nerve paresis (CN IlI,
IV or VI) score a 1. Gaze is testable in all aphasic
patients. Patients with ocular trauma, bandages, pre-
existing blindness or other disorder of visual acuity or
fields should be tested with reflexive movements and a
choice made by the investigator. Establishing eye contact

0 = Normal.

1 = Partial gaze palsy. This score is given
when gaze is abnormal in one or both eyes,
but where forced deviation or total gaze
paresis are not present.

2 = Forced deviation, or total gaze paresis
not overcome by the oculocephalic
maneuver.
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Assessment

Response

and then moving about the patient from side to side will
occasionally clarify the presence of a partial gaze palsy.

3. Visual:

Visual fields (upper and lower quadrants) are tested by
confrontation, using finger counting or visual threat as
appropriate. Patient must be encouraged, but if they look
at the side of the moving fingers appropriately, this can
be scored as normal. If there is unilateral blindness or
enucleation, visual fields in the remaining eye are scored.
Score 1 only if a clear-cut asymmetry, including
quadrantanopia is found. If patient is blind from any
cause score 3. Double simultaneous stimulation is
performed at this point. If there is extinction patient
receives a 1 and the results are used to answer question
11.

0 = No visual loss.

1 = Partial hemianopia.

2 = Complete hemianopia.

3 = Bilateral hemianopia (blind including
cortical blindness).

4. Facial Palsy:

Ask, or use pantomime to encourage the patient to show
teeth or raise eyebrows and close eyes. Score symmetry
of grimace in response to noxious stimuli in the poorly
responsive or non-comprehending patient. If facial
trauma/bandages, orotracheal tube, tape or other physical
barrier obscures the face, these should be removed to the
extent possible.

0 = Normal symmetrical movement.

1 = Minor paralysis (flattened nasolabial
fold, asymmetry on smiling).

2 = Partial paralysis (total or near total
paralysis of lower face).

3 = Complete paralysis of one or both sides
(absence of facial movement in the upper
and lower face).

5 & 6. Motor Arm and Leg:

The limb is placed in the appropriate position: extend the
arms (palms down) 90 degrees (if sitting) or 45 degrees
(if supine) and the leg 30 degrees (always tested supine).
Drift is scored if the arm falls before 10 seconds or the
leg before 5 seconds. The aphasic patient is encouraged
using urgency in the voice and pantomime but not
noxious stimulation. Each limb is tested in turn,
beginning with the non-paretic arm. Only in the case of
amputation or joint fusion at the shoulder or hip may the
score be "9" and the examiner must clearly write the
explanation for scoring as a "9".

0 = No drift, limb holds 90 (or 45) degrees
for full 10 seconds.

1 = Drift, Limb holds 90 (or 45) degrees,
but drifts down before full 10 seconds; does
not hit bed or other support.

2 = Some effort against gravity, limb cannot
get to or maintain (if cued) 90 (or 45)
degrees, drifts down to bed, but has some
effort against gravity.

3 = No effort against gravity, limb falls.

4 = No movement

9 = Amputation, joint fusion explain:

5a. Left Arm

5b. Right Arm

0 = No drift, leg holds 30 degrees position
for full 5 seconds.

1 =Dirift, leg falls by the end of the 5 second
period but does not hit bed.

2 = Some effort against gravity; leg falls to
bed by 5 seconds, but has some effort
against gravity.

3 = No effort against gravity, leg falls to bed
immediately.

4 = No movement.

9 = Amputation, joint fusion explain:

6a. Left Leg

6b. Right Leg

7. Limb Ataxia:

This item is aimed at finding evidence of a unilateral
cerebellar lesion. Test with eyes open. In case of visual
defect, insure testing is done in intact visual field. The

0 = Absent .

1 =Present in one limb .

2 = Present in two limbs If present, is ataxia
in?
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Assessment

Response

Score

finger-nose-finger and heel-shin tests are performed on
both sides, and ataxia is scored only if present out of
proportion to weakness. Ataxia is absent in the patient

Right arm 1 = Yes 2 = No
9 = amputation or joint fusion, explain:

who cannot understand or is paralyzed. Only in the case
of amputation or joint fusion may the item be scored "9",
and the examiner must clearly write the explanation for

Left arm 1 = Yes 2 = No
9 = amputation or joint fusion, explain :

not scoring. In case of blindness test by touching nose
from extended arm position.

Right leg 1 = Yes 2 = No
9 = amputation or joint fusion, explain:

Left leg 1 = Yes 2 = No
9 = amputation or joint fusion, explain:

8. Sensory:

Sensation or grimace to pin prick when tested, or
withdrawal from noxious stimulus in the obtunded or
aphasic patient. Only sensory loss attributed to stroke is
scored as abnormal and the examiner should test as many
body areas [arms (not hands), legs, trunk, face] as needed
to accurately check for hemisensory loss. A score of 2,
"severe or total,” should only be given when a severe or
total loss of sensation can be clearly demonstrated.
Stuporous and aphasic patients will therefore probably
score 1 or 0. The patient with brain stem stroke who has
bilateral loss of sensation is scored 2. If the patient does
not respond and is quadriplegic score 2. Patients in coma
(item 1a=3) are arbitrarily given a 2 on this item.

0 = Normal; no sensory loss.

1 = Mild to moderate sensory loss; patient
feels pinprick is less sharp or is dull on the
affected side; or there is a loss of superficial
pain with pinprick but patient is aware
he/she is being touched.

2 = Severe to total sensory loss; patient is
not aware of being touched in the face, arm,
and leg.

9. Best Language:

A great deal of information about comprehension will be
obtained during the preceding sections of the
examination. The patient is asked to describe what is
happening in the attached picture, to name the items on
the attached naming sheet, and to read from the attached
list of sentences. Comprehension is judged from
responses here as well as to all of the commands in the
preceding general neurological exam. If visual loss
interferes with the tests, ask the patient to identify objects
placed in the hand, repeat, and produce speech. The
intubated patient should be asked to write. The patient in
coma (question 1a=3) will arbitrarily score 3 on this
item. The examiner must choose a score in the patient
with stupor or limited cooperation but a score of 3 should
be used only if the patient is mute and follows no one
step commands.

0 = No aphasia, normal.

1 = Mild to moderate aphasia; some
obvious loss of fluency or facility of
comprehension, without significant
limitation on ideas expressed or form of
expression. Reduction of speech and/or
comprehension, however, makes
conversation about provided material
difficult or impossible. For example in
conversation about provided materials
examiner can identify picture or naming
card from patient's response.

2 = Severe aphasia; all communication is
through fragmentary expression; great need
for inference, questioning, and guessing by
the listener. Range of information that can
be exchanged is limited; listener carries
burden of communication. Examiner
cannot identify materials provided from
patient response.

3 = Mute, global aphasia; no usable speech
or auditory comprehension.

10. Dysarthria:

If patient is thought to be normal an adequate sample of
speech must be obtained by asking patient to read or
repeat words from the attached list. If the patient has
severe aphasia, the clarity of articulation of spontaneous
speech can be rated. Only if the patient is intubated or

0 = Normal.

1 = Mild to moderate; patient slurs at least
some words and, at worst, can be
understood with some difficulty.

2 = Severe; patient's speech is so slurred as
to be unintelligible in the absence of or out

196



Assessment Response Score
has other physical barrier to producing speech, may the of proportion to any dysphasia, or is

item be scored "9", and the examiner must clearly write mute/anarthric.

an explanation for not scoring. Do not tell the patient 9 = Intubated or other physical barrier,
why he/she is being tested. explain:

11. Extinction and Inattention

(formerly Neglect): 0 = No abnormality.

Sufficient information to identify neglect may be 1 = Visual, tactile, auditory, spatial, or
obtained during the prior testing. If the patient has a personal inattention or extinction to
severe visual loss preventing visual double simultaneous bilateral simultaneous stimulation in one of
stimulation, and the cutaneous stimuli are normal, the the sensory modalities.

score is normal. If the patient has aphasia but does appear 2 = Profound hemi-inattention or hemi-

to attend to both sides, the score is normal. The presence inattention to more than one modality. Does

of visual spatial neglect or anosagnosia may also be not recognize own hand or orients to only
taken as evidence of abnormality. Since the abnormality one side of space.

is scored only if present, the item is never untestable.

TOTAL 142

Additional item, not a part of the NIH Stroke Scale score.

A Distal Motor Function:
The patient's hand is held up at the forearm by the
examiner and patient is asked to extend his/her fingers as
much as possible. If the patient can't or doesn't extend
the fingers the examiner places the fingers in full
extension and observes for any flexion movement for 5
seconds. The patient's first attempts only are graded.
Repetition of the instructions or of the testing is
prohibited.

0 = Normal (No flexion after 5 seconds).

1 = At least some extension after 5 seconds,
but not fully extended. Any movement of
the fingers which is not command is not
scored.

2 = No voluntary extension after 5 seconds.
Movements of the fingers at another time
are not scored.

a. Left Arm

b. Right Arm

Reference: National Institutes of Health, National Institute of Neurological Disorders and Stroke.
Stroke Scale. https://www.ninds.nih.gov/sites/default/files/NIH_Stroke Scale Booklet.pdf.
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Appendix 2. modified Rankin Scale

Score

0 = No symptoms at all.

1 = No significant disability despite symptoms, able to carry out all usual duties
and activities

2 = Slight disability, unable to carry out all previous activities but able to look
after own affairs without assistance.

3 = Moderate disability requiring some help, but able to walk without Assistance.

4 = Moderate severe disability, unable to walk without assistance and unable to
attend to own bodily needs without assistance.

5 = Severe disability, bedridden incontinent, and requiring constant nursing care
and attention.

6 = Dead.

Simplified mRS

Could you live alone without any help from another person? This means being able to
bathe, use the toilet, shop, prepare or get meals, and manage finances.

Yes No

Pl

Can you do everything that you were doing
right before your stroke, even if slower and Can you walk from one room to another
not as much? without help from another person?
Yes No Yes No
2 3
Y \ 4
Are you completely back to the way you Can you sit up in bed without any
were right before your stroke? help?
Yes No Yes No
0 1 4 5
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Appendix 3. Barthel Index
FEEDING
0 = unable
5 = needs help cutting, spreading butter, etc., or requires modified diet
10 =independent ___
BATHING
0 = dependent
5 = independent (or in shower)
GROOMING
0 = needs to help with personal care
5 = independent face/hair/teeth/shaving (implements provided)
DRESSING
0 = dependent
5 = needs help but can do about half unaided
10 = independent (including buttons, zips, laces, etc.)
BOWELS
0 = incontinent (or needs to be given enemas)
5 = occasional accident
10 = continent
BLADDER
0 = incontinent, or catheterized and unable to manage alone
5 = occasional accident
10 = continent
TOILET USE
0 = dependent
5 = needs some help, but can do something alone
10 = independent (on and off, dressing, wiping)
TRANSFERS (BED TO CHAIR AND BACK)
0 = unable, no sitting balance
5 = major help (one or two people, physical), can sit
10 = minor help (verbal or physical)

15 = independent
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MOBILITY (ON LEVEL SURFACES)
0 = immobile or < 50 yards
5 = wheelchair independent, including corners, > 50 yards
10 = walks with help of one person (verbal or physical) > 50 yards
15 = independent (but may use any aid; for example, stick) > 50 yards
STAIRS
0 = unable
5 = needs help (verbal, physical, carrying aid)
10 =independent
TOTAL (0-100):

Guidelines

1. The index should be used as a record of what a patient does, not as a record of what a patient could
do.

2. The main aim is to establish degree of independence from any help, physical or verbal, however
minor

and for whatever reason.

3. The need for supervision renders the patient not independent.

4. A patient's performance should be established using the best available evidence. Asking the patient,
friends/relatives and nurses are the usual sources, but direct observation and common sense are also
important. However direct testing is not needed.

5. Usually the patient's performance over the preceding 24-48 hours is important, but occasionally
longer

periods will be relevant.
6. Middle categories imply that the patient supplies over 50 per cent of the effort.

7. Use of aids to be independent is allowed.
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Appendix 4. EQ5D

1.

Mobility

Thinking about your health today, which of the following statements best describes your
mobility?

[ ] Ihave no problems walking about
[ ] Ihave some problems in walking about
[] 1am confined to bed

Self-care

Thinking about your health today, which of the following statements best describes
your self-care?

[ 1 1have no problems with self-care
[ ] Ihave some problems washing or dressing myself
[ ] 1am unable to wash or dress myself

Usual activity

Thinking about your health today, which of the following statements best describes
your usual activities such as work, study, housework, family or leisure activities?

[1 1have no problems with performing my usual activities

[1 1have some problems performing my usual activities

[ ] Iam unable to perform my usual activities.
Pain/discomfort

Thinking about your health today, which of the following statements best describes any
pain or discomfort you may be experiencing?

[ ] Ihave no pain or discomfort

[ ] I have moderate pain or discomfort

[ ] Ihave extreme pain or discomfort
Anxiety/depression

Thinking about your health today, which of the following statements best describes any
anxiety and depression you may be experiencing?

[ ] Iam notanxious or depressed
[ ] Iam moderately anxious or depressed

[ ] 1am extremely anxious or depressed
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Appendix 5. Data flowchart for Chapter 2-3

11093 patients assigned to randomized head position
(5295 to lying-flat; 5798 to sitting-up)

Chapter 2
|
Chapter 2.1 Chapter 2.2
Figure 1 (). Table 2. Death or

Pneumonia outcome
analysis: N=10579;
(b). Poor outcome
analysis: N=9310

Figure 2 ().
Pneumonia outcome
analysis: N=8390;
(b). Poor outcome
analysis: N=7341

Complete case
N=9192; Multiple
imputation N=10996

Table 3. UTI
complete case
analysis: N=10419;
multiple imputation
N=10996

dependency analysis:

Chapter 3

Chapter 3.1

Chapter 3.2

Figure 1 (a). death or
dependency: N=9375;
(b). SAE: N=10633

Figure 1 (a). death or
dependency: N=6476
(b). SAE: N=7488

Figure 2 (a). AIS:
N=8080; (b). ICH:
N=775

Figure 3. original
dataset: Trial population
N=9375, confirmed
stroke N=8855, AIS
N=8080, ICH N=775
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Appendix 6. Data availability of the variables in HeadPoST study

Missing in full
dataset (N=11093)

Missing in dataset
for functional
outcome analysis*

Variable (N=9748)
Baseline variable
Age 2/11093 (0.02) 0/9784 (0.00)
Sex 0/11093 (0.00) 0/9784 (0.00)
Region group 0/11093 (0.00) 0/9784 (0.00)
Baseline assessment
SBP in mmHg 10/11093 (0.09) 9/9784 (0.09)
DBP in mmHg 10/11093 (0.09) 0/9784 (0.09)
Blood glucose level 2990/11093 (26.95) [2650/9784 (27.19)
NIHSS at admission 162/11093 (1.46) [127/9784 (1.30)

GCS score at admission

19/11093 (0.17)

16/9784 (0.16)

Pre-morbid according to mRS

22/11093 (0.20)

19/9784 (0.19)

Lowest SaO» during the first 24 hours 3026/11093 (27.3) [2799/9784 (28.71)
Prior medical history

Hypertension 32/11093 (0.29) 25/9784 (0.26)
Previous stroke 35/11093 (0.32) 32/9784 (0.33)
Coronary artery disease 70/11093 (0.63) 58/9784 (0.59)
Atrial fibrillation 71/11093 (0.64)  57/9784 (0.58)
Heart failure 96/11093 (0.87)  [83/9784 (0.85)
Diabetes mellitus 35/11093 (0.32) 32/9784 (0.33)
COPD/emphysema 92/11093 (0.83) 76/9784 (0.78)
Current smoker 118/11093 (1.06) |100/9784 (1.3)
Hypercholesterolaemia 60/11093 (0.54) 52/9784 (0.53)
Other major health conditions 154/11093 (1.39) |129/9784 (1.3)
Dysphagia 94/11093 (0.85)  [87/9784 (0.89)

Medications at admission

Aspirin/other antiplatelet

12/11093 (0.11)

12/9784 (0.12)

Anticoagulation

18/11093 (0.16)

18/9784 (0.18)

Time from stroke onset to hospital arrival

7/11093 (0.06)

5/9784 (0.05)

Pathology subtype of stroke

33/11093 (0.30)

10/9784 (0.10)

Assessment at day 7

NIHSS at 7 days/before discharge 377/11093 (3.40) |300/9784 (3.08)

mRS at 7 days/before discharge 121/11093 (1.09) 95/9784 (0.97)

Hospital management variable (during 7

days/before discharge)

ICU admission 69/11093 (0.62) 6/97840 (0.62)

ASU admission 7/11093 (0.63) 7/9784 (0.07)

IUC insertion 87/11093 (0.78) 83/9784 (0.85)
Length of IUC insertion 62/1167 (5.31) 51/1035 (4.93)

Antibiotic treatment 63/11093 (0.57) 54/9784 (0.55)
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Missing in full

dataset (N=11093)

Missing in dataset
for functional
outcome analysis*

assessment

Variable (N=9748)

Reperfusion therapy for AIS 28/9485 (0.25) 22/8383 (0.23)
Antiplatelets for AIS 27/9485 (0.24) 23/8383 (0.23)
Anticoagulation for atrial fibrillation 10/1189 (0.84) 10/1036 (0.97)
Intensive blood pressure lowering 10/11093 (0.09) 8/9784 (0.08)
Dysphagia screening performed 17/11093 (0.15) 13/9784 (0.13)

Time from hospital arrival to dysphagia 6/8784 (0.07) 5/7670 (0.07)
screening

Dysphagia screening results 2/8784 (0.02) 2/7670 (0.03)
Formal dysphagia assessment performed 19/11093 (0.17) 14/9784 (0.14)

Time from hospital arrival to dysphagia 0/3917 (0.00) 0/3495 (0.00)

Dysphagia assessment results

4/3917 (0.10)

4/3495 (0.11)

Assisted feeding for dysphagia 15/2045 (0.73) 14/1793 (0.78)
Physiotherapy 60/11093 (0.54) 50/9784 (0.51)
Occupational therapy 64/11093 0.58) 55/9784 (0.56)
Psychologist therapy 86/11093 (0.78) 72/9784 (0.74)
Surgical procedures for ICH 9/931 (0.97) 8/819 (0.99)
Withdrawal active care 73/11093 (0.66) 65/9784 (0.67)
Endotracheal intubation 56/11093 (0.50) 46/9784 (0.47)
Time from hospital arrival to discharge 6172/11093 (55.63) [5553/9784 (56.97)

Footnote: AIS denotes acute ischaemic stroke, ASU acute stroke unit, COPD chronic
obstructive pulmonary disease, DBP diastolic blood pressure, GCS Glasgow Coma Scale,
ICH intracerebral haemorrhage, ICU intensive care unit, [UC indwelling urinary catheter,
mRS modified Rankin scale, NIHSS National Institute of Health stroke scale, SBP systolic

blood pressure, UK United Kingdom

*There were 12% missing data for the mRS at 90 days due to loss of follow-up
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Appendix 7. Multiple imputation methods

Multiple imputation was used to impute missing outcome data, using PROC Ml and PROC
MIANALYZE in SAS version 9.2 (or later) software. Multiple imputation is generally
considered the least biased method, since it incorporates uncertainty to the imputed value,
and a non-monotone missing pattern is assumed modified Rankin scale (mRS) score at 90
days. A distribution for the outcome was derived from a regression model that accounts for
covariates (listed in the hierarchical mixed model) and a random sample from this
distribution was used to impute values for missing outcomes. Ten multiple sample data sets
with complete outcome data were generated through PROC M, and the results (regression
parameter and covariance matrix estimates) for each sample combined and analysed with
PROC MIANALYZE to derive a valid statistical inference about the association with

outcomes.
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Appendix 8. Glossary of stroke care process terms

Care indicators

Definition

Reperfusion therapy for AIS

Antiplatelets for AIS

Anticoagulation for AF

Antihypertensive for
secondary prevention

Intensive BP lowering

Dysphagia screen
Formal dysphagia

assessment

Assisted feeding for
dysphagia

Physiotherapy

Occupational therapy

Psychological therapy

Intravenous or intra-arterial rtPA/other thrombolytic
therapy for acute ischaemic stroke patients within the first
7 days of hospitalisation/before discharge if earlier
Antiplatelet therapy for acute ischaemic stroke patients
initiated within the first 7 days of hospitalisation/before
discharge if earlier

Anticoagulant therapy for acute stroke patients with AF
initiated within the first 7 days of hospitalisation/before
discharge if earlier

Oral antihypertensive agents for secondary prevention
initiated within the first 7 days of hospitalisation/before
discharge if earlier

Multidrug antihypertensive therapy with a BP target less
than 140/90mmHg initiated within the first 7 days of
hospitalisation/before discharge if earlier

Initial screening for swallowing function within 24 hours
of hospital arrival

Formal assessment for swallowing function by speech
pathologist/allied health professionals if screening failed

Assisted feeding included modified diet (liquid, puree, soft
food), nasogastric tube or percutaneous gastrostomy
provided to acute stroke patients with diagnosed dysphagia
within the first 7 days of hospitalisation/before discharge if
earlier

Formal assessment by physiotherapist within the first 7
days of hospitalisation/before discharge if earlier

Formal assessment by occupational therapist within the
first 7 days of hospitalisation/before discharge if earlier

Formal assessment by psychologist within the first 7 days
of hospitalisation/before discharge if earlier

AF denotes atrial fibrillation, AlS acute ischaemic stroke, BP blood pressure, rtPA
recombinant tissue plasminogen activator
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Table S1. National guideline recommendations for dysphagia screening/assessment, feeding restrictions and urinary catheterisation after stroke

Care process

AHA/ASA Guidelines®?

ESO?

Australia Stroke Foundation*

UK NICE Guideline®

Dysphagia

screening/assessment

AIS: Dysphagia screening
before begins eating, drinking,
or receiving oral medications
(Level C); It is reasonable for
dysphagia screening to be
performed by a speech
pathologist or trained
healthcare provider (Level C).
ICH: A formal screening
procedure for dysphagia
should be performed in all
patients before the initiation of
oral intake to reduce the risk of

pneumonia (Level C).

All patients with acute stroke,
recommend a formal dysphagia
screening test to prevent post-
stroke pneumonia and decrease
risk of early mortality. Screen the
patients as fast as possible after
admission (Moderate Level); A
dysphagia assessment in all
stroke patients failing a
dysphagia screen and/or showing
other clinical predictors of post-
stroke dysphagia, in particular a
severe facial palsy, severe
dysarthria, severe aphasia or an
overall severe neurological
deficit (NIH-SS > 10 points).
Dysphagia assessment should be
done as soon as possible. In
addition to the clinical swallow

examination, VFSS or,

Acute stroke should have
swallowing screened, using a
validated screening tool by a
trained healthcare professional
(Weak); Screening should be
within four hours of arrival at
hospital and before being
given any oral food, fluid or
medication (Consensus-
based); All stroke who failed
swallow screening or who
deteriorate should have a
comprehensive swallowing
assessment performed by a

speech pathologist (Weak).

Ensure acute stroke have
swallow screening by an
appropriate trained healthcare
professional before given any
oral food, fluid or medication;
If admission screen indicates
problems with swallowing,
ensure that the person has a
specialist assessment of
swallowing, within 24 hours of
admission and not more than
72 hours.
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Feeding in dysphagia AIS: Enteral diet should be

Urinary

started within 7 days of
admission after acute stroke
(Level B); For patients with
dysphagia, it is reasonable to
initially use nasogastric tubes
for feeding in the first 7 days
and place PEG tube in patients
with persistent inability to
swallow (>2-3 weeks) (Level
C).

ICH: No specific advice.

AIS: Routinely placement of

preferentially, FEES should be
available (Low level); In acute
stroke patients swallowing of
tablets should routinely be
evaluated as part of dysphagia
assessment in addition to
assessing the swallowing of

liquid and different food

consistencies and quantities (Low

level).
In patients with acute stroke, we

recommend no administration of

any food or liquid items,

including oral medication, until a

dysphagia screening has been

done and swallowing was judged

to be safe (Moderate Level).

No specific recommendation.

Patients with dysphagia on
texture-modified diets and/or
fluids should have their intake
and tolerate to the modified
diet monitored regularly due
to the increased risk of
malnutrition and dehydration

(Consensus-based).

The routine use of indwelling

Acute stroke who are unable to
take adequate nutrition, fluids
and medication orally should:
received tube feeding with a
nasogastric tube within 24
hours of admission unless had
thrombolysis; be considered
for a nasal bridle tube or
gastrostomy not tolerate to

nasogastric tube

No specific recommendation.
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catheterisation indwelling bladder catheters catheters is not recommended
should not be performed (Consensus-based).
because of the associated risk
of catheter-associated urinary
tract infections (Level C).

ICH: No specific advice.

AIS denotes acute ischaemic stroke, ICH intracerebral haemorrhage, AHA American Heart Association, ASA American Stroke Association, ESO European
Stroke Organisation, UK United Kingdom, NICE National Institute for Health and Care Excellence, PEG Percutaneous Endoscopic Gastrostomy

Reference:

1. Powers JW, Rabinstein AA, Ackerson MT, Adeoye CO, Bambakidis MN, Becker CK, et al. Guidelines for the early management of patients with acute
ischemic stroke: 2019 update to the 2018 guidelines for the early management of acute ischemic stroke: a guideline for healthcare professionals from the
American Heart Association/American Stroke Association. Stroke. 2019;50:e344-e418

2. Hemphill CJ, Greenberg MS, Anderson SC, Becker RK, Bendok LB, Cushman NM, et al. Guidelines for the management of spontaneous intracerebral

haemorrhage: A guideline for healthcare professionals from the Association/American Stroke Association. Stroke. 2015;46:2032-2060

3. Dziewas R, Michou E, Trapl-Grundschober M, et al. European Stroke Organisation and European Society for Swallowing Disorders guideline for the
diagnosis and treatment of post-stroke dysphagia. European Stroke Journal. 2021;6(3):LXXXIX-CXV. doi:10.1177/23969873211039721.
4. Australian Stroke Foundation. Clinical guidelines for stroke management. 2017. https://informme.org.au/en/Guidelines/Clinical-Guidelines-for-Stroke-

Management
5. National Institute for Health and Care Excellence. Stroke and transient ischaemic attack in over 16s: diagnosis and initial management. NICE Guideline.
2019.
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Table S2. Services required for optimal acute stroke care at each stage of care! and
barriers at each level in low- and middle-income countries?

e Unavailability of
standardised stroke
protocols

e Cost, especially for
advanced care

e Shortages in bed
capacity Cost,
especially for
advanced care

Level 1. Early diagnosis and 2. Acute management | 3. Discharge
monitoring planning
Minimal e Standard clinical e Basic risk factor e Early assessment
history and examination assessment and of discharge
management (BP, needs
HR, BGL, e Early
temperature) rehabilitation
e Ongoing planning
neurological Secondary
assessments prevention
e Swallow screening
and management of
dysphagia
Essential e Neurological e Admission to an e Referral to
assessments organized stroke unit rehabilitation
e Electrocardiography, e Depression and lifestyle
CT scanning etc. assessment and medication
e Acute thrombolysis management specialists
treatment e Cognition
assessment and
management
Advanced e Magnetic resonance e Multidisciplinary e Referral to
imaging, CT perfusion team of stroke rehabilitation
scans, prolonged experts and lifestyle
electrocardiographic e Coordinated stroke medication
monitoring devices care provided across specialists
e Endovascular geographically
thrombectomy, discrete regions
neurosurgery,
hemicraniectomy,
anticoagulant reversal
products
Barriers of e Delays in patient arrival | e  Staff shortages and e Lack of research
implementation | ¢  Lack or malfunction of lack of stroke experts on effectiveness
in LMICs diagnostics e Lack of medications and applicability

e Insufficient
training in
rehabilitation
and primary care
for secondary
prevention

e Cost, especially
for advanced
care

BGL denotes blood glucose level, BP blood pressure, CT computerised tomography, HR heart rate,
LMICs low- and middle-income countries

Reference:

1. Lindsay P, Furie KL, Davis SM, Donnan GA, Norrving B, et al. World Stroke Organization global
stroke services guidelines and action plan. Int J Stroke. 2014;9(Suppl A100):4-13
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2. Khatib R, Jawaada AM, Arevalo YA, Hamed HK, Mohammed SH, Huffman MD. Implementing
evidence-based Practices for acute stroke care in Low- and Middle-Income Countries. Current
Atherosclerosis Reports. 2017; 19(12): 61.
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Table S1 1: Baseline characteristics by clinical outcomes at 90 days of follow up

Outcomes of interests

Pneumonia Modified Rankin Scale
Yes No Poor outcome  Favourable outcome
Baseline characteristics (N=362) (N=10731) P-value (N=3826) (N=5922) P-value
Age, yr 77.0+12.7 67.7+13.7 <.0001 72.8+13.2 65.1+13.0 <.0001
Male 202 (55.8%) 6462 (60.2%) 0.092 2023 (52.9%) 3866 (65.3%) <.0001
Region <.0001 <.0001
Australia and UK 228 (63.0%) 4533 (42.2%) 1687 (44.1%) 2165 (36.6%)
China and Taiwan 49 (13.5%) 4603 (42.9%) 1284 (33.6%) 3063 (51.7%)
India and Sri Lanka 26 (7.2%) 744 (6.9%) 411 (10.7%) 283 (4.8%)
South America 59 (16.3%) 851 (7.9%) 444 (11.6%) 411 (6.9%)
Pathological subtype <.0001 <.0001
Uncertain 13 (3.6%) 650 (6.1%) 146 (3.8%) 387 (6.6%)
Ischaemic stroke 295 (82.2%) 9172 (85.7%) 3266 (85.6%) 5103 (86.4%)
Intracerebral haemorrhage 51 (14.2%) 879 (8.2%) 404 (10.6%) 414 (7.0%)
NIHSS at admissioni 13.0 (6.5, 19.0) 4.0 (2.0, 8.0) <.0001 8.0 (4.0, 14.0) 3.0 (2.0, 5.0) <.0001
GCS score at admission 14.0 (11.0,15.0)  15.0 (14.0, 15.0) <.0001 15.0 (12.0,15.0)  15.0 (15.0, 15.0) <.0001
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Outcomes of interests

Pneumonia Modified Rankin Scale

Yes No Poor outcome  Favourable outcome
Baseline characteristics (N=362) (N=10731) P-value (N=3826) (N=5922) P-value
Pre-morbid mRS score* <.0001 <.0001
0-1 214(59.2) 8521(79.6) 2580(67.6) 5134(86.8)
2 50(13.9) 1099(10.3) 488(12.8) 517(8.7)
3-5 97(26.9) 1090(10.1) 747(19.6) 263(4.5)
Past medical history+ 218 (60.2%) 5478 (51.0%) 0.0006 2315 (60.5%) 2715 (45.8%) <.0001
History of COPD 27 (7.6%) 379 (3.6%) <.0001 191 (5.0%) 157 (2.7%) <.0001
Smoker 37 (10.5%) 2088 (19.7%) <.0001 527 (14.0%) 1342 (22.9%) <.0001

Data are n (%), mean+SD, or median (interquartile range)

GCS denotes Glasgow coma scale, mRS modified Rankin scale, NIHSS National Institute of Health Stroke Scale, COPD donates Chronic Obstructive
Pulmonary Disease

*Pre-stroke grade function according to mRS scores (0=no symptoms, 1=symptoms, 2=disability but independence, 3-5= increasing grades of disability
requiring assistance)

tincludes history of heart disease, stroke or diabetes mellitus
INIHSS at admission: Pneumonia (missing value N=6), non-pneumonia (missing value N=156); Poor outcome (missing value N=64), favourable outcome

(N=63).
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Table S22: Hospital characteristics according to clinical outcomes at 90 days of follow up

Outcomes of interests

Pneumonia Modified Rankin Scale
Yes No Poor outcome  Favourable outcome
Hospital characteristics (N=362) (N=10731) P-value (N=3828) (N=5922) P-value
Number of stroke patients admitted <0.0001 <0.0001
annually
<500 103 (28.5%) 2582 (24.4%) 1053 (27.9%) 1346 (23.1%)
500-1000 175 (48.3%) 4115 (38.9%) 1578 (41.8%) 2090 (35.9%)
>1000 84 (23.2%) 3880 (36.7%) 1146 (30.3%) 2386 (41.0%)
Academic hospital 297 (82.0%) 9287 (86.5%) 0.014 3243 (84.8%) 5244 (88.6%) <0.0001
Location of hospital 0.0004 0.22
Metropolitan or urban 263 (72.7%) 8553 (79.7%) 3010 (78.7%) 4740 (80.0%)
Semi-metropolitan or semi-urban 84 (23.2%) 1975 (18.4%) 750 (19.6%) 1077 (18.2%)
Rural or countryside 15 (4.1%) 203 (1.9%) 66 (1.7%) 105 (1.8%)
Present of stroke unit 330 (91.2%) 9647 (91.1%) 0.96 3468 (91.6%) 5261 (90.3%) 0.039
Guidelines for acute treatment of stroke 341 (94.2%) 10080 (95.2%) 0.40 3612 (95.4%) 5520 (94.8%) 0.18
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Outcomes of interests

Pneumonia Modified Rankin Scale

Yes No Poor outcome  Favourable outcome
Hospital characteristics (N=362) (N=10731) P-value (N=3828) (N=5922) P-value
Local special pathway or service 332 (91.7%) 9641 (91.0%) 0.65 3496 (92.3%) 5203 (89.3%) <0.0001
organisation for stroke care
Local protocols for swallow dysfunction 338 (93.4%) 9780 (91.1%) 0.14 3454 (90.3%) 5384 (90.9%) 0.29
Available of neurologist 234 (64.6%) 7556 (70.4%) 0.018 2677 (70.0%) 4271 (72.1%) 0.022
Dysphagia specialist nurse 138 (38.1%) 3311 (30.9%) 0.0033 1225 (32.0%) 1810 (30.6%) 0.13
Speech language pathologist 308 (85.1%) 6250 (58.2%) <0.0001 2429 (63.5%) 3114 (52.6%) <0.0001

Data are n (%), Chi-square for P-value
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Table S3. Baseline characteristics of 11,076 stroke patients according to use of

dysphagia screen

Screened  Not screened

Characteristic (N=8784) (N=2292) P Value
Age, yr 68+14 67+13 <0.0001
Male 5278 (60.1) 1379 (60.2) 0.95
Pathological subtype

Ischaemic stroke 7466 (85.2) 1989 (87.1) <0.0001

Intracerebral haemorrhage 703 (8.0) 226 (9.9)

Uncertain 592 (6.8) 70 (3.1)
GCS score 15 (14-15)  15(13-15)

Severe (3-8) 184 (2.1) 196 (8.6) <0.0001
NIHSS score 4 (2-9) 4 (2-8)

Severe >15 963 (11.1) 243(10.9) <0.0001
Pre-morbid mRS score*

0-1 6980 (79.6) 1749 (76.3) <0.0001

2 882 (10.1) 267 (11.7)

3-5 907 (10.3) 276 (12.0)
Prior cardiovascular disease
risk 4510 (51.3) 1182 (51.6) 0.85
Past history of COPD 329 (3.8) 76 (3.4) 0.38
Smoker 1736 (20.0) 387 (17.0) 0.0011

Data are n (%), mean+SD, or median (interquartile range); GCS denotes Glasgow coma scale,
MRS modified Rankin scale, NIHSS National Institute of Health Stroke Scale, COPD donates
Chronic Obstructive Pulmonary Disease; *Pre-morbid function according to mRS scores
(0=no symptoms, 1=symptoms, 2=disability but independence, 3-5 increasing grades of

disability requiring assistance); tincludes history of heart disease, stroke or diabetes mellitus
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Table S4 Error! Bookmark not defined.: Admitted hospital characteristics of

11076 patients according to use of dysphagia screen

Screened Not screened

Hospital characteristics (N=8784) (N=2292) P-value
More than 1000 stroke patients 2944 (34.1%) 1015 (44.5%) <.0001
admitted annually
Academic hospital 7545 (85.9%) 2028 (88.5%) 0.0013
Location of hospital

Metropolitan or urban 6995 (79.6%) 1807 (78.8%) 0.042

Semi-metropolitan or semi-urban 1631 (18.6%) 425 (18.5%)

Rural or countryside 158 (1.8%) 60 (2.6%)
Present of stroke unit 8133 (94.0%) 1827 (79.9%) <.0001
Guidelines for acute treatment of 8262 (95.5%) 2142 (93.7%) 0.0002
stroke
Local special pathway or service 7895 (91.3%) 2061 (90.1%) 0.083
organisation for stroke care
Local protocols for swallow 8052 (91.7%) 2049 (89.4%) 0.0006
dysfunction
Available of neurologist 5897 (67.1%) 1890 (82.5%) <.0001
Dysphagia specialist nurse 2565 (29.2%) 879 (38.4%) <.0001
Speech language pathologist 5591 (63.6%) 950 (41.4%) <.0001

Data are n (%), Chi-Square Test for p-value
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Table S5 Error! Bookmark not defined.: Admitted hospital characteristics of 11067

patients according to use of dysphagia assessment

Assessment  No assessment

Hospital characteristics N=3914 N=7153 P-value
More than 10000 stroke patients 1250 (32.0%) 2708 (38.6%) <.0001
admitted annually
Academic hospital 3342 (85.3%) 6230 (87.0%) 0.011
Location of hospital

Metropolitan or urban 3057 (78.0%) 5743 (80.2%) <.0001

Semi-metropolitan or semi-urban 717 (18.3%) 1339 (18.7%)

Rural or countryside 143 (3.7%) 75 (1.0%)
Present of stroke unit 3557 (90.9%) 6401 (91.1%) 0.73
Guidelines for acute treatment of 3785 (96.8%) 6617 (94.2%) <.0001
stroke
Local special pathway or service 3569 (91.3%) 6385 (90.9%) 0.55
organisation for stroke care
Local protocols for swallow 3797 (96.9%) 6302 (88.1%) <.0001
dysfunction
Available of neurologist 2936 (75.0%) 4851 (67.8%) <.0001
Dysphagia specialist nurse 1450 (37.0%) 1995 (27.9%) <.0001
Speech language pathologist 2643 (67.5%) 3897 (54.5%) <.0001

Data are n (%), Chi-Square Test for p-value

219



Table S6. Distribution of baseline characteristics by dysphagia assessment in

2,292 patients who did not have a dysphagia screen

Assessment No assessment

Characteristic N=739 N=1553 P Value
Age, yr 71+14 65+12 <0.0001
Male 406 (54.9) 973 (62.7) <0.001
Pathological subtype
Acute ischaemic stroke 635 (86.5) 1354 (87.3) 0.23
Intracerebral haemorrhage 70 (9.5) 156 (10.1)
Uncertain 29 (4.0) 41 (2.6)
GCS score 15 (14-15) 15 (13-15) <0.0001
Severe (3-8) 20 (2.7) 176 (11.3)
NIHSS score 6 (3-11) 3(2-7) <0.0001
Severe (>15) 125 (17.1) 118 (7.9)
Pre-morbid mRS score*
0-1 504 (68.2) 1245 (80.2) <0.0001
2 81 (11.0) 186 (12.0)
3-5 154 (20.8) 122 (7.9)
Feeding restriction 343 (46.4) 233 (15.0) <0.0001

Data are n (%), mean+SD, or median (interquartile range); GCS denotes Glasgow coma scale,
mRS modified Rankin scale, NIHSS National Institute of Health Stroke Scale; *Pre-morbid
function according to mRS scores (0O=no symptoms, 1=symptoms, 2=disability but

independence, 3-5 increasing grades of disability requiring assistance)
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Table S7. Distribution of baseline characteristics by dysphagia assessment in

2003 patients who failed a dysphagia screen

Assessment  No assessment

Characteristic N=1402 N=601 P value
Age, yr 73.4+13.5 70.3£15.0 <0.0001
Male 721 (51.4) 341 (56.7) 0.03
Pathological subtype

Acute ischaemic stroke 1213 (87.0) 501 (83.6) 0.01

Intracerebral haemorrhage 130 (9.3) 81 (13.5)

Uncertain 52 (3.7) 17 (2.8)
GCS score 15 (12-15) 14 (10-15)

Severe (3-8) 49 (3.5) 68 (11.3) <0.0001
NIHSS score 17 (10-22) 12 (7-19) <0.0001

Severe (>15) 461 (33.4) 244 (41.3) <0.0001
Pre-morbid mRS score* 0.07

0-1 1028 (73.6) 445 (74.3)

2 157 (11.2) 49 (8.2)

3-5 212 (15.2) 105 (17.5)
Feeding restrictions 1174 (83.7) 507 (84.4) 0.58

Data are n (%), mean+SD, or median (interquartile range); GCS denotes Glasgow coma scale,

MRS modified Rankin scale, NIHSS National Institute of Health Stroke Scale; *Pre-morbid

function according to mRS scores (0=no symptoms, 1=symptoms, 2=disability but

independence, 3-5 increasing grades of disability requiring assistance)
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Table S83. Baseline characteristics by neither screen nor assessment compared

to undertake screened

Neither screen Dysphagia
nor assessed screened

Baseline characteristics N=1553 N=8784 P-value
Age, yr 65.4+12.4 68.2+13.9 0.0014
Male 973 (62.7%) 5278 (60.1%) 0.06
Region <.0001

Australia and UK 149 (9.6%) 4338 (49.4%)

China and Taiwan 1275 (82.1%) 3218 (36.6%)

India and Sri Lanka 99 (6.4%) 670 (7.6%)

South America 30 (1.9%) 558 (6.4%)
Past medical history 777 (50.0%) 4510 (51.3%) 0.3407
Stroke category <.0001

Acute ischaemic stroke 1354 (87.3%) 7466 (85.2%)

Intracerebral haemorrhage 156 (10.1%) 703 (8.0%)

Uncertain 41 (2.6%) 592 (6.8%)
NIHSS at admission 3.0 (2.0, 7.0) 4.0 (2.0, 9.0) <0.0001

Severe (>15) 118(7.9) 963 (11.1) 0.0002
GCS score at admission 15.0 (13.0, 15.0) 15.0 (14.0, 15.0) <0.0001

Severe (3-8) 176 (11.3) 184 (2.1) <0.0001
Pre-morbid function* 0.0016

0-1 1245 (80.2) 6980 (79.6)

2 186 (12.0) 882 (10.1)

3-5 122 (7.8) 907 (10.3)
History of COPD 36 (2.3%) 329 (3.8%) 0.0049
Smoker 292 (18.9%) 1736 (20.0%) 0.3061
Feeding restrictions 233 (15.1%) 2431 (27.9%) <.0001

Data are n (%), mean+SD, or median (interquartile range); GCS denotes Glasgow coma scale,
MRS modified Rankin scale, NIHSS National Institute of Health Stroke Scale; *Pre-morbid
function according to mRS scores (0=no symptoms, 1=symptoms, 2=disability but

independence, 3-5 increasing grades of disability requiring assistance)
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Table S9. Outcomes, by region of recruitment, according to use of dysphagia

screen, dysphagia assessment, and feeding restriction

Variable

Pneumonia

P Value

Poor outcome*

N (%)

P Value

Overall

Region of recruitment

Australia/UK
Chinaf
India/Sri Lanka

South America

Dysphagia screen performed

Yes
No

Dysphagia screen
Pass

Fail

Dysphagia assessment performed
206/3917 (5.3)
156/7157 (2.2)

Yes
No

Dysphagia assessment results
72/2895 (2.5)
134/1018 (13.2)

Pass

Fail

Feeding restriction

Yes
No

Time to dysphagia screen, hrs

<4
4-24
>24

362/11093 (3.3)

228/4761 (4.8)
49/4652 (1.1)
26/770 (3.4)
59/910 (6.5)

304/8784 (3.5)
58/2292 (2.5)

103/6778 (1.5)
201/2004 (10.0)

286/3007 (9.5)
73/8000 (0.9)

244/5258 (3.0)
80/2195 (3.6)
38/667 (5.7)

<0.0001

0.03

<0.0001

<0.0001

<0.0001

<0.0001

0.001

3826/9748 (39.3)

1687/3852 (43.8)
1284/4347 (29.5)
411/694 (59.2)
444/855 (51.9)

3018/7675 (39.3)
801/2060 (38.9)

1820/5913 (30.8)
1198/1760 (68.1)

1661/3495 (47.5)
2157/6239 (34.6)

988/2605 (37.9)
671/886 (40.5)

1775/2627 (67.6)
2022/7044 (28.7)

1629/4602 (35.4)
813/1894 (42.9)
345/609 (56.7)

<0.0001

0.72

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

*defined by scores 3-6 on the modified Rankin scale at 90 days



tincludes Taiwan
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Table S10. Frequency and timing of dysphagia screen and assessment in stroke patients by outcomes

Dysphagia screen performed Dysphagia assessment performed
Time from hospital arrival Time from hospital arrival
Outcome N (%) Median (IQR), hr P Value* N (%) Median (IQR), hr P Value*
Pneumonia
Yes (N=362) 304 (84.0) 3.0(1.0-11.4) <0.0001 206 (56.9) 25.3 (15.1-51.6) <0.0001
No (N=10714) 8480 (79.2) 2.2 (0.8-6.3) 3711 (34.6) 11.0 (1.7-26.9)
Clinical outcome
Favourable (N=5922)F 4657 (78.6) 1.9 (0.8-5.2) <0.0001 1834 (31.0) 4.6 (1.2-22.3) <0.0001
Poor (N=3826)} 3018 (79.0) 2.7 (1.0-10.3) 1661 (43.5) 19.3 (4.2-40.9)

*P value for time from hospital arrival, obtained from Mann Whitney Test (Wilcoxon rank sum test); TFavourable outcome refers to modified Rankin Scores
(mRS) 0 to 2 at 90-day; {Poor outcome refers to mRS 3-6 at 90-day
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Table S11. Distribution of baseline characteristics, by 90-day outcome data

MRS Outcome at 90-day
Available Missing

Characteristic N=9748 (88%) N=1345 (12%) P Value
Age, yr 69+14 67+15 <0.01
Male 5889 (60.4) 775 (57.6) 0.05
Pathological subtype

Ischaemic stroke 8369 (86.1) 1098 (81.9) <0.0001

Intracerebral haemorrhage 818 (8.4) 112 (8.4)

Uncertain stroke 533 (5.5) 130 (9.7)

GCS score 15 (14-15) 15 (14-15) 0.15
Severe (3-8) 335 (3.4) 45 (3.4) 0.86
NIHSS score 4 (2-8) 4 (2-9) <0.01
Severe>15 1057 (11.0) 150 (11.5) 0.71

Pre-morbid mRS score*
0-1 7714 (79.3) 1021 (76.1) <0.0001
2 1005 (10.3) 144 (12.5)
3-5 1010 (10.4) 177 (13.2)
Prior cardiovascular disease riskf 5030 (51.6) 666 (49.5) 0.15
Prior COPD 348 (3.6) 58 (4.4) 0.16
Feeding restrictions 2627 (27.2) 380 (28.4) 0.33
Time to screen, hrs 2.1 (0.8-6.5) 2.4 (0.9-5.8) 0.81
>24 609 (8.6) 58 (5.7) <0.01
Outcome of pneumonia 325 (3.3) 37 (2.8) 0.26

Data are n (%), mean+SD, or median (interquartile range); GCS denotes Glasgow coma scale,
mRS modified Rankin scale, NIHSS National Institute of Health Stroke Scale; *Pre-morbid

function according to mRS scores (0O=no symptoms, 1=symptoms, 2=disability but
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independence, 3-5 increasing grades of disability requiring assistance); fincludes history of

heart disease, stroke or diabetes mellitus
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Table S12: Clinical outcomes by feeding restrictions in 2253 patients failed

screen or assessment

Clinical outcomes

Pneumonia

Poor outcome

Feeding
No feeding restriction
(N=339) (N=1910) P-value
6 (1.8) 227 (11.9) <0.0001
126 (41.9) 1238 (74.0) <0.0001

Data are n (%), Chi-square P-value
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Table S13. Feeding practices by region of recruitment in 2000 stroke patients who failed dysphagia screen

Use of feeding restriction Feeding practice
N (%) N (%)

Region of recruitment No Yes Nil by mouth IV fluids Soft/puree diet NG tube
Overall (N=2000) 319 (16.0) 1681 (84.0) 633 (37.7) 352 (20.9) 539 (32.1) 829 (49.3)
Region

Australia/UK (N=1212) 219 (18.1) 993 (81.9) 537 (54.1) 300 (30.2) 442 (44.5) 322 (32.4)
China*(N=319) 75 (23.5) 244 (76.5) 1(0.4) 7(2.9) 21 (8.6) 143 (58.6)
India / Sri Lanka (N=257) 7(2.7) 250 (97.3) 72 (28.8) 36 (14.4) 13 (5.2) 235 (94.0)
South America (N=212) 18 (8.5) 194 (91.5) 23 (11.9) 9 (4.6) 63 (32.5) 129 (66.5)

IV denotes intravenous, NG nasogastric tube

*includes Taiwan
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Table S14 Error! Bookmark not defined.: Baseline characteristics by use of

dysphagia assessment in patients passed screen

Assessment No assessment

Baseline characteristics (N=1775) (N=5000) P-value
Age (years) 66.8+13.2 66.9+13.8 0.63
Male 1124 (63.3%) 3089 (61.8%) 0.25
Country group <0.0001
Australia and UK 438 (24.7%) 2679 (53.6%)
China and Taiwan 1149 (64.7%) 1750 (35.0%)
India and Sri Lanka 94 (5.3%) 319 (6.4%)
South America 94 (5.3%) 252 (5.0%)
Pathological subtype <.0001
Acute ischaemic stroke 1552 (87.4%) 4195 (84.1%)
Intracerebral haemorrhage 141 (7.9%) 350 (7.0%)
Uncertain 82 (4.6%) 441 (8.8%)
Prior cardiovascular disease risk 904 (50.9%) 2467 (49.3%) 0.25
NIHSS score 3 (2-6) 4 (2-6) 0.15
Severe (>15) 78(4.4) 180(3.6) 0.13
GCS score 15(14-15) 15(15-15) <0.0001
Severe (3-8) 23(1.3) 44(0.9) 0.13
Pre-morbid mRS score* 0.11
0-1 1112(63.0) 3043(61.6)
2 574(32.5) 1721(34.8)
3-5 78(4.4) 180(3.6)
History of COPD 40 (2.3%) 198 (4.0%) 0.0008
Smoker 420 (23.8%) 1020 (20.6%) 0.0054
Feeding restriction 234 (13.2%) 515 (10.4%) 0.0013

Data are n (%), mean+SD, or median (interquartile range); GCS denotes Glasgow coma scale,
mRS modified Rankin scale, NIHSS National Institute of Health Stroke Scale; *Pre-morbid
score according to mRS scores (0=no symptoms, 1=symptoms, 2=disability but

independence, 3-5 increasing grades of disability requiring assistance).
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Table S15. Distribution of baseline characteristics of 3913 stroke patients,

according to results of dysphagia assessment

Dysphagia assessment

Pass Fail
Characteristic N=2895 N=1018 P Value
Age, yr 69+13.7 74£13.3 <0.0001
Male 1732(59.8) 517(50.8)
Pathological subtype
Ischaemic stroke 2499(86.5) 898(88.7) <0.0001
Intracerebral haemorrhage 241(8.3) 100(9.9)
Uncertain 148(5.1) 15(1.5)
GCS score 15(14-15) 14(11-15)  <0.0001
Severe (3-8) 33(1.1) 59(5.8) <0.0001
NIHSS score 4(2-8) 12(7-19) <0.0001
Severe >15 240(8.3) 425(41.8)  <0.0001
Pre-morbid mRS score*
0-1 2297(79.3)  712(69.9)  <0.0001
2 272(9.4) 124(12.2)
3-5 319(11.0)  181(17.8)
Prior cardiovascular disease risk¥ 1527(52.8) 567(55.7) 0.10
Feeding restrictions 792(27.4) 1017(94.1)  <0.0001

Data are n (%), mean+SD, or median (interquartile range); GCS denotes Glasgow coma scale,
MRS modified Rankin scale, NIHSS National Institute of Health Stroke Scale; *Pre-morbid
function according to mRS scores (0=no symptoms, 1=symptoms, 2=disability but
independence, 3-5 increasing grades of disability requiring assistance); Tincludes history of

cardiac disease, stroke or diabetes mellitus
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Table S16: Baseline characteristics of patients in 5290 lying-flat head position by

dysphagia screen

No screen Screen

Characteristic (N=1072) (N=4218) P value
Age, yr 67+13.1 69+14.1 0.02
Male 644(60.1)  2508(59.5) 0.71
Pathological subtype

Ischaemic stroke 944(88.3) 3577(85.1) <0.001

Intracerebral haemorrhage 92(8.6) 327(7.8)

Uncertain 33(3.1) 303(7.2)
GCS score 15(13-15) 15(14-15)  <0.0001

Severe (3-8) 99(9.2) 86(2.0) <0.0001
NIHSS score 4(2-9) 4(2-9) 0.40

Severe>15 126(11.5) 468(11.2) 0.17
Pre-morbid mRS score*

0-1 839(78.3) 3365(80.0) 0.46

2 116(10.8) 417(9.9)

3-5 117(10.9)  426(10.1)
History of cardiovascular disease riskf 567(52.9) 2107(50.0) 0.09

Data are n (%), mean+SD, or median (interquartile range).

GCS denotes Glasgow coma scale, mRS modified Rankin scale, NIHSS National Institute of

Health Stroke Scale.

*mRS modified Rankin scale (0=no symptoms, 1=symptoms, 2=disability but independence,

3-5 increasing grades of disability requiring assistance)

tincludes history of cardiac disease, stroke or diabetes mellitus
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Figure S1. Patient Flow

Patients flow of receiving dysphagia screening and assessment in the HeadPoST study

11093 patients assigned to randomized head position
(5295 to lying-flat; 5798 to sitting-up)

17 Missing data

Dysphagia screening

[ ]
Yes No
I [
8784 (79.2%) 2292 (20.7%)

-

Dysphagia screening

2 Missing data

.

Pass Fail
¥ ¥
6778 (77.2%) 2004 (22.8%)
—| 3 Missing data —1 1 Missing data
Dysphagia Dysphagia | Dysphagia |
’/ assessment | | assessment assessment
Yes No Yes No Yes No
l v v v v
1775 (26.2%) 5000 (73.8%) | (1402 (70.0%)(|601 (30.0%) 739 (32.2%) 1553 (67.8%)
2 Missing data 1 Missing data
Dysphagia Dysphagia Dysphagia
— assessment —I I— assessment __| assessment [—
Pass Fail Pass Fail Pass Fail
4 y l v A4
1705 (96.1%) 68 (3.8%) | 632 (45.1%) 769 (54.9%)| | 558 (75.5%)| |181 (24.5%)

2
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Figure S2. Effect of use of dysphagia assessment on clinical outcomes, by utility and results of dysphagia screen

Status

Unscreened

Fassed

Failed

2188

G4E0

1906

A. Pneumonia
OR (95% CI)

0.75 (0.31, 1.83)

& 1.435 (0,863, 2.94)

—— 0.93 (0,61, 1.42)

> 0.97 (0.64, 1.20)

1968

o862

1676

B. Poor Outcome
OR (95% ClI)

0.67 (0.42, 1.08)

1.39 (1.14, 1.69)

0.92 (0.66, 1.20)

1.04 (0.87, 1.22)

T
0

T |
2 3

Mo assessmeant

Assessment

T
Q

Iflu assessment

Status donates the utility of dysphagia screen; N donates the number of patients in each status

Poor outcome is death or disability at 90-day according to scores 3-6 on the modified Rankin scale

Hierarchical mixed models used in analyses
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Figure S3. Effects of dysphagia assessment results on poor outcome stratified by country groups in 5662 patients passed screen

Poor Outcome

N OR (95% CI) P-value
Region Australia and UK 2377 — 1.85 (1.36, 2.49) 0.09

China include Taiwan 2608 - 1.16 (0.85, 1.59)

India and Sri Lanka 365 —_— 1.16 (0.58, 2.30)

South America 312 — 0.88 (0.45, 1.74)
T T T
0 1 2 3
Mo assessment Assessment

N donates the number of patients in each status
Poor outcome is death or disability at 90-day according to scores 3-6 on the modified Rankin scale

Hierarchical mixed models used in analyses
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Figure S4. Effects of dysphagia assessment results on clinical outcomes

A. Pneumonia ' ' B. Poor Outcome
OR (95% Cl) OR (95% Cl)
Unadjusted —=—— 496 (3.56, 6.92) —=— 487 (3.98,5.95)
Model 1 —— 462 (3.32, 6.44) —— 462 (3.79, 5.63)
Model 2 — 3.02 (2.10, 4.39) —-— 2.22(1.76, 2.79)
Model 3 —— 3.04 (2.11, 4.39) —-— 2.22 (1.76, 2.80)
0 1 4 7 .01 _. 4 7
Passed Failed” Passed Failed

N donates the number of patients in each subgroup, Passed donates passed assessment, Failed donates failed assessment
Poor outcome is death or disability at 90-day according to scores 3-6 on the modified Rankin scale
Passed donates passed dysphagia assessment, Failed donates failed dysphagia assessment

Hierarchical mixed models used in analyses
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Figure S5. Effects of use of dysphagia screen on pneumonia in 10579 patients by
pre-defined subgroups

A. Pneumonia

Variable  Subgroup N OR (95% ClI) P-value
Sex Male 6344 1.07 {0.67, 1.71) 0.53
Female 4235 1.32(0.77,2.24)
Age group <B0 yrs 2862 1.32 (0.44, 3.98) 0.47
60-69 yrs 2690 1.70 (0.72, 4.00)
70-79 yrs 2639 0.92 (0.47,1.79)
80+yrs 2388 1.23 (0.75, 2.02)
Region Australia and UK 4503 1.22 (0.68, 2.21) 0.61
China include Taiwan 4443 —_— 1.43 (0,63, 3.31)
India and Sri Lanka 762 & 1.93 (0.49, 7.64)
South America 871 - 0.78 (0.37, 1.67)
Stroke type  AIS 9049 - 1.06 (0.71, 1.58) 0.53
ICH 881 & 228 (0.83, 6.29)
Pre-function  Independent 8363 i 1.22 (0.76, 1.96) 0.37
Slight disability 1097 -— 1.85 (0.72, 4.77)
Moderate to severe disability 1119 —-.— 0.87 (0.46, 1.64)
T T T
0 1 4.5 8

Not screened  Screened

N donates number of patients in each subgroup

NIHSS donates National Institute of Health Stroke Scale, AIS acute ischaemic stroke,
ICH intracerebral haemorrhage, Pre-function refers to grade of pre-morbid physical
function on the modified Rankin scale where 0-1 = independent, 2= mild disability
but independent, and 3-5 = increasing grades of disability and dependence on others
for care

Hierarchical mixed models were used in analyses
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Figure S6. Effects of use of dysphagia screen on poor outcome (death and
disability) at 90-day in 9310 patients by pre-defined subgroups

B. Poor Qutcome

Variable Subgroup N OR (95% CI) P-value
Sex Male 5604 —a 0.92 (0.76,1.12) 0.55
Female 3706 0.99 (0.79, 1.25)
Age group <60 yrs 2453 I 0.97(0.73,1.28) 020
60-69 yrs 2417 —— 0.80 (0.62, 1.04)
T0-79 yrs 2341 —- 0.96 (0.74, 1.26)
80+yrs 2099 —— 1.13 (0.84, 1.52)
Region Australia and UK 3656 —— 0.87 (0.62,1.23) 0.77
China include Taiwan 4147 —— 0.92(0.73, 1.16)
India and Sri Lanka 689 — 1.05 (0.57, 1.93)
South America 818 —a— 1.13 (0.75, 1.70)
NIHSS at baseline 0-4 4945 —a— 0.98 (0.80, 1.22) 0.59
5-42 4365 —a— 0.92 (0.74, 1.13)
Stroke type AlS 8012 0.93 (0.78,1.11) 077
ICH 773 j— 1.03 (0.67, 1.58)
Pre-function Independent 739 i 0.90 (0.75, 1.07) 0.21
Slight disability 962 —— 1.09 (0.74, 1.59)
Moderate to severe disability 957 —_ 1.31(0.84, 2.03)
Past history Yes 4807 —-— 1.07 (0.88, 1.31) 0.55
Mo 4503 - 0.82 (0.66, 1.01)
I I I
0 1 15 3

P
N&t screened Screened

Poor outcome is death or disability at 90-day according to scores 3-6 on the modified
Rankin scale

N donates number of patients in each subgroup

NIHSS donates National Institute of Health Stroke Scale, AlIS acute ischaemic stroke,
ICH intracerebral haemorrhage

Pre-function refers to grade of pre-morbid physical function on the modified Rankin
scale where 0-1 = independent, 2= slight disability but independent, and 3-5 =
moderate to severe disability

Hierarchical mixed models were used in analyses
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Figure S7. Effects of use of dysphagia screen on the clinical outcomes, according to head position

A. Pneumonia

B. Poor Qutcome

N OR (95% CI) N OR (95% CI)
Lying Flat 5038 B —— 1.06 (0.63, 1.77) 4451 —- 0.74 (0.59, 0.92)
Sitting Up 5541 - 1.28(0.78,2.00) 4849 - 1.19 (0.96, 1.46)
T T I
0 1 2 (1] 1
< = -— —
Mot screened Screened Mot screened Screaned

N donates the number of patients in each head position subgroup

Poor outcome is death or disability at 90-day according to scores 3-6 on the modified Rankin scale

Hierarchical mixed models used in analyses
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Figure S8. Effects of dysphagia screen on pneumonia in 8390 patients in pre-
defined subgroups

A. Pneumonia
N OR (95% CI)

Variable Subgroup P-value
Sex Male 5027 —a— 3.86 (2.66, 4.76) 0.40
Female 3363 - 3.24 (2.15, 6.14)
Age group =G0 yrs 2247 & 6.48 (270, 15.52) 0.02
60-69 yrs 2083 —a— 323(1.72 6.08)
70-79 yrs 2112 —— 4.05(2.34,6.99)
80+yrs 19483 —-— 3.12(2.10, 461)
Region Australia and UK 4125 —a— 3.50(2.50,492) 0.93
China include Taiwan 3064 - 3.60 (2.67,775)
India and Sri Lanka 662 —— 3.11(1.15,8.43)
South America 539 i 485 (1.76, 13.33)
MIHSS at baseline  0-4 4377 —— 247 (1.18,5.18) 028
5-42 4013 —- 3.82(2.78,5.25)
Stroke type AlS 7138 —-—— 3.53 (2.58,4.82) 0.67
ICH 672 B — 3.33 (1.58, 7.01)
Pre-function Independent G671 —a— 449 (3.10, 6.50) 0.13
Slight disability 851 —a 278 (1.42,546)
Moderate to severe disability 868 —a— 244 (142 419)
I I I

01 8.5 16
Passed screen Failed screen

N donates the number of patients in each subgroup

NIHSS donates National Institute of Health Stroke Scale, AlIS acute ischaemic stroke,
ICH intracerebral haemorrhage

Pre-function refers to grade of pre-morbid physical function on the modified Rankin
scale where 0-1 = independent, 2= slight disability but independent, and 3-5 =
moderate to severe disability

Hierarchical mixed models were used in analyses
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Figure S9. Effects of dysphagia screen on poor outcome at 90-day in 7341
patients according to pre-defined subgroups

B. Poor Qutcome

Variable Subgroup N OR (95% CI) P-value
Sex Male 4417 - 1.68 (1.37,2.06) 0.84
Female 2924 - 1.63 (1.30, 2.06)
Age group <60 yrs 1900 ril— 1.30 (0.95, 1.80) 0.01
60-69 yrs 1853 - 1.46 (1.08, 1.97)
T0-79 yrs 1872 —a— 2.03(1.53, 2.69)
80+yrs 1716 —a— 1.75(1.32, 2.32)
Region Australia and UK 3345 - 1.67 (1.35, 2.06) 0.68
China include Taiwan 2895 —— 1.88 (1.37, 2.59)
India and Sri Lanka 596 T 142 (0.91, 2.23)
South America 505 - 1.39 (0.81, 2.37)
NIHSS at baseline 0-4 3836 —- 1.69(1.28, 2.24) 0.01
5-42 3505 - 1.65 (1.36, 1.90)
Stroke type AlS 6296 - 1.63 (1.37,1.93) 0.69
ICH 577 —— 1.73 (1.05, 2.84)
Pre-function Independent 5868 - 1.54 (1.29,1.84) 0.04
Slight disability 740 —_— 3.11 (1.87, 5.17)
Moderate to severe disability 733 —— 1.73(1.04, 2.88)
Past history Yes 3788 - 1.68 (1.37,2.06) 0.87
Mo 3553 - 1.63 (1.31, 2.08)
I I I

4 7

0 1
Iﬁéssea 5creen Failed screen

N donates the number of patients in each subgroup

Poor outcome is death or disability at 90-day according to scores 3-6 on the modified
Rankin scale

NIHSS donates National Institute of Health Stroke Scale, AlIS acute ischaemic stroke,
ICH intracerebral haemorrhage.

Pre-function refers to grade of pre-morbid physical function on the modified Rankin
scale where 0-1 = independent, 2= slight disability but independent, and 3-5 =
moderate to severe disability

Hierarchical mixed models were used in analyses
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Figure S10. Effects of dysphagia screen results on clinical outcomes, according to head position

A. Pneumonia

B. Poor Outcome

N OR (95% Cl) N OR (95% Cl)
Lying Flat 4010 - 354 (234 534) 3535 —_— 1.91 (1.53, 2.40)
Sitting Up 4380 —_— 360 (2.48,5.22) 3806 —_—— 1.47(1.19, 1.82)
I I I T T
0 1 35 0 1 2 3

Passed screen Failed screen

N donates the number of patients in each head position subgroup

—
Passed screened

Poor outcome is death or disability according to scores 3-6 on the modified Rankin scale

Hierarchical mixed models were used in analyses
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Figure S11. Effects of use feeding restrictions on clinical outcomes in patients either failed dysphagia screen or assessment

A. Pneumonia B. Poor Cutcome

OR (95% Cl) OR (95% CI)
Unadjusted . 6.44 (2.80, 14.83) —— 4.05 (3.06, 5.37)
Model 1 - 6.24 (2.71, 14.40) — 3.91 (2.94, 5.20)
Model 2 —— 4.01(1.71,9.42) —— 1.94 (1.40, 2.71)
Model 3 —— 4.06 (1.72,9.54) —a— 1.96 (1.37, 2.76)

01 8 15 01 4 7
NG feeding restriction  Feeding restriction No feeding restriciton  Feeding restriction

Poor outcome is death or disability according to scores 3-6 on the modified Rankin scale

Hierarchical mixed models were used in analyses

243



Figure S12. Multiple imputation analysis for effect of use of dysphagia screen on clinical outcomes

A. Pneumonia
OR (95% CI)

B. Poor Outcome
OR (95% CI)

Unadjusted ——— 0.92 (0.65, 1.32) —a— 0.84 (0.74, 0.97)
Adjusted ——— 1.17 (0.81, 1.70) —e— 0.94 (0.80, 1.11)
0 1 2 0 1 1.5
Mot screened Screened Mot screensd Screenad

Poor outcome is death or disability according to scores 3-6 on the modified Rankin scale

Hierarchical mixed models were used in analyses
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Figure S13. Multiple imputation analysis for effect of dysphagia screen results on clinical outcomes

Unadjusted

Adjusted

A. Pneumonia
OR (95% CI)

—— 6.89 (5.31, 8.95)

2.99 (2.20, 4.06)

B. Poor Outcome
OR (95% CI)

—a— 4.52 (3.98, 5.12)

1.60 (1.37, 1.87)

0 1

5

Failed screen

Failed screen

0

1

3.5

Passed screen

Poor outcome is death or disability according to scores 3-6 on the modified Rankin scale

Hierarchical mixed models were used in analyses
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Prognostic significance of urinary catheterisation after acute stroke: secondary analyses
of the HeadPoST trial
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Supplemental tables: 7
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Multiple imputation method

Multiple imputation was used to impute missing outcome data, using PROC MI and PROC
MIANALYZE in SAS version 9.2 (or later) software. Multiple imputation is generally
considered the least biased method since it incorporates uncertainty to the imputed value, and
a non-monotone missing pattern is assumed modified Rankin Scale (mRS) score at 90 days
for urinary tract infection (UTI). A distribution for the outcome was derived from a
regression model that accounts for covariates (listed in the hierarchical mixed model) and a
random sample from this distribution was used to impute values for missing outcomes. Ten
multiple sample data sets with complete outcome data were generated through PROC M, and
the results (regression parameter and covariance matrix estimates) for each sample combined
and analysed with PROC MIANALY ZE to derive a valid statistical inference about the

association with outcomes.
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Table S1. Characteristics of patients by modified Rankin scale (mRS) score at 90 days

Poor outcome

Favourable outcome

(MRS 3-6) (mRS 0-2)

Characteristic N=3826 N=5922 P valuef
Age (years) 72.8+13.2 65.1+13.0 <0.0001
Male 2023 (52.9) 3866 (65.3) <0.0001
Region <0.0001

Australia and UK 1687 (44.1) 2165 (36.6)

China and Taiwan 1284 (33.6) 3063 (51.7)

India and Sri Lanka 411 (10.7) 283 (4.8)

South America 444 (11.6) 411 (6.9)
Hypertension 2119 (55.4) 2876 (48.6) 0.0008
Previous stroke 619 (16.2) 728 (12.3) <0.0001
Coronary artery disease 595 (15.6) 416 (7.0) <0.0001
Atrial fibrillation 234 (6.1) 120 (2.0) <0.0001
Heart failure 1123 (29.4) 1185 (20.0) <0.0001
Diabetes mellitus 870 (22.7) 1110 (18.7) 0.842
Stroke category <0.0001

AlS 3266 (85.6) 5103 (86.4)

ICH 404 (10.6) 414 (7.0)

Uncertain 146 (3.8) 387 (6.6)
NIHSS at admission 8.0 (4.0, 14.0) 3.0(2.0,5.0) <0.0001
GCS score at admission 15.0 (12.0, 15.0) 15.0 (15.0, 15.0) <0.0001
Pre-morbid mRS 0-1* 2578 (67.3) 5131 (86.6) <0.0001
NIHSS at 7 days/before discharge 6.0 (2.0, 12.0) 1.0 (0.0, 3.0) <0.0001
mRS at 7 days/before discharge 4.0 (2.0, 4.0) 1.0 (1.0, 2.0) <0.0001
ICU admission 2467 (64.6) 3136 (53.0) <0.0001
ASU admission 2467 (64.6) 3136 (53.0) <0.0001
Antibiotic treatment 1041 (27.4) 447 (7.6) <0.0001
Underwent surgery+ 26 (0.7) 9(0.2) <0.0001
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Data are n (%), mean+SD and median (IQR)

AIS donates acute ischemic stroke, ASU acute stroke unit, GCS Glasgow coma scale, ICH
intracerebral haemorrhage, ICU intensive care unit, mRS modified Rankin scale, NIHSS
National Institutes of Health Stroke Scale, UK United Kingdom

*Estimated functional grade score 0-1 on the mRS

tIncludes decompressive hemicranectomy, open craniotomy, minimally invasive surgery and
intraventricular drainage of ICH

1P value from Chi-squared test, T-test or Wilcoxon test as appropriate
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Table S2. Characteristics of patients according to urinary tract infection (UTI) within 90

days
UTlI
Yes No

Characteristics N=76 N=11017 P value8
Age (years) 77.6x£11.6 67.9+£13.8 <0.0001
Male 32 (42.1) 6632 (60.2) 0.001
Region

Australia and UK 56 (73.7) 4705 (42.7) <0.0001

China and Taiwan 5 (6.6) 4647 (42.2)

India and Sri Lanka 5 (6.6) 765 (6.9)

South America 10 (13.2) 900 (8.2)
Hypertension 50 (65.8) 5567 (50.5) 0.061
Previous stroke 15 (20.0) 2591 (23.6) 0.464
Coronary artery disease 9(11.8) 1530 (14.0) 0.591
Atrial fibrillation 17 (22.4) 1159 (10.5) 0.001
Heart failure 5 (6.6) 407 (3.7) 0.206
Diabetes mellitus 18 (23.7) 2203 (20.0) 0.757
Stroke category

AIS 63 (82.9) 9404 (85.6) 0.772

ICH 8 (10.5) 922 (8.4)

Uncertain 5 (6.6) 658 (6.0)
NIHSS at admission 6.0 (4.0, 12.0) 4.0 (2.0, 8.0) <0.0001
GCS score at admission 15.0 (13.0, 15.0) 15.0 (14.0, 15.0) 0.003
Pre-morbid mRS 0-1* 48 (63.2) 8681 (78.8) <0.0001
NIHSS at 7 days or before 5.0 (2.0, 15.0) 2.0 (1.0, 6.0) <0.0001
discharge
mRS at 7 days/before discharge 4.0 (3.0, 5.0) 2.0 (1.0, 3.0) <0.0001
ICU admission 2 (2.7) 515 (4.7) 0.585
ASU admission 67 (88.2) 6553 (59.5) <0.0001
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UTI

Yes No
Characteristics N=76 N=11017 P value§
Antibiotic treatment 49 (65.3) 1633 (14.9) <0.0001
Underwent surgery 0(0.0) 36 (0.3) 0.781
Poor outcomes 46 (71.9) 3780 (39.0) <0.0001

Data are n (%), mean+SD and median (IQR)

AIS donates acute ischemic stroke, ASU acute stroke unit, GCS Glasgow coma scale, ICH
intracerebral haemorrhage, ICU intensive care unit, mRS modified Rankin scale, NIHSS
National Institutes of Health Stroke Scale, UK United Kingdom

*Estimated functional grade score 0-1 on the mRS

tIncludes decompressive hemicranectomy, open craniotomy, minimally invasive surgery and
intraventricular drainage of ICH

1Poor outcome defined as modified Rankin scale scores 3-6
8P value from Chi-squared test, T-test or Wilcoxon test as appropriate
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Table S3: Urine catheter use by region

Urinary catheter use Australia + UK China + Taiwan India + Sri Lanka South America Overall P value*
Yes 535 (11.4) 266 (5.7) 259 (33.8) 107 (11.8) 1167 (11.6) <0.0001
No 4154 (88.6) 4371 (94.3) 507 (66.2) 797 (88.2) 9829 (88.6)

Length of insertion, days
Mediant 6.0 (3.0, 7.0) 6.0 (3.0, 7.0) 4.0 (3.0, 5.0) 5.0 (3.0, 7.0)

<0.0001
5.0 (3.0, 7.0)

Data are n (%) and median (IQR)
*P value from chi-squared test or Wilcoxon rank sum test as appropriate

tAustraliatUK (N=214), China+Taiwan (N=205), India + Sri Lanka (N=50), South America (N=46)
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Table S4. Length of indwelling urinary catheter (ITUC) use by outcomes

Length of ITUC

insertion, days

Outcomes Median (IQR) P value*
Urinary tract infections 0.167
Yes 4.0 (3.0-6.0) N=41
No 5.0 (3.0-7.0) N=469
modified Rankin scale score at 90 0.013
days
0-2 (favourable) 5.0 (3.0-7.0) N=262
3-6 (poor) 6.0 (3.0-7.0) N=147

Data are median (IQR)

*Wilcoxon rank sum test for P value
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Table S5. Clinical outcomes by use of urine catheter

Urinary catheter use

Outcomes Yes No P value*
Urinary tract infection 18/1167 (1.5) 58/9829 (0.6) 0.0002
Poor outcomet 793/1167 (76.6)  2991/9829 (34.7) <0.0001
Any SAE 431/1167 (36.9) 1087/9829 (11.1)  <0.0001
Any infection} 43/1167 (3.7) 113/9829 (1.2) <0.0001
Death 292/1167 (25.6)  490/9829 (5.1) <0.0001
Death by any SAE 268/292 (91.8)  420/490 (85.7) 0.0116
Death by any infection} 16/268 (6.0) 241420 (5.7) 0.889
Death by UTI 3/268 (1.1) 9/420 (2.1) 0.317

Data are n/N (%).

UTI denotes urinary tract infection, SAE serious adverse event

*Chi-squared test for P value

tDefined as modified Rankin scale score 3to 6

TAny infection includes urinary tract infection, septicaemia or other type of infection
in body or septic shock (except pneumonia).
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Table S6. Duration of urinary catheterization and outcome in patients with
catheterization.

Outcomes OR* (95% CI) P value aOR7Y (95% CI) P value
Poor outcome  1.14 (1.05-1.23) 0.002 1.03 (0.93-1.14) 0.534
UTI 0.86 (0.66-1.12) 0.252 Did not converge

aOR denotes adjusted odds ratio, CI confidence interval, UTI urinary tract infection

*Unadjusted binomial logistic regression with adjustment for the fixed effects of head
position (lying-flat versus sitting-up) and crossover period, and random effects of
cluster, and random interaction effects between cluster and crossover period.

1 Adjusted region as groups (Australia/UK, China and Taiwan, India/Sri Lanka, South
America), baseline age as continuous, sex, premorbid grade according to modified
Rankin scale (mRS) at admission, National Institutes of Health Stroke Scale (NIHSS)
at baseline as continuous, past medical history of heart disease, diabetes or previous
stroke and stroke type, intensive care unit admission, acute stroke unit admission,
antibiotic treatment, NIHSS at Day 7/before discharge as continuous.
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Table S7. Predictors of death or dependency (mRS 3-6) at 90 days (n=9155)

Covariate aOR (95% CI) P value
Indwelling urine catheter 1.41 (1.13-1.75) 0.002
Region (vs. South America) <0.0001
China + Taiwan 0.52 (0.35-0.75)
Australia + United Kingdom 0.76 (0.51-1.12)
India + Sri Lanka 1.52 (0.91-2.53)
Age, per 5 years 1.22 (1.19-1.25) <0.0001
Female 1.29 (1.15-1.44) <0.0001
NIHSS at admission, per unit 1.03 (1.02-1.05) <0.0001
AIS (vs. ICH) 0.84 (0.68-1.04) 0.262
Pre-morbid mRS (vs. no symptoms)* <0.0001
No significant disability 1.41 (1.20-1.65)
History of heart disease, stroke or diabetes 1.42 (1.27-1.59) <0.0001
ICU admission 1.25 (0.90-1.74) 0.192
ASU admission 0.98 (0.77-1.24) 0.861
Antibiotic treatment 1.44 (1.21-1.70) <0.0001
NIHSS at day 7, per unit 1.27 (1.25-1.30) <0.0001
Urinary Tract Infection 1.46 (0.70-3.04) 0.319

AIS denotes acute ischaemic stroke, aOR adjusted odds ratio, ASU acute stroke unit,
ClI confidence interval, GCS Glasgow coma scale, ICH intracerebral haemorrhage,
ICU intensive care unit, mRS modified Rankin scale, NIHSS National Institutes of

Health Stroke Scale

*Premorbid functional grade according to the full range of scores on the mRS
assessed at admission: slight disability vs. no symptoms (aOR 2.09, 95% CI 1.73-

2.51); moderate disability vs. no symptoms (aOR 3.81, 95% CI 3.01-4.82);

moderate/severe disability vs. no symptoms (aOR 4.44, 95% CI 3.06-6.44); and
severe disability vs. no symptoms (aOR 5.88, 95% CI 2.33-14.87)
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Table S8. Stratified analysis of indwelling urinary catheterisation and death or
dependency in patients without reported urinary tract infection (UTI)

Stratification No UTI (N=11017)

aOR (95% CI) P value
Unadjusted* 5.44 (4.63-6.39) <0.0001
Model 1+ 5.27 (4.49-6.18) <0.0001
Model 2 2.34 (1.93-2.83) <0.0001
Model 3§ 1.43 (1.15-1.78) 0.001

aOR denotes adjusted odds ratio, Cl confidence interval, UTI urinary tract infection

*Unadjusted binomial logistic regression with adjustment for the fixed effects of head
position (lying-flat versus sitting-up) and crossover period, and random effects of
cluster, and random interaction effects between cluster and crossover period.

tModel I: adjusted region as groups (Australia/UK, China and Taiwan, India/Sri
Lanka, South America)

TModel Il: further adjusted baseline covariates, include age as continuous, sex,
premorbid grade according to modified Rankin scale (mRS) at admission, National
Institutes of Health Stroke Scale (NIHSS) at baseline as continuous, past medical
history of heart disease, diabetes or previous stroke and stroke type.

8Model I11: further adjusted individual characteristics at discharge, include intensive
care unit admission, acute stroke unit admission, antibiotic treatment, NIHSS at Day
7/before discharge as continuous.
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Figure S1. Plot of interaction between urinary catheter use and NIHSS at
admission on death or dependency at 90 days

Predicted Probabilities for mrs_90_binary
With 95% Confidence Limits

1.0
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0.2

P=0.0019
0.0 -
T T T T
0 10 20 30 40
NIHSS at admission
Urinary catheter inserted (Y/N) YES NO

mrs_90_binary donates death or dependency at 90 days according to scores 3-6 on the
modified Rankin scale

NIHSS denotes National Institutes of Health Stroke Scale

Hierarchical mixed models used in analyses
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Figure S2. Distribution of time to urinary tract infection (UTI) events from

stroke onset
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Figure S3. Subgroup analysis for death or dependency outcome (MRS 3-6) in

9192 patients

Poor
Variable Subgroup N OR (95% CI) P value
Head Position Lying flat 4401 = 1.18 (0.88,1.60) 0.122
Sitting up 4791 — 1.63 (1.22,2.19)
Age in years <60 2480 e L 1.19 (0.78, 1.82)  0.006
60-69 2418 T 1.30 (0.85, 1.99)
70-79 2312 —— 1.37(0.93, 2.01)
80+ 1982 —— 1.72 (1.14, 2.59)
Sex Male 5585 - 1.12 (0.85,1.47) 0.010
Female 3607 —— 1.92 (1.38, 2.66)
Region group Australia and UK 3425 —— 1.64 (1.18,2.29) 0.136
China (include Taiwan) 4274 —i— 1.57 (1.07, 2.30)
India and Sri Lanka 659 — 1.08 (0.67, 1.74)
South America 834 — 1 0.76 (0.39, 1.50)
NIHSS at admission 0-4 4951 —— 2.42 (1.64,3.58) <0.0001
5-42 4241 = 1.14 (0.89, 1.47)
Stroke type AIS 7939 - 1.43(1.13,1.81) 0.470
ICH 746 - 1.44 (0.84, 2.45)
mRS at admission  0-2 8270 - 1.48(1.18,1.86) 0.085
35 922 —— 0.83 (0.44, 1.57)
Past Medical History Yes 4721 —— 1.40 (1.05,1.87) 0.997
No 4471 —— 1.40 (1.04, 1.89)
I T
0 1 2
IUC better IUC worse

AIS donates acute ischemic stroke, ICH intracerebral haemorrhage, mRS modified
Rankin scale, N number of patients in each subgroup, NIHSS National Institutes of
Health Stroke Scale

Poor outcome is death or dependency at 90 day according to mRS scores 3-6

Hierarchical mixed models used in analyses

260



Figure S4. Subgroup analysis for urinary tract infection (UTI) within 90 days in 10419
patients

UTI
Variable Subgroup N OR (95% CI) P value
Head Position Lying flat 4958 —®—  152(0.64,361) 0.277
Sitting up 5461 —— 0.79 (0.32, 1.93)
Age in years <60 2879 L 0.78 (0.09, 6.85) 0.818
60-69 2687 L 0.65 (0.07, 5.74)
70-79 2596 ——=—— 1.90(0.66, 5.43)
80+ 2257 —a 0.91 (0.38, 2.16)
Sex Male 6306 T 1.35 (0.63, 2.90) 0.326
Female 4113 —— 0.71 (0.23, 2.16)
NIHSS at admission 0-4 5592 —1T % 1.66 (0.44, 6.24) 0.127
5-42 4827 0.96 (0.47, 1.94)
mRS at admission 0-2 9346 I 1.00 (0.47, 2.12) 0.911
3-5 1073 —®——  1.33(0.44, 4.02)
Past Medical History Yes 5095 —a— 0.80 (0.34, 1.89) 0.503
No 5324 i 1.61 (0.66, 3.93)
r ™
0 1 4 7
IUC better IUC worse

AIS donates acute ischemic stroke, ICH intracerebral haemorrhage, mRS modified Rankin
scale, N number of patients in each subgroup, NIHSS National Institutes of Health Stroke
Scale

Hierarchical mixed models used in analyses
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Multiple imputation methods

Multiple imputation was used to impute missing outcome data, using PROC MI and PROC
MIANALYZE in SAS version 9.2 (or later) software. Multiple imputation is generally
considered the least biased method since it incorporates uncertainty to the imputed value, and
a non-monotone missing pattern is assumed modified Rankin scale (mRS) score at 90 days.
A distribution for the outcome was derived from a regression model that accounts for
covariates (listed in the generalized linear mixed model) and a random sample from this
distribution was used to impute values for missing outcomes. Ten multiple sample data sets
with complete outcome data were generated through PROC M, and the results (regression
parameter and covariance matrix estimates) for each sample combined and analyzed with
PROC MIANALYZE to derive a valid statistical inference about the association with

outcomes.

263



Table e-1. Baseline characteristics by diastolic blood pressure

Diastolic blood pressure, mmHg

Variable <70 70-89 >90 P value
Number of patients 1301 (11.7) 5118 (46.2) 4664 (42.1)
Age, yr 73 (+13.5) 69 (+13.5) 66 (+13.6)  <0.0001
Female 646 (49.7) 2048 (40.0) 1729 (37.1) <0.0001
Region <0.0001

Australia and UK 807 (62.0) 2209 (43.1) 1738 (37.3)

China and Taiwan 330 (25.4) 2195 (42.9) 2127 (45.6)

India and Sri Lanka 49 (3.8) 322 (6.3) 399 (8.6)

South America 115 (8.8) 392 (7.7) 400 (8.6)
Stroke type <0.0001

AlIS 1131 (87.2) 4436 (86.9) 3895 (83.7)

ICH 71 (5.5) 320 (6.3) 539 (11.6)

Uncertain 95 (7.3) 349 (6.8) 218 (4.7)
NIHSS 5.0(2.0-10.0) 4.0 (2.0-8.0) 4.0 (2.0-8.0) <0.0001

NIHSS >15 201 (15.8) 524 (10.4) 482 (10.5)  <0.0001
Medical history
Hypertension 814 (62.8) 3116 (61.0) 3218 (69.1) <0.0001

Current treatment 690 (53.0) 2495 (48.7) 2431 (52.1) <0.0001

Number of antihypertensive drugs 1.0 (1.0-2.0) 1.0 (1.0-2.0) 1.0 (1.0-2.0) <0.0001
Diabetes mellitus 316 (24.4) 1282 (25.1) 1052 (22.6) 0.013
Atrial fibrillation 207 (16.0) 547 (10.8) 435 (9.4) <0.0001
Coronary artery disease 268 (20.8) 733 (14.4) 539 (11.6) <0.0001
Heart failure 88 (6.9) 204 (4.0%) 121 (2.6) <0.0001
Previous stroke 307 (23.7) 1191 (23.3%) 1107 (23.8)  0.8596
Smoking 211 (16.4) 950 (18.8%) 963 (20.8)  0.0010
Pre-morbid mRS 0-1 928 (71.4) 4050 (79.3%) 3755 (80.6) <0.0001
Hypercholesterolemia 435 (33.6) 1317 (25.9) 979 (21.1)  <0.0001
COPD/emphysema 74 (5.4) 180 (3.6) 152 (3.3)  0.0001
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Diastolic blood pressure, mmHg

Variable <70 70-89 >90 P value
Number of patients 1301 (11.7) 5118 (46.2) 4664 (42.1)
SBP, mmHg 132 (116-149) 144 (130-160) 167 (150-186) <0.0001
DBP, mmHg 63 (60-66) 80 (75-84) 100 (92-106) <0.0001
Time from stroke onset to hospital

5.6 (1.9-21.4) 8.1(2.4-30.0) 7.4(2.3-25.3) <0.0001

arrival, hr

Data are mean (+SD), median (IQR) and n (%). Analyses are ANOVA test for normally

distributed variables, Kruskal-Wallis test for skewed continuous variables, and Chi-squared

test for categorical variables.

AIS denotes acute ischaemic stroke, COPD chronic obstructive pulmonary disease, DBP
denotes diastolic blood pressure, ICH intracerebral haemorrhage, MRS modified Rankin

scale, NIHSS National Institutes of Health Stroke Scale, SBP systolic blood pressure, UK

United Kingdom

265



Table e-2. Associations with low baseline systolic blood pressure

Predictors aOR (95% CI) P value
Age (every 10 years) 0.85 (0.80-0.90) <0.0001
Stroke subtype <0.0001
ICH vs. AIS 0.61 (0.42-0.89)
Uncertain vs. AlS 1.75 (1.29-2.37)
NIHSS 1.02 (1.00-1.03) 0.0320
History of hypertension 0.44 (0.37-0.52) <0.0001
History of atrial fibrillation 1.47 (1.13-1.91) 0.0037
History of coronary artery disease 1.54 (1.22-1.94) 0.0003
History of heart failure 1.83 (1.28-2.62) 0.0010
Pre-morbid conditions (MRS 0-1 vs. 2-5) 0.78 (0.63-0.96) 0.0176

AIS denotes acute ischaemic stroke, aOR adjusted odds ratio, Cl confidence interval, ICH
intracerebral haemorrhage, mRS modified Rankin scale, NIHSS National Institutes of Health
Stroke Scale

Generalized linear mixed model adjusted for the study design (fixed effects of head position
lying-flat versus sitting-up and cross-over period, random effects of cluster, and random
interaction effects between cluster and crossover period) and listed covariates in the baseline
table. Backward elimination was used until all variables in the model with P <0.05 to obtain
predictors for low BP.
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Table e-3. Outcomes by categorical diastolic blood pressure

Diastolic blood pressure, mmHg

Outcome <70 70-89 >90 P value*
Death or dependency (mRS 3-6) 575/1128+ (51.0) 1740/44737 (38.9) 1505/41387 (36.4) <0.0001
Disability (mRS 3-5) 438/1128 (38.8) 1384/4473 (30.9) 1202/4138 (29.0) <0.0001
Death 137/1128 (12.1) 356/4473 (8.0) 303/4138 (7.3) <0.0001
SAE 233/13017% (17.9) 716/51187% (14.0) 590/46647 (12.7) <0.0001
Recurrent stroke 81/1301 (6.2) 249/5118 (4.9) 197/4664 (4.2) 0.0098
Cardiac or other vascular events 30/1301 (2.3) 116/5118 (2.3) 89/4664 (1.9) 0.4161
Pneumonia 41/1301 (3.2) 136/5118 (2.7) 115/4664 (2.5) 0.3899
Other infection 22/1301 (1.7) 56/5118 (1.1) 4314664 (0.9) 0.0617
Other SAE 54/1301 (4.2) 124/5118 (2.4) 107/4664 (2.3) 0.0006

Data are n/N (%)

DBP donates diastolic blood pressure, mRS modified Rankin Scale, SAE serious adverse event.
*Chi-squared p value

+N is according to total number of patients at 90-day follow up

IN is according to total number of patients randomised
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Table e-4. National Institute of Health Stroke Scale at Day 7/before discharge by
categorical blood pressure (BP)

Categorical BP NIHSS at day 7/before discharge P value*

SBP, mmHg 0.0013

<120 2.0 (1.0-6.0)

120-139 2.0 (1.0-5.0)

=140 2.0 (1.0-6.0)
DBP, mmHg 0.0353

<70 2.0 (1.0-6.0)

71-90 2.0 (1.0-6.0)

=90 2.0 (1.0-6.0)

*Kruskal-Wallis Test for P value;

BP donates blood pressure, DBP diastolic blood pressure, NIHSS National Institute Health
Stroke Scale, SBP systolic blood pressure
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Figure e-1. Association of baseline blood pressure and any serious adverse events within 90 days

A. SAEs with in 90 days B. SAEs with in 90 days

DBP, mmHg aOR (95% CI)

SBP, mmHg a0R (95% CI)
_ Trial population

Trial population <70 — 0.89 (0.74, 1.08)
<120 T 1.22 (095, 1.57) =90 —a 0.94(0.82, 1.08)
=140 —— 1.00 (086, 117) ’

Confirmed stroke
Confirmed stroke =70 —— 0.86(0.71, 1.05)
<120 T 1.22 (0.94, 1.58) =00 —.— 0.91(0.79, 1.05)
=140 —a— 0.97 (0.82, 1.14)

AlS
AIS =70 — 088 (0.72, 1.08)
=120 T 1.19(0.91, 1.56) =90 —=r 091(078, 105)
=140 —. 0.92 (0.78, 1.08)

ICH
ICH =70 - 060 (028, 128)
<120 = > 2.16 (066, 7.11) =90 —— 0.99 (0.64, 1.53)
=140 = 223(1.13, 439)

f T 1
T T I 0.2 5 1 2
05 1 4 7

Footnote: AIS donates acute ischemic stroke, aOR donates adjusted odds ratio, CI confidence interval, DBP diastolic blood pressure, ICH intracerebral
haemorrhage, SAE serious adverse events, SBP systolic blood pressure

Generalized linear mixed model adjusted for the fixed effects of head position (lying-flat versus sitting-up) and cross-over period, random effects of cluster,
and random interaction effects between cluster and cross-over period, and prognostic variables including region, age, sex, National Institutes of Health Stroke
Scale score, pre-morbid function according to the modified Rankin scale (0-1, independent; 2-5 disabled), stroke type, and history of coronary artery disease,
heart failure, hypertension, atrial fibrillation, and diabetes mellitus, and smoking status. A. SBP reference 120-139 mmHg; B. DBP reference 70-89 mmHg.
Square boxes indicate odds ratios; line indicates 95% confidence intervals.
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Figure e-2. Restricted cubic spline regression of baseline diastolic blood pressure and
clinical outcomes at 90 days

A. DBP and death or dependency at 90 days
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Footnote: DBP donates diastolic blood pressure, SAE serious adverse events, SBP systolic blood
pressure. Generalized linear mixed models with adjustment for study design (fixed effects of head
position and cross-over period, random effects of cluster, and random interaction effects between
cluster and crossover period) and potential confounders of age, sex, region, past history of diabetes
mellitus, hypertension, heart failure, atrial fibrillation, coronary heart disease, National Institutes of
Health Stroke Scale, stroke type, pre-morbid score 0-1 on the modified Rankin Scale, and current
smoking. A. Splines fitted with 3 knots (percentiles 10™", 50%", 95™) for DBP; B. Splines fitted with 4
knots (percentiles 5™, 351", 651, 95") for DBP; Reference diastolic blood pressure 90 mmHg. Solid
line indicates odds ratios; dotted line indicates 95% confidence intervals.
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Figure e-3. Restricted cubic spline regression of baseline diastolic blood pressure and
90-day death or dependency (modified Rankin Scale 3-6), by stroke subtype

A. AIS patients
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Footnote: AlS donates acute ischemic stroke, DBP diastolic blood pressure, ICH donates intracerebral
haemorrhage. Generalized linear mixed model adjusted for the fixed effects of head position (lying-
flat versus sitting-up) and cross-over period, random effects of cluster, and random interaction effects
between cluster and crossover period and potential confounders: age, sex, region groups, past history
of diabetes, past history of hypertension, heart failure, atrial fibrillation, coronary artery disease,
National Institutes of Health Stroke Scale, stroke type and pre-morbid function 0-1 according to
modified Rankin scale, and current smoking. Splines fitted with 3 knots (percentiles 10, 50", 95t
for DBP; Reference diastolic blood pressure 90 mmHg. Solid line indicates odds ratios; dotted line
indicates 95% confidence interval
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Figure e-4. Association of categorical baseline diastolic blood pressure and death or dependency (modified Rankin Scale 3-6) at 90 days,

A. Original dataset by type of dataset
Death or dependency )
aOR (95% CI) B. Imputation dataset
DBP. mmHg Death or dependency
OR (95% CI
Trial population DBP. mmHg aOR( )
<70 1.25(1.06, 1.47) Trial population
=90 i 0.94(0.84, 1.05) <70 —— 1.20(1.02, 1.41)
=90 —- 0.95(0.886, 1.086)
Confirmed stroke
<70 —— 1.22(1.03, 1.45) Confirmed stroke
=90 —- 0.95 (0.85, 1.06) <70 —— 1.18(1.00, 1.40)
B =90 —-- 0.96(0.86, 1.07)
AlS
<70 — 1.26(1.06, 1.50) ot —-— 1.21(1.02, 1.44)
=90 0.96(0.86, 1.08) =90 —a— 0.97(0.87,1.09)
ICH ICH
=70 - 0.80(0.36, 1.77) <70 = 0.91(0.44, 1.90)
=90 — 0.78(0.51,1.18) 290 e 0.78(0.51,1.19)
I 1 1 T T 1
0.2 0.5 1 2 0.2 0.5 1 2

Footnote: AIS denotes acute ischaemic stroke, aOR adjusted odds ratio, Cl confidence interval, DBP diastolic blood pressure, ICH intracerebral
haemorrhage, MRS modified Rankin Scale

Generalized linear mixed model adjusted for study design (fixed effects of head position [lying-flat versus sitting-up] and cross-over period,
random effects of cluster, and random interaction effects between cluster and cross-over period) and region, age, sex, National Institutes of
Health Stroke Scale (NIHSS) score, pre-morbid function according to mRS, stroke type, and history of coronary artery disease, heart failure,
hypertension, atrial fibrillation, diabetes mellitus and smoking status.

Reference diastolic blood pressure 70-89 mmHg; Square boxes indicate point estimate of odds ratios, solid line indicates 95% confidence
intervals.
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Figure e-5. Baseline systolic blood pressure and death or dependency (modified Rankin
Scale 3-6) at 90 days, by pre-specified subgroups

Death or dependency

Subgroup  SBP, mmHg aOR (95% CI) P interaction n/N

Region

Asian <120 —— 162(1.09, 211) 0.0024 298/4947
2140 i 1.19 (0.99, 1.42) 3525/4947

non-Asian <120 — . 1.02 (0.75, 1.38) 346/4428
=140 — 0.78 (0.65. 0.94) 3181/4428

Intensive BP lowering

Yes <120 i > 182(047.7.06) 05756 20/798
=140 = 1.58 (0.80, 3.10) 699/798

No <120 —— 1.27 (1.01, 1.59) 624/8576
=140 - 0.97 (0.85, 1.10) 600G/8576

Antihypertensive®

Yes <120 —_:_— 1.04 (0.74, 145) 0.2058 259/4781
2140 1.04 (087, 1.25) 3614/4781
MNao <120 L > 3.09(1.36, 7.00) 43/1280
2140 — 1.04 (0.71, 1.55) 1027/1280
Head Positioning
Lying flat <120 i 1.32(0.95, 1.83) 0.091  290/4506
2140 T 1.15 {0.96, 1.38) 3206/4506
Sitting up <120 & 1.23 (0.91, 1.66) 354/4369
=140 —r 0.88 (0.74, 1.05) 3500/4869
I | I 1
0.2 05 1 3 6
Footnote:

*Only includes patients with history of hypertension

aOR donates to adjusted odds ratio, BP blood pressure, mRS modified Rankin Scale, SBP
systolic blood pressure

Generalized linear mixed models adjusted for the fixed effects of head position (lying-flat
versus sitting-up) and cross-over period, random effects of cluster, and random interaction
effects between cluster and cross-over period together with prognostic variables including
age, sex, region, history of diabetes mellitus, hypertension, heart failure, atrial fibrillation,
coronary artery disease, National Institutes of Health Stroke Scale, stroke type, pre-morbid
function according to modified Rankin scale, and smoking status.

Reference systolic blood pressure120-139 mmHg. Square boxes indicate odds ratios; line
indicates 95% confidence intervals.
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Figure e-6. Baseline diastolic blood pressure and death or dependency (modified
Rankin Scale 3-6) at 90 days, by pre-specified subgroups

Death or dependency

Subgroup DBP, mmHg aOR (95% CI) P interaction n/N

Region

Asian <70 —a— 1.36 (1.03, 1.80) 0.0308 345/4947
=90 - 1.08 (0.93, 1.26) 2326/4947

non-Asian <70 . 1.12 (0.91, 1.38) 72814428
290 —— 0.80 (0.68. 0.94) 1669/4428

Intensive BP lowering

Yes <70 i 1.07 (0.47. 2.46) 0.6349 45/798
=90 — 0.87 (0.57, 1.33) 500/798

No <70 —i— 1.28 (1.08, 1.51) 1028/8576
=90 - 0.94 (0.84, 1.06) 3495/8576

Antihypertensive®

Yes <70 T 117 (0.94, 1.47) 0.8062 578/4781
290 —— 1.00 (086, 1.17) 2089/4781

No <70 i 1.57 (0.87, 2.84) 93/1280
290 —a— 1.01 (0.74. 1.37) 674/1280

Head Positioning

Lying flat <70 T8 119 (0.93, 1.52) 0.5631 489/4506
=90 —— 1.00 (0.85, 1.17) 1912/4506

Sitting up <70 —— 1.30 (1.04, 1.62) 584/4869
=90 —i- 0.92 (0.79, 1.07) 2083/4869

I I I 1

0.2 0.5 1 2 3

Footnote:
*Only includes patients with history of hypertension

aOR donates to adjusted odds ratio, BP blood pressure, DBP diastolic blood pressure, mRS
modified Rankin Scale

Generalized linear mixed models adjusted for the fixed effects of head position (lying-flat
versus sitting-up) and cross-over period, random effects of cluster, and random interaction
effects between cluster and crossover period together with prognostic variables including age,
sex, region, history of diabetes mellitus, hypertension, heart failure, atrial fibrillation,
coronary artery disease, National Institutes of Health Stroke Scale, stroke type, pre-morbid
function according to modified Rankin scale, and smoking status.

Reference diastolic blood pressure 70-89 mmHg. Square boxes indicate odds ratios; line
indicates 95% confidence interval.
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Appendix 1. Summary of definitions of serious adverse events (SAES)

Item

Definition

Acute stroke

Cerebral ischaemia, cerebral haemorrhage, cerebral oedema, brain

herniation, raised intracranial pressure

Cardiac/ other

vascular disease

Myocardial infarction, heart failure, arrhythmia, sudden death (cardiac,
cardiogenic shock), pulmonary embolism, death of unknown cardiac
origin, acute pulmonary oedema, epilepsy or seizures, carotid
endarterectomy (CEA), hypertension, collapse, carotid angioplasty

stenting (CAS) or other cardiac origin SAEs

Pneumonia

Pneumonia

Other infection

Urinary tract, septicaemia, other type of infection in body, septic shock

Other SAE

Fall, renal failure, death (non-cardiovascular), ulcers, tumour or cancer,
depression, anxiety, uncertain death, deep vein thrombosis (DVT),

confusion, limb ischemia, meningitis and other undefined
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Appendix 2. Propensity score matching approach

The propensity score was generated from all the baseline characteristics listed in Table 1. The
propensity matching cohort for the two groups of oxygen desaturation (SaO2 <93%) and
normal group (SaO. 93-100%) was generated by balanced, parallel (1:1) nearest available
neighbour matching with a maximum permitted difference of 0.1 (caliper: 0.1) approach.
Absolute standardized difference (ASD) was calculated between the two groups and
unbalanced covariates (ASD more than 0.10) were identified. All unbalanced covariates were
then adjusted into the multivariable analysis using the generalised linear mixed (GLM)
models to obtain the associations of oxygen desaturation and clinical outcomes of (i) death or

dependency and (ii) any serious adverse events (SAES).
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Table S1. Baseline characteristics of stroke patients by missing data on arterial oxygen

saturation (SaO3)

Available Missing

Variable (n=8067, 73%)  (n=3026, 27%) P value*
Age 69.0 (13.96) 65.1 (12.81) 0.496
Male 4726 (58.6) 1983 (64.4) 0.357
Region

Australia/lUK 4376 (54.3) 385 (12.7) <0.001

China/Taiwan 2370 (29.4) 2282 (75.4)

India/Sri Lanka 501 (6.2) 269 (8.9)

South America 820 (10.2) 90 (3.0)
Premorbid mRS scores 2-5 1597 (19.8) 739 (24.5) <0.001
NIHSS score at baseline 4.0 (2.0-9.0) 4.0 (2.0-7.0) 0.134

=15 1011 (12.8) 196 (6.5) 0.596
Systolic BP 152 (135-173) 150 (138-170) 0.438
Blood glucose level 6.1 (5.3-7.7) 6.0 (5.1-7.7) 0.677
Heart rate 76 (68-86) 76 (68-81) 0.009
Time from symptom onset to hospital 6.0 (2.1-22.6) 17.6 (4.5-51.4) 0.444
arrival
Heart failure 328 (4.1) 85 (2.8) 0.054
COPD/emphysema 334 (4.2) 72 (2.4) 0.047
Hypertension 5162 (64.2) 1989 (65.9) 0.649
Atrial fibrillation 992 (12.4) 197 (6.6) 0.309
Coronary heart disease 1141 (14.2) 399 (13.3) 0.291
Diabetes mellitus 1907 (23.7) 745 (24.7) 0.870
Hyperlipidaemia 2296 (28.6) 436 (14.5) 0.308
Previous stroke 1776 (23.7) 831 (27.5) 0.113
Other major health conditions 1502 (18.9) 267 (9.0) 0.166
Current smoker 1402 (17.6) 723 (24.1) 0.809
Antiplatelet use in AIS 3410 (50.2) 1773 (66.3) 0.631
Anticoagulant use in AIS 611 (9.0) 112 (4.2) 0.328
Dysphagia 1634 (20.4) 411 (13.7) 0.375

Final diagnosis
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Acute ischemic stroke
Large vessel occlusion
Cardioembolic
Lacunar
Other
Intracerebral haemorrhage
Presence of intraventricular blood
Haematoma volume
Not AIS/ICH
Hospitalisation management
Reperfusion therapyt for AIS
Surgical proceduresi for ICH
Withdraw active care
Endotracheal intubation

6807 (84.5)
2064 (30.3)
1068 (15.7)
1756 (25.8)
1919 (28.1)
703 (8.7)
204 (29.3)
10 (3-15)
550 (6.8)

1181 (17.4)
7 (1.0)

92 (1.2)

81 (1.0)

2678 (88.6)
884 (33.0)
167 (6.2)
1107 (41.3)
520 (19.4)
228 (7.5)
66 (29.0)

9 (4-15)
116 (3.8)

160 (6.0)
5(2.2)
21 (0.7)
20 (0.7)

0.006
0.145

0.339
0.275

<0.001
0.623
0.657
0.198

Data are mean (SD), median (IQR), and n (%)

AIS denotes acute ischaemic stroke, COPD chronic obstructive pulmonary disease, ICH
intracerebral haemorrhage, mRS modified Rankin scale, NIHSS National Institutes of Health

Stroke Scale, UK United Kingdom

*P value from univariate analyses using generalized linear mixed models with adjustment for
study design (fixed effects of head position and cross-over period, random effects of cluster,
and random interaction effects between cluster and crossover period)

tReperfusion therapy includes recombinant tissue-type plasminogen activator (rt-PA)
treatment (intravenous or intra-arterial) or endovascular clot retrieval

TICH surgical procedures include decompressive hemicranectormy, open craniotomy surgical
evacuation, minimally invasive surgery or intraventricular drainage
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Table S2. Desaturation (<92%) and clinical outcomes at 90 days

Sa0> Model 1 Model 2 Model 3
Outcome <92% 92-100% aOR (95% CI) Pvalue aOR (95% Cl) Pvalue aOR (95% CI) P value
Death or dependency ~ 214/365* (58.6) 2669/6584* (40.5) 1.31(0.98-1.76) 0.069  1.28(0.95-1.73) 0.105  1.21 (0.94-1.56) 0.136
Any SAEs 122/4147 (29.5)  1160/76531 (15.2) 1.76 (1.33-2.32) <0.001 1.62 (1.21-2.17) 0.001  1.46 (1.14-1.88) 0.004
Acute stroke 421414 (10.1) 392/7653 (5.1) 1.73 (1.16-2.57) 0.007 1.42 (0.92-2.19) 0.110

Cardiac/other vascular
16/414 (3.9) 179/7653 (2.3) 1.14 (0.63-2.08) 0.660 1.17 (0.64-2.14) 0.602

disease

Pneumonia 34/414 (8.2) 227/7653 (3.0) 1.58 (0.98-2.54) 0.059 1.51 (0.93-2.46) 0.093
Other infection 71414 (1.7) 91/7653 (1.2) 1.13(0.49-2.26) 0.773  1.11(0.47-2.59) 0.815
Other SAE 22/414 (5.3) 268/7653 (3.5) 1.40 (0.86-2.29) 0.178 1.42 (0.87-2.32) 0.164

Data are n/N (%).
ClI denotes confidence interval, SAEs serious adverse events, aOR adjusted odds ratio
*Denominators represent the total number of patients with follow-up to 90-days

tDenominators represent the total number of randomized patients

Model 1: aOR obtained from generalized linear mixed models with adjustment for study design (fixed effects of head position and cross-over
period, random effects of cluster, and random interaction effects between cluster and crossover period) and baseline variables of age, sex, region,
history of diabetes mellitus, hypertension, heart failure, atrial fibrillation, National Institutes of Health Stroke Scale score, pre-morbid score 0-1
on the modified Rankin scale, dysphagia, hyperlipidemia, other major health conditions, chronic obstructive pulmonary disease, stroke type,
antithrombotic treatment, and time from symptom onset to hospital arrival

Model 2: further adjusted management variables include withdraw active care, endotracheal intubation and reperfusion therapy for ischemic
stroke during hospitalisation and surgical procedures for intracerebral haemorrhage during hospitalisation

Model 3: imputation dataset analysis based on the variables adjusted in Model 2 with additional adjustment of imputed blood glucose level.
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Table S3. Propensity score matching of baseline characteristics by lowest level of arterial oxygen saturation (SaO2)

Original dataset

Lowest SaO;

Matching dataset

Lowest Sa0;

Variables <93% 93-100% ASD <93% 93-100% ASD
(n=784) (n=7283) (n=784) (n=784)
Age 72.7 (13.00) 68.6 (14.00) 0.30 72.7 (13.00) 71.0 (13.39) 0.13
Female 354 (45.2) 2987 (41.0) 0.08 354 (45.2) 345 (44.0) 0.02
Region 0.29 0.44
Australia/lUK 418 (53.3) 3958 (54.5) 418 (53.3) 455 (58.0)
China/Taiwan 176 (22.5) 2194 (30.1) 176 (22.5) 247 (31.5)
India/Sri Lanka 44 (5.6) 457 (6.3) 44 (5.6) 30 (3.8)
South America 146 (18.6) 674 (9.3) 146 (18.6) 52 (6.6)
Premorbid mRS scores 2-5 196 (25.1) 1401 (19.3) 0.14 196 (25.1) 177 (22.6) 0.06
NIHSS score 6 (3-13) 4 (2-9) 0.32 6 (3-13) 5 (2-10) 0.20
Systolic blood pressure, mmHg 152 (135-176) 152 (135-172) <0.01 152 (135-176) 151 (137-170) <0.01
Blood glucose level, mmol/L 6.5 (5.6-8.5) 6.1 (5.3-7.7) 0.16 6.5 (5.6-8.5) 6.3 (5.4-8.3) 0.07
Time from symptom onset to 5.1 (2.0-19.6) 0.14
_ _ 4.1 (1.8-14.1) 6.2 (2.1-23.5) 0.20 4.1 (1.8-14.1)
hospital arrival, hrs
Medical history and
medications
Heart failure 49 (6.3) 279 (3.9) 0.11 49 (6.3) 41 (5.3) 0.05
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COPD/emphysema
Hypertension

Atrial fibrillation
Coronary heart disease
Diabetes mellitus
Hyperlipidaemia
Previous stroke

Other major health conditions
Current smoker
Antiplatelet use in AIS
Anticoagulant use in AIS
Dysphagia

Final diagnosis

AIS

ICH

Not AIS/ICH*

72 (9.3)
541 (69.2)
117 (15.0)
114 (14.7)
202 (25.8)
245 (31.5)
178 (22.8)
184 (23.8)
127 (16.4)
318 (48.1)
82 (12.4)
264 (34.2)

664 (84.7)
74 (9.4)
46 (5.9)

262 (3.6)
4621 (63.6)
875 (12.1)
1027 (14.2)
1705 (23.5)
2051 (28.3)
1598 (22.0)
1318 (18.3)
1275 (17.7)
3092 (50.4)

529 (8.7)
1370 (19.0)

6143 (84.4)
629 (8.6)
504 (6.9)

0.23
0.12
0.09
0.01
0.05
0.07
0.02
0.13
0.04
0.04
0.01
0.35
0.04

72 (9.3)
541 (69.2)
117 (15.0)
114 (14.7)
202 (25.8)
245 (31.5)
178 (22.8)
184 (23.8)
127 (16.4)
318 (48.1)
82 (12.4)
264 (34.2)

664 (84.7)
74 (9.4)
46 (5.9)

54 (6.9)
502 (64.3)
108 (13.9)
119 (15.2)
181 (23.2)
248 (31.7)
186 (23.8)
159 (20.4)
139 (17.9)
368 (47.1)
80 (10.2)
206 (26.4)

671 (85.8)
58 (7.4)
53 (6.8)

0.09
0.10
0.04
0.02
0.06
<0.01
0.02
0.08
0.04
0.04
<0.01
0.17
0.08

Data are mean (SD), median (IQR), and n (%)

Analyses were T-test for normally distributed variables, Wilcoxon rank sum test for skewed continuous variables, and Chi-squared test for

categorical variables.

AIS denotes acute ischaemic stroke, ASD absolute standardized difference, COPD chronic obstructive pulmonary disease, ICH intracerebral

haemorrhage, mRS modified Rankin scale, NIHSS National Institutes of Health Stroke Scale, UK United Kingdom



*includes transient ischemic attack, migraine, seizure, functional weakness, syncope, transient global amnesia, metabolic disorder, tumor or

other sources
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Table S4. Association of arterial oxygen saturation (SaOz2) and clinical outcomes at 90 days after acute stroke using propensity matching
dataset

Sa0; Model 1 Model 2
Outcome <93% 93-100% aOR (95% ClI) P value aOR (95% ClI) P value
Death or dependency 380/683* (55.6) 298/692* (43.1) 1.27 (0.97-1.68) 0.088 Didn’t converge -
Any SAEs 197/7847 (25.1)  1355/784% (17.2) 1.38 (1.03-1.85) 0.030 1.40 (1.02-1.90) 0.035

Data are n/N (%)

aOR adjusted odds ratio, CI denotes confidence interval, SAESs serious adverse event
*Denominators represent total number of patients with follow-up to 90-days
tDenominators represent total number of randomized patients

Model 1: aOR obtained from generalized linear mixed models with adjustment for study design (fixed effects of head position and cross-over
period, random effects of cluster, and random interaction effects between cluster and crossover period) and baseline variables of age, region,

hypertension, National Institutes of Health Stroke Scale score, dysphagia, and time from symptom onset to hospital arrival

Model 2: further adjusted management variables include withdraw active care, endotracheal intubation and reperfusion therapy for ischemic

stroke and surgical procedural intervention for intracerebral haemorrhage during hospitalisation
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Table S5 Post-hoc power calculations

Lowest Oxygen Saturation Power
Outcome
<93% 93-100%

Death or dependency 380/683* (55.6) 2503/6266* (40.0) >099.9%
Any SAEs 197/7847 (25.1)  1085/72837 (14.9) >99.9%
Acute stroke 70/784 (8.9) 364/7283 (5.0) 99.2%
Cardiac/other vascular disease 271784 (3.4) 168/7283 (2.3) 50.6%
Pneumonia 49/784 (5.1) 212/7283 (2.9) 90.0%
Other infection 12/784 (1.5) 86/7283 (1.2) 13.3%
Other SAEs 38/784 (4.5) 252/7283 (3.4) 40.9%
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Figure S1. Flow chart

11093 randomized
patients in HeadPoST

3017 missing record on
lowest SaO>

in first 24 hours

8067 had record of lowest SaO»

Lying flat
N=3810

Sitting up
N=4257

Respiratory
comorbidity
N=261

Respiratory
comorbidity
N=356

*Sa0> denotes arterial oxygen saturation
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Figure S2. Distribution of the arterial oxygen saturation
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Boxes indicate first quartile (Q1) to third quartile (Q3); inner line indicates median; dots
indicate outliers (N=8067).
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Figure S3. Subgroup analysis of association of arterial oxygen saturation and death or
dependency at 90 days

Death or dependency

Subgroup n/N aOR (95% CI) P for interaction
Region
AustralalUie 31173136 —L— 1.05 (0.77, 1.43 0.417

na, 157/2084 +=— 1.43(0.91,2.24
India/Sri Lanka  31/440 ——m— 2.42(0.77,7.61
South America  127/710 —— 1.12 (0.67, 1.87
Age group, years
<60 99/1555 —— 1.19(0.72, 1.99 0.776
60-69 138/1559 —— 0.97 (0.61, 1.55
70-79 174/1652 -+ 1.31(0.88, 1.95
>=80 215/1604 S o 1.28 (0.86, 1.89
Sex
Male 346/3773 | - 1.33 ?1.00, 1.78; 0.216
Female 280/2597 —— 1.02 (0.74, 1.41
Stroke subtype
AIS 527/5425 1= 1.16 (0.91, 1.48 0.587
ICH y 61/540 = 1.68 (0.81, 3.48
Uncertain 38/405 — 1.01 (0.43,
Baseline NIHSS
<5 250/3234 . 1.31(0.94, 1.82 0.840
5-9 167/1639 —m— 1.16 (0.80, 1.69
10-14 80/709 —-— 1.15 (0.65, 2.04
Pre-morbid level
mRS 0-1 471/5197 i . 1.12 20.88, 1.45{ 0.352
mRS 2-5 155/1173 I 145(0.90,2.35
Cardiac-respiratory comorbidity
Yes 87/461 o L 1.68 50.85, 3.32; 0.151
No 539/5909 ™ 1.14 (0.90, 1.44
s o oning 121(0.87,1.89)  0.852

ying flat 279/3040 N el ; R :
Sitting up 347/3330 —— 1.16 50-86, 1-57;
Dysphagia
Yes 214/1284 —— 0.96 (0.63, 1.47 0.258
No 412/5086 Bl 1.27 }0,99, 1.64;
Time from onset to hospital arrival
<6 hours 361/3175 T 1.24 20.89, 1.723 0.756
>6 hours 265/3195 - 1.15 (0.86, 1.54
| | [

Footnote: AIS denotes acute ischaemic stroke, aOR adjusted odds ratio, CI confidence
interval, ICH intracerebral haemorrhage, NIHSS National Institutes of Health Stroke Scale

aOR obtained from generalized linear mixed models with adjustment for study design (fixed
effects of head position and cross-over period, random effects of cluster, and random
interaction effects between cluster and crossover period) and baseline variables of age, sex,
region, history of diabetes mellitus, hypertension, heart failure, atrial fibrillation, National
Institutes of Health Stroke Scale score, pre-morbid score 0-1 on the modified Rankin scale,
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dysphagia, hyperlipidaemia, other major health conditions, chronic obstructive pulmonary
disease, stroke type, antithrombotic treatment, and time from symptom onset to hospital
arrival, withdraw active care, endotracheal intubation and reperfusion therapy for ischemic
stroke and surgical procedures for intracerebral haemorrhage during hospitalisation
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Figure S4. Subgroup analysis of the association between arterial oxygen saturation and

serious adverse events at 90 days

SAE
Subgroup n/N aOR (95% Cl) P for interaction
A 1.26 (0.94, 1.67
Australia/UK 369/3880 T . o4, 1. 0.331
China 172/2248 —T 1.35(0.71, 2.58
India/Sri Lanka 41/492 — 0.77 (0.29, 2.05
South America  133/747 —=—  1.95(0.96, 3.26
Age group, years
<60 121/1875 —— 1.75 (0.96, 3.20 0.778
60-69 156/1768 —.— 1.62 (1.00, 2.64
70-79 202/1879 . 1.34 (0.89, 2.02
>=80 236/1845 —— 1.13 (0.79, 1.60
Sex
Male 400/4346 —— 1.41 21.04, 1 1% 0.614
Female 315/3021 SR 1.26 (0.91,1.75
Stroke subtype
AlS 604/6230 - 1.29 (1.01, 1.65 0.418
ICH 67/628 —a——  2.00(1.04, 3.85
Uncertain 44/509 —_— 1.12 (0.47, 2.69
Baseline NIHSS
<5 —— 1.59 (1.08, 2.33 0.158
&9 o6/ 1861 51010353
10-14 94/822 —a1— 0.72 (0.38, 1.37
215 143/903 B el 1.27 (0.83, 1.94
Pre-morbid level
mRS 0-1 547/5978 - 1.37 (1.05, 1.79 0.774
mRS 2-5 168/1389 - 1.28 (0.85, 1.91
Cardiac-respiratory comorbidity
Yes 100/542 — . 1.85 }1 .06, 3.24; 0.165
No 615/6825 . 1.26 (0.99, 1.62
Head Positioning
Lying flat 321/3492 —— 1.60 21.21, 2.23; 0.128
Sitting up 394/3874 i L 1.14 (0.83, 1.56
Dysphagia
Yes 239/1475 T 1.29 (0.92, 1.82 0.781
No 476/5892 — 1.38 }1.02, 1.853
Time from onset to hospital arrival
<6 hours 415/3701 —i- 1.34 (1.01,1.78 0.596
>6 hours 300/3666 T 1.33 }0.94, 1 91;

02 05 1 2

Footnote: AIS denotes acute ischemic stroke, aOR adjusted odds ratio, CI confidence
interval, ICH intracerebral haemorrhage, NIHSS National Institutes of Health Stroke Scale

aOR obtained from generalized linear mixed models with adjustment for study design (fixed
effects of head position and cross-over period, random effects of cluster, and random
interaction effects between cluster and crossover period) and baseline variables of age, sex,
region, history of diabetes mellitus, hypertension, heart failure, atrial fibrillation, National
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Institutes of Health Stroke Scale score, pre-morbid score 0-1 on the modified Rankin scale,
dysphagia, hyperlipidaemia, other major health conditions, chronic obstructive pulmonary
disease, stroke type, antithrombotic treatment, and time from symptom onset to hospital
arrival, withdraw active care, endotracheal intubation and reperfusion therapy for ischemic
stroke and surgical procedures for intracerebral haemorrhage during hospitalisation
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Figure S5. Spline of lowest oxygen saturation and death or dependency at 90 days by
stroke subtype

A. Ischaemic stroke
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B. Haemorrhagic stroke
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Footnote: Generalised linear mixed models with adjustment for study design (fixed effects of
head position and cross-over period, random effects of cluster, and random interaction effects
between cluster and crossover period) and baseline variables of age, sex, region groups,
history of coronary heart disease, diabetes mellitus, hypertension, heart failure, atrial
fibrillation, National Institutes of Health Stroke Scale score, pre-morbid score 0-1 on the
modified Rankin scale, dysphagia, hyperlipidaemia, other major health conditions, chronic
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obstructive pulmonary disease, antithrombotic treatment, and time from symptom onset to
hospital arrival, withdraw active care, endotracheal intubation with A. further adjusted
reperfusion therapy and stroke subtype for ischemic stroke and B. further adjusted surgical
procedures for haemorrhagic stroke

Spline fitted with 4 knots (percentiles 5%, 35, 65, 95™) for oxygen saturation, with lowest
point as reference; solid line indicates adjusted odds ratio; dotted lines indicates 95%
confidence intervals.
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Figure S6. Spline of lowest oxygen saturation and death or dependency at 90 days by
region

A. Australia and UK
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C. India and Sri Lanka
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Footnote: Generalised linear mixed models with adjustment for study design (fixed effects of
head position and cross-over period, random effects of cluster, and random interaction effects
between cluster and crossover period) and baseline variables of age, sex, history of coronary
heart disease, diabetes mellitus, hypertension, heart failure, atrial fibrillation, National
Institutes of Health Stroke Scale score, pre-morbid score 0-1 on the modified Rankin scale,
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dysphagia, hyperlipidaemia, other major health conditions, chronic obstructive pulmonary
disease, stroke subtype, antithrombotic treatment, and time from symptom onset to hospital
arrival, withdraw active care, endotracheal intubation, reperfusion therapy for ischemic stroke
and surgical procedures for haemorrhagic stroke

Spline fitted with 4 knots (percentiles 5%, 35", 65, 95™) for oxygen saturation, with lowest
point as reference; solid line indicates adjusted odds ratio; dotted lines indicates 95%
confidence intervals.
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Supplementary Appendix of Chapter 4

Regional variations in components of acute stroke unit care in the international
HeadPoST study

Ouyang M, Zhang Y, Wang X, Song L, Billot L et al.
Supplementary Tables: 4

Supplementary Figure: 1
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Table S1. Process of care definitions

Care indicators

Definition

Reperfusion therapy
for AIS

Antiplatelets for AIS

Anticoagulation for
AF

Antihypertensive for
secondary
prevention

Intensive BP

lowering

Dysphagia screen

Formal dysphagia
assessment
Assisted feeding for
dysphagia

Physiotherapy

Occupational
therapy
Psychological
therapy

Intravenous or intra-arterial rtPA/other thrombolytic therapy for
acute ischaemic stroke patients within the first 7 days of
hospitalisation/before discharge if earlier

Antiplatelet therapy for acute ischaemic stroke patients initiated
within the first 7 days of hospitalisation/before discharge if
earlier

Anticoagulant therapy for acute stroke patients with AF initiated
within the first 7 days of hospitalisation/before discharge if
earlier

Oral antihypertensive agents for secondary prevention initiated
within the first 7 days of hospitalisation/before discharge if
earlier

Multidrug antihypertensive therapy with a BP target
<140/90mmHg initiated within the first 7 days of
hospitalisation/before discharge if earlier

Initial screening for swallowing function within 24 hours of
hospital arrival

Formal assessment for swallowing function by speech
pathologist/allied health professionals if screening failed
Assisted feeding included modified diet (liquid, puree, soft food),
nasogastric tube or percutaneous gastrostomy provided to acute
stroke patients with diagnosed dysphagia within the first 7 days
of hospitalisation/before discharge if earlier

Formal assessment by physiotherapist within the first 7 days of
hospitalisation/before discharge if earlier

Formal assessment by occupational therapist within the first 7
days of hospitalisation/before discharge if earlier

Formal assessment by psychologist within the first 7 days of

hospitalisation/before discharge if earlier

AF denotes atrial fibrillation, AIS acute ischaemic stroke, BP blood pressure, rtPA recombinant tissue
plasminogen activator
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Table S2. Number of acute stroke unit (ASU) admission by region

ASU admission

Region Yes No Total
Australia 590 (98.2) 11 (1.8) 601
Brazil 81 (30.7) 183 (69.3) 264
Chile 272 (45.0) 333 (55.0) 605
China 891 (20.0) 3588 (80.0) 4479
Colombia 20 (52.6) 18 (47.4) 38
India 400 (80.2) 99 (19.8) 499
Sri Lanka 247 (91.1) 24 (8.9) 271
Taiwan 40 (23.1) 133 (76.9) 4156
United Kingdom 4079 (98.2) 77 (1.9) 173
Total 6620 (59.7) 4466 (40.3) 11086

Data are N (%), % are row percent.
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Table S3. Outcomes by acute stroke unit (ASU) admission across region

ASU admission

Total Yes No P value*

Time from hospital arrival to

discharge/transfer, days

Australia/UK (N=3697) 4.0 (2.0-10.0) 4.0 (2.0-10.0) 4.0 (2.0-10.0)  0.4306
China (includes Taiwan)

(N=4193)

India/Sri Lanka (N=592) 5.0 (3.0-8.0) 5.0 (3.0-8.0) 3.0(2.0-6.0) <0.0001
South Americat (N=741) 6.0 (3.0-10.0) 6.0 (3.0-11.0) 5.0 (3.0-9.0) 0.1345
Death

11.0 (8.0-15.0)  10.0 (7.0-14.0) 12.0(8.0-15.0) <0.0001

Australia/UK (N=4703) 454 (9.7) 442 (9.6) 12 (13.8) 0.1869
China (includes Taiwan)
157 (3.5) 44 (4.9) 113 (3.2) 0.0110

(N=4489)
India/Sri Lanka (N=748) 90 (12.0) 61 (9.7) 29 (25.0) <0.0001
South Americat (N=907) 93 (10.3) 32 (8.6) 61 (11.4) 0.1647
Death and dependency
Australia/lUK (N=3848) 1684 (43.7) 1653 (43.7) 31 (45.6) 0.7595
China (includes Taiwan)

1284 (29.5) 303 (34.1) 981 (28.3) 0.0003
(N=4347)
India/Sri Lanka (N=694) 411 (59.2) 331 (55.6) 80 (80.8) <0.0001
South Americat (N=852) 442 (51.9) 180 (51.4) 262 (52.2) 0.8265

Data are median (IQR) and N (%)
ASU denotes acute stroke unit, AU Australia, UK United Kingdom

*P values were obtained from Wilcoxon rank sum test for time to hospital discharge and Chi-squared test for
death, death and dependency.

+South America including Brazil, Chile and Colombia.

Idefined by scores 3-6 on the modified Rankin Scale
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Table S4. Process of care patterns according to acute stroke unit (ASU) admission by regions

AU/UK China (includes Taiwan) India/Sri Lanka South Americaj
ASU care ASU care ASU care ASU care
Process of care Yes No Yes No Yes No Yes No
N=4669 N=88 N=931 N=3721 N=647 N=123 N=373 N=534
(98.2) (1.9) sSD* (20.0) (80.0) SD* (84.0) (16.0) SD* (41.3) (58.7) SD*

Reperfusion therapy for AISt 838 (22.4) 15(23.1) 0.02 145(17.0) 115(3.5) 0.46 62(11.1) 8(8.2) 0.10 86(25.7) 68(14.7) 0.28

Antiplatelets for AIS 3412 (91.3) 57 (90.5) 0.03 808 (94.5) 3157 (95.0) 0.02 532 82 0.37 302 437 (94.8) 0.15
(95.0) (83.7) (91.0)

Anticoagulation for AF 368 (44.4) 9(39.1) 0.11 20(30.3) 69(45.7) 0.32 18(90.0) 1(33.3) 1.43 29(82.9) 35(85.4) 0.07

Antihypertensive for secondary 3196 (69.2) 60 (69.0) <0.01 442 (47.5) 1662 (44.7) 0.06 397 87 0.19 252 352 (65.9) 0.04

prevention (61.6) (70.7) (67.7)

Intensive BP lowering 257 (5.5) 9(10.2) 0.18 139(14.9) 398 (10.7) 0.13 63(9.7) 2(1.6) 036 32(8.6) 20(3.7) 0.20

Dysphagia screen 4254 (91.3) 83(94.3) 0.12 681 (73.1) 2537 (68.2) 0.11 585 85 0.55 150 406 (76.2) 0.78
(90.4) (69.1) (40.3)

Formal dysphagia assessment 958 (80.8) 27 (93.1) 0.37 52(72.3) 128(51.4) 0.49 72(32.7) 12 <0.01 25 (54.4) 127 (77.0) 0.49

(32.4)

Assisted feeding for dysphagia 726 (68.6) 26(89.7) 0.54 67 (65.7) 184 (44.8) 0.43 121 31 0.75 80 (81.6) 135(89.4) 0.22
(92.4) (63.3)

Physiotherapy 4302 (92.8) 73(83.9) 0.28 168(18.1) 663 (17.8) <0.01 429 45 0.63 332 348 (65.3) 0.60
(67.2) (37.2) (89.2)

Occupational therapy 4027 (86.8) 66 (75.9) 0.28 39(4.2) 82(22) 0.11 111 1(0.8) 0.60 92 (24.7) 37(6.9) 0.50
(17.2)

Psychological therapy 60 (1.3) 2(23) 008 12(1.3) 39(1.1) 0.02 18(2.8) 1(0.8) 0.15 47(12.7) 28(5.3) 0.26

Data are n (%); AF denotes atrial fibrillation, AlS acute ischaemic stroke, ASU acute stroke unit, AU Australia, BP blood pressure, SD standardised difference, UK United
Kingdom; *Standardised difference = absolute difference in means or proportions divided by standard error; imbalance defined as value greater than 0.20 ; fincludes
intravenous and intra-arterial thrombolysis; $South America including Brazil, Chile and Colombia.
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Figure S1. Functional outcomes in patient by regions, stratified by acute stroke unit

(ASU) admission
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Footnote: ASU denotes acute stroke unit, AU Australia, UK United Kingdom
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Supplementary Appendix of Chapter 5.1

Understanding implementation of the guideline-recommended care bundle in the
INTERACT3 study: process evaluation protocol for an international cluster randomized

control trial

Appendix 1. Semi-structured interview guide

Section One
Warm-up questions:
e Name

e What is your role at the hospital, and what are your main responsibilities?

Section Two

Perceptions about the intervention (NPT domain: coherence)

e How did you hear about INTERACT3? Did the PI tell you about it?

e What did you think was the aim of the INTERACTS3 study?
(probes: any concerns regarding clinical aspects of the intensive blood
pressure reduction in stroke care? any clinical concerns regarding the care
bundle in INTERACT3?)

e When you compare the care bundle in INTERACT3 and routine care in your
hospital, which one was easier to deliver? Please explain why.

e What do you think about the training provided by CRAs for this
INTERACT 3 study? (probe: did we need to more training once you were in

the intervention phase?)

Section Three

Implementation/delivery and actions needed (NPT domain: cognitive participation
and collective action)
Reach
e How have you found patient recruitment? Have you had any difficulties in
recruiting patients for INTERACT3 at your hospital? Please explain why
and can you give me an example?

e Did you recruit all eligible patients? Why or why not?

Intervention Fidelity
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How was the cross over to the INTERACT care bundle? Did you experience
any difficulties? (probes: staff understanding or concerns, patients’ and

carers’ understanding or concerns, or other?)

Did the patients receive all the components of care bundle? (probe: If not,
please explain why, separate components of BP lowering, glycaminc

control, treatment of pyrexia, and reveral of anticoagulation).

You have since recruited 5-10 patients, has there been any changes in how
you implemented the care bundle? (probe: separate components)

How well were the care bundle targets reached in the first hour when
abnormal blood pressure, blood sugar level, body temperature and INR were

detected? (Probe: reasons for not achieving the targets, provide an example)

Implementation

What difficulties have you experienced in implementing INTERACT3 so
far?

(i.e. Such as paperwork, data entry, communication with other health
professionals/departments, equipment, What were the patients’ and their
carers responses when you implemented the care bundle?)

What could we do to support the implementation of INTERACT 3 at your

hospital? (probe: BP lowering guidance, data entry )

Context/external factors

Were there any external factors that affected the implementation of the care
bundle to the patients? (e.g. availability of medication, any changes or events
at your hospital during INTERACT3 that impacted on participation or
recruitment?

If we want to implement the care bundle as a guideline widely in hospitals

across your country, what would be the main barriers ? Please explain.

Section Four

Perceived effects (NPT domain: reflexive monitoring)

How well do you think INTERACT3 worked overall in your hospital?
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e What is the role of PI? What was done by PI regarding the project process?
(probe: What additional support could have helped from PI or from the
clinical trial team?)

e Do you have any suggestions on how to improve recruitment and
implementation of the INTERACT 3 bundle? (probe: do they anticipate any
further issues)

e Concluding question: Do you have any other thoughts about INTERACT3
besides what we talked about above?

(Thank you so much for your participation in this research and for sharing

your insights)
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Appendix 2. Focus group discussion guide

Introduction: This focus group discussion is designed to assess your current thoughts and
feelings about the intervention implementation in INTERACT3 project. The focus group
discussion will take no more than 1.5 hour.

Anonymity: The discussion will be audio-recorded. | would like to assure you that the
discussion will be anonymous. The record will be kept safely in a locked facility until they are
transcribed word for word, then they will be destroyed. The transcribed notes of the focus
group will contain no information that would allow individual subjects to be linked to specific
statements. You should try to answer and comment as accurately and truthfully as possible. |
and the other focus group participants would appreciate it if you would refrain from
discussing the comments of other group members outside the focus group. If there are any
questions or discussions that you do not wish to answer or participate in, you do not have to
do so; however please try to answer and be as involved as possible.

Information consent: Before we start our discussion, | would like you to express your
decision to participate. If you are fully understand above information and agree to participate
in this interview, please repeat:

“I fully understand the background, aim, procedure, risk and benefit of participating the
discussion for INTERACT3 process evaluation. | have enough time and chance to raise
questions and satisfied with the answers. | agree to participate in this discussion. |
acknowledge I can reject to participate at any time with no reason.”

Introductory question

I am just going to give you a couple of minutes to think about your experience of participating
the INTERACTS3 project. Is anyone happy to share his or her experience?

Guiding questions for CRAs

e What are the attitudes of you and clinicians towards the intervention from your training
and communication? (What did clinician think/say/do?)

o What drove the positive/negative reaction? If negative, how could it be rectified?

e What has been challenging

(e.g. any difficulties did you have to deliver trainings for physicians? any difficulties
did you meet when monitoring the sites (include daily monitor, remote monitor and
on-site monitor)?

e How many hours did you spend for INTERACT3 training (include on-site training,
remote training via phones, email or messages)? How well did you think of the training
you provided to the implementers (those who recruit patients and implement care bundle)?

e What are the physician’s aspects / feedbacks on how and why to implement the care
bundle and for whom the care bundle works for? (any concerns regarding to the

interventions implementation?)
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Does the physicians involve in the program over time? If they withdrawal, what was the
reason?

Were there any barriers or facilitators did you think affect the implementation of care
bundle by physicians? Make examples and explain. (have you noted any difference across
sites?)

How can we support you in your role better?

Guiding questions for Pls

What are your attitudes towards the interventions in INTERACT3? (What did clinician
think/say/do?)

What do you think about the aims of having the care bundle for ICH patients?

Do you think the intervention will improve the outcome of patients? If not, why not?
(specified in each components of the intervention)

What are the main issues around implementation of the care bundle in your ward?
(implementation process, cooperation with ED, interaction between clinicians and nurses)
What are the barriers to implement? What are the enablers?

How far will existing work practices and the division of labor have to be changed or
adapted to implement the intervention?

Is any challenges you met when conducting the project in your ward (explore patient
involvement, clinician teamwork and communication, data collection)? Are there any
factors we can assist with?

Did you feel comfortable to implement this intervention as routine care? Do you think this
intervention can be widely used at a national level? Is the intervention consistent with the

workplace and overall organization?

Concluding question

Of all the things we’ve discussed today, what would you say are the most important issues
you would like to express about the implementation? Are there any other things you
would like to raise about the INTERACT3 that we haven’t covered?
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Appendix 3. Non-participant observation documentary notes
Name of observer:

Date:

Length of time of observation:

Site No. / Location(s) of observation:

Trial implementation Description Comments

Enrolment procedure

-if eligible patients being recruited

-inform consent procedure (any
difficulties in these procedures? e.g.
patients concerns, family concerns
etc. )

Care bundle (intervention)

-workload (number of patients,
number of ward rounds, number of
observations or inspections on
patients)

-interactions/ communication with
patients/family surrogates

-interactions between the clinicians
and nurses

-Is care bundle implementation in
accordance with the order prescribed
by clinicians?

-what intervention were delivered?
-Observe and record the procedure of
blood pressure lowering/blood
glucose control/temperature
control/anticoagulant reversal

-Is the intervention implemented in
accordance with the protocol?

-any barriers to implement each
components of the complex
interventions (etc. medication use,
equipment, staffs)

-what reactions of the patients
regarding to the interventions
implementation

-patient cooperation

308



Appendix 4. Hospital Organisation Questionnaire

Name: Hospital:
Address:

Telephone:

E-mail: Department:

1. General information

1.1 ay CIN Is the hospital a teaching hospital?
1.2 Location of the hospital: (tick one answer)
oy Metropolitan / urban
% Semi-metropolitan / semi-urban
oy Rural / countryside
1.3 Level of hospital: (tick one answer)
ay Primary hospital
oy Secondary hospital
ay Tertiary hospital
Do you have research experience in clinical
14 by UN trials?
If had, please specify:
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Is your department participating in research of
ICH? Especially research involves one or more

following interventions: blood pressure (BP)

L5 Oy CN reduction, blood glucose (BG) level control,
body temperature control, dysfunction of
coagulation regulation.

Do you have experience of research with online

16 0y CON data collection?

Are you familiar with National Institute of

171 f CN Health Stroke Scale (NIHSS) assessment?

Are your staff familiar with National Institute of

1.7.2 by CN Health Stroke Scale (NIHSS) assessment?

Are you familiar with modified Rankin Scale

181 f CN (mRS) assessment?

Are your staff familiar with modified Rankin

182 by CN Scale (MRS) assessment?

Did you received NIHSS assessment training

1.9.1 ay OON before?

Did your staff received NIHSS assessment

19.2 f ON training before?

110 Oy AN Do you have certificate of NIHSS assessment?

111 Does your hospital have a dedicated acute stroke

f CN unit?
1111 |__|__| beds If yes, number of beds in the stroke unit?

2. Intracerebral Haemorrhage (ICH) related information

How many spontaneous ICH patients admitted

2.1 ] in your department last year (except
intracerebral aneurysm and AVM)?
Proportion of admitted ICH patients with time of
2.2 | 1%

ICH stroke onset to admission < 6 hours
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2.3

How many ICH patients received surgery

treatment?

24

ay CIN

Are the intracerebral haemorrhage (ICH)
patients admitted into the hospital through
Emergency Department (ED)?

24.1

|__|__|hours

If Yes, how long will the patients stay in the
ED?

2.5

Which of stroke ward/unit that i

s in the hospital for ICH care:

ay

Acute stroke unit (ie accept patients acutely but

aims for early discharge (usually within seven
days))

ay

Rehabilitation stroke unit (ie accept patients
after a delay, usually 7 or more days, with a

focus on rehabilitation)

ay

Comprehensive stroke units (ie combined acute
and rehabilitation, accept patients acutely but
also provides early rehabilitation for up to

several weeks if necessary)

251

What is the kind of care provided (are respondents to choose 1 option or all that

applies?):

‘Intensive’ with continuous monitoring, high

DY staffing levels and life support facilities
‘Semi-intensive’ with continuous monitoring,

by high staffing but no life support facilities

0oy ‘Non-intensive’ with none of the above.

3. Investigations for diagnosis and mon

3.1

311

ay CIN

itoring devices

Is urgent CT scan available on arrival at the

hospital?

If YES, what is the availability?

ay

24 hours, 7 days of the week
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oy Working hours only (8am-5pm)
Oy Working hours (8am-5pm) and on — call after
hours
3.2 XY N MR Imaging
3.3 )% N Is INR testing available at your site?
Is emergency laboratory testing available at all
3.4 Oy ON - gency y g
times?
35 Which device do you use to monitor blood pressure?
oy Automatic monitoring device
ay Electronic sphygmomanometer
oy Mercury sphygmomanometer
Do you have adequate devices for blood pressure
3.6 oy ON o _
monitoring at your site?
Do you have insulin bump or intravenous
3.7 oy ON _ y _ P
infusion bump at your site?
Do you use fingertip glucometers to monitor
3.8 0oy CIN blood glucose level?
If not, please answer question 3.8.1
Do you have any method to monitor blood
381 m\% ON
glucose level?
If yes, please specify:
4. Management for ICH
4.1 Are there local protocols (including management/monitoring) for any of the

following situations? (tick all that apply)

oy Intensive blood pressure (BP) lowering
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ay Reducing elevated blood glucose (BG) levels

oy Fever (Body temperature) control
Oy Reversal of anticoagulation (if INR>1.5)
4.2 Intensive blood pressure (BP) lowering
421 Is there a policy indicating early commencement
ay CIN of intensive blood pressure lowering in admitted

ICH patients at your hospital?
If yes, which is the first ward/unit to commence

intensive BP lowering for ICH patients arrived

hospital?

ay ED

ay Neurology Department

ay Neurosurgical Department
4211

% NICU

oy ICU

% Acute Stroke Unit

Others, please
ay _
specify

When will the intensive BP lowering commence after admission?

ay <1 hour
4212
ay 1-6 hour
ay >6 hours
SBP: mmHg What is the recommended target of blood
4.2.2 pressure lowering in your site? (SBP: systolic
DBP: mmHg

BP, DSP: diastolic BP )
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4.2.3 hrs

How long does it take to reach the target SBP?

4.2.4 What is the duration for maintaining the target SBP control?

ay

ay

ay

ay

ay

24 hour
48 hours
72 hours
7 days or before discharge

None of above, please
specify

4.2.5 What are the routine 1V medications used in your department for BP lowering?

(tick all that apply)

ay

ay

ay

ay

oy

oy

ay

ay

ay

oy

ay

ay

ay

Urapidil

Metoprolol
Atenolol
Nicardipine
Clevidipine
Nimodipine
Nifedipine
Labetalol
Nitroprusside Sodium
Nitro-glycerine
Isosorbide Dinitrate
Frusemide

Mannitol
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ay

ay

ay

ay

ay

Furazosin
Hydralazine
Clonidine
Enalapril

Others, Please specify

4.2.6 What are the routine oral medications used in your department for BP lowering?

(tick all that apply)

oy Angiotensin Il receptor antagonist

oy Diuretic

ay B blocker

oy Calcium channel blocker (CCB)

ay Angiotensin-converting-enzyme inhibitor
(ACEI)

oy Central antihypertensive medications

oy Others, Please specify

4.3 Blood glucose (BG) level control

4.3.1 Which kind of patients do you routinely manage for glycaemia in acute ICH

phase? (tick all that apply)

ay

ay

ay

Diabetes patients only

Patients with increased blood glucose (BG)

level, no matter diabetic or non-diabetic patients

None of above
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43.2

4.3.3

4.3.4

4.3.5

4.4

441

442

443

4.5

45.1

45.2

D: mmol/L
N: mmol/L
D: mmol/L
N: mmol/L

When will you commence BG lowering for
diabetes and Non-diabetic patients respectively?
Specify BG level. (D: diabetes, N:non-diabetic
patients)

When managing glycaemia level, what is the
recommended target of BG level in your site for
diabetes and non-diabetic patients respectively?
Specify BG level.

What agents do you use for hyperglycaemic control in your site? (tick all that

apply)

ay
ay

ay

times per day

Insulin
Oral hypoglycaemia agents

Never use

How often will BG level be monitored per day

for patients with high level of BG?

Fever (body temperature) control

¢
=) ON
oy ON

Reversal of anticoagulation

INR

|__|__|min

For ICH patients, when will you commence
fever control? Please specify level of body

temperature.

Do you routinely use paracetamol (oral or rectal
administration) as antifebrile medication?

Do you use IV infusion of 4°C Normal Saline

(0.9% NaCl) to control body temperature?

For ICH patients previously used anticoagulants,
what level of INR will you commence reversal
of anticoagulation?

How long does it take to complete evaluation of

coagulation function?
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453

|__|__|min

How long does it take to cross-match and take
blood?

454

Which agents do you usually us

ed for anticoagulation reversal in your site?

ay Vitamin K
ay Prothrombin Complex Concentrates (PCC)
ay Fresh Frozen Plasma (FFP)

5. Epilepsy prevention after acute ICH

5.1

ay CIN

Does your department conduct preventative
treatment for patients with epilepsy after acute
ICH?

5.2

If YES, what is the scope of pre

vention?

ay

Routine prevention for all ICH patients

ay

Selective prevention

521

If selective prevention, what factors considered:

OY Haemorrhage in cerebral cortex

ay Age

Yy  Haematoma volume> 30ml

OY @ Surgery treatment

OY | Others, please specify :

5.3

What medications will you use (please specify dosage, methods and period of

treatment after the option, you can have multiple options)?

ay Sodium Valproate
ay Carbamazepine
[\ Levetiracetam
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6.1

ay

CIN

oy Lamotrigine
ay Diazepam

% Oxcarbazepine
% Topiramate

Does your hospital have any concerns of
undertaking INTERACT3?

If YES, please specify:

6.2

ay

CIN

Do you have any concerns of undertaking
INTERACTS in your department?

If YES, please specify:

6.3

ay

CIN

Does ethics committee (EC) in your hospital
accredited central ethic approval (enter into an
agreement with an ethics committee from another
institution to serve as its ethics committee of

record)?

6.4

How long will take to get EC approval in your hospital?

oy 1 to 2 months
% 3 months
% More than 3 months
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Appendix 5. Quality control survey

1. Position (select one only).

Resident

Attending physician

Deputy chief physician

O

O

Chief physician O
O

Nurse

2. Department

Neurosurgery [l

Neurology O

Neurological Intensive Care Unit(NICU) O

Emergency Department O

Others O

Please specify

3. Working years

< lyear

1-6 years

6-10 years

o O O Od

More than 10 years

4. Do you have any experience in research (before INTERACT3)?

Yes O

No O

4.1 If yes, how many clinical trial involved?
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5. Your role in INTERACTS3 (you can choose more than one option).

Pl O
Sub-PlI |
Study coordinator Il
Attending physician O

Research nurse

Others O

Please specify

5.1 Please specify your familiarity of the trial protocol:

Very familiar O
Familiar O
Uncertain O
Unfamiliar O
Very unfamiliar O

6. How would you rate the conduct of INTERACT3 at your site?

Very good O
Good

Uncertain

Not good O
Very bad O

6.1 Please explain why:

7. Has your treatment and management of ICH changed after participating in
INTERACT3?
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Yes [ No O

7.1 If yes, please specify which part has changed (you can choose more than one option )

Blood pressure control O

Glycemic control

Body temperature control

Anticoagulation reversal

a| o o d

Others

Please specify:

8. Are all eligible patients enrolled in INTERACT3?

Yes OO No O

8.1 If no, which kind of patients were not enrolled?

Patient underwent surgery O

Severe patient O

Patient unable to do inform consentd™

Others O

Please specify

9.1s there any delay of providing the intervention?

Yes OO No O

9.1 If yes, what is the reason for delay (you can choose more than one option)?
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Patient underwent surgery O

Long stay at Emergency O

Others O

Please specify

The following questions help us understand your concepts on intervention.

10. Regarding the target of intensive blood pressure lowering (reduce to 140mmHg
within 1 hour and maintain for 7 days/before discharge), do you think it is easy to
achieve?

Very Easy [l
Easy O
Unsure O
Hard O
Very hard O

11. What is the barrier to intensive blood pressure lowering (you can choose more than
one option )

No ideal procedure O

Patients blood pressure hard to control [J

Medication limitation O
Concerns of adverse effect O
Physicians unfamiliar with protocol O
Others O

Please specify
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12. What do you think of the procedure of intensive blood pressure lowering in your
department?

Very satisfied O
Satisfied O
Unsure O
Not satisfied, can be improved O

Very unsatisfied and hard to improve [

Please specify what need to be improved in detail

13. Regarding the target of glycemic control (non-diabetic patient maintain blood
glucose level [BGL] at 6.1 to 7.8mmol/L while diabetic patients at 7.8-10.0mmol/L), do
you think it is easy to achieve?

Very Easy [l
Easy [l
Unsure O
Hard O
Very hard O

14. What is the barrier to achieve the target of glycemic control? (tick more than one)

Considering stress hyperglycemia therefore did not control [
Patients BGL hard to control O

Physicians unfamiliar with protocol O

Others O

Please specify
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14.1. For patients with increased glycaemia (non-diabetic patients>=7.8mmol/L, diabetic
patients>=10.0mmol/L ) ,what is the reason for not commencing glycemic control
immediately :

Considering stress hyperglycemia

Patient not cooperated

O
O
Not control glycaemia routinely O
O

Others

Please specify

15. What do you think the procedure of glycemic control in your department?

Very satisfied O
Satisfied

Unsure

Not satisfied, can be improved O

Very unsatisfied and hard to improve [

Please specify what need to be improved in detail

16. Regarding the target of body temperature control (<37.5 C), do you think it is easy to
achieve

Very Easy [l
Easy O
Unsure O
Hard O
Very hard O

17. Regarding the intervention of anticoagulation reversal, do you think it is easy to
implement?

Very Easy O
Easy O
Unsure O
Hard O
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Very hard O

18. What are the factors that impede the implementation of the goal-directed care
bundle?

19. Is there any unexpected serious adverse event when implementing the care bundle?

Yes O No O

19.11f yes, did you report the event ?

Yes [ No O

Please specify the event :

20. Did you have any difficulty when change over from control to intervention phase?

Yes [ No O

If yes, please specify

21. Did you experience difficulty in the following aspects when you conducting
INTERACT3? (you can tick more than one)

Data collection Yes O

Data entering Yes [J

Communicate with other staffs in the department  Yes [J

Research equipment Yes [J
Concerns of the intervention Yes
Information consent Yes O
Others Yes
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Please specify :

22. If you have experienced problems in the implementation of the trial, what could we
do to support you better? (you can tick more than one)

Additional site training Yes [J

Availability of research staff to call- when experiencing issues Yes [1

Online resources Yes O
More frequent site visits Yes O
Others Yes O

Please specify:
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Appendix 6. Patient interview information sheet and consent form
Understanding the implementation of the care bundle for intracerebral haemorrhage
management: process evaluation of INTERACTS3 trial
Study Interview evaluation

INFORMATION FOR IMPLEMENTERS

Introduction

We are going to conduct process evaluation for the intervention implementers in INTERACT3
(Intensive care bundle with blood pressure reduction in acute cerebral haemorrhage trial). You are
invited to participate in this interview for the study. The Principal Investigators of this project are
Professor Chao You from West China Hospital and Professor Craig Anderson from The George
Institute for Global Health.

The study aim is to understand the implementation of intervention in INTERACT3, include your
perspectives of this project, adherence to the care bundle intervention and barriers to implement
interventions. This interview is initiated and conducted by The George Institute for Global Health.

Who can participate in the interview?

Clinicians and nurses will be selected to participate in the interview evaluation.

What is required in the interview?

If you participate in this study you will be interviewed by a study team member who is skilled in this
type of research. We would like to talk to you for around 20-30 minutes. The interview process is
informal and flexible as our main aim is to encourage you to articulate your experiences and views. We
appreciate your work commitments and will fit with your schedule and if necessary talk to you over
more than one visit if that is more convenient. Please let us know what works best for you.

Privacy

If you wish to participate in this interview, your participation and personal information will be
protected as privacy. Information of this interview will be coded as number instead of your name.
Your identity will not be disclosed to others (except the study team), only if under your permission or
legal request. The interview record as well as transcript documents will be restored with encryption
and only can be accessed by study team. Your personal information will not be disclosed in the
publications or disseminations of this study.

Autonomy

It is entirely voluntary for you to participate in this research. If you worried about some questions is
related to your privacy or you would not like to response, you can request to skip this question in this
interview. In the process of interview, you can request terminate the interview at any time if you want.
We acknowledge your right to refuse and fully respect your decision.

What will happen once we have collected your information?

We would like to tape your interview(s) and will provide you with an audio copy after the interview.
We would like you to listen the interview transcript and give us feedback on its contents by either;

e Agreeing that the transcript is a satisfactory representation of your views,
e Asking for minor changes to be made to the existing transcript,

e Asking us for a repeat interview to expand on or change things that you said, or
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e Withdrawing your data and consent to participate in the interview evaluation.

All information will remain confidential. Study information will be stored in a securely locked file at
the George Institute for Global Health and will be accessed only by study team members. Nothing
written in reports will link you personally to the study.

Further Information

The research interviewer can discuss this information with you further and answer any questions you
may have. If you would like to know more at any stage, please feel free to contact the following
interview evaluation investigator:

Investigator: ,

The George Institute for Global Health
Tel:

Address: Fax:

Ethics Approval

This study has been approved by the Ethical review pathways for insert central EC. Any person with
concerns or complaints about the conduct of this study should contact the insert central EC address,
telephone insert central EC.

This information sheet is for you to keep.
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Understanding the implementation of the care bundle for intracerebral haemorrhage management:
process evaluation of INTERACT3 trial

Study Interview evaluation

IMPLEMENTER CONSENT FORM

Participant:

NI o

AATESS: .ottt

U | have read the participant information sheet
| feel free to accept or refuse to participate in the interview

I have had a chance to ask questions and all of my questions have been answered to my
satisfaction

] | have been given and | understand the information on the interview concerning its nature,
purpose, and duration, including any known or expected inconvenience.

| agree that some of my words (hot my name) will be used in the study reports

| agree that the interview will be taped

| do not have any objections to the interview record being kept at the end of the study

By signing this form, I give my free and informed consent to take part in this study as outlined
in the information sheet and this consent form. | understand that | am free to withdraw from the
study at any given time. | have been given a copy of this consent form. By signing this form |
have not given up my legal rights.

[ B O B

Signature of participant: ..o Date: ...,

NAME Of I BV WL <. e e e

Signature of INTEIrVIEWET: ... ..o, Date: ...............
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INTERACTS3 Study Interview evaluation

INFORMATION FOR PARTICIPANTS

Introduction

You are invited to take part in the interview evaluation of the INTERACT3 study, which is part of the
process evaluation of the study. As a patient or carer involved in this study you would be aware that
this is a research study which looks to compare a goal-directed care bundle for intracerebral
haemorrhage management with usual care. You are invited to take part in the study to share your
views about your health care experience and also about the study.

We know that patients’ outcome is likely to be improved by things such as systems of care, costs of
medications and additional support, relationships with your health providers. This might be very
important in whether the goal-directed care bundle is effective. We are therefore seeking to explore
your views on the advantages and disadvantages of the goal-directed care bundle during your
hospitalization.

Your views on these issues will help us understand what intervention has in providing best practice
care for intracerebral haemorrhage patients. The findings will help us understand the research and
how it could work to improve outcomes.

Who can participate in the interview?

Participants or Participant Responsible (carer) from intervention arm in the INTERACT3 trial will be
invited to participate in this interview evaluation from a sample of participating sites. This interview
will be conducted in patients when their condition is stable in hospital.

What is required in the interview?

If you participate in this study you will be interviewed by a study team member. We would like to talk
to you for around 30-60 minutes. The interview process is informal and flexible as our main aim is to
hear your experiences and views. We will fit within your schedule and if necessary speak with you
over more than one visit if that is more convenient. Please let us know what works well for you.

What will happen once we have collected your information?

We would like to record your interview(s).

All information will remain confidential. Study information will be stored in a securely locked file and
password assessed electronic folder at the George Institute for Global Health and will be accessed only
by study team members. Nothing written in reports will link you personally to the study.

Ethics Approval

This study has been approved by the Human Research Ethics Committee (West China Hospital, China)
and your local Ethics Committee.

Contact Details

If you have any problems, concerns, questions or complaints about this study, you should preferably
contact

<Investigator Name>
<Designation>
<Site Name>

<Site Address>
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<Contact Number>

OR
Name of the ethics committee

Designation

Contact No

This information sheet is for you to keep.
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INTERACT3 Study Interview evaluation
PARTICIPANT CONSENT FORM

Participant:

[ B O B

I have read the participant information sheet
| feel free to accept or refuse to participate in the interview

I have had a chance to ask questions and all of my questions have been answered to my
satisfaction

I have been given and | understand the information on the interview concerning its nature,
purpose, and duration, including any known or expected inconvenience.

| agree that some of my words (not my name) will be used in the study reports

| agree that the interview will be taped

I do not have any objections to the interview record being kept at the end of the study

By signing this form, | give my free and informed consent to take part in this study as outlined
in the information sheet and this consent form. | understand that | am free to withdraw from
the study at any given time. | have been given a copy of this consent form. By signing this
form | have not given up my legal rights.

Name of

Signature of interviewer: ... Date: ....coeiiiiiiiiis
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Supplementary Appendix of Chapter 5.2

Implementing a goal-directed care bundle after acute intracerebral haemorrhage:

process evaluation for INTERACT3 study in China
Ouyang M, Anderson CS, Song L, Jan S, Sun L, etal.
Supplemental Table: 2

Supplemental Figure: 4

Appendix: 3
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Supplementary Table S1. Characteristics of the purposive sampled interview participants

Hospital | Region | Location | Level of Department | Doctor (N)* Nurs | Rate of | Data entry Average time to
hospital e recruitm | qualityt reach BP target
(N) |entt (SBP<140 mmHg),
hours
1 West Urban Tertiary Neurosurgery | 3 (2 in-training, 1 1 0.56 2 3
attending specialist)
2 North Urban Tertiary Neurosurgery | 3 (1 in-training, 2 1 0.31 2 3
attending specialist)
3 East Urban Tertiary Neurology 2 (1 principle doctor, |1 0.74 1 2.5
1 attending specialist)
4 Middle | Semi- Tertiary Neurology 3 (1 principle doctor, |1 0.53 1 0.75
urban and 2 attending specialist)
Neurosurgery
5 West Urban Tertiary Neurosurgery | 2 (1 associate 1 0.53 3 4
principle doctor, 1
attending specialists)
6 East Urban Tertiary Neurosurgery | 2 (attending 1 0.45 3 -
specialists)
7 West Urban Tertiary Neurosurgery | 1 (principle doctor) 0 0.43 2 4
8 East Urban Tertiary Emergency 1 (attending specialist) | O 0.52 2 0.5
9 East Semi- Secondary | Neurosurgery | 2 (1 attending 1 0.19 3 0.83
urban specialist, 1 principle
doctor)

BP denotes blood pressure, SBP systolic blood pressure

*Medical doctor professorial grades in China include (from junior to senior)®: in-training (intern or resident); attending specialist (equivalent to
lecturer grade in universities); associate principle doctor (equivalent to associate professor grade in universities); principle doctor (equivalent to
professor grade in universities).

tRate of recruitment is calculated according to actual enrolment number divided by expected weekly enrolment. A low rate of recruitment is
defined by less than 50% of expected enrolment.
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IData entry quality evaluated according to routine monitoring data, field notes and monthly implementation performance reports extracted from
case report forms with scale 1 indicates good, 2 indicates moderate, and 3 indicates poor.

Data sources: Hospital Organization Questionnaire, routine monitoring data, field notes and performance reports.
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Supplemental Table S2. Core constructs of Normalisation Process Theory (NPT) against categories and codes identified through

interviews

Core constructs and generative mechanisms of
NPT!

Questions illustrative of NPT constructs

Codes lists

Coherence

Definition: how the work

that defines and organizes a practice/intervention is
understood, rendered meaningful and invested in,
in respect of the knowledge, skills, behaviours,
actors and actions required to implement it.
Cognitive participation

Definition: commitment to and engagement of
participants with the intervention. Do participants
view the intervention as something worthwhile and
appropriate to commit their individual time and
effort [signing up] to bring about the intended
outcome?

Collective action

Definition: the work that will be required of
participants to implement the intervention,
including preparation and/or training. How far will
existing work practices and the division of labour
have to be changed or adapted to implement the
intervention? Is the intervention consistent with the
existing norms and goals of the groups, the
workplace and overall organization [this is policy,
practice and service user linked]

Reflexive monitoring
Definition: participants’ individual and collective

1.

2.

What the implementers think about care
bundle?

How do the implementer compare the
care bundle to routine care?

How did the implementer come to take
part in implementing the care bundle?
What keeps the implementers motivated
to continue recruitment and
implementation?

How do implementers make the care
bundle work?

What are the changes/difficulties met
when transferred from routine care to
care bundle?

What are the contextual factors that
affected the implementation of the care
bundle?

How do the implementers evaluate the
implementation of care bundle?

Established protocol and knowledge

challenging the integration:

e Agree the care bundle is more
standardised than routine management

e Not meaningful due to established
similar practice and knowledge

Getting participation relies on:

e Assigned responsibility

e Capacity of individual in the work
e Commission to implementers

Optimising workflow and dedicated

team

e Changing the workflows and develop a
standardized procedure to fit into
routine care

e Have a dedicated team with better
cooperation between physicians and
nurses

o Difficulties to optimise the process if
involved multiple departments

Acknowledged benefits and reflections
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ongoing formal and informal appraisal of the 9. How does the care bundle e Recognition of the intervention benefits

intervention and its benefits for participants, in implementation change over time and (e.g. increased awareness of
relation to realizing individual and organizational what are the effects? monitoring)
goals. o Case review, expertise consultation to

improve quality of care

e |dentified the important factors for
wider application: e.g. staff resources,
equipment, medication supply, patient
insurance and payment and
implementer commission

Data sources: semi-structured interviews.

Reference:

1. Murray, Elizabeth, Shaun Treweek, Catherine Pope, Anne Macfarlane, Luciana Ballini, Christopher Dowrick, Tracy Finch, et al. "Normalisation Process
Theory: A Framework for Developing, Evaluating and Implementing Complex Interventions.” BMC Medicine 8, no. 1 (2010): 63.
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Supplementary Figure S1. MRC Guidance Framework?

References

1. Craig P, Dieppe P, Macintyre S, Michie S, Nazareth I, Petticrew M. Developing and evaluating complex interventions: The new medical
research council guidance. BMJ. 2008;337:29-983
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Supplemental Figure S2. Data source and flow work of mixed-method approach
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implementation
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collective action and
reflexive monitoring




Supplemental Figure S3. Joint analysis of barriers to reach the intensive blood pressure
control target

Delayed processes

) m Delayed “The process of intensive BP
o 00% processes lowering was delayed due to
= surgical procedure or underwent
Q o ; St it i
o 50% m Difficult to other investigation, made !t o!lfflcult
= control BP to reach target BP level within one
% 40% hour.”
(@)
8 Concerns on “For the ICH patient, you need to
o, . . -
= 30% severe confirm diagnosis by CT scan and
g patients other investigations; and within
£ 20% m Medication counted time for waiting diagnosis
§ limitation as well as information consent, it is
o 10% hard to reduce the BP within one
g m Other barriers  /our.”
c
Q
S 0% Difficult to control BP
a Barriers

“Some patients had very high BP
and became aggressive in the acute
phase, make it difficult to reduce the blood pressure to target level within one hour.”

“For patients with renal hypertension, it was difficult to reduce BP.”

Medication limitation

“The medication supply was limited and most of the BP medications out of stock at the
middle of the months, which influenced the intensive BP reduction.”

“Unlike other hospitals, we did not have too much more choices on effective antihypertensive
agent such as Urapidil due to hospital policy...The supply sometimes is not consistently.”

Other barriers

“The cooperation issue between multiple departments made the intervention implementation
delayed such as administration of the antihypertensive agent.”

“Some very severe patients self-discharged because economic burden and refused
administration of antihypertensive agent.”
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“Patient did not accept the intensive BP antihypertensive agents since they thought they have

already had medications routinely.”

Footnote: data sources are from quality control survey, semi-structured interviews and focus

group discussions.

Supplemental Figure S4. Joint analysis of barriers to reach the blood glucose level
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“They did not accept the high frequent
testing of BGL, especially to those
patients without diabetes history, mainly
their carers did not understand.”

“It’s hard to make patients to accept
continuing use insulin pump to maintain
BGL.”

Difficult to control BGL

“Patients admitted to hospital usually
intravenous medication with glucose
solution, which made it difficult to
control the BGL.”

“The target range is narrow and

“Surgical doctors lack of experience of using internal medicine to control BGL make it

difficult to reach the target, so better to have endocrine department to engage.’

“Some patients had high BGL regularly, make it difficult to control in a certain time.’

’

’

Footnote: data sources are from quality control survey, semi-structured interviews and focus

group discussions.
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Supplemental Figure S5. Comparison of the improvements on blood pressure lowering
before and after the training

A. Blood pressure lowering report before the training (May 2020)

Intervention phase

220

o)

E

200

€

g

5 180

a

g

a 160

RS

3

5140

2

42120

>

wv

100
¢ £ £ £ ¥ ¥x ¥ ¥ ¥ x x x
< SEFEFEEEEEESZZZ22222222 22
R EEEEEEEEEE R E N E RN EE RS
A IR T N A o0oo0oo0oo0o0oo0o0o0oaoo
o

Time

e Qverall Ongoing Control N=1158 === Qverall Ongoing Intervention N=941

B. Blood pressure lowering report after the training (July 2020)
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Footnote: data sources are from monthly performance report.
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Appendix 1. COREQ checklist

Topic Ite | Guide Questions/Description Reporte
m don
No. Page
No.
Domain 1: Research team and reflexivity
Personal characteristics
Interviewer/facilitato | 1 Which author/s conducted the interview or focus group? 161
r
Credentials 2 What were the researcher’s credentials? E.g. PhD, MD 163
Occupation 3 What was their occupation at the time of the study? 163
Gender 4 Was the researcher male or female? 163
Experience and 5 What experience or training did the researcher have? 161,
training 163
Relationship with participants
Relationship 6 Was a relationship established prior to study commencement? 161
established
Participant 7 What did the participants know about the researcher? e.g. personal 161
knowledge of the goals, reasons for doing the research
interviewer
Interviewer 8 What characteristics were reported about the inter N/A
characteristics viewer/facilitator? e.g. Bias, assumptions, reasons and interests in
the research topic
Domain 2: Study design
Theoretical framework
Methodological 9 What methodological orientation was stated to underpin the study? | 159
orientation and e.g. grounded theory, discourse analysis, ethnography,
Theory phenomenology, content analysis
Participant selection
Sampling 10 | How were participants selected? e.g. purposive, convenience, 162
consecutive, snowball
Method of approach | 11 | How were participants approached? e.g. face-to-face, telephone, 163
mail, email
Sample size 12 | How many participants were in the study? 164
Non-participation 13 | How many people refused to participate or dropped out? Reasons? | 164
Setting
Setting of data 14 | Where was the data collected? e.g. home, clinic, workplace 162
collection
Presence of non- 15 | Was anyone else present besides the participants and researchers? 162
participants
Description of 16 | What are the important characteristics of the sample? e.g. 164
sample demographic data, date
Data collection
Interview guide 17 | Were questions, prompts, guides provided by the authors? Was it 163
pilot tested?
Repeat interviews 18 | Were repeat inter views carried out? If yes, how many? N/A
Audio/visual 19 | Did the research use audio or visual recording to collect the data? 163
recording
Field notes 20 | Were field notes made during and/or after the inter view or focus 162

group?
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Duration 21 | What was the duration of the inter views or focus group? N/A

Data saturation 22 | Was data saturation discussed? 163

Transcripts returned | 23 | Were transcripts returned to participants for comment and/or N/A

Domain 3: analysis and findings

Data analysis

Number of data 24 | How many data coders coded the data? 153

coders

Description of the 25 | Did authors provide a description of the coding tree? N/A

coding tree

Derivation of themes | 26 | Were themes identified in advance or derived from the data? 164

Software 27 | What software, if applicable, was used to manage the data? 164

Participant checking | 28 | Did participants provide feedback on the findings? 172

Reporting

Quotations presented | 29 | Were participant quotations presented to illustrate the 166-7,
themes/findings? Was each quotation identified? e.g. participant 174-5
number

Data and findings 30 | Was there consistency between the data presented and the findings? | 177

consistent

Clarity of major 31 | Were major themes clearly presented in the findings? 165-76

themes

Clarity of minor 32 | Is there a description of diverse cases or discussion of minor N/A

themes

themes?
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