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Abstract

Variability in blood pressure (BP) may influence ischaemic stroke outcomes in addition
to mean BP. However, how best to measure BP variability (BPV) and whether different
measurements are equivalent is unknown, as is whethesmttnent can reduce BPV.

This thesis aimed to investigate relationships between BP and BPV measurements
from different devices in patients with ischaemic cerebrovascular disease,
relationships between BPV and stroke severity, and whether antihypertensive

medications can reduce BPV.

Three trials that recruited patients following an ischaemic cerebrovascular event
provided data. Correlations and limits of agreement between mean BP and BPV from
different measurement devices were assessed. Relationships bathaseline BPV

and stroke severity were investigated, along with differences in baseline BPV in those
treated with calcium channel blockers (CCB) or remgiotensin system inhibitors. A
feasibility trial was developed to compare the effects of these matthn classes on

reduction of BPV post stroke.

BP from daytime ambulatory monitoring was significantly lower than home BP
monitoring and BPV values from different devices were unrelated. There was an
inverse relationship between baseline BPV and strekesty, with BPV increased in
lacunar infarction. There was no difference in baseline BPV with the medication
regimens specified above. Recruitment to the feasibility trial was insufficient due to
patient ineligibility, but a reduction in BPV over threemth follow-up was

demonstrated.

In patients with ischaemic cerebrovascular disease, BP and BPV recorded using
different devices are not equivalent. Work to standardise BPV measurement and
establish if any method is clinically superior is required. Tneat to reduce BPV may
particularly benefit certain stroke patients, yet establishing that it is possible to target
BPV, and doing so improves outcomes, is prerequisite. The feasibility trial in this thesis
requires modification to be scaled up, but a aétiive trial could be successful if

recruitment were improved.
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individual diastolidlood pressure variabilityBPV from beatto-beat blood pressie
measurement and home blood pressure measuremditick lines show the mean
difference, dotted lines the 95% confidence interi@lthe mean difference, and
dashed lines the limits of agreemertZ SD)A shows BPV assessedstandard
deviation(SD. B shows BPV assessedcaefficient of variation(C\j. Cshows BPV
assessed aaverage real variabilitfARY. D shows BPV assessedmaximum

minimum differencgMMD). X X X X X X X X X X X X X X X X X X X X X 129X X

Figure 16Box and whisker pt showing distributiorof National Institutes of Health
Stroke Scale (NIHSS) scores across different Oxford Community Stroke Project

classification grouUpE X X X X X X X X X X X X X X X X X X X X X. X. X.XI8X X X X X
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Figure 17Histograms showing medsiood pressure variability from enhancetinic
blood pressure measurement by Oxford Community Stroke Projassification of
ischaenic stroke. Error bars are 95% confidence intervalgalues arébom a oneway
ANOVA to assess for betwegroup differences across the whole grodpshows
standard deviation (SD) of systolic blood pressure (SBshows SD of diastolic blood
pressure (DBPLshows coefficient of variation (Cuf) SBPD shows C\of DBPX 483

Figure 18Histograms showing mean blood pressure variability from daytime
ambulatoryblood pressure measurements by Oxford Community Stroke Project
classification of ischaeimstroke. Error bars are 95% confidence intervlgalues are
from a oneway ANOVA to assess for betwegroup differences across the whole
group.A showsstandard eviation §D of systolic blood pressur(SBR. Bshows SD of
diastolic blood pressurddBR. Cshowscoefficient of variationC\j of SBPD shows CV
of DBPEshowsaverage real variabilityARY of SBPFshows ARV of DBRX X X3®

Figure 19Histogramshowing mean blood pressure variability from béatbeat
blood pressure measurements by Oxford Community Stroke Prolgssification of
ischaemic stroke Error bars are 95%onfidence intervals. P values are franoneway
ANOVA to assess for betwegroup differences across the whole groupshows
standard deviatior{SD of systolic blood pressuréSBR. B shows SD dfiastolic blood
pressure(DBB. Cshowscoefficient of variationC\j of SBPD shows CV of DBE.
showsaverage real variabilitfARY of SBPFshows ARV of DBRPX X X X X X X3X X

Figure 20Histograms showing mean blood pressure variability from enhanced clinic
blood pressure measuremeit participants on medications from different
antihypertensive classes compared to control. Error bagstandard deviation$D. P
values are based on independent samples t tests for the difference between each
active group and controA shows SD ddystolic blood pressure&SBR. B shows SD of
diastolic blood pressurddBB. Cshowscoefficient of variabn (C\j of SBPD shows CV
Of DBPX X X X X XXX XXXXXXXXXXXX X X XL RKEA O D

Figure 21Histograms showig mean blood pressure variability from daytime
ambulatory blood pressure measuremantparticipants on medications from
different antihypertensive classes compared to control. Error barssta@dard

deviation(SD. P values are based on independent samples t tests for the difference

14



between each active group and contrélshows SD ddystolic blood pressure&SgR. B

shows SD dfiastolic bloa pressure DBBP. Cshowscoefficient of variationC\j of

SBPD shows CV of DBEshowsaverage real variabilityARVY of SBPFshows ARV of

DBPX X X X XXX XXX XXX XXXXXXXXXXXXXXXXXEEXX XXX .

Figure 22Histograms showing mean blood pressure valiglfrom beatto-beat

blood pressuren participants on medications from different antihypertensive classes
compared to control. Error bars astandard deviation§D. P values are based on
independent samples t tests for the difference between eaclvaajroup and control.
A shows SD ddystolic blood pressuré&SBR. B shows SD dfiastolic blood pressure
(DBB. Cshowscoefficient of variation €\ of SBPD shows CV of DBEshows

average real variabilittARY of SBPFshows ARV of DBPX X X X X XXX X &

Figure 23CAARBS CONSORT flow diagraK X X X X X X X X X X X.X.X.26& X

Figure 24Histogram showing rates of each reason for exclusion of ineligible patients

by trial SiteX X X X X X X X X X X X X X X X X X X X X X X X X X. XXX XBOX X X X X )
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List of Abbreviations

95%ClI
AAMI
ABPM
ACCESS
ACEI

AF

AHA
ALLHAT

ARB
ARV
ASA

95%Confidence interval

Association for the Advancement of Medical Instruments
Ambuatory blood pressure measurement

Acute Candesartan Cilexitil Therapy in Stroke Survivors (trial)
Angiotensin converting enzyme inhibitor

Atrial fibrillation

American Heart Association

Antihypertensive and Lipilowering Treatment to Prevent Heart Attack
(trial)

Angiotensin receptor blocker

Average real variability

American Stroke Association

ASCOBPLA AngloScadinavian Cardiac Outcomes TiaBlood Pressure Lowering

ASV
ATACK

BHS
BMI

BP
BPV
BRS
CATIS
CBF
CBPM
CCB
c-fPWV
CHHIPS

CT

Arm

Average successive variation

Antihypertensive Treatmerif Acute Cerebral Hemorrhage (trial,
second)

British Hypertension Society

Body mass index

Blood pressure

Blood pressure variability

Baroreceptor sensitivity

China Antihypertensive Trial in Acute Ischemic Stroke

Cerebral blood flow
Clinic blood pressure measurement
Calcium channel blocker
Carotd-femoral pulse wave velocity
Controlling Hypertension and Hypotension Immediately FRisbke
(trial)
Computed tomography
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CVv
DBP
ECG
END
ENOS
ESH
ESE1
GP
GTN
HBPM
HDFP
HOMEDBBP

HR

HRV

ICH
ICHADAPT
IHD
INTERACT

INTERACGZ

IST3
LACS
LIFE
MAP
MH
Ml
MiND-B
MMD
MoCA
MRC
MRI

Coefficient of variation

Diastolic blood pressure

Electrocardiogram

Early neurological deterioration

Efficacy of Nitric Oxide fatroke (trial)

European Society of Hypertension

European Stroke Prevention Study

General Practitioner

Glyceryl trinitrate

Home blood pressure measurement

Hypertension Detection and Follewp Progran(trial)

Hyperension Objective Treatment Based on Measurement by Electrical
Devices of Blood Pressu(teial)

Hazard ratio

Heart rate variability

Intracerebral haemorrhage

Intracerebral Haemorrhage Acutely Decreasing Arterial Pressure Trial
Ischaemic heart disease

Intensive Blood Pressure Reduction in Acute Cerebral Haemorrhage
Trial(first)

Intensive Blood Pressure Reduction in Acute Cerebral Haemorrhage
Trial(second)

Third International Stroke Trial

Lacunarstroke

Losartan Intervention For Endpoint reduction in hypertension (trial)
Mean arterial pressure

Masked hypertension

Myocardial infarction

Motor Neuron Disease Behavioural Instrument

Maximumminimum difference

Montreal Cognitive Assessment

Medical Research Council (trial)

Magnetic resonance imaging
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MRS
NHS
NIHSS
NINDS
NNUH
OCSP
OR
PACS
PATS
POCS

PROGRISS

RCT

RR

SBP
SCAST
SD
SHEP
SITISTR

SPRINT
SPS3
TACS
TIA
TOAST
VA

VIM
WCH
WHO

X-CELLENT

Modified Rankin score

National Health Service

National Institutes of Health Stroke Scale

National Institute of Neurological Disorders aBttoke
Norfolk and Norwich University Hospital

Oxford Community Stroke Projedassification

Odds ratio

Partial anterior circulation stroke

Poststroke Antihypertensivdreatment Study

Posterior circulation stroke

Perindopril Protection Against Recurrent Stroke Study
Randomised controlled trial

Relative risk

Systolic blood pressure

Scandinavian Candesartan Acute Stroke Trial

Standard deviation

Systolic Hypertension in the Elderly Bran(trial)

Safe Implementation of Thrombolysis in Stralaternational Stroke
Thrombolysis Register

Systolic Blood Pressure Intervention Trial

Secondary Prevention of Small Subcortical Strokes (trial)
Total anterior circulaon stroke

Transient ischaemic attack

Trial of Org 10172iAcute Stroke Treatment

Veterans Association

Variation independent of the mean

White coat hypertension

World Health Organisation

Natrilix SR Versus Candgsa and Amlodipine in the Reduction of

Systolic Blood Pressure in Hypertensive Pati@nts)
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1 Introduction

Stroke is an important health issue both globally and in thg1lJR]. The last 280

years have seen several major advances in stroke care, such as the creation of
specialist stroke units and the development of acute répsion treatment strategies
[3-5]. However, in spite of these developments stroke remains a major cause of
morbidity and mortality{2, 6]. Raised blood pressure (BP) isogruised to be one of

the major modifiable risk factors for stroke, with extensive evidence demonstrating
that treatment aimed at reducing BP confers a reduced risk of both first episode and
recurrent stroke[7, 8]. Furthermore, it is suggested that the relationship between BP
and cardiovascular risk is linear (at least to a lower threshold of 115/75mfaHdgut

with regard to stroke the relationship may nbe this straightforward.

Raised BP (>140/90mmHg) is frequently demonstrated in the hours to days following a
cerebrovascular everjil0], yet usudy falls without specific intervention in the
subsequent days to week$1]. The exact mechanism underlying this alvséion is
uncertain and it is likely a multifactorial process. Interestingly, trials that have
investigated intervening to reduce BP in the acute phase of ischaemic stroke have not
demonstrated any benefit from such intervention in terms of mortality toolse

recovery, with limited datasuggesting that doing so may be harnffLd]. This

observation may relate to one tifie proposed mechanisms underlying the rise in BP
seen in acute stroke. Cerebral autoregulation allows the adjustment of cerebral blood
flow (CBF) to match metabolic demafi®]. However, cerebral autoregulatios i
dysfunctional following strokglL3], leading to an increased dependence on systemic

BP for the maintenance of adequate CBF. In this context it could be hypothesised that
rapid changes in systemic BP levels B variability (BPV)), rather than simply the

absolute BP level, may be the most important factor.

There is a growing body of evidence examining the prognostic importance of BPV, with
the majority of data suggesting that increased BPV is an independ&rfator for
cardiovascular death, coronary heart disease events, and stroke events in addition to
mean BH14]. Further work focusing on BPV following ischaemic stroke indicates

associations between increased B&h\d both adverse stroke outcomgss], and the
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risk of stroke recurrencgl6]. However, there is inconsistency in the approach to
defining BPV in the literature due to valility being measured over different
timescales and calculated using multiple technig[i&q. This inconsistency is
underscored by a lack of data directly comparing different measures of BPV and
uncertainty regading which is most relevant. Furthermore, much of the evidence
regarding the clinical importance of BPV in relation to stroke risk and outcomes has
come from post hoc analysis of existing trial data. Whilst some of this evidence
suggests that it may be geible and desirable to reduce BPV in patients with stroke,
this has not been adequately investigated. Consequently, the role of BPV in acute

stroke and secondary prevention is a subject of current interest and debate.

The first part of this thesis wilbocentrate on the measurement of BPV using different
techniques, and the relationships between these different techniques and durations of
BP recording, in patients with a recent cerebrovascular event. In chapter four, different
out-of-office BP measuremenechniques will be compared for their equivalence.
Chapter five will then go on to investigate differences in variability from-bedieat

BP measurements compared with other short and medienm variability measures.

The second part of the thesis willvestigate the potential of BPV as a therapeutic

target following an ischaemic cerebrovascular event. In chapter six the relationships
between BPV and stroke severity will be investigated and whether any subgroup of
stroke patients in particular might Inefit from treatment intended to reduce BPV will

be discussed. Chapters seven and eight will then explore if there are differences in the
effect on BPV between commonly used antihypertensive medication classes, the
former using a crossectional analysisfdrial data and the latter presenting a

feasibility trial comparing two different antihypertensive medication classes.
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2 Background

2.1Stroke

2.1.1Definition

Stroke is define@s the presence of rapidly developifugal neurologicadysfunction

of presumed vascular origid8-20]. Ths incorporates eventdue to cerebral

infarction (which account for over 80% of strokeg)imary intracerebral haemorrhage
(ICH)and subarachnoittaemorrhagdq18, 21] Historically, the definition has also
included reference to symptom duration. The World Health Organisation (WHO)
definition, widely used for the last 40 years, states that symptoms should persist for
over 24 hous or result in death to qualify as strok&0], with episodes of focal
neurological deficitesolving befor&4 hours traditionally being classified as transient
ischaemic attack (TIA22, 23] However, the increased use of neuroimaging in the
investigation of acute stroke and TIA has challenged this notion. Firstly, although non
contrast computed tomography (CT) is highly sensitive for detecting acute
haemorrhage, up to 60% of patients with cerebral infarction will have no acute
ischaemic changes on imagim the first few hours after ons¢24]. Secondly,

between 3050% of patients whose symptoms resolve within 24 hours will have
evidence of restricted diffusion lesions consistent with acute infarction on magnetic
resonance imaging (MRB5]® / 2y a Slj dzSy ( -IZ& NS AGISIRA 3N TG
both stroke and TIA have been proposed. They define TIA as a transient episode of
neurological dysfunction of vascular origiithout any acute abnormality on
neuroimaging18, 23, 25] whereas stroke is an acute focal neurological deficit with
radiological evidence of acute infarction or rtaumatic haemorrhage consistent

with the sympbms, or a clear clinical syndrome of infarction without acutely abnormal
imaging[24]. Modern definitions also acknowledge that stroke and TIA can affect the

spinal cord or retina as well as cerebral tissue.
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2.1.2Epidemiology

Cerebrovascular diseagga major global health issuBtatistics fom the WHGshow
that in 2008 30% of deaths worldwide were attributable to cardiovascular disease, of
which a third were caused by cerebrovascular disgakdn the UK stroke is the fourth
most common cause of death, accounting for 7% of deatimually[2], with a

reported agestandardised incidence 0115160 events per 100,000 population per
year[2, 26] Over 1.2 million people are living with the effects of stroke and 50é6

of stroke survivorsemain dependent on others for assistae with their activities of
daily living after discharge from hospifdl 19], making it the third leading cause of
disability[6]. Consequently, stroke represents a siigaint burden to the UK economy
costingaround £1.7 billiorper annumto the National Health Servic&lHS directly,

with additional coss, for example ofost productivity, meaning thahe overall costs

nearer to £9 billion annuallf?].

The epidemiology of stroke in the UK has changed in the laS04@ars. Atudy of

stroke incidence in Oxfordsle between 1981 and 2004 demonstratadieclinein

agespecific incidene in the region of 3%[26]. However, thigeduction may have

plateaued, withthe 2010 Global Burden of Diseasady indicatinga slower decline of
approximately 20%n the 20 years sincE990 andittle change from 2005 to 2010

[27]. This change in incidence reflects significant reductions in major cardiovascular

risk factors in the population, such as smoking rates and hypertension, driven by
improvements in primary cardiovascular preventative treatmdis26] Stroke

mortality hasalso decreased, falling by around 45% from 1990 to 2013, andsttiise

in part to the reducedncidence[6]. However, it is also due to significant

improvements in acute stroke care, including the introductio®dfJS OA I f A 4G WwWa i
dzy At aQ FT2N) 0KS LINRPOAAAZ2Y 2 7T[3Yfatkerindcésata OA LI |
specialist stroke physician and therapist assessm@&s and the introduction 6

reperfusion therapies for acute ischaemic stroke (initially thrombolysis and more

recently mechanical thrombectomi4, 5]. In contrast, as more people are surviving

stroke, the disease prevalence has increasg@tound 30% during this perigd7].
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The successful impact of advances in acute care and primary preverrabegsts are
mirrored bychanges in secondary prevention. Data from the Oxfordshire incidence
study irdicates that in stroke patients witprevious TIA significantly greater

proportions were on secondary prevention treatment in 2004 compared to 1981. This
includes antihypertensives (around 60% compared to 35%), antiplatelets (around 60%
compared to 5%), ahlipid-lowering medication (around 35% compared to (26).
Estimates of the risof recurrent stroke aréower in more recent cohorts compared to
those from over 20 years ago and, whilst this may in part bébattable to
methodological issues such as the definition of recurrent events, it also demonstrates
the efficacy of more widespread secondary preven{@®]. Nevertheless, recurrent
eventsremain common, with theisk of stroke in the three months following a TIA
approaching 20%nd roughly &25% cumulative risk of recurrent stroke in the five

years following a first everj2, 29] Furthermore, recurrent events tend to be more
severe, with a mortality rate nearly double that of first events and an smxed risk of
poor functional outcome at 90 day30, 31] As a result of this, and the fact that the
reperfusion therapies are not viable for all patients with acute stroke (around 10% of
patients in the UK receivitbrombolysig[21, 28), there remains room for improvement

in the treatment and prevention of stroke and a need for further research to drive this

improvement.

2.1.3Pathophysiology

In cases of cerebral infarction there is vessel obstruction leading to reduced blood flow
which lasts sufficiently long to cause irresile damage. Multiple mechanisms can

lead to the obstruction and can be divided according toThial of Org 10172iAcute
Stroke TreatmentT{OAS)classificationTable 1) [32]. Interruption of the blood supply
results ininsufficient oxygen and glucose delivery required for cell metabolism. This
triggers a cascade of events, includogl membrane disruption characterised by
potassium efflux and calcium influx, release of glutamate and other toxic substances
(e.g. free radicals), inflammation with cytotoxic oedema, localised acidosis, and
ultimately cell necrosif33, 34] There may be additional early or late cell damage
secondary to apoptotic mechanisms triggered by inflammatory cytoKB@s The

degree of damage is dependent on the level of reduction in blood flow, with the
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Tablel: Trial of Org 10172iAcute Stroke TreatmenTQAS)Iclassification of ade

ischaemic strok¢32].

Classification

Criteria

Large artery

atherosclerosis

Clincal findings of a cortical, brainstem, or cerebellar deficit.
Normal neuroimaging/imaging showing &ien >1.5cm in
diameterconsistent with symptoms.

Evidence of occlusion in paerebral arteries (e.g. carotid

stenosis).

Cardiecembolism

As above wittevidence of aigh-risksource of cardio
embolism, such as atrial fibrillation or left ventricular

thrombus.

Small artery

occlusion (lacunar

Clinical lacunar syndrome.

Normal neuroimaging/imaging showing a subcortical lesion
<1.5cm in diameter.

No eviderte of large vessel or cardenbolic disease.

Supported by a history of hypertension or diabetes.

Other determined

cause

Other confirmed abnormality on testing, such as vasculitis @

hypercoagulable state.

Undetermined

cause

One of the following:
M two or more causes identified;
M no cause identified;

1 incomplete investigation.
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lowest flow found in the infarcted core (which is irreversibly damaged) and higher (but
still abnormal) flows in the surrounding tissue known as the ischaemic penuBthjra
Collateral blood supply to theenumira contributes to bloodlow to this area and

cells within this region, despite being dysfunctional, remain viable for a short period.
Salvage of the ischaemic penumbra by restoring perfusion is a key aim in the acute

treatment of ischaemic stroke.

The mechlnism in ICH differs tischaemic stroke. The most common cause of acute
bleeding is rupture of a small vessel lipohyalinotic aneurysm secondary to chronic
hypertensive vascular damag@4, 36, 37] Otherpotential causes includéut are not
limited to, chronic vascular damage due to cerebral amyloid angiopathy, structural
pathologies like arteriovenous malformation, cavernous haemangioma, or saccular
aneurysm, and the use of anticoagulant medicati{8¥. Following the acute bleed
there is a similar inflammatory ancytotoxic cascade asischaemic stroke, but the
mechanical impact of tissue oedema and the developing haematonralisbply the
greater source of neuronal damagé&/hether there is salvageable penumbral tissue in
ICH idebated[37]. Currently the immediate goals of treatment are to arrest the

bleeding and reduckaematoma expansion.

2.2The Relationshipetween Stroke and Blood Pressure

2.2.1Historical Aspects

Hypertension has been recognised as a risk factor for cardiovascular disease for almost
100 years, yet the medical commundid not immediately accept the necessity of its
treatment. Shortly afte the development of the sphygmomanometer in the latd"19

century American insurance companies argncluding Bifheasurement in their
assessmenti38]. Bythemigm bH n Qa4 G KS& KIR LlJzf A&aKSR NB
average BP valueswithy A Y ONBIF aSR NARa|l 2F RSIFGK® Ly
KELISNISyaArz2yQ gl a O2AYySR FT2NJ I a@yRNRYS
retinopathy which was noted to lead to death within month®m heart failure, stroke

or kidney failure unless treatment fower BP was instigatg@9]. However, it would

26



be another 30 years before attitudes to the treatmentof®d f {t SR Wo Sy A3y
KELISNISYyaAz2yQ g2dz R O2 YLINS fideesaviagiBef & a KA T
discovery of K 2 N2 (G KA I T A R S[40}. Yhistivés $he firdt eéffé&cevarabp n Q a
antihypertensivenot hampered by excessive sidffects and its discovery started to

shift the riskbenefit balance in favour of treatment. The second key event was the
publication, beginning with reports from the Framingham Heart S{ddy, of robust
observationddatademonstrating atrong correlation between raised BP and

subsequent complications such as heart disease, stroke, and kidney failure.

2.2.2Primary PreventionObservationaStudies

The observational evidence linking hypertension to cardiovascular disease is now
substantial and the consistency of the evidence strongly suggests a causal relationship.
Pooled analysis of the data, amounting to over 400,000 participants witiverage
follow-up period of 10 years, demonstrated that in patients with no previous history of
cardiovascular disease the relationship between BP and cardiovascular risk is direct,
continuous and linea[9]. Further pooled analysis incorporating additional data
amounting to nearly one million participants corroladed this[42]. The relationship is
stronger for stroke thn isclaemic heart diseas@HD) or othewvascular disease, with a
reduction in BP of 10/5mmHg conveying a reduction in first ever stroke risk of
approximately 30949, 43] Although it has been demonstrated that this @ n

consistent across age groups, with larger hazard rdtitb¥for raised BP seen in

patients under 60 years old compared to those over 80 yearf4@ld the greater

incidence of stroke in older age groups means that the absolute benefit of lowering BP
in these patients is at least similar, if not greajé3]. Interestingly, there does not

appear to be a threshold at whidbwer BP is not associated with lower cardiovascular

risk, although data for BP below 115/75mmHg is lim{@&dd42, 43]

2.2.3 Primary PreventiorRardomised Controlled Trials (RCT

Building on the observatial evidencemultiple large and robust RG&ve confirmed

that BP reduction results in a decreased primary cardiovascular risk, in particular
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stroke risk. Tw of the earliest landmark R@7re the Veterans Association (VA)Co
operative Study and the Hypenision Detection and Followp Program (HDFP) study
[44]. The VA Goperative Study was the first randomised, placebo controltedible
blind trial investigating thereatment of hypertension143 men with diastolic BP (DBP)
between 115129mmHg and 380 men with DBP beeme90114mmHg were
randomised to treatment with hydrochlorothiazide (plus reserpine and hydralazine
added stepwise if necessary) or placgéb, 46] For the group with severe
hypertension the trial was terminateearly[45]. After two years followup BP irthe
treatment group fell by 43/29.7mmHg and there were only two recorded severe
complications compared to no change in BP and 27 severe complications in the
placebo group. The results for the group with rmifiderate hypertension after a total
of five yeas followrup were also positive, but more moddgi]. These results were
subsequently corroboratetly the HDFP study which randomised 10,500 patients with
DBP between 9004 mmHg to stepped care or treatment as ugd4dl. The stepped
care group received standardised treatment (diuretic plus reserpine, hydralazine and
guanethedine added in sequence if necessary) to lower DBP to <90mmHg. Deaths from
cardiovascular disease were 26% lower i@ ithtervention groupdemonstrating the
benefit of treating patients with milanoderate diastolic hypertension. The Systolic
Hypertension in the Elderly Program (SHEP) trial addressed the question of the
importance of isolated raised systolic BP (§B#) In this study 4736 patients with

SBP >160mmHg but DBP <90mmHg were randomised to treatmenttifeidone+
atenolol) or placebo. Although some patients in the placebo group also received
antihypertensve therapy with other agents during the trial, over tfiee-yearfollow-

up there was a greater reduction in SBP and a 36% lower risk of stroke in the
intervention group. Sysimatic review of the major R&0dnfirms that lowering BP is
beneficial for reduimg the risk of primary cardiovascular disease, especially stroke
(Tables 23) [7, 43, 49] Furthermore, it is likely that BP reductianthe important

factor irrespective of the particular therapy used to achi@d3, 49] although

whether antihypertensive medicines really are equivalent in relation to stroke will be

discussed further in this thesis
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Table 2 Risk of stroke in selected randomised controlled treaksluating

antihypertensive medicationgs.placebo[43].

Treatment Arm Placebo Arm Relative Risk[RR]

Sudy 95%confidence

Events Total Events Total
interval (CI)

ACTION 82 3825 108 3840 0.63 (0.37 to 1.09)
ACTIVE 1 379 4518 411 4498 0.71 (0.43t0 1.19)
ADVANCE 215 5569 218 5571 0.96 (0.69 to 1.35)
ANBPS 13 1721 22 1706 0.59 (0.30to 1.16)
Coope 20 419 39 465 0.57 (0.34 to 0.96)
EUROPA o8 6110 102 6108 0.92 (0.53 to 1.60)
EWPHE 32 416 48 424 0.68 (0.44 to 1.04)
FEVER 177 4841 251 4870 0.41 (0.23t0 0.71)
HDFP 102 5485 158 5455 | 0.64 (0.50 to 0.82)
HWET 51 1933 69 1912 0.79 (0.62 to 1.00)
MRC older 101 2183 134 2213 0.76 (0.59 to 0.98)
MRC young 60 8700 109 8654 | 0.55 (0.40 to 0.75)
NAVIGATOR 105 4631 132 4675 0.43 (0.17 to 1.08)
PREVENT 5 417 5 408 0.98 (0.29 to 3.35)
SHEP 105 2365 162 2371 0.65(0.51 to 0.83)
STOPH 30 812 55 815 0.55 (0.35to0 0.85)
SystChina 45 1253 59 1141 0.63 (0.41 to0 0.97)
SystEur 47 2398 77 2297 0.58 (0.41 to 0.84)
TRANSCENLD 112 2954 136 2972 | 0.63(0.33t0 1.18)
VA 6 254 23 257 0.26 (0.11 to 0.64)
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Table 3 Relatve risk of strokgper 10mmHg reduction in systolic blood pressure

selected randomised controlled triaks/aluatingintensive vs. less intensive blood

pressuretargets[7].

Intensive BP Target

Control Arm Relative Risk (959
Study
Cl)
Events Total Events Total

ABCEH 9 237 9 233 0.97 (0.21 to 4.35)
ACCORD 36 2362 62 2371 0.69 (0.52 to 0.92)
BBB 8 1064 11 1064 0.75 (0.33t0 1.71)
HOT 200 12,526 94 6264 1.22 (0.56 to 2.64)
JATOS 52 2212 49 2206 1.06 (0.71o 1.58)
SPRINT 62 4678 70 4683 0.91 (0.70 to 1.19)
VALISH 16 1545 23 1534 0.49 (0.15 to 1.60)

BP denotes blood pressur@5% CI, 95% confidence interval.
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2.2.4 Secondary Prevention

It is reported that 5660% of strokes can be attributed to uncontsal hypertension
making thigshe most important modifiable risk factor for cerebrovascular dis§49e
50]. S far | have concentratedn the primary prevention of stroke, but given that
there are over 20,000 recrent strokes annually in the UK loweriB§ should also
improvesecondary preventiofil8, 21} This view is supported by observational data
that shows an association between higher BP in the 12 monthisgtiozke and a
greater risk of recurrence, and conversely that antihypertensive treatment is
associated with lower rates of recurrenfg0]. Fewer RChave investigated BP
lowering for secondary preention, but both the Posstroke Antihypertensive
Treatment Study (PATS) and the Perindopril Protection Against Recurrent Stroke Study
(PROGRESS) demonstrated a reduced risk of recurrent stroke in the region of 30% with
intervention compared to placebf®1, 52] A recent metaanalysioof secondary
prevention RCTonfirmed these reportgTable 4 and Figure)land also demonsated
that intensive BP lowering is beneficial for secondary preverjgprPatients were
stratified according to the achieved level of SBP (<130mmHg14@tmHg, or
>140mmHg) and DBP (<85mmHg:385nmHg, or >90mmHg). The risk of recurrent
stroke was smallest for those in the lowest categorieSBP ad DBP, linearly
increasing with achieved BP levEhis analysis supportse findings othe Secondary
Prevention of Small Subcortical Strokes (SPS3iniah was a dedicated RCT
designed to assess the impact of intensive BP lowering on recurrentesaéat
lacunar stroke in 3020 patienfS3]. SPS8ported a trend towards reduced rates of
recurrent stroke in the group treated to target SBP <130mmHg, indicating that

intensive BP lowering for secondary prevention is likely to be benefrgalré 2).

2.2 .5Current Gudelines

It is clear that treatment to lower BP has a beneficial effect on strokeHiglre 3)
and this is reflected in guidelines, with some advocatiignsive treatment to a
target BP of <130/80mmH[.8, 54] However, this is not a consars

recommendation. For exampléhe American Stroke AssociatiGASA) and the
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Table 4 Risk of recurrent stroke in trials of antihypertensive medicatisiplacebo

Data adapted from the metanalysis by Katsanos et al.12]8].

Treatment Arm Placebo Arm
Study Risk Ratio (95% ClI
Events Total Events Total

Carter et al. 7 49 11 48 0.62 (0.26 to 1.47
Dutch TIA 52 732 62 741 0.85(0.60t0 1.21

HOPE 13 500 23 513 0.58 (0.30 to 1.3)
HSCSG 37 233 42 219 0.83 (0.55 to 1.24)
Liu et al. 67 762 147 758 0.45 (0.35t0 0.59)

Marti Masso

and Lozano 20 170 18 94 0.61 (0.34t0 1.10)
PATS 159 2841 217 2824 0.73 (0.60 to 0.89)
PROFESS 880 10146 934 10186 0.95 (0.87 to 1.03)
PROGRESY 307 3051 420 3054 0.73 (0.64 to 0.84)
SCOPE 5 97 14 97 0.36 (0.13 to 0.95)
TEST 74 372 69 348 1.00 (0.75 to 1.35)
Total 1621 18953 1957 18882 0.73 (0.62 to 0.87)

95% CI denotes 95% confidence interval.
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Study Odds ratio % Weight

(95% CI)

Carter [121] - : 0.33 {013, 0.81) 2.1
HSCS [122) + 0.80(0.49, 1.29) 45
Dutch TIA [123] L 0.84 (0,57, 1.23) 7.
TEST [124)] ]'_._ 1.0 10,71, 1.44) 7B
PATS [125] 0,71 (0,58, 0.88) 25.7
PROGRESS (ACEI+0) [B7] i 0.55 (0.45, 0.68) 28.1
PROGRESS (ACEl [B7] } . 0.94 (0,75, 119 18.1
HORFE [88] —{-.-.— 0.85 (0.596, 1.30) 5.7

|

|
Cwverall (95% CI) -q'} 0.74 (0.67, 0.83)

f T T
0.1 0.2 .5 1 2
Cdds ratio

Figure 1 Meta-analysis of the effects of antihygensive therapy following stroke on

the risk of fatal and noifiatal recurrencdq10].
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Number at risk Time since randomisation (years)
Higher 1510 1357 1008 8s8 648 425 219 a5 n
Lower 1501 1367 1105 862 663 460 224 1m 24

Figure 2 Probability of recurrent strokanyocardial infarctionNl), or vascular death
after randomisaton in the intensive blood pressure target and standard blood

pressuretarget arms of SPY33].
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Studies  Intervention Control RR (95% C1) per 10 mm Hg reduction
insystolic blood pressure

Events Participants ~ Events Participants

Major cardiovascularevents 55 13209 137319 14068 128259 o+ 0-80 (0.77-0-83)
Coronary heart disease 56 4862 136986 5301 128548 e 083 (0-78-0-88)
Stroke 54 4635 136682 5378 128641 B 073 (068-0.77)
Heart failure 43 3284 115411 3760 107440 - 072 (0-67-0.78)
Renal failure 16 890 39888 834 39043 — 095 (0-84-1.07)
All-cause mortality 57 9775 138298 9998 129700 i 0-87 (0-84-0.91)

05 1 15
RR per 10 mm Hg reduction in systolic blood pressure

Favours intervention Favours control

Figure 3 Standardised effects of a inHg reduction in systolic blood pressue
cardiovascular outcomes incorporating data from primary and secondary prevention
trials, andrials of intensive blood pressutewering. Adapted from Ettehad et al. 2016

[7]. RR denotes relative risk; 95% CI, 95% confidence interval.
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EuropeanSocietyof HypertensiofESH) are more cautious. Firstly, tmeye that trials
drawing conclusions about intensive BP targets have not always successfully lowered
BP beyond standard recommendatidia®]. However, this criticism is not true of more
recent trials, including SPS3 aihe Systolic Blood Pressurddrvention Trial SPRIN)T
which both achieved their prstated intensive BP reduction, and successfully showed
an associated reduction in cardiovascular events and mor{&ly56] Secondly, the

ASA and ESHe# posthoc analysis of PROGRESS which suggested that the
effectiveness of secondary prevention diminished in line with baseline BP level, such
that participants with baseline SBP <120mmHg gained no additional benefit from
antihypertensive therapys5, 57} However, a metanalysis of the benefit of
antihypertensive treatment stratified by baseline BP leirelprporating a mixture of

low and highrisk hypertensive subjectsontradicts this positiof58]. This uncertainty
relates to the debate about whethehe relationship between BP and secondary

stroke riskis linear ot WQ  tlie Hatt@SiRplying thabverly aggressive BP reduction
could be harmfu[59]. This ideehas some logical basis given that autoregulatory
mechanisms to maintain organ perfusion have both a lower and higher functional limit
and that these limits can shift in the presence of chronic vascular dijéasgl)].

Further research into these issues is required and dedicated ongoing sugls ashe
Stroke in Hypertension Optimal Treatment triBSHCHESHOT62]), should help to

establish the optimum BP target feecondarystroke prevention.

2.3Blood Pressure ihhe AcutePhase ofstroke

2.3.1 The Acute Hypertensive Response

It is common for patients with an acute strolather infarct or ICH) to haveP
>140/90mmHgwith between 66884% of acute strike patieris found to haveBPabove

this thresholdwithin 24 hours of symptom ons¢t0, 63, 64] Similar rates are

reported for patients with acute TIP§5]. Only around half of these patients will be
known to have hypertension prior to their cerebrovascular e\J@6t 11] leadingto

the hypothesisthatKk SNB A& |y WI OdziS K@ LISNISyairgs
Whilst the natural history of raised BP in Tig#s not been reportedybservatonal data
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in stroke patients dmonstratesthat this acutely raised BP cdecline without specific
treatment from around24 hours to 14 days postvent[11, 63, 66] This suggests
possiblestroke specific cause for the observed pattern. Multiplégodial mechanisms
have been suggestl, including haematoma expansionli@H, cerebral oedema and
raised intracranial pressure, autonomic dysfunction, and abnormal cerebral
autoregulation[11, 13, 63, 67, 68Perhaps the most important of these in ischaemic
stroke is the latter. Aa consequence of disordered cerebral autoregulatiQBF
becomes dependent on systecBP and therefore raised By be necessary to
maintain perfusion of the ischaemic penumbra, with low BP potentially causing
cerebral hypoperfusion and infarct expansiohislidea is supported byraeta-

analysis of observational studies investigating the prognostic impaecisd#d BP in
acute stroke that demonstratedhised BP iassociated with worse outcomes (either
death or dependency[p9]. Retrospective review of data from the International Stroke
Trialcorroborated this conclusion and additionally showed that low BP is also a poor
prognostic factof70]. Consequentlythe management of BP in the acute phase of
stroke is of clinical interest as appropriate therapeutic intervention could potentially

improve outcomes for stroke survivors.

2.3.2 Management iPatients Receiving Thrombolysis

For patients who receive tbmbolysis raised BP can increase the risk of haemorrhage

as a treatment complication. Retrospective review of the Third International Stroke

Trial (IST3) data showed that a higher baseline BP was associated with an increased

risk of any early adverse eviemith an odds ratio (OR) of 1.05 (95% CI 1.01 to 1.09,
p=0.01)[71]. This was primarily driven by an increased risk of symptomatic ICH (OR

1.10 [95% CI 1.02 to 1.19, p=0.0iyhichwas the only other statisticalisignificant

association. Similarly, retrospective review of B&fe Implementation of Thrombolysis

in Strokeg International Stroke Thrombolysis Regist8ISSTRfound that increased

BP (measured at baseline, 2 hours posset and 24 hours posinset) was linearly

I 33a20AF0SR 6A0GK Iy AYyONBIFaSR NRa|l 2F agyl
shaped relationship between BP level and mortality and 3 month independédte

As a result of this it is accepted that BP should be loweredtoy p k Mmmn YY1l 3 0 G ¢

upper BP threshold required for inclusion in the fikgtional Institute of Neurological
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Disorders and Strokél(ND$trial) prior to administering thrombolysis and this is
recommended in stroke guidelings8, 19, 57] However, whether to lower BP in

patients not eligible for thrombolysis, and if so to what target level, is controversial.

2.3.3 Management in PatientetReceiving Thrombolysis

Interestingly, in their review of ISTBerge et alobserved that receiving BP lowering
treatment in the first 24 hours after randomisation to thrombolysis or control resulted
in a reduced risk of poor functional outcome at six months, irrespective of whether the
patient received alteplase or placebo (OR8 [95% CI 0.68.93, p=0.007])71]. The
decision to give BP lowering treatment was according to local protocols. Participants
receiving antihypertensives had a higher mean baseline SBP (159.7mmHg compared to
152.5mmHg), but after 24 hours me&BP in the groups had converdéd7.8 mmHg

with treatment and 144.1mmHg without). BP lowering treatment was also not
associated with the development of early neurological deterioration (END) br ear
recurrent ischaemicteoke. However, lhese findings ave not been replicated in RCT
specifically designed to investigate the effect of lowering BP in the acute phase of

ischaemic strokeT{ableb).

Of the large dedicated triathe Acute Candesartan Cilexitil Therapy in S#r8krvivors
(ACCES%ial was the first, enrolling patients with ischaemic stroke and BP
>200/110mmHg within @4 hours after admission (or >180/105mmHg38thours

after admission)72]. The trial was stopped esrdue to an increased mortality rate at
12 months in the placebo group. However, BP was not significantly lowered by the
intervention @mpared to control ananortality at 12 monthswas a secondary
outcome. Neither of the prespecifial primary outcomesnfortality or functional status
at three month3 were reported, partly due to the recognition that the Barthel Index
was not a suitable measure of functional outcometha Controlling Hypertension and
Hypotension Immediately PoS§itroke CHHIPSrial 179 matients with any stroke and
SBP >160mmHg were randomised witB6 hours of symptom onset to labetalol,
lisinopril or placeb@66]. There was no difference in the primary outcome of death or
dependency (defined as modified Rankin score (mRS) >3) at 14 days (RR 1.03 [95% CI

0.80 to 1.33, p=0.82]) despite a definite reduction in SBP (21mmHg with intervention
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Table 5 Summaryof main published trials of blood pressumvering treatment in acutéschaemicstroke. Outome figures presented are mean

(standard deviation$D) or risk (95% CI).

_ _ Treatment o
Trial N | Intervention Control _ ICH eligible| Outcome
duration
Bath 2000 GTNpatch within 5 days of Day 1 BP reduction:
37 Placebo| 12 days Yes o )
[73] onset 13.0/5.2mmHg with intervention
ACCESS Candesartan, commenced Barthel index at 3 months:
339 Placebo 7 days No
2003[72] 24-36 hours after onset 87.0 (22.9) vs. 88.9 (19.9)
Eames Bendroflumethiazide BP at 7 days:
37 o Placebo| 7 days No o _
2005([74] within 96 hours of onset No significant differences
Eveson Lisinopril within 24 hours Change in NIH&8t 14 days
40 Placebo| 14 days No o _
2007[75] of onset No significant differences
CHHIPS Labetalol or Lisinopril Yw{ xn 4 n ©6S5SS1a
179 | Placebo| 14 days Yes
2009(66] within 36 hours of onset RR 1.03 (0.80 to 1.33)*
PROFESS Telmisartan within 72 MRS at 30 days:
1360 Placebo| 2.5 years No
2009[76] hours of onset OR 1.03 (0.84 to 1.26)
SCAST Candesartan within 30 a)death/recurrent strolke or MI:HR 1.09 (0.84 to
2029 Placebo 7 days Yes

2011[77]

hours of onset

1.41)




b) MRS at 6 months:
OR 1.13 (0.97 to 1.32)

Any treatment within 48

CATIS 2013 _ Not Yw{ o |0 wmn RIFI&a&a 2NJ

4071 | hours of onset to achieve 14 days No
[78] treated OR 1.00 (0.88 to 1.14)

BP <140/90mmHg
RIGHT GTN patch within 4 hours Difference in SBP at 2 hours:
41 No GTN| Single dose Yes o )

2013[79] of onset -18 (30) mmHg with intervention
ENOS 2014 GTN patch within 48 hourg mRSat 90 days:

4011 No GTN 7 days Yes
[80] of onset OR 1.01 (0.91to 1.13)

'National Institutes of Health Stroke Scale (NIHSS)

*combined active treatment groups vs. placebo

BP denotes blood pressure; ICH, intracerebral haemorrhage; GTN, Glyceryl trinitrate; NIHSS, National InstitutesStfdkecittale; mRS, modified
Rankin score; MI, myocardial infarction; SBP, systolic blood pressure.



vs. 11mmHg with placebo, p=0.04), though the trial did not meet its recruitment

target. The Scandinavian Candesartan Acute Stroke (B@A\Slemployed a snilar

study design to ACCESS, but with a lower threshold BP for indégjowo thousand
twenty-nine patientswith any stroke within 30 hours of symptom onset and wiBPS
>140mmHg were randomised tamdesaran or placebo. After seven days of

treatment mean BP in the intervention group was 5/2mmHg lower. However, this
difference was not sustained at the six month outcome point, nor was there any
difference in composite vascular death/néatal myocardial infaction (MI)/non-fatal

stroke (HR 1.09 [95% CI 0.84 to 1.41, p=0.52]). In fact there wassagmsincant trend
towards better six month functional outcome with placebo (OR 1.17 [95% CI 1.00 to
1.38, p=0.048])TheChina Antihypertensive Trial in Acute leofic StrokdCATIH
investigated an intensive BP target rather than a specified treatrf#8jt enrolling

4071 ischaemic stroke patientdth SBP 14@20mmHgwithin 48 hours of onset.

Those in the intervention arrhad a greater BP reduction in the first 24 hours with the
difference sustained at seven days. Despite this, there was no difference in the primary
2dz602YS 2F RSI (K 2 NJ RAoavwasthetelany diffeceicavdt 0 0
three months. Findy, the Efficacy of Nitric Oxide in StrokeNO¥trial investigated

glyceryl trinitrate (GTN) as the therapeutic agg@]. GTN is a nitric oxide donor

which, & well as havingP lowering properties, maye neuroprotective and inhibit
apoptosis, thereby reducing ischaemic damagee trial enrolledt011 patiens with

any stokewithin 48 hours of symptom onset and randomigbém to transdermal

GTN or placebo. As with other trials there was a greater BP reduction with intervention
but this did not translate to a difference in functional outcome (as&el as the
distributionof mRSt 90 days Systematic review of these and additional studies,
including a total of 17,011 patients, has confirmed the findings of the individual trials
[11].

Overall, there is no evidence of iefit for lowering BP in hyperacute ischaemic stroke
and the data from SCAST suggests it may actually be harmful to do so. However, this
may relate to methodologiddactors,specifically the timing of treahent initiation.

Whilst subgroup analysis in C&Huggested a possible improvement in functional

outcome in those who commenced treatment >24 hours after symptom o783t
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several trials have shown the opposite. In SCAST there wassgroficant finding
that those who received treatment <6 hours after symptom onset had an improved
functional outcomg77]. This was also reportesb a statistically significant findimng
ENOSwhere itwas a prespecified secondary oobme[80]. Furthermore, a pilot trial
for transdermal GTN administed within four hours of stroke onset reported a one
point favourable shift in MRS at 3 months in the intervention grpi9). Although the
trial was not powered forhis outcome it is a potentially importafihding that is being
further investigated81]. It is also interesting to note that larger BP reductions have
been achieved with earlier treatment initiation (mean reductid®.0/-15.0mmHg for
patients receiving prénospital treatment compared ter.3/-4.9mmHg for those
commencing treatment48 hours after onsgtand this may underlie the differences in

reported outcomeg11].

2.3.4 Management ifPatients with Intacerebral Haemorrhage

It is alschypothesised that stroke subtype may be a relevant factor in the acute
treatment of raised BP. Hypertension is the majok fesctor for primary ICH. Chronic
hypertension isassociated with degenerative changes to penetrgtarterioleshat

can lead tovessel rupture and haemorrhagsuch as lypohyalinosis and Bouchard
aneurysm formation[36, 37] Two theories about the risk iled to BP immediately
followingICH have been propodeFirstly raised BRnay inhibit haemostasis and
propagatehaematoma expansion. Secondig in ischaemic strokéyere may be a
peri-haematomal penumbra that sulnerable to low BIP82]. The first theory is
supported by thelntensive Blood Pressure Reduction in Acute Cerebral Haemorrhage
Trial INTERACWhich showed less haematoma expansion 24 hours after symptom
onset with ntensive management of BRafget of SBP <140mmHg) comedrto
standard managementdrget SBP of <180mmH[3]. However, the idea of a
vulnerable perhaematomal penumbris not supportedby datafrom the

Intracerebral Haemorrhage Acutely Decreasing Arterial Pressure Trial
(ICHADAPT. Using CT peaukion imaging this trial demonstrated that relative CBF in
the perrthaematomal region is not reduceuth intensive BP reductiorS@P
<150mmHg) compared to standard management (SBP <180m@#g]rials of

intensive vs. standard BP reduction in acute primary ICH are summariSedlie6.
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Table 6 Summary opublishedtrials of intensive blood pressureduction compared

to standard blood pressurewering(accordng to guideline recommendations) in

acute intraceebral haemorrhage

Recruitment | SBP targets Primary
Trial N _ Result
window (mmHg)* | outcome
END (NIHSS dro o
Koch 2008 <110 vs. __ _ | No significant
42 <8 hours |l ¢ xEOEHE
[85] 110130 difference
hours)
Haematoma
INTERACT <140 vs. 13.7% vs. 36.3%
404 <6 hours growth at 24
2008[83] <180 (p=0.04)
hours
Perihaematoma
ICHADAPT <150 vs. 0.86 vs. 0.89
75 <24 hours relative CBF at 2
2013[84] <180 (p=0.18)
hours
INTERACZ <140vs. | mRY 0 A O |ORO0.87(0.75to
2839 | <6 hours
2013[86] <180 months 1.01), p=0.06
. | RR1.04 (95% CI
ATACH 110139vs. mR9 1t AO
1000 | <4.5 hours 0.8510 1.27),
2016[87] 140179 | months
p=0.72

*Mean arterial pressureMAP) in Koch, SBP all otheials

SBP denotesystolic blood pressure; END, early neurological deterioration; NIHSS

National Institutes of Health Stroke Scale; CBF, cerebral blood flow; mRS, modified

Rankin score; OR, odds ratio; RR, relative risk; 95% CI, 95% confidence interval.
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The two major trialsThe secondntensive Blood Pressure Reduction in Acute Cerebral
Haemorrhage TridINTERAGZ) and the second\ntihypertensive Treatment of Acute

Cerebral Hemorrhag@TACHR)) both faled to show a benefit tanorbidity and

mortality 6 RSTFAY SR | a Yw{ akthree2nidithg with NBENIBP G A FSf
lowering compared to standard managemg@6, 87] However, in a prapecified

secondary outcome, INTERAZid demonstrate a significantWaurable shiftm mRS

with intensive BP loweringuggesting a benefit in terms of functional outcome for

survivos (OR 0.87 [95% CI 0.77 to 1j060.04) [86].

2.3.5 Guideline Recommendations

Current stroke guielines reflect the uncertainty in the evidence base. For ischaemic
stroke the recommendations for patients receiving thrombolysis have already been
described, but for all other patients it is felt that BP lowering treatment should only be
started in the frst 24 hours after stroke onset if there is a hypertensive emergency
with organ damagé¢l8, 19, 57] Only the ASA specifically mentions an eipBP

threshold 20/120mmHy[57]. For patients with ICH it is felt to be safe, and possibly
beneficial, to aim for intensive BP reduction to a target SBP <140mmHg, provided that
treatment can be instigated within six hoyt8, 88] Rather han the lack of evidence
being related to the timing of initiation of treatment, an alternative explanation may
be that it is not just the absolute BP level that matters in the acute phase of stroke.
This will be discussed further in subsequent sectiorthisfthesis where | will consider

the concept of BPV and its relationship with stroke outcomes.
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2.4Blood Pressure Monitoring

24.1 Office Measurement

Controlling BP for primary and secongatroke prevention reliesn being able to
accurately measw BP levels and establishing at what level BP treatment is of benefit.
Whilst distinguishing normotension and hypertension with a specific threshold value is
somewhat arbitrary due to the normal distribution of BP within the population and the
continuous elationship between BP and cardiovascular risk, such categorisations are
clinically useful. Based ohé evidence from major trialSBP >140mmHg and/or DBP
>90mmHg has traditionally been accepted as the point at which treatment benefits
significantly outwégh any risks. However, the 2017 American H&adociation(AHA)
guidelines recommend a lower tbshold, citing recen¢vidence from obsemtional

studies demonstratingncreased risks of stroke and coronary heart disease at BP levels
between 120139/80-89mmHg[54]. Currently recommended threshold values for

clinic and ouof-office BP measurement methods are presented ables 78.

Tradtionally BPmeasurementas been undertaken using aamual

sphygmomanomete®MB F SNNBR (2 Fa W2FFAOSQI[8IND WO A\
FAaOSNIFAY (KS redeated rBedsiirondentstosepatake fodasionts are
recommended as this mitigates agairtbe natural variation irBP attributable to

factors like change in circadian rhythm or seasonal varigd6h CBPM is more

complex than it may appear and its fallibility is recognised. Limitations include poor
technique (e.g. not allowing the patient to rest several minutes before measuring,

incorrect cuff size, not positioninge arm level with the heart), taking single

measurements (often due to time constraints), observer bias, and observer terminal

digit preferencg89]® CdzNI KSNX2NB= /.ta YIreé y2d | 00d:
iy a2YS LI GASyGaod 2KAGS 0210 KELISNISyairzy
consistent with a diagnosis of hypertension, yet their-ofioffice BP is within the

normal range. Conversely, maskbypertension (MH) is wheraffice BP is whin the

normal range yebut-of-office BP is consistent with a diagnosis of hypertension.

Neither of these phenomena can be identified by CBPM alone and both are important
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Table7: Definitions olnormotension andchypertensia based on clinic blood pressure

measuement from current guidelinefb4, 91, 92]Blood pressureategory is defined

according to the highestalue, whether systolic or diastolic

NICE (2011) ESH (2018 AHA (2017)
SBP DBP SBP DBEP SBP DBP
(mmHg) | (mmHg) | (mmHg) | (mmHg) | (mmHg) | (mmHQ)

Normal <140 <90 <130 <85 <120 <80
High normal - - 130139 85-89 120129 <80
S;S‘Sretelnsion X140 %90 | 140159 | 9099 | 130139 | 80-89
Grade 2
hypertension X160 X100 160-179 | 100109 | 140159 90-99
Grade 3
hypertension X180 X110 X180 X110 X160 X100

SBP denotes systolic blood pressure; DBP, diastolic blood pressure; NICE, National

Institute for Healthand Care Excellence; ESH, European Society of Hypertension; AHA,

American Hypertension Association.

Table8: Threshold values for gradehypertension based on oubf-office blood

pressuremeasurements from current guidelings4, 91, 92]

NICE (2011) ESH (2018 AHA (2017)*
Home 135/85mmH 135/85mmH 130/80mmH
measurement g g g
Daytime ABPM ¥135/85mmHg X135/85mmHg x130/80mmHg
Nighttime ABPM - X120/70mmHg ¥110/65mmHg
24 hour ABPM - X130/80mmHg XL25/75mmHg

*AHA guidelines also provide cuof-office measurement threshold valuésr each
gradeof hypertension

ABPM denotes ambulatory blood pressure measuremBhGE, National Institute for
Health and Care Excellence; ESH, European Society of Hypertension; AHA, American

Hypertension Association.
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as they can lead to ovdreatment and undeitreatment respectively93].
Consequently, modern hypertension guidelines recommend the additional use -of out
of-office BP measurement to improve diagnostic accuracy and for the monitoring of

treatment responsg54, 91, 92]

2.4.2 Beato-beat Measurement

Continuous (beato-beat) BPmeasurements in the clinic/lab aadso possibl®ver
short periods Norinvasive methods that measure the finger arterial pressure

waveform using a cuff withlt-in plethysmograph haveeen available since the

MpPy NQ&ST SAGK F @I Af I 6 théFindrheteAFRapie®)R RS TA 0S4

Portapres®, and the Task Force® Morjidr96]. Evaluaibn of these devicebas

shown that they aresufficiently accura (Table9), although thestandard deviation

(SD of SBP with the Finaps® is higher than th&ssociation for the Advancement of
aSRAOLIf L ¢AaMi)adeptabié (indit @f 8SmmHg, so they may lack the required
precision for assessment of isolat@tPlevels. The Finapres®, in comparison with
invasive arterial measurements, has also been shown to accurately track sudden
changes in BP andeasure variability (defined as SD or spectral analysis) in recordings
up to 30minutes long95, 97] with the Task Force Monitor® being validated against
the Finapres® for assessment of B®]. Consequentlynortinvasive beato-beat
measurement has become establishiectlinical practice for the assesent of

syncope and in research for the investigatof BP\{98-101]
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Table 9 Accuacy (mean difference (SD)) of blood pressmesasurements with the
Finapres® and the Task Force Monitf®® 96] The Finapres® hasdsecompared to
both invasive and noinvasive methods and weighted average values are presented.

The Task Force Monitor® has only been compared againshxasive devices.

Finapres® Task Force Monitor®
SBP -1.3 £ 9.0 mmHg -1.8 £ 7.6 mmHg
DBP -2.0 £ 51 mmHg -1.8 + 6.4 mmHg

SD denotes standdrdeviation;SBP, systolic blood pressure; DBP, diastolic blood

pressure.
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2.4.3 Ouiof-Office Measurement

For out-of-office BP measuremendK guidelines recommerttie use of ambulatory BP
measuremen{ABPMMs tre firstline method[91]. ABPM involves the use afia
automated BRmonitor, usually over 24 hourprogrammed to measure BP at set time
intervals.The recommended measurement interval varjg4, 91,92], but to ensure

the minimum required 14 daytime and seven nigime readings the maximum

frequency should probably be every 30 minuf88]. A majoradvantageof ABPM is

that night-time measurements are obtaed. BP normally falls by arod 1020% at

night. Those who do natisplay this patt&dld/ | NB { RoAIILIBBRiaddEY 2 V
being associated with increased target organ damage and an increased risk of
cardiovascular events, coronary heart disease, styakd deat{102, 103] Indeed,
night-time BP values and patterns may relate more closely to the risk of cardiovascular
events than daytime valug404], though not all atdies support thi$105]. The other
YF22NJ FR@FyGlr3sS 2F ' .ta Aa GKFG F Y2NB |«
YSI A&dzNBYSyda FNB F1SYy RddINAYy3I GKS LI GASy
environment, an incrased number of measurements are obtained, and technical
limitations like observer bias/terminal digit preference are eliminated. These factors
reduce the influence of natural variation in BP measurements and improve the
reproducibility of the data. Resedrdas shown that this translates to improved
prediction of cardiovascular risk and a better correlation with target organ damage
than CBPM105-107]. Unfortunately, ABPM is significantlyore expensive due tthe
equipment cost and the need for supporting software to interpret the data. Its
interpretation also requies some additionaxpertise. Perhaps most importantly

though, not all patients are able to tolerate ABPM and this can limit its practical use.

An alernative to ABPM is homBP measurementHBPM) (also referredotas seHBP
measuremen), which has become a viable alternaimethodwith the development
of cheaper, more accurate sefautomated monitord89]. HBPM srecommended
alongside ABPM guidelines for the diagnosis and monitoring of hypertengtah 91,
92]. With this technique the patient masures their own B& home, commonly being

instructed to take two mesurements in the morning and two in the evening for at
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least three, but preferably seven consecutive d@&. The mean of all
measurements, excluding those from day onaliow for acclimatisationcan then be
used. Like ABPM,BPM provides an increased number of measurementscamd
identify both WCH and MH. Albugh it does not providaight-time measurements
andcan be susceptible to some dfe same observer bias as®, HBPM is probably
more tolerable than ABPM and therefore mayrnere practical for monitoring long
term control. It is reported that BPM correlates at least as well as ABPM with
cardiovascular risk and target organ damage and alsepetforms CBPM ithis

respect[106, 108, 109]

2.4.4Comparisons of Office and GftOffice Measurements

It is known that outof-office BP levels are not identical to office levels when
contemporaneous measurements are takerthe same subjects. At a CBPM of
140/90mmHg the equiadent daytime ABPM value is on averag@mmHg lower,
though this difference increases as BP r[{d4d9)]. The current diagnostic threshold for
daytime ABPM from iopean guidelines i$35/85mmHgTable § [91, 92] The
threshold forHBPMis considered equivalent to daytime ABPM, but it should be noted
that this has not been as thoroughly investigafé8, 111] In fact, availablelata
regarding their comparison shows inconsistent differences between fiable10),
some of which is attributable to methodological factors, such as the age of study
participants[112-114]. In terms of diagnosingypertension, agreement between the
methods has been reported as between 588 8294115, 116] WhenABPMis used
as the reference staratd, HBPMprovides increaed sensitivity but reduced specificity
compared to CBPM (CBPM with threshold >140/90mmHg mean sensitivié?a 5%
C160.7% to 84.8%] and specificity 74.6% [95% CI| 47.9% to 96IBSd)with

threshold >135/85mmHg mean sensitivity 85.7% [95% CI 78.9%@66] and
specificity 62.4% [95% CI 48.0% to 75.0%R]. It is possiblehat CBPMHBPMand
ABPMare not interchangeable methods of measuring BP and this will be discussed

further in a later chapter of this thesis.
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Tablel0: Studes taking contmporaneous blood pressure vas from clinic,

ambulatory andhome measurementtor comparison. Mean values for each method

are presented.

Mean CBPM | Mean ABPM Mean HBPM
Study N , )

(mmHg) OYYIl 30 4 (mmHg)
Denolle1995[117] 16 156/91 131/89 128/87
Juhanoja2016[118] 461 132.8/85.2 138.4/85.1 130.0/85.2
Larkin1998[119] 65 127.8/82.7 132.8/81.9 131.4/80.0
Mancia 1999120] 1438 127.4/82.3 123.0/78.7 119.2/74.7
Nasothimiou2012*

44 152/86 138/80 144/81

[116]
Nunan2015[121] 203 145.0/92.0 133.6/82.6 141.1/87.0
Sega 1997112] 248 147.7/82.9 127.6/77.0 138.2/78.0
Stergiou2000[115] 133 143.2/93.0 139.3/91.1 138.7/89.3

*patients with clinic resistanthypé&rSy aA 2y ORSTAYSR a | @SNI 3
TNRY (62 QOrarta oKAES 2y adroftS GNBFGYSy
WRIFBGAYS . ta @FfdzSa NBLR NI SandmkidétaliKS S
who reported 24 hour ABPM values.

CBPMdlenotesclinic blood pressure measurement; ABPM, ambulatory blood pressure

measurement; HBPM, home blood pressure measurement.
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2.5Blood Pressure Variability

25.1 Concept

Hypertension diagnosis and monitoring has traditionaée based on CBPMth a

manual sphygmomanomet¢89]. It hasalreadybeennoted that, for an individualBP

readings obtained using this method will not be exacthetsame on separate

occasions, with some of this differena#ributable to natural variation. Factors that
contribute to this over the sholi SN Ay Of dzZRS G KS OANDI RAL Y
is 1320%lower at nighttime) [102, 103, 122]emotional state, behavioural stimuli

(e.g. c#feine, exercise, smoking), homeostatic mechanisms (e.g. the-egiotensin

system) and the autonomic nervous systf90, 122] Longetterm fluctuations may be
attributable to seasonal variation and may alsaatelto inadequacies in measurement
technique, changes to antihypertensive treatment, or poor adherence to

antihypertensive treatment regimer{90, 122] However, patients may also
SELISNASYOS WS LiamhereRy: Sinilde & WSHNAI I8H, tedoistl BP may
sometimes be within the normal range and sometimes be raised. For example, in 150
patients with a recent stroke who were not on antihypertensive treatment prior to

their cerebrovascular event, 87% of patiehtsd at least one recorded SBP >160mmHg
YR cdz KIR Fd fSFrad d62 NBO2NRSR {.tQa
stroke[26]. Hypertension guidelines recommend thatltiple CBPMare taken over
severalvisia G2 (GNB YR SadlofAadaK |y AYRAGARdzZ
hypertension, and thaCBPM should be corroborated usiogt-of-office

measurementg54, 91, 92] However, recent expert opinion hasggested that this

I NAIFOoAfAGE YI& 0SS Y2NB OGKIyYy 2dzad | o0F NNJ
Rather, there is evidencthat it is a reproducibleneasurement thaprovides

information about cardiovascular rik7, 123125].

Much of the receninterest in BPV stems from a review article by Rothwell which
highlighted several observationsot fully explained by the currentlgccepted concept
2 ¥ Wdzapddicélarly in r€latian to strokeand which sugest that there may be

additional important factor$126]. One of those factors may be BPV. For example, the
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predictive value of mean SBP for stroke falls with increasing age despite the fact that
stroke incidence increases with age and elderly patients benefit from antihypertensive
treatment. Furthermore, the berfé seen with BP reduction may be greater than
expected given the level of risk predicted by mean SBP. Secondly, conditions such as
WCH, MH, and episodic hypertension, which ytpht at least sometimean
AYRAGARdZ f Q& .t A& olgfendddVvafablitj®B are A a | f a2
associated with an increased risk of stroke. Simil&®/ surges sean the morningas

part of the usu&circadian BP rhythm, @ssociated with conditions like postural
hypeitensionand hypotension, are predictive of stroke but are not associated with
mean SBP. Finally, data from trials of antihypertensive medications indicates that,
despite similar reductions in mean BP, not all classes of medications convey an equal

reductionin stroke risk.

25.2Practical Aspects

Variability can be derived from any of the BParting methods previously described
provided multiple BP measuremerdse obtained. The maidifference betweerBP
measurement methods is that they allow the quditiation of BPV over different
timescalesaccording to the gap between measuremeniery shortterm variability
(over seconds to minutes) can be obtained from beabeat BP monitoring. Short
term variability (over minutes to hours) can be obtained fraBPM or repeted CBPM
within a single encounter. Mediusterm variability (over days to weeks) is best
assessed usingBPM but could also be deriveddm repeated CBPMnN consecutive
days. Finally lonterm variability (over months to years), also refatr® as visito-
visit variabiliy, is usually calculateddm repeated CBPMver separate visits, but

could also be obtained from repeated sets of ABPNMIBPMover time.

Not only can BPV data come from different BP measurement methods over varying

timescales, it can also be calculated in a number of different wagblé11). SDis a
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Table 11 Statistical neasures that can be applied ta set of blood pressure

measurementdo derive average values and variability data

Measure

Abbreviation

Description

Mean

The sum ofall recorded values dividely the

number of measurements

The square root of the meauf the squared

Standard deviation SD difference of all values in the set from the over
mean value.
The standard devt@n of aset of recordings
Coefficient of variation | CV o o
divided by the meawalue and multiplied by 100
The standard deviation of a set of recordings
o RAGARSR o0& GKS YSEHy N
Variation independent . .. Lo L
VIM P fdzS aE¢ Aa RSN dred
of the mean o _
multiplied bya constant) to a plot of SD against
mean values.
Maximumminimum MMD The maximum recordeblood pressuraminus
difference the minimum recordedlood pressure
The maximum recorded blood p&e minus
Peak value .
the mean value of aet of recordings
The mean blood pressure fronsat of
Trough value _ _ o
recordings minus the minimum recorded value
. The mean value of the squared difference in
Average gccessive _
o ASV blood pressure between successive
variation
measurements.
The mean value of the absolute difference in
Average reavariability | ARV blood pressure between successive

measurements.
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common statistical method of describingriance in a dataset arid the most
frequently quoted method of presenting BIPA28]. However, its use for
demonstrating BPV may be limited. For example, when applied to 24 hour ABPM
recordings SD may just represent the natural variation between daytirdenaght

time BP. This can be overcome by using weighted SD, which takes account of the
greater number of readings acquired during waking hgug9], but a more intractable
issue may be that because SD is statistically related to the wedae it may not
provideuseful information over and abowaean BR130,131]. One approach to
remove the influence of the mean value is to use the coefficient of variation (CV). A
more statistically sophisticated method is variation independent of the mean (VIM),
which employs curve fitting techniques to derive a populatipadfic value which
removes the influence of mean BE31]. The maximurrmminimum difference (MMD) is
another simple mesure of BP range, describitige maximal change within a
recording. Peak and trough values cdsoabe used to capture variation in terms of BP
spikes. Finallygveragesuccessive variatioGV) and average real variability (ARV) are
methods of deriving variability that account for the time sequence of BP recordings
within a set. Both may be partiarly applicable to data from 24 hour ABPM as they
avoid the difficulty in accounting for dayght differences that may be encountered
with the other indices describeld 32].

2.5.3 The Prognostic Value of Blood Pressuwiabiiiy

w2 (0 Kg St halpublishédR lotatly of work relating to BPV to complement his
review article. Other contemporaneous publications include a stigiyonstrating

that BPV is a reproducible phenomenand two papers reexamining the data from
sevaal RCT17, 131, 133]The first of these reexaminationsanalysed data from the

UK TIAtrial andthree other cohorts designed to validate its findings (European Stroke
Prevention Study (ESRy Dutch TIA, andnglo-Scandinavian Cardiac Outcomes Trial
Blood Pressure Lowering Arid§CO-BPLA). This analysidemonstrated thatvisit-to-

visit variabilityof SBRadjusted for mean BRyas a strongr predictor of future stroke
than mean BRTable 12[131].
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Table 12 Systolic blood pressurparameters and their predictive value for stroke (HR

with 95% CI for the top vs. bottom decile of each parameter) in four cohorts of

patients with TIA and minor stroké31].

UKTIA ESP3 Dutch TIA ASCOBPLA
Atenolol arm  Amlodipine arm
N 1324 1247 3150 1012 999
Vean 3.63(2.41to| 1.89(0.96to | 2.34 (1.41to | 1.81 (0.89to| 0.94 (0.36 to
5.48) 3.71) 3.89) 3.67) 2.42)
. 4.84 (3.03to] 1.78(1.12to | 3.35(1.63t0 | 4.29 (1.78t0| 4.39 (1.68 to
7.74) 2.62) 6.87) 10.36) 11.50)
o 3.82(2.54t0| 2.22(1.52to | 3.41(1.62to | 3.51 (1.56to| 3.25(1.32to0
5.73) 3.22) 7.19) 7.93) 8.00)
VI 3.27 (2.06to| 1.86(1.28to | 1.83(0.76to | 3.96(1.66to | 3.57 (1.38t0
5.21) 2.69) 4.39) 9.43) 9.19)

*Adjusted for mean SBP

HR denote$iazard ratio; 95% CI, 95% confidence interval; TIA, transient ischaemic

attack; SD, standard deviation; CV, coefficient of variation; VIM, variation independent

of the mean.
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Variabilityfrom ABPM was also predictive of future stroke independent of mean BP,
but less so than visib-visit variability. The secorahalysed data from thASCOT

BPLA and/ledical Research CoundiiRQ trials to investigate the differential effects

of antihypetensive medication classes on stroke risk, showing that the difference in
stroke risk may baccounted for by differences in BPAB3]. In the wake of these
publications other groups have sought to replicate antked these findings. Studies
relating to the prognostic value of BPV will be summarised here and the relationship

between BPV and antihypertensive drtigsses will be revisited

25.4Markers of Organ Damage

Various studies have reported positimesocations between BPV anmarkers of
damage to the kidneys, brain, anddré Regarding renal damage, shaoefrm BPV is
positively associated with the presence of microalbuminuria and proteinuria in
patients with hypertensiofl134-136]. Regarding the brajrshortterm and longterm

BPV are both associated with increased signs of cerebrovascular small vessel disease
on neuroimaging137, 138] with longterm variability also pasvely associated with

the presence of cerebral miciieaemorrhage$138]. This may translate into an
association with cognitive impairment and demendimincrease®PV has been linked
to worse score on cognitivescreeningn crosssectional and longitudinal analyse
[139-146]. Finally, m terms of cardiac organ damage the evidence is inconsistent with
varying reports about the relationship between BPV and left ventricukss[134,

136, 147]

25.5 Cardiovasculavénts andVortality

Several studies have questioned the findingwad® ( K ¢ S f th& BPVisMR dzLJ
independent cardiovascular risk factavith posthoc review of atdast three large
datasets suggesting that increased BPV does not provide prognostic inforroagon
that of mean BP leveld48-150]. Analysis of a general population cohort
demonstrated that baseline BPV, definasl the betweervisit VIM from two visits with

a 24 week interval, did not predict atlause mortality, cardiovascular events, or stroke
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events over a mediafollow-up of 12 years (HR 1.099% CI 0.91.10], 1.05 [0.96

1.15], 1.13 [0.88L.46]respectivey) [148]. In a secondeneral cohort, variability

derived as the root mean square error (an estimate of variation around a regression
line for BP values recorded over tim&pm a minimum of six visits over two ges,did

not predict allcause mortalityover a median followp of 12.9 year¢HR for the tp

quartile of variability 1.0995% CI 0.94.25) [149]. Finally, in a pogtoc analysis of

the SystEur trial, increase VIM of systolizisit-to-visit variability from visits every

three months over two yearslid not predict aHcause mortality, combined fatal and
non-fatal cardiovascular events, or stroke events after adjustment for mean BP (HR per
one P increase inariability 0.95 [95 % CI 0.8210], 0.92 [0.8€1.05], 1.03 [0.83L.27]
respectivelyf150]® | 2 6 SOSNE | y I { & dakabase? Whichirépgesepts + S U
the largest reported cohorfN=2,865,157), supports Ratkll et al. Over a median
follow-up of eight years the HRr total mortality, coronary heart disease events, and
stroke events were all incrementally higher with quartiles of SD of sysisit¢o-visit
variability(e.g. HR for altause mortality in te topquartile 1.80 [95% CI 1.7882)

[151]. Several metanalyses also demonstrate that lotgrm BPV is an independent
cardiovascular risk factor, predicting-aluse mortality, cardiovascular mortality,

incident cardiovascular events, and stroke everig(re4) [14, 128, 152, 153]

Although there is less data regarding medium and skemin variability, both are

probably also independent risk factors for-edluse matality [128].

2.5.6 Potential Inconsistencies

A criicism ofstudies reporting that increased BPV is an independent cardiovascular
risk factor is thathey haveenrolled populations with a higher baseline cardiovascular
risk and theefore the results may not be generally applicali¢hilst it is true that the
negative studies described in the previous section are either based on general
population cohors or patients with hypertension but no additional cardiovascular
disease, the impact of study population hetesogity may not be significant. This is
because Wen the predictive value of increaseit-to-visit variabilitywas assessed in

groups stratifed by baseline cardiovascular risk according to European guidelines it
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Figure 4 Forest plots showing thesaociation of visito-visit systolic blood pressure
variability @sstandard deviatiopwith outcomeq14]. HR denotes hazard rati®5%

Cl, 95% confidence interv&HD, coronary heart disease; CVD, cardiovascular disease.
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was found that increased variability predicted cardiovascular events irrespective of
baseline risk154]. Other methodological issues may go further towards explaining
some of the inconsistency in the evidenBgesently here is no consensus as to the
optimum way to derive BPMO0, 155, 156]therefore,studies have used different
approaches iterms of BP measurement protocols and have defined variability with a
multitude of statistical methods. The latter may be less important because, although it
can inhibit direct comparisons of data, fasit-to-visit variabilityfrom repeated clinic

BP measurements BRMIuesfrom different indices are strongly correlat¢ti57].
However, with reference to the former, BP measurement protocols have not only
differed in terms of the BP measurement method used, but also witheetsto the
numberand timing of measuremestobtained. For examplé{BPMhasnot always
beenundertaken for the same number of consecutive days as-to-visit variability
may be taken from different numbers of visits spread over variable study dagatio
These aspects of BP measurement have been shown to influence BPV values when
calculated as S[130]. Although perhaps not relevant to sheterm variability from
ABPM, mediunterm variability is influenced by the number of consecutivgsian

which BP is measured and the number of readings pey Wil two sets of duplicate
measurements for three consecutive days probably the minimum required to assess
variability[158]. Similarly, the amber ofvisits used influencegsit-to-visit variability
[159]. It is not clear if this also applies to other BPV indices, but the predictive value of
BPV from several metrics increases with the number of BP measuremeilable

[131], with one study suggesting that a minimum of four visits are necessary to
calculatevisit-to-visit variabilitywith sufficient accuracj123]. At least two of the
previously described negative trials are likely to have been influenced by the BP
measurements obtained. In the study by Schutte ebatweenvisit variability was
calculated from just two visits with-2 weeks between therfil48]. Gao et al.
retrospectively collected clinic BP datad so, whilstthere was no standardised

protocol, it is likelythat only a single Bmeasurement was obtained at each v{dit9].

In addition to the fact that measurement factors may influence BPV values and their
prognostic relevance, there is evidence that variabilityigalfrom different

measurement methods are not strongly related. Correlations between 24 hour ABPM
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variabilityand repeated CBPMariability in hypertensive patients (either untreated or

on stable therapy) are either weak or ngignificanf157, 160] as are correlations
between beatto-beat BPV and variability from 24 hour ABPM &RPM[134].

Considering that natural BPV over different timescales has different influefazitays

the same may be true for pathological BPV. Consequently, BPV as it is currently
understood and discussed in the literature may not be a singular concept and the same

pathological processes may not be elucidated by all measures of variability.

Finally, in addition to these potential methodological issues, interpretation of the data

Ad AYKAOAGSR o0& GKS 101 2F SaidlofAaKSR !
demonstrated increased variability in the study population compared to control
subjecs[13, 100, 161]but data to suggest how much of a difference is significant is
limited. Two studies reporting loAgrm variability as CV found different levels of

variability that may explain their inconsisteimidings. Rothwell et al. reported average

CVof SBRralues of 9% and found a positive association betwasitto-visit

variabilityand risk of recurrent strokfL31]. In contrast, Veloudi et al. found that
increasedvisit-to-visit variabilitywas not associated with target organ damage, but

they reported average CM SBRvalues of 7%147]. This difference is in keeping with

the findings from the only study that has attgted to establish BPV thresholds using
outcome datg162]. In a general population cohort followagp for approximately 10

years, participants were separated into deciles of BPV, with variability calculated as CV
from HBPMconducted over four consecutive days. The risk of cardiovascular events

and mortality was increased for those participants withd®$BP>11%, suggesting

that this may be a threshold value. Clearly further research is needed to establish the
imAGa 2F Wyl adz2NIFtQ GFENARIFIOATAGE Ay 2NRSNJI
BPV.
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2.6 Pathological Mechanismsterying Blood Pressure Variability

26.1 Arterial Stiffness

At present the pathophysiological mechanisms underlying BBVirsdletermined.
Several factors have been associated with BPV, but the majority of studies have been
crosssectional and sanable to prove a&ausal reldonship. Perhaps most frequently
discussed is the association between BPV and arterial stiffness nBPaonsistent
throughout the arterial system. Although DBP andan arterial pressureMAP)
remain relatively unchanged from the aorta to the peripheries, SBP increases with the
distance from the heart. This is because peripheral arteries are lesgdlzmtthe
aorta resultingnsoOl f £ SR & | Y BR[1G3] XvidIthéokies ¥ré ofténEited to
explain this. The pulse wave model hypothesises that the arterial pressure waveform is
a composite of a forwarttavelling wave generated by left ventricular contraction and
a reflected wave generated by tapering of arterial size and the associated reduction in
arterial wall complianc§l64]. The reflected wave augments systolic pressure with the
effect diminishing as it travels further back towards the central vessels. The
Windkessel model proposes that the elastic prdper of the central arteries allows
them to act as a reservoir that fills in systole and empties in dia§i@ig]. This
elasticity buffers some of the pressure generated by left ventricular contraction and
the buffering effect diminishes further down the arterial tree. Increased arterial
stiffness can theoretidly both reduce the capacity of central arteries to act as a buffer
and increase the amplification of BP by enhancing the reflected wave, which in turn
can increase BP and its variability. Several markers of arterial stiffness are measurable,
with the goldstandard considered to be carotiémoral pulse wave velocity{€WV)
[166]. Studies showhat increased short and loAgrm BPV are both positively
correlated with reduced aortic distensibility in general adult populatidré, 168] In
hypertensive adlis they arealso positively correlated with-i®®WV[136, 169, 170Q]
Similarly, increased loAtgrm BPV both predicts and is predicted by increased
brachiatankle pulse wave velocifit71, 172] Whether change in BPV correlates with
change in arterial stiffness is unclear with two studies reporting same directional
change in BPV and arterial stiffness over t{hig3, 174] but anothe finding no
associatior{147]. Furthermore, increased BPV may be associated with endothelial
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dysfunction[175]. Therefore, whether increased arterial stiffness causesaszd BPV
or vice versa, or whether both influence each other in a vicious circle remains to be

elucidated.

2.6.2 Autonomic Dysfunction and Cardiac Baroreceptors

Another potential mechanism underlying BPV is autonomic dysfunction. It is known
that syndranes characterised by abnormal BP changes, such as postural hypotension,
Oly 06S |aa20AF0SR 6A0GK O2yRAGAZ2Yya&a GKI G Ol
disease and Diabetes Mellitus. Shtetm BPV from 24 hour ABPM is increased in
diabetic hypertensivpatients compared to nowliabetic hypertensives suggesting that
this may be another clinical manifestation of diabetic autonomic neuropHt#Ag].

The BP volatility associated with autonomic dysfunction could ediated by

impairment of cardiac baroreceptors, which are a major determinant of steonh BP
regulation[177-179]. Cardiac baroreceptom@re stretch receptors, stimulated by

changes in BMgcated in the carotiginus, aortic arch, and righatrium. Afferent

signals to the central nervous system, via the glossopharyngeal and vagus nerves, are
co-ordinated in the nucleus tractus solitaries, but multiple other central areas are
involved in processing. Efferent syntpeatic and parasympathetic outputs modulate

heart rate, cardiac output, and peripheral vascular tone resulting in homeostatic
alteration of B°. Baroreflex failure camsult in a number of syndromes characterised

by BP fluctuations, such as volatile hygegion and malignant vagotonja78, 180]
Damage anywhere along the baroreceptor feedback pathway can potentially result in
reduced baroreceptor functionrdbaroreflex failure, including, for examplgamage to
central procesing areas by strokd 81, 182] Consequently, reduced baroreceptor

sensitivity (BRS) may be particularly relevant to increased BP\s{poké.
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2.7Blood Pressure Variabil@ps Sroke

2.7.1 Slort and Mediumterm Variability

The evidence suggests that in hypertensive individuals leteger BPV, and to a lesser
extent slorter-term, is predictive of cardiovasculavents and mortality, with the
strongest prognostic relationship possibly betwaeareased BPV and stroke risk. This
mayalsosuggest a prognostic relationship with recurrent stroke. Additionally, given
the theoretical link between central nervous system damage, BRS dysfunction, and
BPV described in the previous section, increased®RB¥stroke may have an impact

on outcomes. Furthermore, if we codsrr that cerebral autoregulatiois disrupted in
acute strokd13, 183] resulting inCBF becoming dependent on systemic BP, then this
guestion beomesmore pertinent. In theory, if cerebral autoregulatiemunable to
maintain CBF within the normal limits (i.e. MARIEDmmHJ12]), then any increases

in systemic BPV could result in cerebral hypo or mgeefusion. The consequences of
the former could be tissue hypoxia, particularly in the ungerfused ischaemic
penumbra, and infarct expansion. The consequences of the latter could be additional
endothelial damage and bloddrain barrier disruption leadintp secondary
haemorrhage and/or cerebral oedema. Several studies have attempted to address

these gaps in the knowledge base.

Studies of the impact of BPV pesttoke have investigated variability in @ifent

phases following the cerebrovascukarent. h these studies the hypeacute phase

has generally been defined as the first 24 hours after symptom onset, the acute phase

as days 13 or 17 postevent, and the subacute phase as beyond one week. Studies

show that increased systolic BPV measured oversiouboth the hypeacute and

acute phases after ischaemic stroke is associated with an increased risk of

haemorrhagic transformation in patients receiving thromboly$&4-186]. Increased

day-to-day systolic vaability over the first three days postvent is also associated

with an increased risk of haemorrhagic transformation in patients not receiving

thrombolysis[187]. Furthermore, increased systolic BPV measured over hours during

the same period fier ischaemic stroke is associated with an increased risk of END

[188, 189] In terms of stroke recovery there is no evidence to show that increased
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variability in the hypeiacute and acute phases is related talgdunctional outcome
(defined as two weeks post everf)90]. However, with a few exceptio88, 191,
192], studies investigating the impact of increased systolr@bdity on functional
outcomeafter three months show that increased variability is associated with an
increased risk of poor outcom&#ble13). Metaanalysis of seven studies reinforces
these positive findings, indicating that BPV within the first 72 hafter stroke onset
affects outcomes (OR per 10mmHg increas8D of SBP 1.2 [95% CH1.3,
p=0.0009) [15]. There is also emerging evidence that increased variability fi&RM
in the three months posevent isassociated with an increased risk of stroke
recurrence[16], and ame study has also reported an increased risk of ststke

cognitive impairment at 12 montH493].

2.7.2 Beato-Beat Variability

The majority of studies have utilised multiple ward BP measurements to derive BPV,
thereby investigating short or mediwterm variability. Beato-beat variability has not
been extensively studied, but thelis evidence to show tha patients with ischaemic
stroke SD of SBP is increased in the first 72 hoursgu@sit compared to control
subjectg[100]. Whilst the SD of beab-beat SBP was not associated with léagm
outcome or strde subtype (according to the Oxford Community Stroke ProjectfOCS
classification) in the study by Dawson et al., the SD of-tzehtat DBP was relateto

the risk of poor functional outcome in thi®hort (OR 1.33 [95% CI 11T/, p<0.03)

[98]. Furthermore, in a study from the OXVASC database both SD and CV-tf-beat
beat SBP recorded within six weeks of a cergasaular event (TIA, ischaemic stroke,
or ICH) was predictive of recurrent strol@90]. This suggests that, whilst the current
evidence is limited, very shetérm BPV posstroke may be relevant to stroke

recovery as well as lortgrm cardiovasular health.
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Talde 13 Summary of studies investigating the impact of increased blood pressure variability on outcomes after stroke.

BPV
Study N Patient Cohort BP measurement method g Outcome OR (95%CY) P value
index*
Thrombolysed:
Ischaemic stroke within 6 houos _ ) 0.57 (0.380.92)
Yong 2008 ] Ward BP as per protocol (x37 Functional independencat 3 Not
793 | onset, thrombolysis vs. placebo ASV SBP
[184] ] over 24 hours) months (MRS-Q) reported
(posthoc analysis of ECABS Placebo: 0.41
(0.220.76)
Endo 2013 Ischaemic stroke receiving Ward BP as per standard MMD Functional independencat 3
527 0.88 (0.770.99) <0.05
[194] thrombolysis (Samurai registry) | treatment (x7 over 24 hours) SBP months (MRS-Q)
Ward BP as per standard
) Ischaemic stroke receiving Functional independencat 3
Liu 2014185] 461 ) treatment (x1 per hour for 24 ASV SBP 0.25 (0.140.45) <0.05
thrombolysis months (MRS-Q)
hours)
Ward BP as per standard
Kellert 2017 Ischaemic stroke receiving o Functional independence at
16,434 ) treatment (minimum x3 over 24 | ASV SBP 0.94 (0.960.98) 0.002
[186] thrombolysis (SITS database) months (MRS-Q)
hours)
Bennett 2018 Ischaemic stroke receiving Ward BP as per standard Ordinal shift in mRS after 3
182 ASV SBP 2.63 (1.474.70) 0.001
[195] thrombectomy treatment (x38 over 24 hours) months
Chung 2018 o ) ) Top quintile of
ICH within 2 hours of onset (pest| Ward BP as per protocol (x660 Functional independencat 3
(hyperacute 386 CVSBP BPV: 4.78 (2.00 <0.001
hoc analysis of FASTAG) hours after onset) months (MRS-Q)
phase)[196] 11.40)
Chung 2018 o ' ) Top quintile of
ICH within 2 hours of onset (pest| Ward BP as per protot(x11 0 Functional independencat 3
(acute phase) 386 CV SBP BPV: 4.97 (1.93 <0.001

[196]

hoc analysis of FASTAG)

24 hours after onset)

months (MRS-Q)

12.84)




CVxxmedian
Zhang 2018 Ischaemic stroke admitted within | 24 hour ABPM (set to measure Poor functional outome at 3 Not
542 CV SBP value: 1.07 (0.74
[192] 24 hours of onset BP at 2 hourly intervals) months (MRSRB) 9 reported
15
o o ) Ward BP as per standard Ordinal shift in mRS after 3
De Havenon Anterior circulation ischaemic )
215 treatment (median 34 measures| CV SBP| months per 10mmHg 3.16 (1.257.94) 0.02
2016[197] stroke )
over 120 hours) increase
) ) . ) Top quintile of
Wang 2017 Ischaenic stroke admitted within | Ward BP as per standard Poor functional outcome at 3
873 CV SBP BPV: 2.02 (1.52 0.001
[198] 24 hours of onset treatment (x6 per day for 7 days months (MRSQ) 2.53)
Fukuda 2015 First ischaemic stroke admitted | Ward BP as per standard Top quartile of
o Poor functional outcome at 3
(acute phase) 2566 | within 24 hours of onset (Fukuoka treatment (x3 days-B post CV SBP BPV: 0.91 (0.66 0.54
months (MR3R)
[199] stroke registry) onset) 1.24)
Fukuda 2015 First ischaemic stroke admitted | Ward BP as per standard Top quartile of
o Poor functional outome at 3
(subacute 2566 | within 24 hours of onset (Fukuokg treatment (x1 days-40 post CV SBP BPV: 1.63 (1.20 0.002
months (MR3R)
phase)[199] stroke registry) onset) 2.22)
Dawson 2000 Ischaemic stroke within 10 days ¢ ) Poor functional outcome at 3
92 Beatto-beat BP for 10 minutes SD SBP 1.07 (0.91.2) 0.29
[98] onset months (MRSR)

*For studies reporting multiple BPV indices the largest effect is presented.

"Adjusted for confounding variablemcluding baseline BP and NIHSS

BP denotes blood pressure; BPV, blood pressure variability; OR, odds ratio; 95% CI, 95% confidence intamexbhdeSs(ccessive variation; SBP, systolic blood
pressure; mRS, modified Rankin score; MMD, maximinimum difference; ICH, intracerebral haemorrhage; CV, coefficient of variation; ABPMatomjpu

blood pressure measuremen$D, standard deviation.



2.7.3 Limitations of the Evidence

As with studies on the prognostic relevance of BPV to the risk of cardiovascular events
discussed previously, some of the incatesncies in the evidence for the impact of BPV
post-strokeprobably relate to methodologicalsses. For example, the method of BP
measurement used, the number of measurements obtained, and the timescale
encompassing and between measurements. In particular, the timing of measurements
in relation to stroke onset may be important, with studies sugmesthat increased
variability may naturally decrease to a degree after the acute phase, similar to the
pattern seen vith mean BP described in section 3100, 189] The degree of

variability observed in differerdtudies may also explain differences in reported
outcomes. For example, in their negative study Tziomalos et al. observed a CV of SBP
of 6% in the first 72 hours after admission, whereas Chung et al. found a CV of SBP of
11% to be associated with END afeng et al. found a CV of SBP >11% to be
associated with poor three month outconj#88, 191, 198]JAgain, this is in keeping

with the limited data regarding BPV threshold val{B32]. Of course, interpretation of

the evidence should be done in the context of its strengths and weaknesses. With that
in mind, it should be noted that the majority of these studiesé been either post

hoc analyss of trial dataor retrospectie reviews of registry data or unselected
secondary careohorts. A major limitabn of these designs is th&P measurements

have not necessarily been standardised and, where they have, have not necessarily
been designed to adequately capture variabilltycould be argued that this is

I RGFy il 3S2dza Fa Ad NBLINBaSyGa aNBIFf &2 NI
specifically designed prospective trials would undoubtedly be beneficial to further
investigate the impact of BPV pestroke. Having said thathe available evidence

(which includes a small but robust medaalysis) is certainiytriguing and invites the

guestion as to whether BPV migh¢ a therapeutic target in addition to mean BP.
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2.8Differential effects of Antihypertensive MedicationsSés orBlood Pressure
Variability

2.8.1 Studies on Lorigrm Variability

Asalluded to in sectior2.5.3 evidence suggesthat not all antihypertensive
medicatiors are equal with respect to their eféd on stroke risk reduction, and these
differential effects may be class effect®ne potentiabxplanation for thiss that not

all antihypertensive medications have an equal effect on 8°stiggested by Rothwell
et al. in theirpost-hoc analysis of the ASCBIPLA and MRC triglBable14) [133]. In
both of these trials there was an unexpected difference in stroke risk between the
treatment arms (calcium channel blockg€CBYs. beta blocker in ASCBPLA and
thiazide diuretic vs. beta blocker MRC), with bothigygesting an increasestroke risk
in the beta blockearm. In ASCOBPLAvisit-to-visit variabilitywasgreater in hose
treated with a beta blockecompared toa CCBMoreover, this difference was able to
account for tle difference in stroke riskwvherea thebetweengroupdifference in
mean BRvas not. In MRC the findings were similar, witbreasedvisit-to-visit
variabilityin the beta blockerarm, but no effect orvisit-to-visit variabilityseen in the

thiazide diureticarm.

Rothwell et al. have ab performeda systematic revienincorporating 398
antihypertensive trialsto further explore the potential effest of different medication
classes on BAYZ01]. As individual BPV data was not routinedportedinterindividual
variance (thevariance within the whole treatment groupjas assessed as a surrogate.
The review foundhat visit-to-visit variabilityof SBP was reduced BCBand to a

lesser etent nonloop diuretics, but was increased by beta blockams drugs

inhibiting therenin-angiotensin system.HE greatest increasm variability waseenin
those treated with beta blockers. Furthermore, in keeping whteir previous findings,

increased BPV in this analysis was associated with an increased risk of stroke.

68



Table 14 Visitto-visit variability of systolic blood pressupg treatment arm from the

ASCOBPLA and MRC studies. Data presented are meanl($X))

ASCOBPLA MRC
Atenolol arm Amlodipine Atenolol arm Diuretic arm
arm
Mean (mmHg) | 141.8(13.0) | 139.1 (11.1) | 156.6 (12.1) | 151.2 (12.1)
SD(mmHg) 13.42 (5.77) | 10.99 (4.79) | 14.38(5.34) | 11.64 (4.39)
CV(%) 9.41 (3.78) 7.87 (3.23) 9.18 (3.33) 7.69 (2.77)
VIM (units) 13.13(5.21) | 11.14 (4.52) | 14.55(5.31) | 11.98 (4.38)
ASV(mmHg 13.79 (6.50) | 11.28(5.32) | 14.71(5.65) | 12.40 (5.09)

SD denotestandard deviation; CV, coefficient of variation; VIM, variation independent

of the mean; ASV, average successivetian.
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Further work looking atisit-to-visit variabilitywith individual patient data has been
conducted in the wake of this systematic review. A gust analysis of ALLHAT was
able to compareangiotensin converting enzyme inhibitors (ACEQB and thiazidike
diuretics. Systoligisit-to-visit variability(defined asSQ) ARV, and SD independent of
the mean (a statistically similar method to V)IMWjas gynificantly increased with ACEI
compared to both other medication clasg@92]. Similarly, in a retrospective review
of a largeprimary care database Smith et al. were able to assess the impact of all
major antihypertensive classes @isit-to-visit variability finding that variability was
reduced withnon-loop diureticsand CCBbut increased with beta blockeend ACEdr
angioensin receptor blockers (ARRP3]. In contrast, in a substudy of thesartan
Intervention For Endpoint reduction in hypertensidrKEtrial, which compared
losartan with &enolol, it was reported that there wano signiftant difference in
systolicvisit-to-visit variabilitybetween the treatment arm§204]. However, the
majority of participantsn this studytook other antihypertensive meditians in
addition to theirinvestigationabroduct, with most taking &£CBAlso, variability was

only defined as SBoth of these factors could have confounded the results.

When conglering longterm BPV it would be reasonable to suggest that the degree of
variability could benfluenced by factors other than medication effects. One such
factor could be medication adhereacwhich is known to be problematic patients

with hypertension205, 206] Two studies have investigated the impatimedication
adherence orvisit-to-visit variability Although both are poshoc analyses and data on
adherence was seteported, both found that whilst poor adherence was associated
with increasedvisit-to-visit variability it was not able to accourior the link between

increased BPV and increased cardiovasculaf2k, 208]

2.8.2 Studies on Sherérm Variability

A few studies have investigated the effect of different antihypertensive medication
classe®n shortterm BPV, measured either with ABFRbr HBPM In a small study of
valsartan vs. mlodipine daytime systolic BPV from ABPM (defined as SD and CV) was

increased with the former compared to the lattg209]. Similarly, in a posihoc
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subgroup analysis of thdatrilix SR Versus Candesartan and Amlodipine in the
Reductim of Systolic Blood Pressure in Hypertensive Patige@GELLENStudy, after
three months treatment wittcandesartan, amlodipine, or indapamide, BP was
reduced in all groups whereas BPV (defined as ARV) was only reduced in the
amlodipine and indapamidergups[210]. Another study reported on the SD of 24
hour ABPM in a larger cohort, observing that systolic variability wasased wih

beta blockersdecreased with botlCCBandthiazidelike diuretics but not dfected by
renin-angiotensin inhibitor$211]. Posthoc analysis of thélypertension Objective
Treatment Based on Measurement by Electrical Devices of Blood Pressure
(HOMEDBB study measured the impact @CBor renin-angiotensin inhibitors on the
variability ofHBPMtwo to four weeks after treatment initiatiof212]. No difference
was reported between the two groups, but the study was limited as only a small
number of BP masurements were obtained (one in the morning and one in the
evening for five days). Finally, in the only study to focus on a population with
cerebrovascular disease, Webb et al. investigated the impact on variabiliti®lMof
antihypertensive medicatioohanges (either dose increases or medication additions)
in patients with a recent ischaemic strogg 3]. They reported that the addition or
increase in dose of @CBor diureticreduced BP¥ompared to the same changes using
anACEl

2.8.3 Studies on Combinatidimerapy

Given that manyatients with hypertasion will require multiplenedicatiors to
achievegoodBP contro[214-216], whetherthese apparent class effecpersistwhen
antihypertensive therajs are combined could ke clinical relevanceAgain,

Rothwell and colleagues have examined this question, conducting a systematic review
of 97 trials[217]. As with their pevious systematic reviewmterindividual BPV was

used as a surrogatmeasureof individual BPVThe results were keeping with the

data regarding antihypertensive monotherapy, with systolic BPV being redwycto:
addition of aCCRBo the antihypertensive regimen, and less so by thdiadn of a

diuretic, but increased ¥ the addition of &eta blocker In the samesystematic review

they also analysettials comparing high and low doses of the samgreypertensive

71



classfindingthat higher doses o£CBurther reduced BPV, witthe opposite for beta

blockers and no difference for other antihypertensive classes.

2.8.4 Potential Explanations for Antihypertensive Class EffecksashABessure
Variability

The various ckses of BP lowering medications exert their antinypertensive effects via
different mechanisms and consideration of these mechanisms may provide some
theoretical explanation of their effects on BPV. Dihydropyridi@He.g. amlodipine)
cause smooth musclelaxation, which leads to peripheral vascular dilatation and a
reduction in peripheral vascular resistafd83, 211] Thiazidelike diureticsreduce
peripheral vascular resistance via increased excretion of sodnd water, but also
have vasodilatory effectsvith the latter more likely to be the mechanism for leng
term BP reductio218, 219] Both of these medication classes could consequently
increase arterial compliare, which may redee arterial stiffness and BPV. Notably,
concurrent reductions in-€PWV and BPV have been demonstrated Wt®Bherapy
[220], though whether theres a causal link is pnoven. Converselfgeta Hockers
primarily exert their antihypertensive effect thugh negative chronotropic activity
with less cardieselective agents causing peripheral vasoconstriction, meaning they
could be expected to have the opposite effect on arterial stiffness andresuét, BPV
[133, 211] Finally ACEBnd ARBlower BP by inhibiting aldosterone release, altering

sodium and water excretion, with relatively little effect on peripheral vascular tone.

Caution must be takem interpreting the available evidences the majorityhas been
generated from poshoc analyss of trials of antihypertensive medications that were
RSaAIYSR (2 laasSaa (0KS YSRAQ@PIIThesyitads STFS
are heterogeneousn terms of the particular medications studied, length of follap,
and methods of BP measurement among other things, which could confound any
further analysis. It should also be nat¢hat interindividual BPV is a surrogate marker,
although it is reported that withiandividual BPV accounts for up t0-80% of the
variability within a grougl31, 133] Having said that, theveight of evidenceas
compelling andas previously statedyarrants further investigation with dedicated
primary trials.Findings to date suggest that available antihypertensive medications
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may have an effect on BPV as well as overall BP and so theoretically these treatment
could be usedo target BPV therapeutically. Furthermoreyen the apparent impact

of BPV in acute ischaemic stroke this patient group could potentiallyfivédreen such
treatment. The final part of this thesis will be concerned with a fe&giliRCT

investigating the reduction dPV in acuteschaemicstroke.
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3 Methodology

This chapter describes the general materials and methods in this thesis. Any chapter
specific methodology, including methodg ftatistical analysis, amescribed in that

chaper.

3.1 Trials Contributing Data to this Thesis

Data for this thesis have been generated from four clinical trials, each of which is
summarised, including my involvement. All trials were registered (ISRCTN registry) and
full details are freely availablonline. The protocols for SERVED Memory and CAARBS
have been published, as have the main findings from "-BEpd22-224].

3.1.1 Trial of the Effectiveness and cost effectiveness ah8eiforing and Treatmerdf
Blood Pressure in secondary prevenfiaiowing stroke or TIAAESBP)
(http://www.isrctn.com/ISRCTN861926418

TESIBP was an R@ivestigating the benefit of BPM, with and without guided self
managenent of antihypertensive treatment, in patients with a recent stroke or TIA. |
was directly involved in participant folleowp, data management, and data analysis for
this trial. Participants were adults (>18 yeard)okho had experienced a TIA,
ischaemicstroke orprimaryICH of mild/moderate severityléfined asNational

Institutes of Health Stroke ScalIHSPscore<15),who needed antihypertensive
therapy for secondary stroke preventigat the discretion of theiclinician but based

on UK guidelines)and were willing to seffnonitor their own BP and adjust their
treatment with study team cliniciaiguidance if necessary. Exclusion criteria were a
history of atrial fibrillation(AF) life expectancy less than six months due to terminal
illness or enestage chronic disease, diagnosed dementia or cognitive impairment, and
not currently receiving or expected to commence antihypertensive thergppanced

CBPM was undertaken as part of the screening procedure.

74


http://www.isrctn.com/ISRCTN86192648

Participants were recruited from the patientand outpatient stroke services at the
Norfolk and Norwich University Hospital (NNUH) between 72 hours and 12 weeks after
the qualifying cerebrovascular event. At enrolment they were randomised in a 1:1:1
ratio to one of three study arms: treatment as us@standard BP management by

their General Practitioner (GP¥gltmonitoring only (BBPM with treatment decisions
managed by their GP), or sationitoring and seimanagement (BPM with

telemonitoring of results to the trial team argklfmanaged treatmety guided by the

trial clinician). Study measuremenisacluding 24 hour ABPM and beatbeat BP
measurementsyere taken at baseline and after a follawp period of six months.
Participants in the BPM intervention groups performed saifonitoring at sixveeks,

three months, and five months pesandomisation.

The main aim of the trial was to determine whethdBIPM with or without guided self
management of BP treatment resulted in lower BP levels and better control than usual
care in hypertensiveatients with a recent stroke ofIA.The primary outcome

measure was difference in ambulatory SBP at six months, with 48 participants per
group required to detect a difference in mean daytime ambulatory SBP of 6mmHg,
with a power of 0.8 at the 5%ignificance leel, assumingD of 10.3mmHg for daytime
ABPM[225].

3.1.2 Feasibility study of Screening and Enhanced Risk management for Vascular Event
related Decline in Memory (SERVED Memory)
(http://www.isrctn.com/ISRCTN426883p 1

SERVED Memory was a feasibility RCT investigating the impact of enhanced monitoring
and target driven treatment of vascular risk factors on ggtsbke cognitive

impairment. My roles in this triahcluded participant recruitment, data acquisitiam

baseline and followip, data managementand data analysi$articipants were adults

(>18 years old) with a clinically or radiologically confirmed TIA or stroke (infarct or
primaryICH), recruited withiright weeks of the qualifying cerebrovascular event.
Patients were excluded if they had a formal diagnosis of dementia documented in their

past medical history, a life expectancy less than one year, and if they did not wish, or
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were unable to complete aognitive screening test (Montreal Cognitive Assessment

(MoCA)).

Participants were recruited from the inpatient and outpatient stroke services at NNUH.
At enrolment they were stratified according to their baseline MoCA score and placed
into one of three stdy arms. Patients with normal cognition (defined as Mag®)

were allocated to an observational gro{g26]. This group received standard care, did
not undergo any enhanced monitoring of their vascular risk factors, and had repeat
cognitive screening after 12 months with the aim of providing data about the natural
history of the development gbost-stroke cognitive impairment. Patients with a MoCA
score consistent with mild cognitive impairment (defined as MoG23J226, 227])

were randomised in a 1:1 ratio to a control group or intervention grouphBobups
underwent enhanced vascular risk factor measurement at baseline and after 12
months followup. Vascular risk factors targeted included BP (assessed with enhanced
CBPM, 24 hour ABPM, and baatbeat BP measurement) and serum cholesterol in all
individuals. Where applicable control of diabetes (assessed with serum HbA1C), and
adequacy of anticoagulation (being prescribed a direct oral anticoagulant, or INR 2.5
3.0 if on warfarin) and heart rate control (target-80 beats per minute) in
participantswith AF were also targeted. In the interim the control group received usual
care with no intervention by the study team, whereas those in the intervention group
saw the trial team at three monthly intervals for additional risk factor assessment, with
resuts and recommendations for interventions if necessary from these visits being
passed to their GP for action. Patients with a MoCA score <20 were excluded from the

trial.

The primary objective of the study was to determthe feasibility of recruiting

patients with signs of early cognitive decline, but no dementia, into the trial and to
assess adherence to the proposed intervention. The trial also aimed to provide data
about the incidence of posttroke cognitive impairment, the potential benefit of the
intervention in terms of preventing cognitive decline, and help inform the necessary

sample size for a future potentially definitive trial.
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3.1.3 Blood Pressure Variabifitgefinition, natural history, and prognosis following
acute stroke (BPV observat# study)http://www.isrctn.com/ISRCTN868215p8

The BPV observational study was a prospective cohort study to investigate BPV in
patients with an acute stroke/TIA. In this trial | participated in patiecruitment,
follow-up, and data managementhe cohort comprised adult patients with an acute
stroke/TIA recruited within 48 hours of symptom onset. Patients withgrent mRS
>3, life expectancy <3 months, AF, and those required to tddetaablocke were

excluded.

Participants were recruited from the inpatient and outpatient stroke services at NNUH
and Leicester Royal Infirmary, and the outpatient stroke services at the John Radcliffe
Hospital in Oxford. Alongside the collection of clinical dateseline BP was measured
using multiple methods (beéab-beat BP, enhanced CBPM, 24 hour ABPM) to provide
data on BPV over various timeframes. Participants were then follavpeat five points
over 12 months, either by telephone (providing outcome datayfror in person (with

BP measurementseing repeated on these occasign¥he main aims of the trial were

to describe the natural history of BPV after stroke/TIA, determine the optimal
measurement method for both patients and clinicians/researchers, andige data

relating to the prognostic relevance of BPV after stroke/TIA.

3.1.4 A Calcium channel or Angiotensin converting enzyme inhibitor/Angiotensin receptor
blocker Regime to reduce Blood pressure variability in acute ischaemic Stroke (CAARBS): a
feasibility trial(http://www.isrctn.com/ISRCTN108534B7

CAARBS was an open label, feasibility RCT investigating the effect of two classes of
standard antihypertensive medications on BPV in patients witihaismic stroke or

TIA. | was involved in the design and setup of this trial, including writing the protocol
and gaining regulatory approvals, and acted as triabbnator. At the NNUH site |

also undertook participant recruitment and data acquisitiomalfly, | was responsible
for data management and was involved in the data analysis for this trial. Participants
were adults with a first episode TIA or mild/moderate ischaemic stroke (NIHSS <10)

who also required antihypertensive therapy for secondarylgtrprevention (in
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accordance with current guidelin¢$8]). Full inclusion and exclusion criteria are

detailed inTablel5.

Participants were recruited ém the inpatient and outpatient stroke services at NNUH
and Leicester Royal Infirmary, and the outpatient stroke services at the John Radcliffe
Hospital inOxford. At enrolment, they were randomised using a computer generated
protocol with block design ia 1:1 ratio, to treatment with a dihydropyridine CCB or an
ACEI/ARB, with the choice of medication from within the randomly allocated class at
the discretion of thdreating clinician. Followap data were obtained at three weeks

and three months postandomisation. Titration of antihypertensive medication to try
and achieve secondary prevention target BP was allowed during folpuwcluding

the use of additional antihypertensive medications provided they were not of the class

from the opposite interventin arm.

The primary objectives of the trial were the assessment of feasibility and safety. This
included recruitment and retention rates, compliance with trial treatment and BP
measurements, and differences in adverse event rates between the trial ahes. T
exploratory primary outcome measure was three month mRS, witkspeified
exploratory secondary outcome measures including early (three week) and late (three
month) differences in mean BP and BPV, and late differences in cognition (assessed
usingacB Y AGA GBS o GGSNE AyOfdzZRAY3I a2/! 3 I f

Disease Behavioural Instrument (MiNH)).

3.2 Consent

All participants chose to take part in the research trials of their own volition. Eligible
patients were provided with a parijgant information sheet relevant to the trial for
which they were being considered. After having the opportunity to read the

information sheet and ask questions about the trial, those who were willing to take
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Table 15 Inclusion and exclusion criteria FfEBIAARBS.

Inclusion criteria

Exclusion criteria

Age >18 years old

Known contraindication to proposed

investigational medical products

Firstever clinically definite TIA or
ischaemic stroke (NIHSS<10)

Definite indication for a specific

antihypertensive

BP >130/80mmHg

Preevent mRS >3

Within 72 hours of symptom onset

Life expectancy <3 months

Able to comply with antihypertensive

treatment and BP measurements

Atrial fibrillation

Unable to take oral medication

Participation in another investigational

drug trial

Currently, or planning to become

pregnant

TIA denotes transient ischaemic attack; NIHSS, National Institutes of Health Stroke

Scale; BP, blood pressure; mRS, modified Rankin score.
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part provided written informed consent before any study sfiegirocedures were

conducted. Proxy consent was not used in any of the trials.

3.3 Regulatory Approvals

All of the trials received ethical approval prior to commencement:
1 TESIBP was approved by the Research Ethics Committee East of Eqgland
Norfolk (REC No. 11/EE/0147);
1 SERVED Memory was approved by the East of England Cambridge Research
Ethics Committee (REC No. 15/EE/0061);
1 BPV observational study was approved by the LorngiSouth East Research
Ethics Committee (REC No. 13/L0O/0979);
1 CAARBS was apped by the Londoig Central Research Ethics Committee
(REC No. 17/LO/1427).
CAARBS was also approved by the Medicines and Healthcare products Regulatory
Agency (EudraCT number 2600256041) prior to receiving full Health Research
Authority approval. Laa approval was provided by the relevant Research and

Development Office at all sites involved in the trials prior to their commencement.

3.4 Power Calculations

For the purposes of this thesis the analyses of data from-BESSERVED Memory,
and the BN observational study are pehbc exploratory analyses of outcomes not
specified at the conception of the trials. Therefore, although TESWas powered for
its primary outcome as described in section 3.1.1, power calculations for the analyses
in this thesis were not performed. For CAARBS the primary objectives were the
assessment of feasibility, including rates of recruitment, measurement of changes in
BPV over three months followp, compliance with trial interventions, and safety of
trial interventions However, the trial was designed with the potential to detect a
difference between the treatment arms as a gpecified secondary outcome. If a
sample of 150 patients (64 per group allowing for a 15% -dnarate) was achieved
this would have an 80% p@wat the 5% significance level of detecting an 8mmHg
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difference in systolic BPV, assuming a mean systolic BPV SD of 14.97mmHg in the CCB
arm and 16.95mmHg in the ACEI/ARB f61].

3.5 Data Collection

3.5.1 Clinicdhformation

Clinical @ta were collected through direct questioning to the participant and from
review of their medical notes. Data collected included demographic information (age,
gender, height and weight, smoking and alcohol history), past medical history, drug
history, andrelevant family history, details of the qualifying cerebrovascular event (the
diagnosis and results okuroimaging), and the results of routine investigations
(including blood testsglectrocardiogramECG; carotid ultrasound, and further
neuroimaging whre applicable). For participants in the BPV observational study and

CAARBS all routine ward or clinic BP measurements were recorded at baseline.

3.5.2 Enhanced ClinitoBd Pressure

Enhanced CBPM was undertaken in all of the studies, as part of Bigibikening in
TESIBP, and at baseline and follewp visits irnthe other trials. ldefine enhanced

CBPM as a set of three clinic/wabdsed BP measures taken on the same occasion
using a semautomated oscillometric BP monitor (Omron 708Dimron Healtleare UK
Ltd., Milton Keynes, Ukhat can be used to provide an average BP reading and within
visit BPV datalrhe Omron 705IT monitor is approved by the British Hypertension
Society (BHS) and has been validated against BHS and AAMI [@&8fidvionitors

were regularly checked for accuracy using a greenlight reference monitor.
Measurements were taken using an appropriately sized cuff with the patient seated,
after a period of five minutes rest, with at least a one minute gap between readings in
accordance with guideline recommendatiorj81, 229] In the BPV observational study
and CAARBS, two sets of enhanced CBPM measurements were recorded at each visit,

with a gap of at least 10 minutes between sets.
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3.5.3 AnbulatoryBlood PressurBlonitoring

Ambulatory monitoring in these studies was undertaken usigpacelabs 90207
monitor (Spacelabs Healthcare Ltd. (UK), Hertford, wid¢h has been validated

against BHS and AAMI critef280]. Monitoring was done over 24 hours in all studies
except CAARBS, where only daytime ABPM was performed. Daytime vweesl ciefi
between 07062200 hours with nightime conversely defined as 22@¥00 hours.

Arm circumference was measured prior to device fitting to ensure the use of an
appropriately sized cuff. In keeping with guideline recommendatj®th§ monitors

were programmed to measure BP at 20 minute intervals during the daytime and
hourly overnight in order to provide a minimum number of 14 daytime measurements

and seven nightime measurements.

3.5.4 Home Blood Pressuvieasurement

In studies colleting HBPM data (TESP) participants received fate-face, written,
and audiovisual instruction on how to measure their own BP from a member of the
research team. The protocol for seifonitoring was in concordance with guideline
recommendationg91], with participants being instructed to take two measurements,
with a gap of two minutes between them, in the morning and the evening for seven
O2yaSOdziaA®S RlIedad ¢KS GIFINBSGOG o6& F2N 1 pils
completed for a set of HBPM to lbensidered valid. Participants were instructed to
take measurements in the netlominant arm, in a seated position, after a period of
five minutes rest. They were also instructed to take measurements prior to
antihypertensive medications or meals. In T BPTparticipants randorséd to sel
monitoring onlyused an Omron 705IT monitor, whereas participants randomised to
selfmonitoring with seHmanagement were provided with a different monitagk&D
UA767PBT, A&D Instruments Ltd., Abingdon) Wikh the faclity to telemonitor
readings directly to the trial team. The &7PBT monitor is also BHS approved and
has been validated against BHS and AAMI crif2Ba). Readings from the first day of

recording were discarded prior tanalysis.
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3.5.5 Beato-beat Blood PressuiMeasurement

Noninvasive beato-beat BP recordings of 10 minutes duration were taken using the
middle finger of the unaffected hand and an appropriately sized cuff in accordance
with manufacturer guidance. Threcording length was chosen to try to ensure that a
minimum of five minutes valid data was available after inspection and the removal of
artefacts. Participants were positioned supine with their arm supported at the level of
the heart for the duration othe recording, with ECG leads attached to quantify heart
rate by monitoring the FR interval. A Task Force® Monitor (APC Cardiovascular Ltd,
Southport, UK) was used in TEEFH and SERVED Memory to obtain a single 10 minute
recording. These participants albad a brachial oscillometric BP cuff of appropriate
size fitted to the opposite arm to provide systemic BP calibration readings throughout
the recording. In the BPV observational study and CAARBS recordings were made using
the Finapres® MIDI device (Fin@s Medical Systems, Enschede, The Netherlands),
with two recordings per visit obtained in the former study and three in the latter. The
servo adjust mechanism of the Finapres® MIDI was disabled during the recording
period to prevent artefacts in the datéut was reapplied prior to each 10 minute
recording for calibration. Recordings from the Finapres® MIDI were manually
calibrated to systemic BP at the point of data inspection using a CBPM taken
immediately prior to the recording. As previously desadilie section 2.4.2, both of
these devices have been validated for the measurement of very ¢bort changes in

BP and the assessment of BR%-97].

. 20K RSOAOS& YSI adzNB | NI SN&Otl Y. LUE AWS GIKK2SR
described by Pend232]. The finger cuff is inflated until the buith plethysmograph
detects maximal finger arterial pulsation. Finger volume is then calculatédlaanges
in the cuff pressure on a be#b-beat basis monitored (which equate to changes in
arterial pressure). The analogue output from the devices was recorded onto a
dedicated computer with an analogtie-digital signal converter and appropriate
software. Task Force® Monitor outputs were recorded using the standard bespoke
software. Finapres® MIDI outputs were recorded using specially designed software
(Professor Ronney Panerai, Medical Physics, University of Le)ogkieh was also

used for the inital data processing as described in section 3.6.
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3.5.6 Tools fo&roke Subtype andSverity

Data on stroke severity were collected using two common scales. The NIHSS is a
graded neurological examination designed for use in clinical trials as a rapidanetho
for assessing the extent of stroke impairment. The examination tests a range of
potential deficits due to stroke including, but not limited to, motor weakness, visual
field defects, language, and ataxia. The scale has since been simplified and the
modified version has been widely adopted in clinical practice as a reproducible tool
that correlates with functional outcomg@33]. The mRS is probably the most

frequently used scale for judging outcomes in stroke research. It is a simple validated
scale that assesses whether the patient is funwity independent with activities of

daily living or requires some level of assistance due to residual stroke symptoms, with

reference to their prestroke functional ability234].

As already described in secti@ril.3 andTable 1 another commonly used

classification of stroke subtypes is by the pathophysiological TCOASSicatior]32].

This tool was used in the BPV observational study and CAARBS: ke data

collection. However, a limitation of the TOAST classification is that it cannot be applied
until thorough investigations have been comdt An alternative is the OCSP
classificationTable16), which was employed in all of the trials deibed. The OCSP is

a clinical classification which divides patients according to the vascular territory
involved in the stroke (anterior or posterior circulation) and, for anterior circulation
strokes, the extent of the territory involved, based on the paitt of clinical findings

[235]. The different OCSP categories correlate with outcomes in terms of the risk of

short and longterm mortality and the likelihood of functional recovery.

3.6 Data processing

| processed data from TESBP, SERVED Memaand CAARBS, whereas tlesearch
fellow in Leiceste(Karen Appiahprocessed data from the BPV observational study.
Raw BP data from clmiABPM, HBPM, and beatbeat BP measurements using the
Task Force® Monitor were exported directly to Excel where the data were inspected
for completeness, outlying values, and artefacts. Raw bedteat BP data recorded
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Table 16 The Oxford Communitgtroke Projec{OCSPElassificatiof235].

Subtype

Criteria

Total anterior

circulation stroke

All of:

1 Motor and/or sensory dicit of at least two of the

face/arm/leg

1 Homonymous visual field defect
(TACS)

1 Higher cerebral dysfunction (e.g. aphasia,

dyscalculia, visuospatial disorder)
One of:

Partial anterior 1 Two out of three components of the TACS subtypg
circulation stroke 91 Higher cerebral dysfunction alone
(PACS) 1 Motor-sensory deficit that is more restricted than

the LACS subtype (e.g. confined to one limb)

One of the following lacunar syndromes which correlate
with occlusion of a single deep penetrating artety a

strategic locations:

1 Pure motor stroke
Lacunar stroke (LACS)
9 Pure sensory stroke
1 Motor-sensory stroke
1 Ataxic hemiparesis
1 Dysarthria with clumsy hand
Any of:
1 Ipsilateral cranial nerve palsy and contralateral
motor and/or sensory deficit
Posterior circulation _ o
1 Bilateral motor and/or sensory deficit
stroke (POCS) _ _
91 Disorder of conjugate eye movement
1 Cerebellar dysfunction with ipsilateral long tract si
1 Isolated hemianopia or cortical blindness
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using the Finapres® MIDI were initially processed using specially designed softwar
(Professor Ronney Panerai, Medical Physics, University of Le)c@ster software

allowed for the visualisation of the arterial waveform and heart trace, and was used to
assess the quality of the recording and remove artefacts before the data wastedpor
to Excel for further processing using the same method as for Task Force® Monitor

recordings.

The average values and variability of SBP and DBP for each valid recording were
calculated using formulae embedded in the Excel worksheet. For the SBBERmaf D

each recording the mean, SD, CV, ARV, maximum BP, minimum BP, and MMD were
calculated as described in section 2.5.2 dadble 11 though for enhanced CBPM this
was limited to the mean, SD, and CV due to the small number of measurements. For
clinic BRlata, variability was derived from all available readings from each visit. For
ABPM data, BPV was derived for the whole 24 hour recording and also separately for
daytime and nightime periods of the recording/here available. For HBPM data, BPV
was deried from all readings from days72 For beato-beat recordings, the BPV
formulae were applied to full recordings and also separately to each 10 minute interval

where multiple recordings were made.
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4 Blood Pressure Differences Between Home Monitorindgpagtime Ambulatory Values
and their Reproducibility in Hypertensive Stroke and TIA Patients

4.1 Declaration

The study presented in this chapter has been published elsewdseeejointly

authored papef236]. | devised the study and jointly designed the statistical analysis
plan along with Dr Allan Clark, carrying out all statistical analyses myself. | authored
the paper and the cauthors reviewed it prior to submission for publication. The co
authors were Professor Myint and Professor Potter-ifoeestigators for TESBP which
provided the data for the study), and Dr Allan Clark (statistician for-BEyAlthough
the paperhas been amended for this thesis some parts, particularly the result®secti

remain substantively similar to the published version.

4.2 Introduction

In terms of both primary and secondary stroke prevention hypertension is one of, if
not the most important modifiable risk fact¢8, 43] However, rates of achieving

target BP posstroke are suboptimgR37]. The diagnosis of high BP and monitoring
response to antihypertensive treatment relies on having access to reliable methods
that provide acarate and reproducible BP measurements. The traditional
standardised method has been CBPM using a manual sphygmomanometer, yet this
method may be undermined by factors such as poor technique, unconscious observer
bias, terminal digit preference, and B, 90] Whilst taking multiple CBPM values at
successive visits may counter some of these limitations, CBPM alone is unlikely to
provide an accurate BP in all patients (e.g. those with WCH o98H)Therefore, the

use of outof-office BP monitoring, using either ABPM or HBPM, is recommended to
improve the accuracy of hypertension diagnosis and support manages¥n®1, 92,

238] ABPMisheld 2 68 GKS a32t R &l l[g1Rb6NGRtEUseDS OKY A |

HBPM has become more widespread following the emergence of evidence that its use
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can improve BP contr¢®39]. However, uncertainties remain about the effectiveness

of HBPM in patients with cerebrovascular disefst0].

Using the same diagstic and monitoring threshold values for CBPM andaftdffice

BP measurements is considered inappropriate. The guideline threshold for the upper
limit of normal BP from daytime ABPM is <135/85mnj$lg 92] basd on

comparisons demonstrating that for a CBPM of 140/90mmHg the equivalent daytime
ABPM readings are on average 4/3mmHg loj4@0]. HBPM is ascribed the same
threshold value as daytime ABPM, but some studiegasigthis is incorredl41,

242]. It is acknowledged that there is less evidence comparing HBPM with CBPM than
is the case for ABPM56], but also there are limited direcomparisons of HBPM with
ABPM as the reference standard. Studies that have tried to address this gap have
reported inconsistent findings, have not assessed the consistency of any differences
between ABPM and HBPM, and have not enrolled-higpatients(e.g. those with
cerebrovascular diseasg)06, 113116, 121, 243]Given the rising interest in BPV,
particularly in relation to higher risk cardiovascular patient groups, there is a need to
better establish theequivalence of BP measurement techniques as this could help with

the standardisation of assessments for variability.

4.3 Hypothesis

This study aimed to investigate, using trial participants with a recent cerebrovascular
event, whether differences exisetween BP values obtained with daytime ABPM and
HBPM. The hypothesis being tested was that the two measurement methods would
not be equivalent in this patient group. If differences between daytime ABPM and
HBPM were found, then the study also aimed to asse reproducibility of these

differences and explore related factors.

4.4 Methods

Data for this analysis comes from the THB®Ttrial, the methodology for which has

been published elsewhere and is described in section 823]. The methodology
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specific to this analysis is summarised here. Participants inBE®/ere adults with a

recent stroke or TIA who also required antihypertensive treatment as part of their

stroke secondary prevention management. Thomadomised to one of the two home
monitoring intervention groups who provided complete BP data (defined as baseline
enhancedCBPM taken® (G KS YSIy 2F GKNBS NBIRAYy3IAZ
both baseline and six month folledzLJE | YR »xHM NBFRAY3Ia FTNRY
weeks and five months posandomisation) were considered eligible for this

secondary analysis. HBPM data from sleeond recording period (three months after
randomisation) were not used in this analysis. BP data was collected as described in
sections 3.5.2 to 3.5.4. Participants had their medication history checked by the study
nurse at each visit along with assegsrof treatment compliance using a se#fport
questionnaire (Hi#Bone compliance scale). Anyone whose antihypertensive

medications were altered between BP recordings that were planned for comparison in

this analysis were excluded. Participants with Ve also excluded.

Outcomes for this analysis were the comparison of mean SBP and DBP from the
baseline daytime ABPM readings with the first (six week) HBPM readings, the follow
up ABPM readings with the last (five month) HBPM readings, and the CBPiNgsead
with both the baseline daytime ABPM and first HBPM readings.

4.5 Statistical Analysis

SPSS version 23.0 was used for data analysis. Excluded participants were compared to
those included using either atwd | Y LJX S {-ésifBr Bofniallydistriloted

continuous variables, a MarAwhitney U test for nomormally distributed continuous
variables, or a cksquared test for categorical variables. For each measurement

method mean SBBnd DBP were calculated along wBb. Comparison of the mean
difference in SBP and DBP between measurement methods as described above was
ol ASR 2y LI AtddS. Rs thelvwdridtBryeat@riigrolps used different home
monitors (as described in section 3.5.4), BP differences for each group were initially
analysed sepately, and subsequently pooled once it was apparent that the results of
individually tested outcomes were comparable. Sensitivity and specificity of the

diagnostic accuracy of HBPM was assessed against daytime ABPM as the reference
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standard using the kappstatistic. A diagnostic threshold for hypertension of
XMOPKYPYYIL 3 gl a G 5491, RAMIIINItS of &greafrierit id 2 R a
YSF&dzZNAY3 {.t FYyR 5.t | OO02NRAYy3 (2 .t yl
contemporaneous ABPM and HBPM recordings as defined prev[@ddly To

investigate variables that might predictdividual variance in SBP or DBP difference

from ABPM and HBPM exploratory univariate analyses were undertaken. These were
initially descriptive, using scatter plots for continuous variables and box and whisker

plots for categorical variables. Where destikip analyses suggested possible

NEBfl GA2yaKALIE G(GKS& 6SNB Fdz2NIKSNI SELX 2 NBR
correlation for continuous variables and independent samples t tests for categorical
variables. The potential predictor variables tested were, agader, body mass index

(BMI), baseline clinic BP, being on antihypertensive treatment, history of diabetes,
diagnosis (TIA or stroke), baseline mRS, baseline cognition (assessed using MoCA

score), and the number of measurements from daytime ABPM andviHHBP

4.6 Results

Ninety-nine participants were randomised to one of the two trial intervention arms

and were therefore eligible for inclusion in this analysis. Nineteen of them were
excluded, 11 because their antihypertensive therapy was altered in betB&en
monitoring periods that were compared, and eight because they returned an
insufficient number of HBPM measurements from one or both of the recordings. This
left 80 participants for analysis. Demographics of those included and are presented in

Table T. There were no significant differences between the groups.

Mean CBPM SBP and DBP values were the highest, followed by HBPM values and then
daytime ABPM value3 éble 18. The difference in mean BP values from HBPM and
daytime ABPM were consistent acrosshbcomparisonsKigure 5, were similar for

both trial groups, and were unrelated to the HBPM device that was (i&lole19).
Medication adherence judged by sal§sessment was good at baseline and follgw
(median HilBone score 9.0 [IQR 1.0] for bagibriods).
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Table I7: Demographic data. Data presented are mean (SD) or frequency (%). Alcohol

use and mRS are presented as median (IQR).

Included Excluded
N 80 19
Age (years) 74.1 (10.3) 75.4 (8.8)
Gender Male 53 (66.3%) 12 (63.2%)
BMI (kg/nT) 28.6 (5.3) 26.8 (2.1)
Never 36 (45.0%) 6 (31.6%)
Smoking status Exsmoker 40 (50.0%) 13 (68.4%)
Current smoker 4 (5.0%) 0 (0.0%)
Alcohol (units/week) 4.0 (14.0) 4.0 (12.0)
Diagnosis Stroke 27 (33.8%) 5 (26.3%)
LACS 9 (33.3%) 4 (80.0%)
PACS 9 (33.3%) 1 (20.0%)
OCSP classification
TACS 1 (3.7%) 0 (0.0%)
POCS 8 (29.6%) 0 (0.0%)
Baseline mRS (stroke only) 1.0 (1.0) 1.0 (1.0)
TIA 51 (63.7%) 15 (78.9%)
Stroke 33 (41.3%) 7 (36.8%)
Past medical history IHD 20 (25.0%) 4 (21.1%)
Diabetes 17 (213%) 5 (26.3%)
Hypertension 58 (72.5%) 14 (73.7%)
On antihypertensive therapy 75 (93.8%) 17 (89.5%)
ACEI 52 (65.0%) 10 (52.6%)
ARB 11 (13.8%) 4 (21.1%)
Beta blockers 15 (18.8%) 6 (31.6%)
Antihypertensive use by class
CCB 33 (41.3%) 9 (47.4%)
Thiazidelike
diuretics 14 (17.5%) 4 (21.1%)

SD denotes standard deviation; MRS, modified Rankin score; IQR, interquartile range; BMI,
body mass indexpCSP, Oxford Community Stroke Project; LACS, lacunar stroke; PACS, patrtial
anterior circulation strokeTACS, total anterior circulation stroke; POCS, posterior circulation
stroke; TIA, transient ischaemic attack; IHD, ischaemic heart disease; ACEI, angiotensin

converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker.
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Talde 18 Mean (SD) group systolic and diastolic blood prestora each

measurement method.

Measurement Number of
Mean SBRmmHg) | Mean DBRmmHQ)

method measurements
Baseline CBPM 3 (0) 150.8 (20.2) 85.1 (11.8)
Baseline daytime

38.1(9.1) 133.5 (13. 76.4 (8.5)
ABPM
HBPM at six weeks| 27.3 (1.4) 140.1 (15.8) 78.5 (8.7)
HBPM at five

26.8 (3.1) 134.7 (13.7) 76.2 (9.7)
months
Daytime ABPM at

37.2 (8.4) 127.6 (12.2) 74.2 (9.2)

siXx months

SD denotes standard deviation; SBP, systolic blood pressure; D&Blidizood
pressure; CBPM, clinic blood pressure measurement; ABPM, atoyutdood

pressure measurement; HBPM, home blood pressure measurement.

H 1st ABPM vs HBPM SBP
O 1st ABPM vs HBPM DBP
O02nd ABPM vs HBPM SBP
02nd ABPM vs HBPM DBP

0 -
4 p=0.03 _ p=0.02

[=2]

E 6 -

1S

Nl

p<0.0001 p<0.000

Figure 5 Mean differences in blood pressufer headto-head comparisons of otgf-office
measurement mehods. Error lars are 95% confidence interval® values represent paired

{ ( dzR St¢sts Qoinpaiing the difference between measurement meth@®PM denotes
ambulatory blood pressure measurement; HBPM, home blood pressure measurement; SBP,
systolic bloodpressure; DBP, diastolic blood pressure.
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Table 19 Mean differences in systolic and diastolic blood pressure between home and
daytime ambulatory blood pressure measuremeatdlifferent time-points according

to intervention group and type of home monitased. Data presented are mean (SD)

or mean (95% CI). P values represent independent samydssstto invetigate the

mean difference in blood pressubetween the two groups.

Home
Home monitoring Mean
monitoring with guided difference
P value
only self- between
(N=42) management groups
(N=38)

Baseline daytime -

ABPMvs. first HBPM -7.6 (14.4) -5.5 (12.6) ' 0.49
(-8.1t0 4.0)

SBRMmMHQ)

Baseline daytime 13

ABPMvs. first HBPM -1.5 (8.9) -2.8 (8.1) ' 0.50
(-2.5t05.1)

DBP (mmHg)

Follow-up daytime 05

ABPMvs. last HBPM -8.1 (11.2) -5.9 (10.9) ' 0.38
(-7.1t0 2.7)

SBP (mmHg)

Follow-up daytime 18

ABPMvs.last HBPM -1.1 (7.0) -2.9 (7.4) ' 0.27
(-1.4 t0 5.0)

DBP (mmHg)

SD denotes standard deviation; 95% CI, 95% confidence interval; ABPM, ambulatory
blood pressure measurement; HBPM, home blood pressure measurement; SBP,

systolic blood pressure; DBP, diastolic blood pressure.
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The limits of agreement for ABPM vs. HBPM for the first comparison of SBP3&«re
to 19.9mmHg and for the second comparison w&@.7 to 14.5mmHgKigure6). For
DBP the limits of agreement wer#8.8 to 14.5mmHg and 6.1 to 12.2mmHg
respectively. For the whole cohort the differences in mean SBP and DBP were
consistent across both comparisons, however, this was not the case fodualivi
participants. For the difference in SBP between daytime ABPM and HBPM the mean
change over time was 11.0 = 8.3mmHg (range 0.65 to 43.3mmHg), and the mean
change for DBP was 6.5 + 5.1mmHg (range 0.21 to 19.8n(fRiggre7). Exploratory
analyses for vaables that might predict the differences between daytime ABPM and
HBPM values did not reveal any clear significant relationsbigscriptive testing
suggested possible relationglsi withbeing on antihypertensive treatmeiind

baseline clinic SBFigues 89), but further testing of the latr showed only a weak
correlation (r=0.25, p=0.02) thatvas not consistent across both comparisons. Further
testing of the forner was not possible due to the small number of participants (N=5)

who were not taking atihypertensive medications.

¢CF1{Ay3 I RAFIYy2aGA0 GKNBEAK2fR @I fdzS F2NJ |
methods and using daytime ABPM as the reference standard, HBPM had a diagnostic
sensitivity of 76.1% and specificity of 55.9% (k=0.36, p=0.004) when comparing the
first set of realings. Using the second set of readings provided consistent data, with
HBPM having a diagnostic sensitivity of 70.8% and specificity of 55.4% (k=0.22,
p=0.03). At baseline, 46/80 (57.5%, 95% CI-88.9%) participants were classified as
having uncontrolld hypertension according to daytime ABPM readings and at fellow

up the rate was 24/80 (30.0%, 95% CI| 24018%). Using HBPM readings, 50/80

(62.5%, 95% CI 5272.7%) were classified as uncontrolled hypertension on the first
recording and 42/80 (52.5%, 96Cl 41.-63.6%) on the second recording.

Classification of hypertension status was the same according to both methods in 54/80
(67.5%, 95% CI 5774 .8%) participants at the first recording period (35 uncontrolled
hypertension and 19 controlled hypertensi) and 48/80 (60.0%, 95% CI| 49146%)

at the second recording period (17 uncontrolled hypertension and 31 controlled

hypertension).
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Figure 6 BlandAltman plots to show the limits of agement for withinindividual

blood pressure recorded by anmlatory blood pressure measurement (ABPM) and
home blood pressure measurement (HBPWhick lines show the mean difference,
dotted lines the 95% confidence intervakr the mean difference, and dashed lines the
limits of ageement (£ 2 SPA showssystolt blood pressureSBR comparing baseline
ABPM and the first HBPNB.shows SBP comparing outcome ABPM and the last HBPM.
Cshowsdiastolic blood pressurddBB comparing baseline ABPM and the first HBPM.

D shows DBP comparing outcome ABPM and the last HBB\Mlenotes standard

deviation.
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Change in the difference in SBP (mmHg)
Figure 7Histogams to show the change in the blood pressditerence ecorded by

daytime ambulatory and home blood pressure measurenfesn the first to the
second comparison for individuals shows the change isystolic blood pressure
(SBPR. Bshows the change idiastolic blood pressureDBB.

Change in the difference in DBP (mmHg)
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Figure9: Scatter plots showing mean clirsgsblic blood pressureSBPat baseline plotted
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4.7 Discussion

These data show that in a population with a recent cerebrovascular event there are
significant differences in BP measurements obtaifrech daytime ABPM compared to
HBPM, with the former approximately 7/2mmHg lower than the latter on average. This
difference was consistent across two recording periods several months apart. Although
the average difference between the measurement methods weproducible, the

limits of agreement were wide and for individuals the difference between the methods
was not consistent over time. This suggests that BP values obtained using daytime
ABPM cannot be used to infer values from HBPM, and vice versa, rgehairthe

methods may not be interchangeable. Additionally, the difference recorded was large
enough that it could be clinically important, considering a reduction in SBP in the order
of 10mmHg might reduce the risk of stroke by as much as[90%3] The difference

might also influence patient management, potentially causing discordant treatment
decisions depending on which method is used to confirm diagnosis or monitor
treatment response. In this group, usingeteame threshold value for both methods

0 X M dmmHyg) resulted in a mismatch dtassification of hypertension gtss in

26/80 (32.5%participants at baseline and 32/80 (40.0%) at foHomy which is not an
insignificant proportion. Unfortunately, in thexploratory analysis no predictive

factors for the observed measurement differences were demonstrated, with the

possible relationship with clinic SBP likely to be a chance finding.

CBPM has been used as the reference standard to assess both ABPM anfiLHBPM
245], but fewer studies have directly compared both aitoffice methods. Of those

that have, not all have used an HBPM protocol consistent with current guidelines.
Several studies have reported findings sistent with this analysis. A randomised
controlled trial investigating the benefit of HBPM in hypertensive adults recruited from
primary care reported a difference e8.1/+0.7mmHg between daytime ABPM and
HBPM at followup, though this was not formallypvestigated246]. Similarly,

differences between daytime ABPM and HBPM ranging #oto -7mmHg for SBP and

-1 to-4mmHg for DBP have been reported in three cresstional studies that

recruited either treated ountreated hypertensive adul{d06, 116, 121]Comparable

limits of agreement have also been reported elsewhi@#7]. Conversely, equivalence
99



between daytime ABPM and IRB1 has been reported in one study on untreated
hypertensive adult§115]. Importantly, none of these studies performed repeated BP

measures to investigate the reproducibility of any differences.

The age of included participants could at least in part account for differences in the
literature, and may partly explaithe results of this analysis, as there is evidence that
the difference between the two methods may alter across age gr¢lip3, 114] It is
reported that daytime ABPM values are higher than HBPM values inerhiloat with
increasing age the two values converge and may cross over at around 60 years. That
age was not a predictive factor for the difference between the two methods in this
cohort might be due to the narrow age range of included participants. Negkthl, as
many people experience their first cerebrovascular event at older ages the difference
remains relevant. Alternatively, being on antihypertensive treatment (which is more
likely with increasing age) may relate to the difference between the twahoes[106,
248]. This could be because morning HBPM measurements are routinely taken prior to
medications, thereby capturing BP at the trough of antihypertensive activity. These
Wi NRdzZAK @I t dzS a @tialYoAr@da raludésSroni daydirie ABRMFtianzS
HBPM due to the increased number of measurements acquired per day. Similarly,
increased BPV in an individual might also account for differences between
measurement methods with varying numbers of readings. GreBRV could

potentially increase mean values from HBPM relative to daytime ABPM due to there
being fewer measurements to contribute to the average, resulting in the differences
seen here. Importantly, the recent cerebrovascular event is unlikely to have
confounded BP readings from participants in this study as it has been demonstrated

that patients with previous stroke are able to accurately measure their owj24H.

Ly GSNXY& 2F RAFIYy2a0GA0 | OOdzNF O& G | G KNJ
86% and specificity 62% has been reported for HBPM assessed against daytime ABPM

as reference, which is in keeping with the findings of this ang848]. Whether these

values are sufficientligigh is at least in part a matter of judgement. However, one

other study has suggested, as suggested here, that the difference may have important
clinical consequences at an individual patient level by showing that despite both

daytime ABPM and HBPM diagmug the same proportion of a cohort with MH, it was
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not the same people that were diagnosed by both methods. In fact, almost half of
those diagnosed with MH by daytime ABPM were not according to HBBOJl The
guestion of theequivalence andiagnostic accuracyf @ut-of-office BP measurement
methods may also be relevant when considering the measurement of BiR\ly,

there is evidence that BPV increases linearly with meafl 8% 251] Therefore,fi

different methods & not interchangeable with respect to measuring BP it may also be
the case that they differ in their measurement of BPV, perhaps simply because
recorded mean BP may be higher, or perhaps becdifterent aspects of an

AYRA @A RdzI &r@capturet SetdNdy Fthotigh threshold values for variability
are yet to be established, if threshold values for absolute BP differ between
measurement methods it might also be expected that BPV thresholds will not be
equivalent. It will therefore be important tassess whether BPV values from different
measurement methods are in agreement, and, if not, what level of BPV is of relevance

for each method.

These dataand the wider literaturesupport the assertion that daytime ABPM and
HBPM are not interchangeableetinods of BP measuremendespite the

recommendation in hypertension guidelines that the same threshold values should be
used for both method$91, 229] It therefore follows that, in an individual, the

diagnosis braised BP and the followp of response to antihypertensive treatment
should not be based on a mix oiit-of-office measurements using these different
methods. Choosing which method to utilise may come down to questions of cost, ease
of use and interpredtion, and patient preference, all of which may favour HBPM over
ABPM. However, if accuracy of measurement is the primary concern then it is likely
that ABPM will be the method of choice. Firstly, the threshold values for raised BP as
they apply to ABPM ha been more clearly established than for HBPM. Secondly,
ABPM is less prone to measurement and reporting bias because the patient takes no
role in acquiring readings. Thirdly, a greater number of BP readings are obtained when
using ABPM, with the furtheaddition of nighttime readings when recording is

performed over 24 hours. For these reasons, and also because it is likely that improved
accuracy will be important for the measurement of BPV, it is my opinion that at

present ABPM should be favoured overfiBwhere both modalities are available.
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A strength of this study is thatwas possible to compare values from daytime ABPM
and HBPMat two different times in the same population, thereby providing data about
the consistency of the difference between theo methods and allowing

consideration of the reproducibility of this difference. It was also the first study, to the
best of my knowledge, to compasnd assess the limitsf agreement between

daytime ABPM and HBPM in a population with cerebrovascudaade However, he
study B not without its limitations. Firstly, mist | argue that selecting a higisk
population is a strength of the study, it does also limit the generalisability of the
findings. Secondly, this is a pdstc analysis with a relately small sample size and so
should be interpreted witltaution,as it was not powered to assess the stated
outcomes. Thirdly, the findings could be influenced by methodological factors, such as
the short time lag between measurements that were compatéd,use of two

different home BP monitors, or patients being on antihypertensive treatment. With
regard to the former this is not a unique feature of this study, with other studies
comparing measurements taken up te6Aveeks aparfl14, 116, 121]and | have tried

to mitigate the impact of thelatter two potential issueshroughthe statistical analysis

approach and participant selection.

4.8 Summary

1 Significant differences exist between BP values from daytinkVA&nd HBPM,
despite guidelines recommending the same threshold values for both methods.

1 Differences were not consistent between individuals suggesting that daytime
ABPM and HBPM are not interchangeable.

1 The difference might be clinically important givésmmagnitude and the
potential to result in over or undetreatment of patients depending on which
measurement method is used.

1 The difference also has implications for the measurement of BPYdif$erent
measurement methods are not equivalent in thagsessment of absolute BP, it
might reasonably be expected that they will also be at variance in their

assessment of BPV.
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1 Itis my opinion that ABPM should be favoured over HBPM as this method is
fA1Ste (2 LINPOARS (KS Y28BPahd@OdzNI ¢S S

variability.
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5 A Comparison ofdatto-bea Blood Pressure Variability with Variability Derived from
other Blood Pressure Measurement Methods in Patients with Cerebrovascelasd

5.1 Introduction

BPV, as opposed to mean BP leve§ been proposed as potential explanatory factor

for gaps in the established theory of BP as a cardiovascular risk fa2&}r Evidence

is accumulating to suggest that BPV is a cardiovascular risk factor independent of mean
BP[128, 152, 153]Increased BPV may also be @ssted with adverse outcomes after
acute ischaemic strok®8], its relevance being related to the reliance of CBF on
systemic BP in the face of disorddrcerebral autoregulation postroke[13]. In the
previous chapter it was demonstrated that there are discrepancies batve®mmonly
used outof-office BP measurement methods in quantifying mean BP in patients with a
recentischaemicerebrovascular eventhis may have implications for the
measurement of BPV, as variability from different measurement methods may also be
discordant in this patient groupAt present there is a lack of consistency in how BPV is
definedin the literature with no consensus on the optimal approach to measurement
and calculatiopand a lack of evidence as to whether treatment that reduces BPV is o
value[90, 155, 156]

One factor in this lack of consistency is that BPV can be measured over different
timescales depending on the BP measurement method used. Potential timescales
range from the verghort-term (over seconds to minutes) using beatbeat BP
monitoring, through the shorterm (minutes to hours) and mediwterm (hours to

days) using ABPM and HBPM respectively, up to thetlenmg (months to years)

usually derived frommepeated CBPMver time. Altimescales of BPV have been shown
to predict cardiovascular rigk28, 131, 200, 25254], but studies suggest that their
prognostic relevance may not be eqy@0, 131, 55]. Furthermore, the few studies

that have made direct comparisons of different timescales of variability indicate that
they are not closely correlated. Comparisons reported to date include wtisihor

visit-to-visit clinic BPV over eight weeks wi#h hour or daytime ABPM and HBPM
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[160], daytime ABPM with HBPM and wimtvisit clinic BPV over four weeKsl 8],
and beatto-beat BPV with 24 hour ABPM and HBRBH].

Beatto-beat BPV is increased in acute ischaemic stfb&6]. Furthermore, the
evidence that BPV is associateth stroke outcome relates to sheterm BPV
measured over minutes or houf$5]. Beatto-beat BPV may therefore be of particular
importance in this patient group. However, beatbeat BP measurement is not
routinely used in clinical practice, with guideline recoemded methods, such as
CBPMABPM and HBPM, being more commonpl&de 92] Consequently, only one
study comparing timescales of BPV has included-be&eat measurementg134].

This study enrolled untreated hypertensive adults without any cerebrovascular disease
and did not assess whether bett-beat BPV has any relationship wither shorter
term BPV measurementsgiwithin-visit clinic BPV, or withihour BPV calculated

from ABPM measuremenjsinvestigation of this would be useful to determine if these
alternative measurements could be used as a surrogate for-tzebheat BPV

measurement.

5.2 Hypothesis

Using @ta from the TESBP trial, the aim of this analysis was to compare hedieat

BPV with variability from other measurement methods with the intention of assessing
comparisons not previously reported, and making these comparisons in a cohort of
patients wth cerebrovascular disease. The hypothesis being tested is that BPV values
calculated over different timescales will not have significant inétationships and will

not provide interchangeable data.

5.3 Methods

Data for this analysis comes from theSTEBP trial, which was a trial of BP self
monitoring and guided sethanagement in patients with a recent stroke or TIA. The
general methodology for TESBP is described in section 3.1.1 and has been published

elsewhereg223]. The methodology specific to this secondary analysis is described here.
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Eligible participants were subjects from TEFTwho had a complete set of baseline BP

data, induding enhanced CBPMA 1 K G KNBES NBI RAYy3I&> RIFEEUOAY
andbeatto-0 S+ G YSIFada2NBYSyid 6AGK I NBO2NRAY3I R
cleaning, all of which were recorded at the same visit. An additional subgroup of
participants who undertook HBPM six weeks after the baseline visit was also included.
Participarts with BP data that was incomplete according to these criteria or who were
diagnose with ICHwvere excluded. Participants were excluded from the subgroup if

they provided <21 HBPM readings or if their antihypertensive medications were

altered between thebaseline visit and the HBPM recording period at six weeks.

BP measurements from the baseline visit have been used in this analysis, along with
the first set of HBPM measurements taken at six weeks for the subgroup. BP
measurements for each method were tkas described in sections 3.5.2 to 3.5.5.

Mean and variability values for SBP and DBP from each BP measurement method were
calculated as described in section 3.6. In addition to variability over the whole daytime
period, withinthour BPV was calculatecbfn ABPM recordings. For each hourly period
with at least two valid measurements the mean, SD, CV, ARV and MMD of these
measurements were calculated, with the arithmetic means of these calculated values

representing withinRhour mean and BPV values.

Outcomes for this analysis were the comparison of béabeat BPV indices with the
same index from other contemporaneous measurement methods, including CBPM,

daytime ABPM, and HBPM, and the assessment of their limits of agreement.

5.4 Statistical Analysis

Datawere analysed using SPSS version 25.0. Scatter plots were constructed to visually
assess the relationship between each BPV index fromtoehéat measurements with

the same BPV index from other measurement methods. BPV data were not normally
distributed;therefore formal testing of correlations between BPV indices from
RAFTFSNBY G YSIFada2NBYSyd asSia o6Fa dzyRSNIF{ S
BP measurements were normally distributed and so were formally compared using

t SFNAR2Y Qa O2 NG ivéreichraigetedweak/ if 2 dBIID0.29,
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moderate if r or &£0.300.49, and strong if r orx>0.50[255]. Further exploration of

the relationships between bedb-beat BPV and variability from other measurement
methods was conducted where there was a suggestion of a positive relationship. This
gl & R2YS dzaAy3 . | yR séssing the limiisvflagie@menty S K 2 R
between testd244]. The mean value for both methods was plotted against the
difference between them, with reference lines added to the plot to show the mean
difference and two standard deviations either side of the mean. Outliers were
excluded to ensure that the differences between methods were normally distributed
(p>0.05 using the KolngorowSmirnov test correlated against a histogram of the data
with distribution curve). Due to weak or moderate correlations between the mean
values and the differences, the latter were plotted as ratio data rather than absolute
values. As this was an egphtory analysis no adjustments for multiple testing were

made, with p<0.05 considered statistically significant.

5.5 Results

One hundred and thirty three participants from the trial had complete baseline BP
data, with a subgroup of 82 providing valid P8 data in addition to the baseline
measurements. Demographic data for the full cohort and the HBPM subgroup is

presented inTable20.

Mean SBP and DBP, and median values for BPV indices from each measurement
method for the whole cohort and the HBPM subgp are displayed iffables 2-22.
BPV values from withihour ABPM appeared to be more closely matched to Heat
beat BPV than other methods. The exception to this was ARV, where values from
within-hour ABPM were more closely matched to daytime ABPMh ARV from beat

to-beat measurements different to all other methods.

Mean SBP and DBP from each method was moderately or strongly correlated with the
corresponding mean value from bett-beat BP (r=0.38.62, p<0.01 for all

correlations). However, cogtations between BPV indices were either weak or-non
significant, with the exception of ARV of DBP from daytime ABPM and HBPM with

beat-to-beat measurement which showed moderate correlatiors@r32 and 0.34
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Table 20 Demographic data. Data presented anean (SD) for normally distributed
continuous variables, median (IQR)* for Aavarmally distributed continuous variables,

and frequency (%) for categorical variables.

All HBPM subgroup
N 133 82
Age (years) 73.7 (9.9) 74.9 (9.6)
Gender Male 86 (64.70) 55 (67.1%)
BMI (kg/nt) 28.7 (5.0) 28.5 (4.8)

Never smoked

53 (39.8%)

33 (40.2%)

_ Ex smoker 74 (55.6%) 46 (56.1%)
Smoking status
Current
6 (4.5%) 3 (3.7%)
smoker
Alcohol
. 4.0 (16.0) 5.0 (16.0)
(units/wk)*
Diagnosis Stroke 41 (30.8%) 26 (24.4%)
NIHSS (stroke
. 3.0 (2.5) 2.0 (2.0)
patients only)*
LACS 17 (41.5%) 11 (42.3%)
OCSP PACS 16 (39.0%) 8 (30.8%)
classification TACS 1 (2.4%) 1 (3.8%)
POCS 7 (17.1%) 6 (23.1%)
TIA 93 (69.9%) 56 (68.3%)
Stroke 52 (39.1%) 33 (40.2%)
Past medical
_ IHD 28 (21.1%) 20 (24.4%)
history
Diabetes 35 (26.3%) 20 (24.4%)
Hypertension 98 (73.7%) 63 (76.8%)
On

antihypertensive

therapy

124 (93.2%)

76 (92.7%)

No. of

antihypertensives

1.7 (0.9)

1.7 (1.0)

Antihypertensive

ACEI

78 (58.6%)

50 (61.0%)
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use by class ARB 22 (16.5%)

14 (17.1%)

' . 23 (17.6%)
diuretics

Beta blockers 34 (25.6%) 18 (22.0%)
CCB 54 (40.6%) 31 (37.8%)
Thiazidelike

15 (18.3%)

SD denotes standard deviation; IQR, interquartile rahtfg”M, home blood pressure
measurement; BMI, body massdex; NIHSS, National Institgtef Health Stroke Scale;
OCSP, Oxford Community Stroke Project; LACS, lacunar stroke; PACS, partial anterior
circulation stroke; TACS, total anterior circulation stroke; POCS, posterior circulation
stroke; TIA, transient éhaemic attack; IHD, ischaemic heart disease; ACEI, angiotensin

converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel

blocker.
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Table A: Average baseline blood pressure and blood pressure varigbéymeters

from each meaurement method inte full cohort. Mean systolic and diastolic blood

pressureare presented as meaisD). Systolic and diastolic variabiigjues are

presented as median (IQR).

Enhanced Within-hour
Beatto-beat BP| Daytime ABPM
CBPM ABPM
Mean SBP
152.1 (19.3) 131.9 (16.3) 135.1 (14.0) 134.9 (14.0)
(mmHg
Mean DBP
83.7 (12.0) 81.0 (12.7) 76.1 (8.9) 76.0 (9.0)
(mmHg)
SD SBP
5.4 (3.7) 5.4 (2.9) 13.2 (5.1) 6.3 (2.2)
(mmHg)
SD DBP
2.9 (3.3) 4.2 (2.3) 8.9 (3.1) 4.4 (1.4)
(mmHg)
CV SBP
3.7 (2.4) 4.1(2.1) 9.7 (3.5) 4.6 (1.4)
(%)
CV DBP
3.5(3.4) 5.2 (2.6) 11.6 (4.7) 5.8 (2.1)
(%)
ARV SBP
- 1.5 (1.0) 9.4 (3.0) 10.1 (3.1)
(mmHg)
ARV DBP
- 1.1 (0.8) 7.1(2.3) 7.0 (2.6)
(mmHg)
MMD SBP
- 32.5(21.6) 58.0 (24.0) 33.8 (20.3)
(mmHg)
MMD DBP
- 26.8 (16.9) 46.0 (13.5) 23.8 (12.7)
(mmHg)

CBPM denotes clinic blood pressure measurement; BP, blood pressure; ABPM,

ambulatory blood pressure measurement; SBP, systolic blood pressure; DBP, diastolic

blood pressure; SD, standard deviation; CV, coefficient of vamiahRV, average real

variability; MMD, maximurminimum difference.
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Table 22 Average baseline blood pressure and blood pressure varigbéymeters

from ead measurement method in the home blood pressure measurement subgroup.

Mean systolic and diastaliblood pressurare presented as measD). Systolic and

diastolic variabilitywalues are presented as median (IQR).

Enhanced | Beatto-beat Daytime Within-hour HBPM
CBPM BP ABPM ABPM
Mean SBP
151.2 (19.6)| 132.9 (17.0)| 135.0(13.6)| 134.9 (13.3)| 1417 (16.6)
(mmHg)
Mean DBP
84.4 (11.6) | 81.6 (12.5) 76.4 (8.3) 76.3 (8.4) 77.8 (8.4)
(mmHg)
SD SBP
5.4 (4.1) 5.4 (2.7) 13.2 (5.4) 6.3 (2.3) 11.2 (4.4)
(mmHg)
SD DBP
3.1(3.3) 4.0 (2.4) 9.1 (3.1) 4.3 (1.3) 6.2 (2.8)
(mmHg)
CV SBP
3.8 (2.4) 4.2 (2.2) 9.6 (33) 4.7 (1.5) 8.0 (3.0)
(%)
CV DBP
o) 3.8(3.2) 5.0 (2.9) 11.5 (4.5) 5.7 (1.8) 8.3 (3.0)
0
ARV SBP
- 1.5(1.0) 9.2 (3.2) 9.9 (3.6) 11.2 (5.2)
(mmHg)
ARV DBP
- 1.0 (0.9) 7.1(2.3) 7.0 (2.5) 6.0 (3.1)
(mmHg)
MMD SBP
- 33.0(23.3) | 58.5(23.8) | 32.7(21.8 47.0 (19.3)
(mmHg)
MMD DBP
- 26.5(19.1) | 445(14.3) | 23.9(12.1) | 25.0(12.0)
(mmHg)

CBPM denotes clinic blood pressure measurement; BP, blood pressure; ABPM,

ambulatory blood pressure measurement; HBPM, home blood pressure measurement;

SBP, systolic bloodgssure; DBP, diastolic blood pressure; SD, standard deviation; CV,

coefficient of variation; ARV, average real variability; MMD, maxirmimmum

difference.
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respectively, p<0.01 for both correlationS)aples 23224). Correlations between beat
to-beat BPV ad withinkhour ABPM variability parameters were not stronger than
correlations with variability from other method$he BlandAltman analyses of the
relationship between beato-beat and withinhour ABPM systolic BPWigure D)

showed a large bias for ARYSBP (mean differenc&42.82% (95% confidence
interval-146.53% t6139.11%), but not for SD (mean different&.60% (95%
confidence interval19.04% to4.16%), CV (mean differene®08% (95% confidence
interval-16.29% to1.87%), or MMD (mean d#fence-0.73% (95% confidence
interval-9.67% to 8.20%). However, the limits of agreement were wide ranging for all
measures of systolic BPV (SB6.61% to 73.41%, CV31.50% to 73.34%, ARV =
184.39% t6101.25%, MMD =102.83% to 101.37%). The anaysomparing beato-
beat with daytime ABPM systolic BAAgurell) and beatto-beat with HBPM systolic
BPV Figurel?) showed a moderate to large bias and wide ranging limits of agreement
for all BPV indices. Findings for DBP were similar to those PrF&Bires 1315).

Further comparison of bedb-beat BPV and withvisit clinic BPV was deemed not

appropriate.

5.6 Discussion

These data show that there is no evidence of significant relationships between BPV
from beatto-beat BP measurements and witthvisit variabiliyy from enhanced CBPM
They also show that, despite apparent similarities between the average values
obtained with beatto-beat and withirhour ABPM BPV measurements, which are not
present between beato-beat and other methods of assesgiBPV, these two

methods of measuring BPV are not closely correlated. Furthermore, the limits of
agreement between the two methods are wide ranging, suggesting that they are not
interchangeable methods of measuring BPV. When assessingdsbaat with

daytime ABPM and beab-beat with HBPM the correlations were also weakly
significant at best, with even more wide ranging limits of agreement and marked bias

in the mean differences between these methods.



Table 23 Correlatiors for systolic blood pressuend variabilitypetween beatto-beat

and other blood pressurmeasurement methods. Correlations are based on thke ful

cohort, except those with home blood pressure measurements which are based on the
ddz0 ANR dzL) 2yt @d / 2 NNBf I GiadeSaE YW {t LIS INNI YOG
BPV values. *p<0.05 **p<0.01.

Comparator Mean SD cv ARV MMD
Enhanced

0.50** 0.04 -0.01 - -
CBPM
Daytime ABPM 0.35** 0.26** 0.23** 0.23** 0.17
Within-hour

0.33** 0.20* 0.20* 0.25** 0.11
ABPM
HBPM 0.50** 0.20 0.17 0.27* 0.20

SD denotes standard deviation; CV, coefficient of variation; ARV, average real variability;
MMD, maximurmminimum difference; CBPM, clinic blood pressure measurement; ABPM,

ambulatory blood pressure measurement; HBPM, home blood pressure measurement.

Tabk 24 Correlationdor diastolic blood pressure and variabilligtween beatto-

beat and other blood pressumaeasurement methods. Correlations are based on the

full cohort, except those with home blood pressure measurements which are based on
thesubgroup2 Yyt € ® / 2NNBf I GA2y & I NBE tSIFENER2YQa NJ
for BPV values. *p<0.05 **p<0.01.

Comparator Mean SD Ccv ARV MMD
Enhanced

0.62** 0.06 0.02 - -
CBPM
Daytime ABPM 0.57** 0.27** 0.28** 0.32** 0.18*
Within-hour

0.55** 0.17 0.21* 0.29** 0.13
ABPM
HBPM 0.55** 0.28* 0.28* 0.34** 0.29**

SD denotes standard deviation; CV, coefficient of variation; ARV, average real variability;

MMD, maximuraminimum difference; CBPM, clinic blood pressure measurement; ABPM,

ambulatory blood pressure measument; HBPM, home blood pressure measurement.
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No previous studies have investigated the relationships between-tmeheat BPV and
veryshort-term or shortterm BPV derived®dm within-visit enharced CBPMr a

within-hour analysis of daytime ABPM. However, a few other studies have presented
detailed comparisons of variability from other BP measurement methods, with findings
that are inkeeping with this analysis. In a cohoftamlults with stable hypertension

(N=108, 15% with established coronary heart disease or cerebrovascular disease) clinic
BP from eight weeklyisits, 24 hour ABPM, and HBPM over three days were carried

out, with BPV calculated as SD, CV, and ARV fronmseao measurementgL60].

From the HBPM data variability was assessed over the whole measurement period and
2O0SNJ I aSNASE 2F aK2NISNJ LISNA2Ra oRFAfe@
morning and eveningheasurements only). Correlations between all measures of BPV
were found to be either weak or nesignificant. Similarly, in a larger cohort

incorporating healthy adults and adults with stable hypertension but no established
cardiovascular or cerebrovaseuldisease (N=461) BPV calculated as SD, CV, ARV,
MMD, and VIM from clinic BP over four weekly visits, daytime ABPM, and HBPM over
four days were all either weakly correlated or not correlafg#l8]. Two additional

studies have presentkcorrelations with beato-beat BPV. In a cohort of untreated
hypertensive adults without established cardiovascular or cerebrovascular disease
(N=256) Wei et al. demonstrated weak or msignificant correlations in ARV, MMD,

and VIM from beato-beat BP24 hour ABPM, and HBPM over seven dagd].

Similarly, in a cohort of adults with a recent stroke or TIA (N=472) Webb et al. showed

only weak correlations in CV from beatbeat BP, daytime ABPM, and HBRMO].

As suggested by the results of the previous chagtese results may beelated to
discrepancies in BP values obtained from the different measurement methods.
However, it may also be the case tlthfferent timescales of BPV hadédferent

underlying physiological or pathophysiological mechanisms. Whilst the underlying
mechanisms of BPV have not been fully established, there is evidence thaheoety

term BPV is associated with reduced cardiac BRS in both the acute and chronic phases
after ischaemic strok§l3, 67, 68, 256]Furthermore, previous work using this cohort

has demonstrated that reduced BRS dnsrt rate variability IR\ were predictors

for increased beato-beat BPV following a cerebrascular evenf257]. Conversely,
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medium and longerm BPV are associated with markers of arterial stiffj&63, 170,
174]), yet beatto-beat variability has an uncertanelationship with these factorgl34,
258]. Whilst the parameter chosen to calculate BPV may not matter (different
parameters derived from the same set of measurements are strongly correlated
regardless of the BP @asurement method used 18, 157, 259] it seems the

timescale over which it is measured may be important. This is reflected by the
inequalities in prognostic relevance to cardiovascular events that the different
timescales of BPV providi&28, 131, 200, 25254]. Ultimately, BPV may not be a
singular concept and work to establish which measures are most relevant to different

patient groups is required.

Strengths of thistsdy include that it provides a comprehensive comparison of beat
to-beat BPV with variability from other BP measurement methods, using a vafiety o
commonly reported BPV indices, some of which have not previously been reported.
Furthermore, to the best afny knowledge, it is the first study to compare béatbeat
BPV with an analysis of very shtgtm variability from ABPM (i.e. withihour

variability). In using the Blapélitman method to compare different timescales of BPV,
I have been able to providelavel of insight into their relationships that has not been
present in previous studieslowever, sveral important limitations to the study
deserve mention. Firstly, as TEHSH was an interventional trial with the aim of
improving BP control after strokbe gap between the first HBPM used in this analysis
and the other baseline BP measurements may limit comparisons with that
measurement method as BP levels could have altered in the interim, thereby affecting
variability. However, by excluding participarwhose antihypertensive treatment was
altered between the two measurement periods the design of the analysis should have
mitigated the impact of this limitation. Secondly, with the majority of participants
being on antihypertensive therapy, but being prebed agents from diverse classes it
is possible that the results were influenced by treatment. However, as the Bland
Altman analyses compared withindividual BPV measurements, and change in BPV
over time was not an outcome measure, | would argue thihgpertensive

treatment is unlikely to have had an impact. Furthermore, in the study by Abellan
Huerta et al. participants were also on antihypertensive ther@®p]. Thirdly, he

findings may not be generadible to patients without cerebrovascular disease.
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However, they are comstent with other studies thahave included both patients with
and without previous stroke, and if betd-beat BPV is particularly relevant to patients
with cerebrovascular disease pseviously suggested then this may actually be a

positive aspect of the study.

5.7 Summary

1 There appears to be little relationship between BPV derived from-tiebeat
BP recordings and any other BP measurement method.

1 The initial data suggested thatahe might be a relationship between betat-
beat variability and withishour variability, but further analysis using Bland and
TfadYlFyQa (GSOKYAljdzS RSY2Yy&aGNF SR OSNE
relationship was insufficient for the latter to @esurrogate for the former.

1 It seems plausible that shorter and longeerm BPV are not a singular
phenomenon.

1 The inclusion of beatb-beat assessment of BPV in future research is
recommended, along with further work to clarify which timescales of BPV are

most relevant to cardiovasculaisk and outcomes after stroke.
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6 Assoditions Between Blood Pressure Variability and Stroke Severity or Subtype in
Patients with a Recent Ischaenioke

6.1 Declaration

I would like to acknowledge the contribution Karen Appiah, research fellow in
Leicester, to this chapter. Her work in processing the data from the BPV observational

study helped to make this work possible.

6.2 Introduction

In the preceding experimental chapters the focus of this thesis has be#reon
measurement of BPV following an ischaemic cerebrovascular event. | will now turn my
attention to investigating the potential of BPV as a therapeutic target in this patient
group.In acute ischaemic stroke, the area of ungerfused penumbral tissue
surounding the core infarct is vulnerable to changes in CBF, with reduced blood flow
potentially leading to infarct expansion and increased blood flow resulting in
haemorrhagic change or cerebral oede(38]. Due to disruption of cerebral
autoregulatory mechanisms postroke, CBBecomes more dependent upon systemic
BP[13, 183] Consequently, variability in systemic BP could influence CBF and overall
infarct volume. BPV is increased in acute ischaemic sfdkg), and similar patterns

may be seen in chronic stroke patiefi2s6]. Furthermore, evidence is accumulating
that increased BPV is associated with early clinical deterior§ti®®, 189] secondary
haemorrhagic transformatiofi.87], and poor longerm functional outcomes in
ischaemicstroke patientd197-199]. Consequently, interest has arisen in whether BPV
may be a therapeutic target in patients with stroke and, if so, which patients might

benefit from the treatments.

In addition to abnormal BPV, autonomic dysfunction has been demonstrated in acute
ischaemic stroke. HRV and cardiac BRS are two measureable indicators of autonomic
function, both of which are reduced postroke[179, 181, 182]As with BPV, these

changes may persist into the chronic ph§286]. Although it remains a topic of
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debate, thee is some evidence that autonomic functions may be lateralised within the
central nervous system, with sympathetic activity being focused in the right cerebral
hemisphere and parasympathetic activity focused in the[&3t 179] Therefore, the
degree of HRV and cardiac BRS reduction may differ depending on which cerebral
hemisphere is involved. Given the role of cardiac baroreceptors in the regulation of
systemic BP, the cerebral hemisphere affected by stroke atsyinfluence the degree

of BPV, though this is yet to be established.

Should BPV prove to be a viable therapeutic target it would be useful to know whether
all patients with ischaemic stroke would benefit equally from such treatment, or
whether it woull be prudent to focus on treating certain groupspatients?To that

end, it would be of relevance to know if there are differences in BPV amongst
subgroups of ischaemic stroke patients, but presently this has not been investigated. It
could be expectednat patients with more severe ischaemic stroke might also exhibit
greater BPV due to the larger extent of damage to cerebral tissue, and the potential for
a larger penumbra that might necessitate greater adjustments in systemic BP to
maintain adequate CBFurthermore, we might anticipate that there will be

differences in the degree of BPV between patients with left hemisphere and right

hemisphere lesions due to associated imbalances in autonomic BP regulation.

6.3 Hypothesis

The aim of this study was tovestigate potential relationships between BPV and

stroke severity (according to commonly applied clinical toatg)affected cerebral
hemisphere. Data from three cohorts including subjects with a recent ischaemic stroke
have been pooled to test two hypheses. Firstly, that differences will exist in BPV
values across participants with a range of stroke severity, with the expectation that
BPV values will be greater in those with a higher NIHSS score or more disabling stroke
according to the OCSP clagsifion. Secondly, that BPV values will not be the same in

participants with unilateral left hemisphere or right hemisphere infarcts.
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6.4Methods

Combined data from participants recruited to THEST, SERVED Memaayd the BPV
observational trialvas usé to generate the database for this study. The general
methodologies for these trials are described in sections 3.1.1 to 3.1.3, withBEEST

and SERVED Memory having also been published elsej@ae?223] The

methodology specific to this analysis is described here. Eligible subjects were

participants in any of the above trials with a diagnosis of ischaemic stroke who had
complete baseline BP data, incorporating enhanced CBPM with three measurements
anddaytme ABa ¢6AGK xmn NBFRAY3I&D | adz INRdzL) 2
baseline beato-beat BP measurememt A G K | NB O2 NI miyiufes dkezNI G A 2
data cleaning was also included in the analysis. Participants with BP data that was
incomplete accordingp these criteria or who were diagnosed withA or IChivere

excluded.

All baseline BP measurements were recorded as outlined in the general methodology
chapter; enhanced CBPM as described in section 3.5.2, daytime ABPM as described in
section 3.5.3, antieat-to-beat BP as described in section 3.5.5. For each set of BP
measurements average and variability values for SBP and DBP were calculated as
described in section 3.6. Stroke severity was assessed using the NIHSS score at baseline
and the OCSP classd#iion, both of which are described in section 3.5.6. The involved
cerebral hemisphere was inferred from any lateralising clinical features of the stroke

and any positive findings on cerebral imaging investigations where applicable and was

Of  AaAFAUER2INA GNRASKGED LT GKSNB 6SNBE y2 f
on neuroimaging then the participant was not categorised as having a unilaterally

involved hemisphere and was excluded from the testing of the second hypothesis.

Outcomes for thignalysis were the separate assessment of relationships between
BPV derived from each of the three measurememthods described above wiif)
stroke severity according to baseline NIHSS score, (ii) stroke severity according to OCSP

classification, andi{) stroke subtype according to the affected cerebral hemisphere.
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6.5 Statistical Analysis

Data were analysed using SPSS version 25.0. Assessment of median NIHSS score by
OCSP classification was based on a KriWhkdlis test. All BP and BPV variableseve
visually assessed for normality by constructing histograms with overlaid distribution
curves and formally tested using the Kolmoge&mirnov test (p>0.05 deemed

consistent with normal distribution). Mean SBP and DBP values were normally
distributed, bu BPV data from all measurement methods were not. Therefore, a
logarithmic transformation was applied to these variables prior to any statistical

testing. This transformation resulted in normalisation of the variables. The results of
any testing on transfamed variables have been batilansformed for presentation.

Initial exploratory univariate analyses wenadertaken to assess the relationship

between BPV variables and each measure of stroke severity or subtype. The
relationship between BPV and NIHSStvasa Saa SR dzaAy3 t SI NE2Yy Q.
Correlations were considered weak if =029, moderate if r=0.30.49, and strong

if r=>0.50[255]. The relationship between BPV and OCSP classification was assessed
using oneway ANOVA with the BPV parameter as the dependent variable and OCSP
classification as the grouping variable. Post testing was caied out where any
betweengroup differences were identified in the model as a whole. The relationship
between BPV and affected hemisphere was assessed using independent samples t
iSadas ogAGK WHFFSOGSR KSYAALKSNER® Fa GKS
parameter as the dependent variable. Where univariate analyses suggested significant
relationshps further multivariate analyses weoanducted using a regression model,

with the BPV parameter as the dependent variable, adjusted for differences between
the trial cohorts and factors known to influence BRSO, 251, 26Q]Independent

variables used in the model in addition to those tested with univariate analysis
included time from stroke onset to baseline measment, age, gender, mean BP

(from the relevant BP measurement method), past medical history of hypertension,

and past medical history of diabetes.
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Table 25 Demographic data. Data presented are mean (SD) for normally distributed
continuous variables, meal (IQR)* for nomormally distributed continuous variables,

and frequency (%) for categorical variables.

Beatto-beat

All
subgroup
N 181 67
Age (years) 70.6 (11.0) 71.0 (10.3)
Gender Male 134 (74.0%) 49 (73.1%)
BMI (kg/n) 28.5 (5.5) 29.5 (6.1)
Never 71 (39.2%) 31 (46.3%)
Smoking Ex smoker 90 (49.7%) 34 (50.7%)
Current smoker 19 (10.5%) 2 (3.0%)
Alcohol (units/wk)* 4.0 (12.0) 4.0 (16.0)
NIHSS* 3.0 (4.0) 3.0 (2.0

LACS 60 (33.7%) 24 (35.8%)
OCSRIassification PACS 78 (43.8%) 29 (43.3%)
TACS 6 (3.4%) 1 (1.5%)
POCS 34 (19.1%) 13 (19.4%)
Affected hemisphere | Left 80 (55.2%) 44 (66.7%)
TIA 19 (10.7%) 13 (19.4%)
Stroke 78 (43.6%) 53 (79.1%)
Past medical history | IHD 23 (12.8%) 9 (13.4%)
Diabetes 34 (19.0%) 19 (28.4%)

Hypertension

105 (58.7%)

44 (65.7%)

No. on
antihypertensive

treatment

118 (65.2%)

55 (82.1%)

No. of

antihypertensiveg

1.0 (2.0)

1.0 (1.0)

Antihypertensive use

by class

ACEI

60 (33.1%)

33 (49.3%)

ARB

25 (13.8%)

11 (16.4%)




Beta blockers 24 (13.3%) 14 (20.9%0

CCB 57 (31.5%) 29 (43.3%)
Thiazidelike

. _ 15 (8.3%) 9 (13.4%)
diuretics

SD denotes standard deviation; IQR, interquartile range; BMI, body mass index; NIHSS,
National Institutes of Health Stroke Scale; OCSP, Oxford Community Stroke Project;
LACS, lacunatroke; PACS, partial anterior circulation stroke; TACS, total anterior
circulation stroke; POCS, posterior circulation stroke; TIA, transient ischaemic attack;
IHD, ischaemic heart disease; ACEI, angiotensin converting enzyme inhibitor; ARB,

angiotensinreceptor blocker; CCB, calcium channel blocker.
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Table &: Average baseline blood pressure and variability parameters. Clinic and
ambulatory blood pressurdata are for the full cohort. Bedb-beat data are for the
subgroup only. Mean systolic and diagtdblood pressurare presented as meaisD).

Systolic and diastolic variabilixalues are presented as median (IQR).

Enhanced CBPN Daytime ABPM Beat;o:eat
Mean SBP (mmHg) 1514 (21.6) | 138.1(16.8) | 135.1(18.8)
Mean DBP (mmHg) 83.7 (12.6) 78.9 (108) 81.7 (15.0)
SD SBP (mmHg) 5.8 (4.1) 12.4 (5.6) 6.5 (4.5)
SD DBP (mmHg) 3.4 (3.0) 8.7 (3.3) 47 (3.2)
CV SBP (%) 4.0 (2.5) 9.1 (3.8) 5.1 (3.4)
CV DBP (%) 42 (3.8) 11.2 (5.0) 6.0 (4.5)
ARV SBP (mmHg) i 8.9 (2.8) 21(2.1)
ARV DBP (mmHg) i 6.8 (2.9 1.5 (1.3)

CBPM denotes clinic blood pressure measurement; ABPM, ambulatory blood pressure
measurement; BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood
pressure; SD, standard deviation; CV, coefficient of variation; ARV, aveahge re

variability.
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Figure B: Box and whisker pt showing distribution of National Institutes of Health
Stroke Scale (NIHSS) scores across different Oxford Community Stroke Project
classification groups.ACS denotes lacunar stroke; PACS, partial ant@rgadation
stroke; TACS, total anterior circulation stroke; POCS, posterior circulation stroke.

Table 27 Correlations between baseline National Institutes of Health Stroke Scale

score and mean blood pressure and variabiligices from clinic, daytismmambulatory

andbeatto-0 S 4 YSIF adaNBYSyldaod +IfdzSa LINBaSyidSR
Enhanced CBPM Daytime ABPM Beatto-beat BP
Mean SBP -0.02 0.10 0.02
SD SBP 0.10 -0.24* 0.06
CV SBP 0.11 -0.28* 0.05
ARV SBP - 0.09 0.15
Mean DBP -0.08 0.05 -0.04
SD DBP 0.12 -0.20* 0.01
CV DBP 0.14 -0.21* 0.02
ARV DBP - 0.06 0.03

CBPM denotes clinic blood pressure measurement; ABPM, ambulatory blood pressure
measurement; BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure;

SD, standal deviation; CV, coefficient of variation; ARV, average real variability.
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Table 28 Summary of results from multivariate testing fine relationship between

National Institutes of Health Stroke ScCAMHSS) sco@nd blood pressure variability

from dayime ambulatory blood pressure measuremehtdependent variables

entered in the model were time from symptom onset teasurement, age, gender,

mean blood pressurgpast medical history of hypertension, past medical history of
diabetes, and NIHSS.

Dependert R F (df) P value | Standardised beta P value
variable coefficient for
NIHSS
3.27
SD SBP 0.135 0.002 -0.26 0.001
(8, 168)
3.39
CV SBP 0.139 0.001 -0.26 <0.0001
(8, 168)
1.30
SD DBP 0.058 0.25 - -
(8, 168)
2.77
CV DBP 0.117 0.007 -0.19 0.01
(8, 168)

SD denotes standard deviation; SBP, systolic blood pressure; CV, coefficient of

variation; DBP, diastolic blood pressure.
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6.6 Results

Demographic data for the full cohort and the subgroup is presentdabie?25.

Average BP and BPV values for eachsueament method are displayed irable 5.

Mean BP values from CBPM were greater than both daytime ABPM andobleaat
measurements, with BPV values also diffgdepending betweemmeasurement
methods Median NIHSS score was not the same across OGSRicdion groups
(p<0.0001), with LACS<PACS<TACS and POCS similar figukeCB)( There were

no significant correlations between baseline NIHSS score and mean SBP or DBP from
any BP measurement method. Correlations between baseline NIHSS scoré\and B
parameters were all nogignificant apart from weak negative correlations with SD and
CV of SBP and DBP from daytime ABPAIE27). In linear regression models with
these BPV parameters from daytime ABPM as the dependent variables, NIHSS
remained a gnificant independent variable in all models except for SD of D&

28). None of the other independent variables in the model were statistically significant.

There were no significant betweegroup differences for mean SBP or DBP onrwag
ANOVA teting with OCSP classification as the grouping variable for any of the BP
measurement methods. Mean BPV parameters by OCSP grouping for each BP
measurement method are presented figures 1719. For clinic and beab-beat BPV
there were no significant beteen-group differences. For daytime ABPM the enay
ANOVA testing suggested significant betwegaup differences for SD and CV of SBP
(p=0.002 and p=0.001 respectively), and SD and CV of DBP (p=0.01 and p=0.03
respectively). However, following pekbc testing only significant betweegroup
differences for SD and CV of SBP remained, with variability higpatients with LACS
compared to PACS and TA@&d lowervariability in patients with TAGBan POCS
(Table29). These significant betweegroup diffeences remained on multivariate
testing, with the exception of difference in SD of SBP between patrticipants with LACS
or TACST{@able30). There were no significant differences in mean BP or any BPV
parameter between participants with left hemisphere strat@mpared to right
hemisphere stroke, with the exception of mean SBP from-edteat BP

measurementsTables31-33).
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Figure 17 Histograms showing measiood pressure variability from enhanced clinic blood
pressure measurement by Oxford Communitoke Projectclassification of ischaeim
stroke. Error bars are 95% confidence intervBlwvalues arfom a oneway ANOVA to
assess for betweegroup differences across the whole grodpshowsstandard deviation
(SD) of systolic blood pressure (SEB®hows SD of diastolic blood pressure (DBRBhows
coefficient of variation (C\9f SBPD shows C\wf DBPLACS denotes lacunar stroke; PACS,
partial anterior circulation stroke; TACS, total anterior circulation stroke; POCS, posterior
circulation strole.
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Figure 18Histograms showing mean blood pressure variability from daytime ambulatory
blood pressure measurements by Oxford Community Stroke Progessification of

ischaenic stroke. Error bars are 95% confidence intervalsalues aréfom a oneway

ANOVA to assess for betwegroup differences across the whole grodpshowsstandard
deviation SD of systolic blood pressurésBR. B shows SD dfiastolic blood pressurdDB8P.
Cshowscoefficient of variationC\j of SBPD shows CV dDBP Eshowsaverage real

variability ARV of SBPFshows ARV of DBPACS denotes lacunar stroke; PACS, partial
anterior circulation stroke; TACS, total anterior circulation stroke; POCS, posterior circulation
stroke.
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Figure 19 Histogramsshowing mean blood pressure variability from béatbeat blood
pressure measurements by Oxford Community Stroke Projassification of ischamic
stroke Error bars are 95%onfidence intervalsP values are frora oneway ANOVA to
assess for betweegroup differences across the whole groupshowsstandard deviation
(SD of systolic blood pressuréSBR. Bshows SD dadiastolic blood pressurédBB. Cshows
coefficient of variationC\j of SBPD shows CV of DBEshowsaverage real variability
(ARV of SBPFshows ARV of DBPACS denotes lacunar stroke; PACS, partial anterior
circulation stroke; POCS, posterior circulation stroke.
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Table 29 Posthoc testing from the onavay ANOVA for betweegroup differences in

systolic blood pressure variabilityoin daytime ambulatory blood pressure

measurements according to Oxford Community Stroke Prgjemiping. Differences

are expressed as ratios (95% ClI).

Difference in SD P value Difference in CV P value
SBP SBP
LACS vs. PAC{ 1.15(1.01to0 1.32 0.04 1.17(1.03 to 1.34) 0.01
LACS vs. TACY 1.44 (1.03t0 2.01 0.03 1.53 (1.10to0 2.13) 0.01
LACS vs. POC| 0.99 (0.85t01.18 1.00 1.04 (0.88 to 1.22) 0.95
PACS vs. TAC| 1.25(0.90to 1.74 0.31 1.30 (0.94 t0 1.81) 0.16
PACS vs. POC 0.87 (0.74 to 1.02 0.10 0.88 (0.75to 1.04) 0.19
TACS vs. POC| 0.69 (0.49 to 0.98 0.04 0.68 (0.48 to 0.96) 0.02

95% CI denotes 95% confidence interval; SD, standard deviation; SBP, systolic blood

pressure; CV, coefficient of variation; LACS, lacunar stroke; PACS, partial ante

circulation stroke; TACS, total anterior circulation stroke; POCS, posterior circulation

stroke.
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Table 30 Summary of results from multivariate testingr fthe relationship between
Oxford Community Stroke Project (OCSP) classification and blood qeressiability
from daytime ambulatory blood pressure measuremenislependent variables
entered in the model were time from symptom onset teasurement, age, gender,
mean blood pressurgpast medical history of hypertension, past medical history of

diabetes, and OCSP classification.

Dependent | Independent R F (df) | P value | Standardised P value
variable variable beta
coefficient
for OCSP
classification
3.19
LACSsS.
0.17 (8, 0.003 0.25 0.003
PACS
128)
SD SBP LACSs. 1.56
0.18 0.16 - -
TACS (8, 56)
TACSVs. 2.33
0.39 0.05 -0.40 0.01
POCS (8, 29)
2.19
LACSsS.
0.12 (8, 0.03 0.26 0.002
PACS
128)
CV SBP LACSs. 2.25
0.24 0.04 0.38 0.003
TACS (8, 56)
TACSss. 3.62
0.50 0.01 -0.36 0.01
POCS (8, 29)

*standardisd beta coefficient
SD denotes standarckegliation; SBP, systolic blood pressur&CS, lacunar stroke;
PACS, partial anterior circulation stroke; TACS, total anterior circulation stroke; POCS,

posterior circulation stroke; CV, coefficient of variation.



Table 31 Mean blood pressure and variabjlifrom enhanced clinic blood pressure
measurementand differences between participants with left or right hemisphere
infarct. Average values for each hemisphere aremgSD). Differences for mean
blood pressurare absolute diffeences. Differences for @an variabilityare ratios

(95% Cl).

Left Right Difference with 95% P value
CI (left vs. right)
Mean SBP 150.7 (21.6) 150.9 (22.2) -0.25¢7.5t07.0) 0.95
SD SBP 5.0 (2.1) 5.3 (2.0) 0.94 (0.76 to 1.19) 0.61
CV SBP 3.4 (2.0 3.6 (2.0) 0.95 (0.76 to 1.8) 0.61
Mean DBP 82.8 (13.4) 84.7 (11.9) -1.90 €6.1 t0 2.3) 0.37
SD DBP 2.9(2.2) 3.4 (2.0) 0.87 (0.68 to 1.12) 0.27
CV DBP 3.6 (2.2) 4.0 (2.0) 0.90 (0.71 to 1.14) 0.37

SD denotes standard deviation; 95% ClI, 95% confidence interval; SBP, systlprédsare;

CV, coefficient of variation; DBP, diastolic blood pressure.

Table 32 Mean blood pressure and variability from daytime ambulatory blood
pressure measuremerand differences between participants with left or right
hemisphere infarct. Averagees for each hemisphere are are(SD). Differences
for mean blood pressurare absolute diffeences. Differences for mean variabilége

ratios (95% CI).

Left Right Difference with 95% P value
Cl (left vs. right)
Mean SBP 137.1 (17.3) 136.8 (16.2) 0.36 (-5.2t05.9) 0.89
SD SBP 12.3 (1.3) 12.3 (1.4) 1.00 (0.91 to 1.10) 0.98
CV SBP 9.1 (1.3) 9.1 (1.4) 0.99 (0.91 to 1.10) 0.98
ARV SBP 9.1 (1.3) 9.2 (1.3) 0.99 (0.91 to 1.09) 0.87
Mean DBP 78.3 (12.5) 78.3(9.2) -0.06 (3.6 to 3.5) 0.98
SD DBP 8.4 (13) 8.7 (1.3) 0.97 (0.89 to 1.05) 0.42
CV DBP 10.9 (1.3) 11.2 (1.3) 0.97 (0.89 to 1.07) 0.53
ARV DBP 6.8 (1.3) 6.7 (1.3) 1.02 (0.92 to 1.13) 0.69

SD denotes standard deviation; 95% CI, 95% confidence interval; SBP, systolic blood pressure;

CV, coefficienof variation; ARV, average real variability; DBP, diastolic blood pressure.
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Table 33 Mean blood pressure and variability from beatbeat blood pressure

measurementand differences between participants with left or right hemisphere

infarct. Average Maes for each hemisphere are @@ (SD). Differences for mean

blood pressurare absolute diffeences. Differences for mean variabilése ratios

(95% ClI).
Left Right Difference with 95% P value
ClI (left vs. right)

Mean SBP 131.6 (18.7) | 141.7 (16.7) | -10.16 (19.6 t0-0.7) 0.04
SD SBP 6.4 (1.7) 7.7 (1.7) 0.83 (0.64 to 1.09) 0.18
CV SBP 5.0 (1.7) 5.5 (1.6) 0.90 (0.69 to 1.18) 0.45
ARV SBP 2.2 (1.8) 2.9 (2.3) 0.77 (0.52 to 1.16) 0.21
Mean DBP 78.9(15.4) | 85.9(13.0) | -6.94 (14.6t0 0.7) 0.08
SD DBP 4.6(1.6) 5.1 (1.7) 0.91 (0.70 to 1.16) 0.45
CV DBP 5.9 (1.7) 6.0 (1.7) 1.00 (0.75 to 1.33) 0.98
ARV DBP 1.6 (2.0) 1.6 (2.1) 0.89 (0.62 to 1.28) 0.54

SD denotes standard deviation; 95% CI, 95% confidence interval; SBP, systolic blood

pressure; CV, coeffiaie of variation; ARV, average real variability; DBP, diastolic blood

pressure.
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6.7 Discussion

These data show that there are significant associations between-gont BPV

derived from daytime ABPM and stroke severity defined by NIHSS @&dP

classifiation. Furthermore, the associations are independent of mean BP. Although
the correlations between shotierm BPV and NIHSS were relatively weak, the
relationship indicated that BPV was increased in participants with lower NIHSS scores.
Similarly BPV wagreater in participats with lacunar stroke compared to those with
PACS or TAG&ich is consistent with theslationship with NIHS&s the data also
indicated that these participants had lower NIHSS stdrbis would be expected as in
an individual withLACS fewer of the domains tested by the NIHSS are clinically
affected, as has been reported in other ischaemic stroke colj@é). The findings

also suggested that BRMghtbe increased in POCS compategbartial or total

anterior circulationstroke, although a significant difference was only demonstrated
with TACS. This could also be consistent with the inverse correlation between BPV and
NIHSS as, similar to those with LACS, patients with POCS tend tovmavBlIHSS

scores ashe scale does not capture POCS symptoms as well as thpaetiaf or total
anterior circulation strokg262]. Thefindings are somewhat surprising as they are at
oddswith the hypotheses that wergested and the wider literature, which suggests

that increased BPV is predictive of poor outcomes following stroke whereas patients
with LACS tend to have a good prognosis. Potential explanations for this discrepancy
arediscussed in the following paragrapfet it remains that the findingare

potentially of relevance This is becauséBPV is proven to be a valid therapeutic

target after stroke to improve outcomes and/or prevent recurrent stroke, they suggest
that any such treatments may be most benefiagmpatients with apparently less

severe forms of ischaemic strokBhe data showedo significant associations between
short-term or very shorterm BPV and the cerebral hemisphere affected by ischaemic
stroke, however this grouping méaavebeen overly smplistic It may be necessary to
analyse relationships with ischaemic stroke affecgpgcific cerebral areas (e.g. the

insular cortex) within each hemisphetayt thiswas not possible in this analysis.
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That the findings of this analysis were not in g with the proposed hypotheses
regarding the relationship between BPV and stroke severity could be related to the
population studi@l. Firstly, this grougonsisted of mostlpf patients with mild to
moderate stroke symptom@nedian NIHS$.0 [QR 4.0) and contained a limited

number of patients with TACS cldgsition (N=6). Furthermore, tis@ patents with

TACS werat the milder end of the spectrum for this classificatemnone of the trials
that provided data for this analysis allowed inclusiompafticipants via proxy consent.
Consequently, the study population may not be fully representative of the general
stroke populationn terms of stroke severity and stroke tymmd may not have

provided an accurate assessment of the degree of BPV in thitisenore severe
ischaemic stroke. Secondly, the classification of severity was based on clinical
presentation as opposed to radiological finding&hough an experienced stroke
physician confirmedhe clinicaldiagnoses, it is possible that some patiecésegorised

as LACS may have had larger infarcts if it had been possible to confirm all diagnoses
with MRIor other cerebral imagingrhirdly, the proportion of participants who were
recruited after a recurrent cerebrovascular event was higher than niighéxpected

in the general stroke population (43.6% with a previous stroke, rising to above 50% if
previous TIA is also included). If raised BPV can persist into the chronic phase post
stroke[256], then this couldhave influenced the finding&inally, although the findings
did reach statistical significance there remaihe possibility that thg are due to

chance. This potential explanation should be considered given ieae tarevery

limited reports in the literature for comparison. Having said that, the only other study
to report on BPV in relation to OCSP classification is consistenthvethindings of this
analysisln a small study of cerebral autoregulation in patients with acute ischaemic
stroke (N=56, recruited within 72 hours of onset) Eames et al. showed that SD of SBP
derived from beatto-beat BP monitoring was greater in patiemtgh LACS as opposed

to PACS, TACS, @a@C%$13]. To thebest of my knowledge there have been no

studies of BPV differences by OCSP classification using variability derived from BP
measurement methods other than be#d-beat measurement. However, one study

has reported that increases in shagrm BPV from repegad CBPM were greatest in
patients with ischaemic stroke due to small vessel occlusion according to the TOAST
classificatior{189]. Conversely, there is conflicting data regarding the relationship

between BPV andINSSA review of 2566 subjects with a firgpisode ischaemic
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stroke, recruited within 24 hours of onset, found that diastolic BPV from d&/pdst

event increased by quartile of baseline NIHSS, yet there was-aigoificant trend for
systolic BPV teeduce by quartile in the same cohdit99]. Other studies of BPV in the
acute phase of ischaemic stroke have reported no significant relationship between BPV
and baseline NIH3886, 198, 263]However, none of these studies has used ABPM to

derive BPV, which could account for the different findings of this analysis.

Another slightly surprising aspect of the data from this analysis that may necessitate
further caution in he interpretation of the findings relates to the mean BP and
variability levels as measured by the different methotlakile 2§. Firstly, hat mean

BP as recorded by CBPM was higher tthat from daytimeABPM is not surprising.
Nonethelessthe differencefound was greater than is suggested by the literature

[110]. This maye partly explained by the presence of some degreetufe coat

effect within the studypopulation; however as other members of the researearh
collected some measurements | cannot guarantee that there was not some variation in
practice (e.g. leaving insufficient time between clinic readings, or using a cuff of
incorrect sie) that may have introducesheasurement bias. Secondbs opposed to

the findings in this studyt might be expected that beab-beat BP measured at the
finger would be higher than CBPM measured at the brachial artery due to increasing
arterial stiffness with distance from the aorta. Howewvinie age of the study

population may partly explain this finding astarial stiffness alters with ageing and so
the effect of BP amplification due to arterial stiffness throughout the arterial tree will
also alter. Alternatively, the influence on peripherally measured BP of the tedlec
pressure wave may not be so great when the BP is measured at the most distal point
(i.e. the finger), leading to a lower reading at this point than in the brachial artery. A
final consideration is also the accuracy of baabeat BP measurement devie
Although they have been shown to be accurate for tracking changes in BP, they may
not be sufficiently accurate to measure mean BP due to the SD of measuref@ghts
Indeed, limits of agreement up t€8l7mmHg for SBP have been reported in direct
comparison of thd=inapres®ith brachial CBPNR64]. Thirdly, any differences in BPV
values between thelifferent methodsare likely due to a combination of the number

of readings obtained@nd the time between measurements (particularly where BPV is

derived using ARV).
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No other studies have previously looked at the relationship between BPV and the
cerebralhemisphere affected by ischaemic stroke. However, autonomic dysfunction
post-stroke has been investigated. Evidence for the lateralisation of functions is mixed,
with some studies demonstrating altered HRV and BRightisidedlesions, but

others the oppsite[179, 181, 182]As suggested above, differentiating left vs. right
alone may be an oversimplification. Damage to the insular cortex in particular has
been implicated in posstroke autonomic dysfunctiof265], therefore it may be the
affected region(s) within the hemisphere rather than the hemisphere itself which is of
importance. This level of detail wastravailable for this cohort and so it was not
possible to classify participants beyond the level of the involved hemisphere. Had it
been possible to do so, it may have resulted in larger betwgrenip differences in

BPV. Despite this, it is worth highligig that the differences in beab-beat BPV
between left and right hemisphere lesions, although not reaching statistical
significance, were larger than differences in BPV derived from other measurement
methods. This may add weight to the idea that thesaistronger relationship

between very shorterm BPV and autonomic function/dysfunction than variability
over longer timescales, and might further suggest that Heabeat BP measurement

is the most appropriate method for investigating BPV in relatioautonomic function

post-stroke.

If, as suggested by this study, there is a genuine relationship between increased BPV
and LACS, then no inference regarding causality can be made on the basis of the cross
sectional analysis conducted hetdowever, theranay be plausible reasons to suggest
that increased BPV is more likely to cause LACS than other stroke subtypes, or vice
versa. It is a subject of debate as to whether lacunar stroke is distinct from other
stroke subtypes as a pathophysiological eni@§6]. Comparison of risk factor profiles

in ischaemic stroke subtypes indicates that LACS are less likely to be associated with
previous IHD, a determined card@mbolic source, or carotid steno$67]. It has also
been proposed that atherothrombotic or embolic vessel occlusiay not be the only
mechanism to cause LACS, rather endothelial damage and breakdown of the blood
brain barrier may be a distinct causal mechan|268]. Alternatively, cerebral tissue

supplied by chronically damaged small vessels may be vulnerable to injury due to
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vessel spasm and subsequent reductions ini@B#e context of disordered cerebral
autoregulation[266]. Increased BPV could theoretically play a part in these alternative
pathological processes, either causing small vessel endothelial damage by generating
pulsatile haemodynamic strees[269, 270] or by reducing CBF below critical levels
sufficient to cause ischaemia in the context of this chronic small vessel damage.
Conversely, it may be hypothesised that LACS could cause increased B\ f v

the involvement of subcortical structures. For example, damage to the thalamus has
been implicated, with one study demonstrating autonomic dysfunction manifesting as
reduced HRV following stroke affecting this redi®nl]. This analysis may not support
this latter idea however, as if autonomic function ismaanvolved in the regulation of
very shortterm BPV it might be expected that subjects with LACS would demonstrate

increased beato-beat, as opposed to ambulatory BPV.

The major positive aspect of this study is its novelty, it béwegfirst, to my

knowledge, to assess the relationship between OCSP classification of ischaemic stroke
and BPV assessed as withisit BPV from enhanced CBPM and BPV from daytime
ABPM. It is also the first assessment of the association between BPV and affected
stroke cerebrahemisphere. In addition, the study has also shed further light on the
relationship between beato-beat BPV and stroke classification, which has previously
only been sparsely reporte&everal important limitations to the studisodeserve

mention, someof which have been discussed in detail abdviestly, as a podtoc
exploratory analysis of trial data it was not powered to investigate the stated

outcomes. Secondly, as a cregtional analysis no conclusions can be drawn about
any potential causaktationship between increased BPV and stroke severity. Thirdly,
there were some unexpected differences in BP values obtained using the different
measurement methods and measurement bias cannot be excluded as a potential
cause for these differences. Fourthihere were some differences between the three

trial cohorts that were pooled for this analysis, most notably the time from the
qualifying stroke to the baseline assessment. In particular, although it was adjusted for
in the multivariate analyses and nsthown to be a significant predictive factor, this

aspect could have confounded the relationship between BPV and NIHSS score, possibly
reducing the effect seen as some participants (in TE#Sand SERVED Memory) were

recruited several weeks after their glifging event. Fthly, approximately two thirds
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of participants were on antihypertensive treatment, including some who werbeia
blockers If there are class effects of antihypertensive medications on BPV as discussed
in section 2.8, then this may hav#luenced the findings. However, those on different
treatment regimens were evenly distributed across groups that were compared (e.g.
different OCSP classification), and the study did not assess change in BPV over time,
thereby minimising the potentiampact of medications. Finally, it was only possible to
analyse beato-beat BPV in a subgroup pétients,as thisdata was unavailable for
participants in the BPV observational study. This limited the sample size and could
increase the possibility of typevo error in relation to the analysis of very shaerm

variability in this study.

6.8 Summary

1 BPV is associated with severity of ischaemic stroke, with greater increases in
variability associated with lacunar stroke as oppbse partial or total anteior
circulation stroke

1 This suggests that any interventions designed to reduce BPV following
ischaemic stroke may be most beneficial for patients with lacunar stroke.

1 Furthermore, this relationship may support the concept that lacunar stroke, as
a pathoghysiological enty, is not identical tather stroke subtypes.

71 Although this study did not demonstrate a relationship between BPV and the
affected cerebral hemisphere, this may be due to methodological limitations of
the analysis.

1 These findings were atdols with the hypotheses being tested and sdffier
work to corroborate them andnvestigate differences in BPV relating to
subtypes of strokewould be valuable, particularly as and when a consensus on
measuring BPV in patients with stroke is achievdts ould help inform

research into treatrents aimed at reducing BPV pastoke.
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7 The Influence of Antihypertensive Medication Class on Baseline Blood Pressure
Variability in Patients with a Recetrb®e or TIA

7.1 Declaration

| would like to acknoveldge the contribution of Karen Appiah, research fellow in
Leicester, to this chapter. Her work in processing the data from the BPV observational

study helped to make this work possible.

7.2Introduction

BPV is increased in patients with acute ischaemnake [100], and this increase may

perdgst into the chronic phase postroke[256]. Furthermore, raised BPV may not be
benign, being associated with adverse outcomes following ischaemic gff9ke.99],

risk of recurrent strok¢200], and cardiovascular risk in genefB28]. These

assertions, coupled with the findings of the previous chapter which suggested BPV may
be rekted to stroke severity, have rais@tterest inidentifyingtreatments that have

the potential to reduce BPV in addition to mean BP levels. Whether all established
antihypertensive treatment classes might fulfill both goals to the same extent has been
guestioned, as a retrospective review of antihypertensive drug trials suggests this may
not be the cas¢133]. In particular, beta blockers appear to be less effective at

reducing the risk of stroke events comparedather antihypertensive classes. One
potential explanation for this observation is that different antihypertensive drug

classes do not all equally alter BPV, an explanation that is supported by data
demonstrating that beta blockers may actually increas¥ BB1, 203, 211]

Conversely, CCB and, to a lesser extent, thid#deliuretics seem to reduce BPV,

with ACEI and ARB possibly neutral or increasing BPV. These potentially different class
effects on BPV, if px@n, might relate to differing class effects on vascular smooth
muscle, with the classes that exert vasodilatory effects being those that also reduce

BPV.
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Hypertension guidelines recommend using an ACEI or ARB as thieditseatment

for patients unde 55 years of age, and using a CCB or thid#dealiuretic in patients
over 55 years of age or of Af@aribbean ethnicity for primary preventi¢fl].
Recommendations for secondary prevention are the same in UK stroke guidéBhes
but American stroke guidelines suggest that thiadille diuretics (alone or in
combination wih ACEI) may be the most appropriate filisie therapy regardless of
patient agef[57]. In pdients at highrisk of, or withestablished cardiovascular disease
ACEI and ARB have becoestablishedreatments due tatheir inhibitory effects on
atherosclerotic processes, and data suggest they may also have protective effects
against stroke in addition to BP reductif9]. However, data from major stroke
secondary prevention trials question their value, suggestiaq thiazidelike diuretics
may be more effectivgsl, 52] Limited evidence from systematic reviews and meta
analyses supports this, indicating that treatment with thiaziite diuretics as
opposed to other antifipertensive classes may convey the lowest risk of recurrent
stroke[8, 272] The mechanism for this is unclear, but may be related to vasodilation
rather than natriuretic activity, as that is the likely mechanismléngterm BP

reduction with this medication clasi19, 273]

Whether anyparticular antihypertensive medicatioriass should be preferdefor
secondary prevention postroke, or whether it is simply BP lovieg per se which is

the important factor remains a subject of debate. The growing evidence relating to
antihypertensive class effects on BPV is likely to fuel that debate. Furthermore, it
seems to cast further doubt on whether drugs that inhibit the reamgiotensin

system are the most appropriate choice in this patient group. Crucially, with respect to
the relevance of BPV to this debate there have been no dedicated prospective trials
investigating thampact of antihypertensive medicatiatiass on BPVnd most
retrospective analyses have focused on lbegn visitto-visit BPV rather than shorter

timeframes of variability.

7.3Hypothesis

This study aimetb add to the evidence base by exploring potential class effects of

antihypertensive medicationsroshorterterm BPV in patients with established
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cerebrovascular disease. Using data pooled from three trials that recruited patients
with a recent ischaemic stroke or TIA, including some from a dedicated cohort study
designed to investigatBPV posstroke, it investigatedf there are differences in
short-term and very shorterm baseline BPV in patients taking an ACEI or ARB based
antihypertensive regimen as opposéala CCB based regimen (either alone or in
combination)with both groups compared separdyeto a control groupThe

hypothesis being tested is that BPV will be greatampared to controln those aking

an ACEI or ARB thantirose taking a CCB, irrespective of the BP measurement

method used to derive BPV.

7.4Methods

Combined data from pécipants recruited to TESBP, SERVED Memory, and the BPV
observational trials were used to generate the database for this study. The general
methodologies for these trials are described in sections 331113, with TESBP and

SERVED Memory having db&en published elsewheif@22, 223] The methodology

specific to this analysis is described here. Eligible patients were participants in any of

the above trials with a diagnosis of ischaemic stroke or TIA who orees least one

medication for hypertension at the time of baseline assessment. Participants also
YSSRSR (2 KI @S O2YLX SGS SyKFIyOSR /.ta |yl
the baseline assessment. A subgroup of these participants who also had béssline

to-0 SFd .t YSI&AdNBYSYyld 6AGK I NBO2NRAY3A Rdz
was also included in the analysis. Participants who were not on antihypertensive

treatment, who were diagnosed with ICH, or whose BP data were incomplete were

excluded.

All baseline BP measurements were recorded as outlined in the general methodology
chapter; enhanced CBPM as described in section 3.5.2, daytime ABPM as described in
section 3.5.3, and bedb-beat BP as described in section 3.5.5. For each set of BP
measirements average and variability values for SBP and DBP were calculated as
described in section 3.6. Medication history, including drug némeé not dose)was
assessed by the study nurses at the baseline visit and corroborated using the medical

notes. Paticipants taking an ACEI, an ACEI or ARB, or a dihydropyridine CCB were
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grouped for comparison with a control group (consisting of participants taking any
antihypertensive medication from classes other than the class being tested) as they are
the most comnonly prescribed classes of antihypertensive in UK clinical practice.
These groups were also selected for consistency with the methodology of the
feasibility trial presentedn the subsequent experimental chaptd?articipants taking

an ARB were grouped withose taking an ACEI duzthe similarities iimechanism of
action and because the numbef participants taking that medicatiotlass wa too

small to test independentlyTreatment compliance at baseline was assessed inTEST
BP using the HiBone compance questionnaire and in SERVED Memory using the
eightitem Morisky Medication Adherence Scale, but was not asskissthe BPV

observational trial

Outcomes for this analysis were the assessment of differences in systolic and diastolic
BPV from enhared CBPM, daytime ABPM, and béatbeat measurements in
participants taking antihypertensive monotherapy or combination therapy. Groups

tested were (i) ACEI vs. control; (ii)) ACEI or ARB vs. control; (iii) CCB vs. control.

7.5 Statistical Analysis

Data vere analysed using SPSS version 25.0. All BP and BPV variables were visually
assessed for normality by constructing histograms with overlaid distribution curves
and formally tested using the Kolmogor&mirnov test (p>0.05 deemed consistent
with normal digribution). Mean SBP and DBP values were normally distributed, but
BPV data from all measurement methods were not. Therefore a logarithmic
transformation was applied to these variables prior to any statistical testing. This
transformation resulted in normasation of the variables. The results of any testing on
transformed variables have been batknsformed for presentation. Initlaxploratory
univariate analyses wenendertaken to assess any differences in BPV between those
participants taking the medation of interest compared to a control group as
described above. Testing was first restricted to participants taking antihypertensive
monotherapy and then expanded to participants on combination therapy. Univariate
testing was based on independent samplgssts, using whether the participant was

taking the medication class of interest as a bivariate grouping variable and the BPV
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parameter as the dependent variable. Where univariate testing suggested significant
betweengroup differences (p<0.05 taken #e level for statistical significance) then
further multivariate testing using a regression model was carried out, with the BPV
parameter as the dependent variable, adjusted for differences between the trial
cohorts and factors known to influence BR\30, 251, 26Q]Independent variables

used in the model in addition to those tested with univariate analysis included time
from stroke onset to baseline measurement, age, gender, mean BP, past medical

history of hypetension, and past medical history of diabetes.

7.6 Results

Data from 238 participants were pooled for this analysis, with 142 participants making
up the subgroup with valid bedb-beat BP measurements as this data was not
available for participants irhe BPV observational trial. Demographic data for the full
cohort and the subgroup is presentedTiable34. The majorityof patients were taking

an ACEgither alone or in combination, followed by CCB as the second most commonly
prescribed antihypertensivmedication classlable35). Fewer participants/ere

taking an ARB than an ACHilt this proportion was still greater than the proportion of
participants taking a beta blocker or thiazitike diuretic. Alpha blockers were the

least commonly prescribedchéihypertensive medication class.

Results including participants taking a combination of antihypertensive medications
were the same as results for testing restricted to those on antihypertensive
monotherapy. The former are presented as this approach paated a larger sample
size. There were no differences in mean SBP or mean DBP values between any of the
designated testing groups compared to control, regardless of the method used to

measure BPTable 3).
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Table 34 Demographic data. Data presenteceanean (SD) for normally distributed

continuous variables, median (IQR)* for Aavarmally distributed continuous variables,

and frequency (%) for categorical variables.

Beatto-beat

All
subgroup

N 238 142
Age (years) 73.3(9.7) 73.6 (9.8)
Gender Male 159 (66.8%) 97 (68.3%)
BMI (kg/n) 28.5 (5.1) 28.9 (5.1)

Never smoked 99 (41.6%) 60 (42.3%)
Smoking Ex smoker 118 (49.6%) 76 (53.5%)

Current smoker 21 (8.8%) 6 (4.2%)
Alcohol (units/wk)* 4.0 (14.0) 4.0 (16.0)

TIA 123 (51.7%) 88 (62.0%
Diagnosis

Stroke 115 (48.3%) 54 (38.0%)

LACS 36 (31.9%) 20 (37.0%)
OCSP classification | PACS 51 (45.1%) 24 (44.4%)
(stroke only) TACS 4 (3.5%) 1 (1.9%)

POCS 22 (19.5%) 9 (16.7%)
NIHSS (stroke only)* 3.0 (3.0) 2.5(3.0)

TIA 103 (43.80) 87 (61.3%)

Stroke 85 (35.7%) 60 (42.3%)
Past medical history| IHD 47 (19.7%) 31 (21.8%)

Diabetes 52 (21.8%) 36 (25.4%)

Hypertension

185 (77.7%)

112 (78.9%)

No. of

antihypertensives*

1.0 (1.0)

2.0 (1.0)

SD denotes standard deviation; IQR, interquartile range; Bdtly mass index; OCSP,
Oxford Community Stroke Project; LACS, lacunar stroke; PACS, partial anterior
circulation stroke; TACS, total anterior circulation stroke; POCS, posterior circulation

stroke; TIA, transient ischaemic attack; IHD, ischaemic heaashks
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Table35: Proportions of participants taking each class of antihypertensive medication

(as monotherapy or in combination).

All Subgroup

Monotherapy | Combination | Monotherapy | Combination
ACEI 60 (47.6%) | 130 (54.6%) | 34 (53.1%) 85 (59.9%)
ARB 17 (135%) 46 (19.3%) 7 (10.9%) 25 (17.6%)
Alpha blocker 3 (2.4%) 20 (8.4%) 0 (0.0%) 10 (7.0%)
Beta blocker 12 (9.5%) 54 (22.7%) 8 (12.5%) 42 (29.6%)
CCB 31 (24.6%) | 101 (42.4%) | 15 (23.4%) 62 (43.7%)
Thiazidelike
Giuretic 3 (2.4%) 35 (14.7%) 0 (0.0%) 24 (16.96)

ACEI denotes angiotensin converting enzyme inhibitor; ARB, angiotensin receptor

blocker; CCB, calcium channel blocker.




Table &: Differences in mean enhanced clinic, daytime ambulatory, and-beaeat
systolic and diastolic blood pressusetween the defined testing groups and control.

Data presented are mean (SD) or difference (95% CI). P>0.05 for all differences.

Antihypertensive medication regimen grouping

ACEI Control ACEI or Control CCB Control
ARB

Enhanced

151.0 152.6 152.0 151.1 151.8 151.7
CBPM SBP

(20.5) (21.2) (21.7) (18.5) (18.7) (22.3)
(mmHg)
Difference 1.6 (3.8t06.9) -0.9 (7.0t05.2) -0.2 (5.6t05.2)
Enhanced

CBPM DBP | 83.9 (12.3) 83.5 (12.0)| 83.4 (12.3)| 84.5 (11.7)| 82.9 (11.4) 84.2 (12.6)

(mmHg)
Difference -0.4 (3.51t0 2.7) 1.1(2.5t04.6) 1.3¢1.9t04.4)
Daytime

135.1 136.1 135.4 135.9 136.8 134.7
ABPM SBP

(15.6) (16.6) (15.6) (17.1) (14.8) (16.8)
(mmHg)
Difference 1.0(3.1t05.1) 0.5¢4.21t05.2) -2.1 (6.31t0 2.0)
Daytime

ABPMDBP | 77.3(9.7)| 77.0 (10.4)| 76.8 (10.0)| 78.1 (10.1) 76.3 (8.4)| 77.8 (11.0)

(mmHg)
Difference -0.4 (2910 2.2) 1.3¢1.6t04.2) 1.5¢1.0t0 4.0)
Beatto-beat

134.0 131.0 133.6 130.2 130.7 1345
(Sr:,r:Hg) (18.3) (16.0) 17.7) (16.5) (17.1) (17.6)
Difference -3.0 (8.91t0 2.9) -3.4 ¢10.4 to 3.5) 3.82.0t09.7)
Beatto-beat
DBP 82.1 (13.2)| 79.8 (13.7)| 81.4 (13.7)| 80.3 (12.5)| 80.0 (13.2)| 82.1 (13.5)
(mmHg)
Difference -2.4 (6.910 2.2) -1.2 (6.5t0 4.2) 2.1(2.4106.6)

SD denotes standard deviation; 95% CI, 95% confidenceaht&CEIl, angiotensin converting
enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; CBPM,
clinic blood pressure measurement; SBP, systolic blood pressure; DBP, diastolic blood

pressure; ABPM, ambulatory blood pressure measient.
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Figure 20 Histograms showing mean blood pressure variability from enhanced clinic
blood pressure measurement participants on medications from different
antihypertensive classes compared to control. Error barstmedard deviation$D. P

values are based on independent samples t tests for the difference between each active
group and controlA shows SD ddystolic blood pressureSBR. B shows SD ddiastolic

blood pressure®BR. Cshowscoefficient of variation©\j of SBPD shows C\6f DBP.

ACEI denotes angiotensin converting enzyme inhibitor; ARB, angiotensin receptor

blocker; CCB, calcium channel blocker.
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Figure 2: Histograms showig mean blood pressure variability from daytime
ambulatory blood pressure measuremantparticipants on medications from

different antihypertensive classes compared to control. Error barstmedard
deviation(SD. P values are based on independent samples t tests for the difference
between each active group and contrélshows SD dfystdic blood pressureSBR. B
shows SD dfiastolic blood pressurddBB. Cshowscoefficient of variation €\ of

SBPD shows CV of DBEshowsaverage real variabilityARV of SBPFshows ARV of
DBP ACEI denotes angiotensin converting enzyme inhipA®&B, angiotensin receptor

blocker; CCB, calcium channel blocker.
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Figure 22 Histograms showing mean blood pressure variability from bedteat

blood pressuren participants on medications from different antihypertensive classes
compared o control. Error bars arstandard deviation§D. P values are based on
independent samples t tests for the difference between each active group and control.
A shows SD dfystolic blood pressuré&sBR. B shows SD dfiastolic blood pressure

(DBB. Cshows coefficient of variation©\j of SBPD shows CV of DBEshows

average real variabilitfARY of SBPFshows ARV of DBRCEI denotes angiotensin
converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel

blocker.
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With regardto BPV measures, there were no significant differences between any of

the designated testing groups and control, with the exception of daytime ABPM ARV of
DBP for CCB vs. control (mean difference ratio 1.12 [95% CI 1.03 to 1.21], p=0.01), with
this difference not remaining after multivariate testingigures20-22). Although not
statistically significant, the findings for daytime ABPM variability indicated a pattern of
increased BPV compared to control for ACEI and ACEI or ARB, and decreased BPV for

CCB cmpared to control.

7.7 Discussion

This crossectional analysis did not demonstrate significant differences in mean BP or
BPV in patients with a recent ischaemic cerebrovascular event who were taking
antihypertensive medication regimens based on différdrug classes, regardless of

the method used to measure BP. However, there was a possible opposing trend in
systolic BPV from daytime ABPM for reaimgiotensin inhibitors and CCB compared to
control, with variability possibly increased in the former afetreased in the latter.
Whilst this may be a chance finding, it might dbsothat it is a genuine differencand

that the study is hindered by an insufficient sample size. Post hoc power calculations
indicate that the required sample size to detect #atience in SD of SBP with 80%
power at the 5% significance level would be N=522, assuming a SD af4.0rfmHg

for CCB and 12.2 + 5.8mmHg for ARE&2]. Assuming the same effect sjzbe power

of this sample @ detect a genuine difference was between 0.57 and 0.68 depending on
the comparison. The negative findings may also relate to another aspect of the study
methodology. Rather than with crosectional analysis, differences in BPV attributable
to antihypertensive medications might be better investigated with changes in
variability over time. Thirdly, it is possible that medication dose as well as class is
relevant to levels of BPV, with one study showing that change in variability from 24
hour ABPM was reduden patients taking high doses of ACEI or CCB, but not low
doses (high dose defined as 20mg of enalapril or lercanidipine, low dose defined as
10mg)[274]. Due to the available data it was not possible to accdantose in this

study. The results also suggested that the trends in BPV in different groups, if genuine,

might not be the same for variability from CBPM and daytime ABPM. This difference

157



may be explained by differences in mean BP seen from CBPM anche@&PM
measurements. Mean values in the latter were consistent with controlled
hypertension, whereas they were raised in the former. This suggests a possible white

coat effect in this cohort, which could have confounded the results.

No other study resutt of the effect of antihypertensive medication class on BPV are
directly comparable with those presented here. Either they have derived BPV over a
different timeframe, or they have not included patients with cerebrovascular disease.
However, although therénds in BPV from daytime ABPM seen in this study were not
statistically significant, they are in keeping with those reported elsewhere. In a larger
crosssectional analysis of shetérm BPV in patients with treated hypertension
(N=2780, 10% with previowstroke), the SD of SBP from daytime ABPM was lower in
participants taking a CCB (mean differeA@222 + 0.12mmHg) and higher in those
taking an ACEI (mean difference 0.20 £ 0.15mmHg) or ARB (mean difference 0.40 *
0.18mmHg) compared to control (defineldet same as in this studjg11]. SD of DBP
was also reduced in the CCB group, but was unchanged in the ACEI and ARB groups. In
the only other study to recruit patients with a recent cerebrovascular event (N=288),
Webb et al. demonstrated a 4% reduction in systolic residual CV from HEPWMegks
after starting or increasing the dose of a CCB, but only a 1% reduction with a new or
increased dose of ACEI/ARR3]. Similarly, post hoc analysis of th«CELLENT trial
(N=496 with hypertension but no previous cerebrovascular or coronary heart disease)
showed that the SD of SBP from tianqe ABPM was significantly reduced after three
months of treatment with CCB compared to placedblmmHg [95% C1.9 t0-0.3]),

but not with ARB-0.6mmHg [95%C1.4 to 0.3])210]. Finally, similar results are
reported for longterm BPV, with a post hoc analysigioé Antihypertensive and Lipid
Lowering Treatment to Prevent Heart Attagd (L HAJTtrial indicating that systolic SD

of visit-to-visit variabilityover 28 months of followip was lower in those tread with
amlodipine compared to lisinopril (10.5mmHg [95% CI 10.3 to 10.7] vs. 12.2mmHg
[95% CI 12.0 to 12.4[R02]. Conversely, Asayama et al. reported no difference in the
change in systolic VIM from HBPM betwesrtiihypertensive medication regimens

after 2-4 weeks of monotherapy (N=2484 with no previous cardiovascular disease)

[212]. However, the HBPM protocol used in the trial was not consistent with guideline
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recommendaions, requesting only a single BP measurement in the morning and

evening for five consecutive dgyshich could have influenced the variability data.

The mechanisms through which CCB (and thialtk@ediuretics) might reduce BPV

have not been proven, liut is suggested that the effect may be mediated by vascular
smooth muscle relaxation and vasodilation; ACEI and ARB having relatively little effect
on vascular tone compared to CCB and thiasikkediuretic§133, 211, 218, 219, 273]

In an RCT comparing treatment with a CCB or thid#dediuretic in addition to an

ARB (N=207), Matsui et al. showed a greater reduction in the SD of SBP from HBPM
after six weeks treatment in the CCB grd@@0]. Furthermore, they demonstrated

that the reduction in BPV in the CCB group was independently associated with a
concurrent reduction in€PWV. An alternative mechanism for the reduction in BPV
may be modulation of the autonomic nasus system, specifically via increased cardiac
BRS. A small study of the effect of lacidipine on 24 hour BPV in adults with
hypertension and diabetes (N=10) fouticht BPV was reduced wiflour weeks of
treatment compared to placebo, and was also assedatith improved BRR75].

This finding was replicated in the largeCELLENT trial, where the reduction in BPV
observed in the CCB group was at least partly related to a reduction in HRV, indirectly
suggesting @oncomitantly increased BR&LO]. Interestingly, beta blockers have also
been shown to increase cardiac BR®], yet they do not seem to effect BPV in the

same way as CCB. Perhaps the effect on BRS seen with CCB, but not beta blockers, is
due to increased activityfstretch receptors located in the aortic arch as a result of
reduced arterial stiffness, and this combination of reduced arterial stiffness and

increased BRS is important for the reduction of BPV.

Strengths of this study include that it assessed BPV from a variety of BP measurement
methods and is the only study, to the best of my knowledge, to investigate any
differential effects of antihypertenseszmedication classes on bett-beat BPV.

However, it also has limitations that require mention. As already discussed, the sample
size may have been insufficient to detect statistically significant differences and it was
not possible to stratify the analissaccording to medication dose in addition to class.

As it was only possible to investigate béatbeat variability in a subgroup these

results in particular may be undermined by the small sample size. Furthermore,
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although compliance was assessed in nfohe trials providing data, it was not

assessed in the BPV observational study. Similarly, it cannot be excluded that
participants may have recently commenced antihypertensive therapy or had a recent
dose adjustment prior to enrolment in any of the t8aConsequently, any effect on
baseline BPV may be underestimated. Finally, participants on combinations of
antihypertensive therapy were included in both the investigative and control groups;
therefore any effect on BPV may not be entirely attributaluetie medication class in
guestion. However, other studies have shown that any medication class effects on BPV
persist when the relevant medications are used in combination and so this approach is
justifiable[217,220, 277]

7.8Summary

1 This study did not show significant differences in baselined@pared to
controlfor participants taking an ACEI/ARB or CCB based antihypertensive
medication regimen.

1 However, the study probably lacked sufficient statisticabpoto demonstrate
a difference and may have been limited by the use of a esestional analysis.

1 The trends seen for variability from daytime ABPM were comparable with
those reported elsewhere.

1 Prospective, randomised trials to assess the impact ofrifft

antihypertensive medications on BPV post stroke would be valuable.
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8 A Calcium channel or Angiotensin converting enzyme inhibitor/Angiotensin receptor
blocker Regime to reduced Blood pressure variability in acute ischaemic Stroke (CAARBS):
A Feasitlity Trial

8.1 Introduction

In the preceding chapter, although the analysis did not demonstrate any significant
differences in baseline BPV between patients taking an ACEI/ARB or a CCB compared
to control, the argument remains that there is a need foogpective trials

investigating the possibility of treating BPV post stroke. Following an acute ischaemic
stroke BP levels are frequently above the accepted threshold value for hypertension of
140/90mmHg91, 92] even when there is no prior history of hypertensid®, 11]

The causes of this, often transient, increase are probably multifactorial, but one
possibility is that it is a protective physiological response to maairCBF to the

ischaemic penumbra in the face of dysfunctional cerebral autoregulatory mechanisms
[13, 63] This explanation is supported by data demonstrating a spontaneous BP
decrease in many patients, usuallgttveen 414 days after stroke ons¢tl, 63]

However, data from major stroke trials also indicates that raised BP in the acute period
is associated with a poor progno§®]. In fact, the relationship between BP in the

acute phase and both short and lotgym mortality and morbidity from ischaemic
AOGNR1S FTNRBY 20aSNBFGAZ2YIf adGdzZRASaA A& LINR
the region of 150mmHg systoli€0]. Despite this, trials investigating the treatment of
raised BP in acute ischaemic stroke have not shown any benefit to BP redudfjon

even if treatment is administered within2 hours of symptom onsg278], with one

trial reporting that it is possibly harmf{if 7]. Consequently, the management of raised
BP in acute stroke remainmcertain, with guidelines suggesting that it is unlikely to be
beneficial to start or continue treatment in the first few days after symptom onset
unless there are adverse features related to accelerated hypertension or the patient

has had thrombolytic terapy[18, 19, 57]

That trials of BP lowering in acute ischaemic stroke have shown no benefit may be
because it is BPV rather than absolute BP level which is the important fa2&]jr BP

fluctuations may damage the vulnerable ischaemic penumbra, with drops in BP causing
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hypoperfusion and infarct expansion, and spikes in BP causing increased oedema and
haemorrhagic transformation. This may at least partly explain whyetagionship
0Si6SSy .t YR &aGNRB1S 2dzi02YS LIS NE (2
evidence that BPV is a cardiovascular risk factor independent of mean BP also supports
the theory[14, 128, 152, 153Furhermore, research has demonstrated that BPV is

also increased in acute ischaemic str¢k@0], is associated with adverse outcomes

[98, 197199], and is associated with the risk of recurrent str¢®80]. Whether BPV is

a potential target for therapeutic intervention has not yet been tested. There are

reports that sane classes of routinely used antihypertensive medications can reduce
BPV in addition to mean BP33, 202, 209]but the evidence presented is either from
observational cohorts or retrospective pdsbc analyses dfial data, and so cannot

be said to be conclusive. Interestingly, some of these reports also indicate that not all
commonly used antihypertensive medication classes effect BPV equally, despite
lowering mean BP to a similar degree. CCB and thidikigleluretics are consistently
reported to lower BPV, whereas beta blockers increase it, with rangiotensin

inhibitors variably reported to be neutral or also increase BN\, 203, 211]There is

a need for prospetive randomised trials to further investigate these reported effects.
Furthermore, if lowering BPV is possible and it is the case that certain medication
classes are more effective than others, it needs to be established whether lowering

BPV following th@cute period conveys any benefit in terms of morbidity and

mortality after stroke.

8.2 Hypothesis

This study aimed to test the hypothesis that conducting a trial assessing the effect of
two commonly used classes of antihypertensive medication on Bpatients with a
recent ischaemic cerebrovascular event in the subacute period was feasible.
Specifically, the ability to recruit and retain trial subjects, the feasibility of measuring a
change in BPV from baseline to three months pm&nt, compliance ith the trial
procedures, and the safety/sideffect profile of the intervention. Exploratory

secondary aims were the assessment of functional and cognitive outcomes at three
months to estimate potential differences between the intervention arms, which may

help with the planning of a future definitive trial.
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8.3 Trial Setup and Management

| authored the protocol for the trial in conjunction with the investigators, Professor
Tom Robinson, Professor John Potter, and Professor Peter Rothwell between
November2016 and May 2017. Following sponsor review by the University of
Leicester, | applied for ethical approval od"2Rily 2017 (IRAS ID 216241) and this was
granted by the Londog Central Research Ethics Committee offf S&ptember 2017
(REC No. 17/LO/14p@fter interview. As this was a clinical trial with investigational
medicinal products | also applied for approval from the Medicines and Healthcare
products Regulatory Agency, which was granted chSdptember 2017 (EudraCT
number 201700256041). LochResearch and Development Departmapproval was
provided for each trial site prior to sponsor green light approval to commence the trial.
Recruitment for the trial opened or®January 2018 in Leicester," Bebruary 2018 in
Norwich, and 28 March 2a.8 in Oxford.

During the recruitment phase several amendments were made to the trial. A
substantial amendment to the eligibility criteria was implemented off $&ptember
2018 in order to try and improve recruitment. This amendment increased the window
of eligibility from <72 hours from symptom onset, to <7 days. Twosudrstantial
amendments were also made. The first was required to produce specific
correspondence letters to the GP for use at the Oxford site to reflect that they were
only recruiting paticipants from the outpatient clinic. This amendment was
implemented on 28 March 2018. The second was required in order to extend the trial
beyond the original end date and was implemented on 20th November 2018. This was
done so that the trial could contgte the originally planned duration of 15 months (12
months recruitment with a further 3 months for follewp) despite unexpected delays

in the setup process.

Oversight of the trial was conducted by the Trial Management Group, consisting of
myselfand P2 FSA4a2NRa ¢2Y w20Ayazys W2Ky t204GSN
minimum three monthly intervals. A separate Independent Trial Steering Committee

was convened consisting of the trial management group, the trial statistician,

independent clinicians (Pregsor Marcus Flather, Professor David Werring, and Dr
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Kneale Metcalf), and a representative of the funding body (Kate Holmes). The Trial
Steering Committee met at six monthly intervals following the commencement of the
trial and provided independent advid¢e the Trial Management Group. In addition, a
Data Safety Monitoring Committee consisting of further independent clinicians and an
independent statistician also met at six monthly intervals to advise the Trial
Management Group and Trial Steering Committegarding any arising ethical or

safety issues that might require adjustment to, or early termination of, the trial.

8.4 Methods

CAARBS was a mwd@ntre, openlabel, randomised parallel group controlled

feasibility trial. The methodology of the triesl described in detail in section 3.1.4 and
has also been published in full elsewh§224]. In brief, eligible patients were aged

XL8 years with a firsepisode TIA or mild/moderate ischaemic stroke (NIHSS <10),
presenting within 72 hours of symptom onset (subsequently amendedttin seven
days of symptom onset), and requiring antihypertensive therapy for secondary stroke
prevention (defined as repeated CBPM >130/80mmHg). Patients were excluded from
the trial if they had a known contraindication to the proposed investigatiomadlicinal
products, clinically required treatment with a specific class of antihypertensive, had a
pre-event mRS >3, life expectancy months, or AFPatients presenting to both the
inpatient and outpatient stroke services at participating sites (outpdtgervices only

in Oxford) were screened for eligibility by the trial nurse or Clinical Research Fellow. In
I O0O2 NRIyOS gAlGK f 2 OdxistingdMiRyjpedténgivie therapydiag A Sy 0
stopped or suspended by the clinical team at admission andargilypertensive

therapy was not commenced (as part of the trial or otherwise) until at least 48 hours
after symptom onset unless clinically indicated. All diagnoses were reviewed by two
experienced stroke physicians to confirm eligibility. Eligible p&tigvilling to

participate in the trial provided written informed consent prior to being randomised in
a 1:1 ratio using a computer generated protocol in blocks of four, to treatment with
either a dihydropyridine CCB or an ACEI/ARB. Each trial site magua u

randomisation table and managed the randomisation process locally to simplify the

process. Intervention groups were defined according to antihypertensive class, with
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the choice of medication from within the randomly allocated class at the discrefion

the treating clinician.

At the baseline consultation clinical information was collected as described in section
3.5.1. BP data were collected using enhanced CBPM as described in section 3.5.2,
daytime ABPM as described in section 3.5.3, and-bedtkat BP as described in

section 3.5.5. In addition, stroke severity was recorded using the tools described in
section 3.5.6 and participants completed a cognitive battery based on the MoCA as a
AONBSYyAy3a (GSaid SyKIFyOSR ¢ Aon&nd the<MSNEB foro S NI Q
frontal lobe cognitive symptoms. Participants also completed the Geriatric Depression
Scale to exclude depression as a potential confounding factor for reduced cognitive
assessment scores. An interim follap visit was completed agt 21 + 7 days, at

which time treatment compliance was assessed with a tablet count and-sasielf)
scale[279], and enhanced CBPM and b¢atbeat BP measurements were repeated.
Participants were asked to repaany treatment side effects and those in the

ACEI/ARB group had blood taken to check their renal function as a safety measure, as
per routine clinical practice. The final follewp visit was completed after 90 + 14 days,

at which time treatment compliancassessment, all baseline BP measurements,
assessment of stroke severity and functional recovery, and the cognitive battery were

repeated.

The primary outcome measure for the trial was the assessment of rates of recruitment
and retention, including reasorier exclusion. Secondary feasibility outcomes were (i)
change in BPV from baseline to follaw by intervention arm; (ii) rates of treatment
compliance and discontinuation by intervention arm; (iii) completioesadf BPV
measurements; (iv) serious adgereventrates by intervention arm. In addition,
secondary exploratory outcomes were (i) difference in mean BP at day 21 and day 90
by intervention arm; (ii) difference in BPV at day 21 and day 90 by intervention arm;
(i) MRS at day 21 and day 90 by m&ntion arm; (iv) difference in MoCA score at day

90 by intervention arm.

The primary objective of CAARBS was the assessment of the feasibility of recruitment,

retention, compliance, and the safety of the trial. However, a sample size calculation
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pre-hocwas performed to estimate the number of participants required to detect a
potential difference in BPV between the treatment arms. Assuming a mean systolic
BPV SD of 14.97mmHg in the CCB arm and 16.95mmHg in the ACEI/ARH jaian
sample of 150 patients (64 per group allowing for a 15% -dnarate) was estimated
to be required to déect an 8mmHg difference in systolic BPV with 80% power at the

5% significance level.

8.5 Statistical analysis

Data were analysed using SPSS (version 25.0). Only descriptive analyses were
undertaken, in keeping with the CONSORT recommendations fortinegilot and
feasibility trialg280], as the required sample size for detecting a betwgeoup
difference in BPV described above was not achieved. Screening and management logs
were assessed to determine theqmortion of patients screened that were eligible for
the trial, the proportion of eligible patients that were recruited, and the proportion of
participants that completed followup. Reasons for ineligibility were recorded and
assessed. Also, when offeredasons for eligible patients declining to participate and
reasons for participants withdrawing from the trial were recorded and assessed. All
exploratory variables were assessed for normality. Normally distributed variables are
presented as mean (SD) andn-normally distributed variables are presented as
median (IQR). For the descriptive analysis of change in BPV from baseline teufollow

the mean (SD) absolute change for each intervention arm is described.

8.6 Resllts

Recruitment for the trial commeredl on 3° January 2018 and continued until®31
December 2018, with all followp completed three months posandomisation. A

total of 2321 patients were screened across the three sites, 14 (0.6%) of whom were
eligible and consented to participate in ttwal (Figure 23. A breakdown of screening
and recruitment by site is shown irable 37 Of those screened, 2264 (98.1%) were
ineligible, with 1858 (81.7%) having a single reason for exclusion recorded on the

screening log and 463 (18.3%) having multipkesons recorded. The most common
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reasons for patients being deemed ineligible were recurrent stroke/TIA (N=496
[21.4%]), norstroke diagnosis (N=453 [19.5%)]), and concurrent AF (N=431 [18.5%)]
Table 3§. Patients presenting outside of the designated tinaefie was also a

prominent reason for ineligibility when screening against the initial window of <72
hours from symptom onset (N=314 [19.4%]). However, following the substantial
amendment to the eligibility criteria described above, late presentation becamess
frequent reason for exclusion (N=46 [6.6%]). With a few exceptions, the main reasons
for exclusion were similar across all three siteig(re 24. Nonstroke diagnosis was a
more frequent reason for exclusion at the Leicester site as medical mudrethe

stroke ward were included in screening numbers. Presenting beyond 72 hours from
symptom onset was a greater problem in Oxford where screening and recruitment for
the trial was exclusively outpatient based. In Norwich a proportion of patients were
excluded as their prevent antihypertensive therapy was not suspended at the point

of admission to the stroke services.

In addition to those patients who were excluded, a further 43 (1.9%) met the eligibility
criteria but did not want to participate ithe trial. Patients who declined to participate

in the trial were not obliged to provide a reason for their decision and not all offered

an explanation for their choice. However, several patients stated that they felt unable
to commit the time to attend tial visits (N=7) or did not wish to travel to the hospital

for additional appointments (N=3), despite the offer of reimbursement for travel costs.
Two patients also stated that they did not like the idea of being randomly assigned to a

medical treatment.
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Assessed for eligibility (n=2321)

Excluded (n=2307)

§ Not meeting inclusion
criteria (n=2264)

§ Declined to participate
(n=38)

§ Discharged before

Randomized (n=14)

research team could
review (n=5)

Allocated to CCB arm (n=6)

§ Received allocated intervention (n=5)

§ Did not receive allocated intervention
as BP <130/80mmHg (n=1)

\ 4 (
L

]
J

\4

\ 4

Allocated to ACEI/ARB arm (n=8)

§ Received allocated intervention (n=7)

§ Did not receive allocated intervention
as BP <130/80mmHg (n=1)

Lost to follow-up (participant choice)
(n=1)

Discontinued intervention (n=0)

)

| !

J

Lost to follow-up (given CCB by GP)
(n=1)

Discontinued intervention (n=1)

)

Analysed (n=4)
§ Excluded from analysis (n=0)

| !

J

Analysed (n=5)
§ Excluded from analysis (n=0)

Figure 23CAARBS CONSORT flow diagl®B denotes calcium channel blocker;
ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; BP,
blood pressure; GP, general practitioner.
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Table 37:CAARBSeening and recruitment data by participating site.

Norwich Leicester Oxford

Screened 1249 803 269
Excluded 1241 800 266
Ineligible 1225 774 265

CCB 4 1 1
Randomised

ACEI/ARE 4 2 2
Lost or withdrawn 4 0 1
Completed followup 4 3 2

CCB denotes calcium channel blocker; ACEI, angiotensin converting enzyme inhibitor;

ARB, angiotensin receptor blocker.

40

® Norwich
35

H |eicester

30
Oxford

25

20

Percent

15

10

Figure 24Histogram showing rates of each reason for exclusion of ineligible patients
by trial site.BP denotes blood pressure; @Rmodified Rankin scale; TIA, transient
ischaemic attack; ICH, intracerebral haemorrhage; NIHSS, National Institutes of Health

Stroke Scale.
169



Table 38:Reasons for exclusion of patients screened for the trial who did not meet the

eligibility criteria. Da presented are frequency (%).

Reason for exclusion

Frequency

Age <18 years

3 (0.1%)

Non-stroke diagnosis

453 (19.5%)

Late presentation >72 hours from symptom

onset

314 (19.4%)*

>7 days from symptom onseg

46 (6.6%)**

BP <130/80mmHg

145 (6.2%)

Unableto consent

120 (5.2%)

Contraindication to the intervention

51 (2.2%)

Unable to take oral medication

110 (4.7%)

Clinical need for urgent antihypertensive therapy or

43 (1.9%)
treatment with specific antihypertensive class
Preevent mRS >3 67 (2.9%)
Life expectancy <3 months 19 (0.8%)
Atrial fibrillation 431 (18.6%)
Participating in another investigational drug trial 40 (1.7%)
Pregnant 1 (0.04%)

Previous stroke/TIA

496 (21.4%)

ICH

183 (7.9%)

Usual antihypertensive therapy not suspended

97 (4.2%)

NIHSSKLO

119 (5.1%)

Deemed inappropriate to approach for research by clin

team due to cemorbidities

83 (3.6%)

*Qut of 1619 patients screened before the eligibility criteria were amended

**Qut of 702 patients screened after the eligibility critexigere amended

BP denotes bloogressure; mRS, modified Rankitale TIA, transient ischaemic

attack; ICH, intracerebral haemorrhage; NIHSS, National Institutes of Health Stroke

Scale.
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Randomised participants were evenly split between the two intervengimups in the
context of the small sample size. Baseline characteristics are displayatle39

¢tg2 LINIAOALIY(GE 0020K FNRY G(GKS b2NBAOK
and provided no baseline data as their initial BP was >130/80mmHgepeated
measurements at the baseline consultation were below this threshold value for
secondary prevention treatment. Therefore, it was felt to be unethical for them to
continue in the trial. One participant withdrew from the CCB arm of their own choice
(they felt unable to commit the time required for follewp visits), one participant was
withdrawn from the ACEI/ARB arm by the trial team as they were commenced on a
CCB by another clinical team in addition to their trial medication, and one participant
from the ACEI/ARB arm discontinued treatment due to side effects and withdrew from
the trial. Apart from this single treatment discontinuation there were no other major

side effects and no serious adverse events recorded in either intervention arm.

Completon rates of CBPM and betd-beat BP measurements were good across all
study visits, with all completed readings judged to be valab(e 40. However,
completion rates of daytime ABPM measurements were lower, in part due to a
software failure at the Legster site meaning no ABPM recordings were possible in
their participants, and in part due to participants refusing this method (N=2).
Furthermore, of the completed daytime ABPM measurements, only 6/13 (46.2%)
providedxl4 readings and were considered ddior analysis. Compliance with trial
treatment according to the selating questionnaire was good, with 8/9 (88.9%) of
participants who completed the trial indicating compliang®%. However, tablet
count was unsuccessful at assessing compliance agiparits often failed to bring
their medication to followup visits, being completed in only 5/18 (27.7%)

consultations.
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Table 39 Baseline characteristics of randomised participants. Data presented are

mean (SD) or frequency (%), except alcohol consiampvhich is median (IQR).

CCB ACEI/ARB
N 5 7
Age (years) 74.8 (4.2) 64.9 (9.1)
Gender Male 4 (80.0%) 4 (57.1%)
Ethnicity White-British 4 (80.0%) 6 (85.7%)
BMI (kg/nT) 28.2 (4.6) 27.1(5.8)
Smoking Never smoked 2 (40.0%) 2 (28.6%)
Exsmoker 3 (60.0%) 2 (28.6%)
Current smoker 0 (0.0%) 3 (42.8%)
Alcohol (units/wk) 5(17.5) 14 (26.5)
Diagnosis TIA 3 (60.0%) 3 (42.9%)
Stroke 2 (40.0%) 4 (57.1%)
Past medical Hypertension 3 (60.0%) 1 (14.3%)
history Diabetes 1 (20.0%) 0 (0.0%)
IHD 0 (0.0% 0 (0.0%)
Mean enhanced SBP 163.6 (17.3) 152.7 (14.5)
CBPM (mmHg) DBP 81.8 (5.9) 83.1(6.5)
SD enhanced CBPN SBP 8.4 (5.2) 6.8 (5.3)
(mmHg) DBP 5.6 (3.0) 6.0 (3.4)
CV enhanced CBPN SBP 4.9 (2.6) 4.5 (3.4)
(%) DBP 7.0 (3.9) 7.2 (4.0
Mean beatto-beat | SBP 156.6 (5.7) 151.0 (11.9)
BP (mmHg) DBP 79.8 (7.1) 82.6 (6.1)
SD beatto-beat BP | SBP 9.9 (3.9) 9.2 (5.5)
(mmHQg) DBP 5.2 (2.2) 5.1 (2.4)
CV beatto-beat BP | SBP 6.3 (2.5) 6.0 (2.6)
(%) DBP 6.6 (2.6) 6.3 (3.0)

CCB denotes calcium channeldKer; ACEI, angiotensin converting enzyme inhibitor; ARB,
angiotensin receptor blocker; BMI, body mass index; TIA, transient ischaemic attack; IHD,
ischaemic heart disease; CBPM, clinic blood pressure measurement; SBP, systolic blood
pressure; DBP, diastolblood pressure; SD, standard deviation; CV, coefficient of variation; BP,

blood pressure.
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Table 40:Completion rates of each blood pressumeasurement method.

Enhanced CBPV Beatto-beat BP | Daytime ABPM
Baseline 12/12 (100.0%) | 11/12 (91.7%) 7112 (58.3%0)
21 days 9/10 (90.0%) 9/10 (90.0%) -
90 days 9/9 (90.0%) 8/9 (88.9%) 6/9 (66.6%)

CBPM denotes clinic blood pressure measurement; BP, blood pressure; ABPM,

ambulatory blood pressure measurement.

Table 41 Mean blood pressure and variability from enltaal clinic blood pressure
measurementt day 21 and day 90 by intervention arm. Data presented are mean (SD)

with change from baseline being the absolute difference in the mean values.

CCB ACEI/ARB
SBP DBP SBP DBP
21 days 151.8 (4.1) 742 (2.5) 137.1 (13.0) 77.5(9.9)
Change from
-11.8 -7.6 -15.6 -5.6
Mean BP | baseline
(mmHg) | 90 days 128.6 (10.1) 72.6 (4.1) 130.9 (17.9) 75.5(8.2)
Change from
_ -35.0 9.2 -21.8 -7.6
baseline
21 days 5.2 (1.5) 3.4 (1.0) 6.2 (2.9) 4.6 (2.7)
Change from
-3.2 2.2 -0.6 -1.4
SD basline
(mmHg) | 90 days 5.1(2.1) 4.3 (2.2) 3.9(1.7) 3.1(.7)
Change from
_ -3.3 -1.3 -2.9 -2.9
baseline
21 days 3.4 (0.9) 4.5 (1.2) 4.6 (2.3) 5.8 (2.8)
Change from
-1.5 -2.5 0.1 -1.4
baseline
CV (%)
90 days 4.0 (1.7) 5.8 (2.7) 3.1(1.5) 4.3 (1.6)
Change from
-0.9 -1.2 -1.4 -2.9
baseline

SD denotes standard deviation; CCB, calcium channel blocker; ACEI, angiotensin converting
enzyme inhibitor; ARB, angiotensin receptor blocker; SBP, systolic blood pressure; DBP,

diastolic blood presser; BP, blood pressure; CV, coefficient of variation.
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Table 42Mean blood pressure and variability from betabeat blood pressure
measurementat day 21 and day 90 by intervention arm. Data presented are mean (SD)

with change from baseline being the abst@ difference in the mean values.

CCB ACEI/ARB
SBP DBP SBP DBP
21 days 142.0 (7.4) 68.1 (1.3) 127.4 (14.8) 71.7 (11.4)
Change from
-14.6 -11.7 -23.6 -10.9
Mean BP | baseline
(mmHg) | 90 days 136.4 (3.7) 71.5(6.2) 137.5 (27.5) 75.8 (8.9)
Change from
_ -20.2 -8.3 -13.5 -6.8
baseline
21 days 9.7 (4.0) 4.9 (2.5) 8.6 (4.6) 4.0 (1.7)
Change from
-0.2 -0.3 -0.6 -1.1
SD baseline
(mmHg) | 90 days 6.2 (3.0) 2.8 (1.4) 8.7 (5.9) 3.9(2.7)
Change from
_ -3.7 2.4 -0.5 -1.2
baseline
21 days 6.7 (2.4) 7.2(3.6) 6.6 (2.6) 5.7 (1.7)
Change from
_ 0.4 0.6 0.6 -0.6
baseline
CV (%)
90 days 4.5 (2.1) 3.8(1.8) 6.0 (2.9) 4.9 (2.9)
Change from
_ -1.8 2.1 0.0 -1.4
baseline

SD denotes standard deviation; CCB, calcium channel blocker; ACEI, angiotensin converting

enzymeinhibitor; ARB, angiotensin receptor blocker; SBP, systolic blood pressure; DBP,

diastolic blood pressure; BP, blood pressure; CV, coefficient of variation.
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Enhanced CBPM and beaatbeat mean BP and BPV were reduced at 90 days

compared to baseline in bbttrial arms Tables 4142), and the reductions seen were
similar. There were also no apparent differences in functional or cognitive outcome
between the intervention arms. In the CCB arm median (IQR) mRS was 0.0 (0.0) at day
21 and 0.0 (1.0) at day 90,é&mean (SD) MoCA score was 23.5 (2.7). In the ACEI/ARB
arm mRS was 1.0 (0.8) at day 21 and 1.0 (1.0) at day 90, and MoCA score was 23.6
(3.7).

8.7 Discussion

Recruitment for this trial was difficult owing to the high rate of ineligibility of patients
who were screened (98.1%), this being an issue across all three trial sites. The trial did
not meet its prespecified recruitment target and consequently it must be concluded
that in its current form it would not be feasible to scale up this study desigtiéongt

a definitive RCT. The main reasons for patient ineligibility were having a previous
stroke or TIA, having a nestroke diagnosis, presenting outside of the window of
eligibility, and having concurrent AF. Amending the inclusion criteria to extend th
window of eligibility markedly reduced the number of patients excluded for this

reason, but this did not translate into a major increase in recruitment. However, that
the major reasons for exclusion were similar across all sites suggests that a fidalre tr

could be successful if the eligibility criteria were modified more comprehensively.

A proportion of patients who are ultimately diagnosed with a stroke mimic must be
accepted, but there are other criteria that could be adapted. Firstly, the findings
suggest that retaining the extended window of eligibility could be helpful. Not only
could it directly increase patient eligibility at the point of presentation to stroke
services, it may also allow time for patients who would be too unwell to participate
the first 72 hours post event (e.qg. if they are nil by mouth) to recover sufficiently for
inclusion. Secondly, although increased BPV may persist into the chronic phase post
stroke[256], there is the potential for large gains if patients with a previous stroke are
included. The use of minimisation criteria to ensure equal numbers of first and

recurrent stroke patients in each trial arm, or pspecified analysis plans to offset
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their inclusion, such as planned subgroup analysis of patients witkefrest stroke or
adjustment for previous stroke in statistical testing, could be employed torente
accuracy of results. Thirdly, as it is accepted that most patients require multiple agents
in order to achieve BP contrf#14-216], it may be necessary to include patients on
additional antihypertensive medations other than the investigational medicinal
products. Again it is likely that this would need to be accounted for with techniques
such as prespecified subgroup analysis or adjustment in statistical testing. A
treatment escalation algorithm would néeo be devised to minimise the risk of
unintentional intervention group crossover during follay (which may need to be
longer than in this trial), whilst allowing for treatment intensification in order to
achieve secondary prevention BP targets. Finallybeato-beat BPV is increased in
patients with AF compared to contrf#81], and beta blockers are frequently used as
part of a rate control treatment strategy for AB82], the potential for data

confounding by including participants with AF may outweigh any benefit of improved
recruitment. However, automated oscillometric BP measurement devices have been
shown to be reliable in AF provided multiple measurements are tak@eiaguideline
recommendationg92, 283] Therefore, if any future trial used BPV derived from
enhanced CBPM or ABPM to judge the impact of the intervention, rather thartbeat
beat BPV, it may be possible to inbduthese patients. Further safeguarding could be
achieved by specifying data validation criteria for patients with AF, for example by
stating an acceptableange for HRVcross BP measurements used to derive BPV that

would minimise the impact of uncontrell AF on the BP data.

Although, owing to the findings of the primary trial outcome, the trial was considered
not to be feasible in its current format, there were some positives amongst the
secondary feasibility outcomes. These findings must be interprigtéige context of

the small sample size, but they may give grounds for cautious optimism. Firstly,
retention in the trial was reasonable, with 9/14 (64.3%) randomised participants
completing threemonth follow-up. Secondly, compliance with the interventiand

with BP measurements was good, with the reduced rate of completed daytime ABPM
measurements mainly due to a technical issue at one of the trial sites. Thirdly, there
were no major safety issues in either trial arm and only one participant discomtinue

treatment due to side effects. Fourthly, although it was not possible to draw any
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conclusions about differences between the intervention arms in terms of BPV
reduction, functional outcomes, or cognitive outcomes, a reduction in BPV was
demonstrated ovethe three-month follow-up period. This indicates that if sufficient
numbers of participants could be recruited, it should be possible to detect a
differential effect of different antihypertensive medication classes on BPV if one exists.
Further work is nowequired to estimate the reduction in BPV that is attributable to
each intervention as this will be required to estimate the necessary sample size in a

future trial, and has not been adequately established in this patient group.

There are no directly coparable trials for the results of this study and so, even though
insufficient data were obtained for the secondary exploratory outcomes, its novelty
and merits should be noted. Firstly, it should be highlighted that the primary objective
of investigating éasibility was achieved, and this represents a strength of the study
design and underlines the value of conducting preliminary trials such as this one.
Secondly, the data gathered has also allowed for recommendations to be made that
may improve recruitmenif a future trial is pursued. Thirdly, the trial has proven the
concept that it is possible to measure a change in BPV in the months following an
ischaemic cerebrovascular event, indicating that a future trial with modified eligibility
criteria could sucaessfully test the hypothesis that BPV reduction will not be equal
between groups treated with different antihypertensive medication classes. The trial
also has limitations that are worthy of consideration. Firstly, only a small proportion of
eligible patiets who declined to take part in the trial offered a reason for their
decision and this represents a missed opportunity for improving the trial design.
Secondly, owing to the small sample size limited data regarding participant retention
and reasons for wihdrawal were obtained. Obtaining more data in both of these areas
would have been useful for judging the feasibility of any similar future trial. Thirdly, it
was not possible to demonstrate a differential effect on BPV between the two
intervention arms.n part this was due to the small sample size, but it cannot be
excluded that the use of antihypertensive agents in some participants prior to their
recruitment in the trial could have influenced their BPV as recorded in the trial.
Unfortunately, as it is@epted standard care to treat raised BP for secondary stroke

prevention it would not be ethical to incorporate a complete washout period into the
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trial design. Therefore, followp in any further trials may need to be prolonged, or

previous antihypertensie use may need to be adjusted for in the statistical analysis.

8.8 Summary

1 With the current design this RCT must be deemed not feasible owing to the
large proportion of patients screened who were not eligible for inclusion.

1 However, the trial did demortate that it is possible to measure a change in
BPV over three months post stroke and compliance with trial procedures by
those recruited was good.

1 The main reasons for ineligibility were similar across trial sites, suggesting that
modifying the eligibity criteria may allow for improved recruitment in any
similar future trial.

1 Modifications including a longer window of eligibility following symptom onset,
including patients with previous stroke/TIA, and allowing for patients who
require multiple antihypeensive agents should be considered.

1 It may also be possible to include patients with AF, though this would probably
depend on the method(s) chosen to measure BPV and would require careful

data collection and inspection to minimise the risk of confounding
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9 GenerabDiscussion

4 adzYYFNRASR Ay OKIFLIGSNI (g2 2F GKAA (KS:
from reading to reading, even when multiple readings are taken concurrently, is not
new. Multiple factors can contribute to this variabilitygrse of which are natural (e.g.
circadian rhythm or emotional state) or situational (e.g. WCH or |d6]) yet an

increasing body of evidence has emerged indicating that BPV may also be patidologic
Early suggestions that BPV may not be a benign phenomenon came from work by
w2iKgStt Si Ifd gKSNBE fAYAGEFrGAZ2Yya G2 (GKS
[126], and secondary analyses of several majork&rials showed that longerm
visit-to-visit variability(after adjustment for mean BP levels) was a stronger predictor

of recurrent stroke than mean BB31]. Further work in the wake of these publications
has $iown that increased BPV is associated with markers of damage to multiple organ
systems, for example microalbuminuria and proteinytid4-136], cerebral small

vessel disease and michmemorrhage$137, 138] and left ventricular hypertrophy

[136]. Furthermore, several metanalyses of reports on the prognostic significance of
BPV indicate that increased lotgrm variability is anndependent risk factor for

mortality, coronary heart disease, and strgiel, 128, 152, 153]The same is probably
also true of shorterm variability, though the evidence is less rob[is28]. It should be
noted that analyses of the prognostic significanc&BlV have used statistical

adjustment for mean BP levels. This illustrates that it is not possible to consider BPV in
isolation from mean BP. Firstly, both are measured using the same device(s) and
(where the device is programmed to take multiple measuretagat the same time.
Secondly, the two measurements are linked, with data indicating that BPV has a
positive linear relationship with mean BE30, 251] Thirdly, although BPV is an
independent cardiovascular risctor, the application of this in clinical practice is

likely to be in combination with the prognostic information provided by mean BP. In
other words, the prognostic value of BPV is likely to be additive to that of mean BP
rather than separate. Finallit,may be that both are altered by the same

interventions, though the extent to which antihypertensive medications alter BPV is
uncertain. In relation to ischaemic stroke, it has been suggested that BPV may be of
particular relevance, with the ischaemiequmbra theoretically vulnerable to

fluctuations in BP in the context of abnormal cerebral autoregulation and a possible
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pathophysiological link with post stroke autonomic dysfunciio®, 181] Compared to
controls, BPV is increased in patients with ischaemic stfp&@]. Furthermore,

increased BPV in this patient group is associated with adverse clinical features, such as
secondary haemorrhagic transformation and E8b-189], and worse longerm

functional recovery as assessed by mRS at three m¢a&97199]. However, the
literature on BPV is complicated by heterogeneity in terms of BPV measurement and
calculation, a lackf understanding as to whether alternative measurement methods

and timescales of BPV are equivalent or if any one method is superior, and a lack of

Saitlrof AaKSR ay2NXIfé¢ @lFfdzSa FT2N .t =+

The aims of this thesis were to further the investigation of BP\Airepts with
ischaemiaerebrovascular disease with specific regard to: (i) its measurement and
calculation, and (i) its potential as a therapeutic target followingsahaemic
cerebrovascular event. In summary, the experimental chapters presentedsithésis
have indicated the following with regard to these aims. Firstly, there were significant
differences in mean BP values as assessed by daytime ABPM and contemporaneous
HBPM in patients with a recent ischaemic stroke or TIA, which has implicatrathe fo
measurement of BPV using these methods. Mean daytime ABPM values were in the
order of 7/2mmHg lower than HBPM values and this difference was consistent over
time, but not reproducible within individuals. Secondly, there were no significant
relationshps between different timescales of BPV as assessed by comparison of BPV
values derived from beab-beat BP measurements and those derived using other
methods. This was the case even when the difference between timescales was small
(i.e. withinrthour daytme ABPM data compared with betat-beat BP data) and

suggests that different BPV measurements are not interchangeable. Thirdly, there
were significant relationships between ischaemic stroke severity, as measured by
NIHSS or OCSP classification, and basstiartterm BPV derived from daytime

ABPM, indicating increased BPV in patients with LACS compared to other stroke
subtypes. However, similar relationships were not demonstrated for steonh BPV

from enhanced CBPM or beti-beat BPYand no relationsip between BPV and
affected cerebral hemisphere was demonstrat&aurthly, there were no significant
differences in baseline BPV for patients with a recent ischaemic stroke or TIA treated

with a CCB or ACEI/ARB based antihypertensive regimen comparetralso
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However, this study did show a possible, but rsignificant contrasting effect on
short-term BPV from daytime ABPM for those treated with a CCB or ACEI/ARB. Finally,
to test whether different classes of antihypertensive medication alter BPV tongar
degrees, a feasibility RCT was developed to compare the effects of a CCB or ACEI/ARB
based antihypertensive regimen on BPV following an acute ischaemic stroke or TIA.
However, the trial design as tested was proven to be unfeasible due to the higbfrate
patient ineligibility, which resulted in poor recruitment. However, participant retention

in the trial was acceptable and the interventions were safe. Furthermore, the trial
demonstrated that it is possible to determine a change in BPV in the montbe/iiog

an acute ischaemic cerebrovascular event. These findings will now be discussed
further, taking the two broad aims in turmith considerationgiven to howgaps in the

evidencehave been addressednd any implications for future research on thipin

9.1 Studies Investigating the Measurement of Blood Pressure Variability Post
Stroke

As summarised above, chapters four and five were concerned with the measurement
of BP and BPV following a recent ischaemic stroke or TIA. Chapter four investigated
differences in the measurement of mean BP between alternativeouiffice
measurement methods, namely daytime ABPM and HBPM. Chapter five investigated
the relationships between very sherérm BPV from beato-beat BP measurements

and variability deriveaver longer timescales from more commonly used BP
measurement methods. For the adequate treatment of hypertension to be possible we
must first understand the relevance of raised BRutoire cardiovascular events, and
second establishthe threshold valuet which the benefit of intervention outweighs

the riskside effects of treatmentBoth of these factors rely on hagmanaccurate and
reproduciblemethod for measuring BFFurthermore, these same fears apply when
considering the clinical importance BPVand it is unlikely that BPV can be considered
in isolation from BPAt present there is no standardised methodology for measuring
BPV and the threshold values of variability for increased cardiovascular risk, including
risk of first or recurrent strokehave not been establishg80, 155, 156]Even in the
treatment of mean BRevels which iswidely accepted in comparison to the idea of

targeting treatment aBPV, there remains uncertainty about the optimumgetr
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value, especially for prevention of recurrent stroke and cognitive defite62, 284,
285], and debate about which measurement method represents the gold standard
[156]. Thisuncertaintyis reflected in recent guideline updates, with the AHA now
recommendingreatment ata lower threshold value than European guidelifes$, 91,
92]. Although all major guidelines agree tH8585mmHg ighe equivalentout-of-
office BP value (measured by eitldaytime ABPM or HBPM) foiGBPM of
140/90mmHg the AHAcountenancehat the difference is dependent on BP level, with
no difference at &BMM of 130/80mmHg or below and an increased eliéince with
greater CBPM valugS4, 91, 92] That ABPM values tend to be lower than CBPM
values is widely acceptdd10]. However, the limited number of direct comparisasfs
ABPM and HBPM suggest that @iftoffice methodsmay not be equivalenitLl12, 116,
118, 120, 121]Clearly hese discrepancies in BP measuremédccurate, have
implications for the treatment and monitoring 8P for both primary and secondary

disease prevention, and the same may be true of BPV.

Evidence suggests that BPV is related to mean BP, with two studies indicating a linear
positive relationship whereby BPV increases alongside mean BR1U80eR51] A
GKANR &aidzRe Kl a&a &adz33SadSR GKFG GKS NBfE I G,
increasing either side of SBP in the range-120mmHg, though there was stronger
evidence for the increase above SBP 140mnfitdg below 120mmH{R286].

Therefore, discrepancies in the measurement of mean BP level are likedyé¢o
implications for the measurement of BPdhd by extension its treatmenkf mean BP
values obtained from difrent measurement methods are not equivalent, then we

may expect variability derived using different methods to diffisoaeven before
consideing othermethodological differencethat may impact BPV measurement,

such as the number of BP readings acaliaed the time between readingm

addition, threshold values for the prognostic relevance of BPV may differ across

measurement methods, as do threshold values for mean BP.

Chapter four of this thesis established that there are discrepancies in BP rapssnt
between two commonly used methods for measuring-otioffice BP, for the first
time demonstrating that a discrepancy exists in higdk patients with a history of

ischaemic cerebrovascular event. The findings were that daytime ABPM values were
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on average 7/2mmHg lower than contemporaneous HBPM values, which is at odds
with guideline recommendations. This difference was consistent overraamth

period, however, there were wide limits of agreement between the two methods
indicating a large variaedn their disagreement at an individual level. Furthermore,

the difference for individuals was not reproducible over time. Overall the findings
suggest that daytime ABPM and HBPM are not interchangeable methods of measuring
BP and values from one cannat bsed to infer values from the other. Rather, they

may be better considered complementary methods of BP measurefiédf. Given

the relationship between BP and BPV, it follows that daytime ABPM and HBPM are also
unlikely to be interchangeable methods of measuring BPV and this assertion is
supported by reports comparing BPV derived from the two metHad8, 160] The
findings from chapter four add to the existing evidet@se regarding the equivalence
(or otherwise) of daytime ABPM and HBPM, and are in agreement with the majority of
similar studies that have enrolled lower risk populati¢h@6, 112, 116, 121, 247]
However, therds inconsistency in the data, with other studies reporting no
differenceg[115, 119] or daytime ABPM values greater than HBRIB, 120] Most of

the studies to date, inading the one presented in this thesis, are limited by relatively
small sample size and may lack the necessary statistical power to reach a definite
conclusion. The study by Mancia et al. is larger than the others, but is limited by the
use of an HBPM protol that is not consistent with guideline recommendations, being
based on just two measurements taken on consecutive fiE3@]. Consequently,

additional research is likely to be necessary to clarify this issue.

The study in chapter five demonstrated similar discrepancies between different
timescales of BPV measurement in the sameypaton. From comparison of the raw
BPV values from different measurement methods it was clear that they were not the
same, regardless of the technique of calculation. Further analysis demonstrated that
there were no meaningful correlations between baatbeat and the other timescales

of BPV assessed, and the agreement between methods was poor. The relationship
between beatto-beat and withinhour BPV was closer than for other comparisons, but
the level of agreement remained insufficient to suggest thatytleould be considered
equivalent. Beato-beat BPV has not previously been thoroughly compared with other

timeframes of variability, despite evidence indicating that it may be of particular
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prognostic significance post stroke regarding recovery and rentigvents[15, 98,

200], perhaps because be#d-beat BP measurement is less commonly used in clinical
practice. The findings of this chapter were in keeping with the existing literature.
Although limited evidencsuggests that the different statistical methods used to
calculate BPV are strongly correlated when applied to the same set of BP
measurementg157, 259] the same is not true of different timescales of P13,

134, 160, 20Q]All timescales of variability appear to be predictive of cardiovascular
risk[128, 131, 200, 25254], yet their prognostic value may not be eq{@0, 131,

155] Therefore, uncertainties remain about the clinical value and application of BPV. It
is possible that all timescales of BPV are prognostically relevant, but that threshold
values for abnormal variability diff@ccording to the timescale of measurement (as
threshold values for hypertension differ according to the method of measurement).
Alternatively, it is also possible that BPV over different timescales is not a singular
phenomenon, representing different uedying pathophysiological procesgds4,

167, 170, 174, 256, 258nd that some timescales may be more relevant in certain
patient groups than others. To further our understanding of this issue, additional
reseach is required to establish which (if any) measurement of BPV is the most
relevant to clinical outcomes as this will help with standardisation of BPV
measurement and facilitate more robust research regarding therapeutic intervention

targeted at BPV. Hovhis might be achieved will be discussed further below.

9.2 Studies Investigating the Therapeutic Intervention in Blood Pressure Variability
Post Stroke

Chapters six to eight investigated the potential of BPV as a therapeutic target following
an ischaemicerebrovascular event. Chapter six was primarily concerned with the
guestion of who to treat, looking to see if there were relationships between BPV and
stroke severityor affected cerebral hemisphergvhereas chapters seven and eight
focussed on the podslity of using existing antihypertensive medications to reduce
BPV. The findings from the previous experimental chapters indicated that different
methods of measuring BP and BPV post stroke are not equivalent. Therefore, these
studies incorporated multile methods of measurement to see if any findings were

consistent across timescales of BPV. There is currently a paucity of evidence
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investigating the effect of treatments to reduce BPV post stroke/TIA. However, there is
a growing body of data indicatingahincreased BPV in, both the acute and subacute
periods following a ischaemicerebrovascular event, is associated with clinical signs

of poor prognosis, such as haemorrhagic transformafi@#-187], or EN[J188, 189]

and poor longterm functional outcomd98, 192, 194199]. Importantly, it remains

unclear whether interventions to reduce BPV would be beneficial in all patiettis wi

an ischaemic stroke, or what treatments would be most effective at reducing BPV.

Chapter six aimed to address the question of whether all patients with a recent
ischaemic cerebrovascular event might benefit equally from treatment to reduce BPV
by invesigating whether there are relationships between baseline BPV and stroke
severity, or the cerebral hemisphere affected by the ischaemic evéhe study found
that there were significant relationships, independent of mean BP, between-short
term BPV from dgime ABPM and both NIHSS and OCSP classification. The
relationships were consistent angderhaps surprisinglpguggested that BPV was

greater in patients with lower NIHSS and a classification of LACS. Interestingly there
were no relationships demonstratddr BPV derived from enhanced CBPM or Heat
beat BP measurementBurthermore, no relationships between BPV dhd affected
cerebral hemisphere were found. Thadingsregarding BPV and stroke severitgre
consistent with the only other study to haveported on BPV in relation to OCSP
classification, which also indicated that baseline BPV was greater in gatwht LACS
than PACS, TAGH,POCEL3]. As previously discussed in section 6.7, it is not passibl
to prove a causal relationship between LACS and increased BPV based on this cross
sectional analysis. It may be the case that having a lacunar infarct leads to increased
BPV, but it is also possible that increased BPV may be more likely to cause éscunar
opposed to larger infarcts. This is possibly as a result of pulsatile haemodynamic stress
on cerebral small vessd@69, 270] which could cause endothelial damage or
vasospasm resulting in critically reducd8FCand/or blooebrain barrier dysfunction
leading to strokd266, 268] These findings raise two interesting questions. Firstly,
would treatment aimed at reducing BPV post stroke have the greatest potential
benefitin patients with lacunar stroke? Secondly, would treatment aimed at reducing
BPV for primary stroke prevention result in greater reductions in the rate of lacunar

stroke compared to cortical strokéfhe negative result in terms of affected
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hemisphere maye due toa methodological issueith the study Whilst there is

debate that central nervous sisn input to autonomic functiommay be lateralized

[63, 179]63, 180][63, 179p3, 180][63, 180][63, 17f3, 180][63,180][63, 180][63,
180][63, 180][63, 17963, 180[63, 180][63, 18qp3, 180[63, 180][63, 180][63,

180]63, 180] it is likely that specific regions within each hemisphéoe example the
insular cortexare relevant rather than the whole hemisphere itd@65]. It was not
possible to classify participants in this cohort based on the cerebral regions involved in
their ischaemic sbke beyond the left or right hemispherkie to the data that was
available. Therefore, it is possiliteat this study was not adequately designed to
demonstrate relationships between BPV and stroke lmraand further investigation

of thisis advised

Given that the results of chapter six indicated mverserelationship between

increased BPV and stroke severity, and the findings from other studies demonstrating

a link between increased BPV post stroke and adverse outcomes, the question of how
BPV coulde mitigated is pertinent. In chapter seven the possibility of differential

effects on baseline BPV, post ischaemic stroke or TIA, of two commonly used classes of
antihypertensive medications (CCB or ACEI/ARB) was investigated compared to
control. This aalysis was based on existjfgut limitedevidence of a possible

difference in effecon BPV from different antihypertensive medication classath

CCB reported to lower BPV and ACEI/ARB reported to be neutral or possibly increase
BPV201, 203, 211]These two medication classes were also chosen for comparison as
they are recommended firdine agents for the treatment of hypertensi¢fl], and

both have a role isecondary stroke preventiameatment. There is evidendbat
vasodilatory antihypertensives may be particularly effective for preventing recurrent
stroke[219, 273] which supportshe use of CCB (and thiazililee diuretics) in this
population. Similarly, there is evidence that ACEI/ARBrdahit atherosclerotic
processe$59], which suggestthey may have benefits to stroke and cardiovascular
disease risk in addition to BP lowerigthough this study did not show any

differences in BPV when a CCB based regimen and an ACEI/ARB based regimen were
separately compared to control, it did suggestonsignificant contrasting trend for

the two groups in shorterm BPV from daytime ABPM. The trend suggested that BPV

was reduced compared to control in those participants taking a CCB whereas it was
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increased in those taking an ACEI or ARB. Thisssstent with the existing literature.

| have alrady discussed that the analysis may have lacked sufficient statistical power
to demonstrate a dference in the two comparisogroups, and with beato-beat BPV

only being recorded in a subgroup of partaiys this would have had a greater impact
on this aspect of the study. Also, the use of a cissgional design, looking only at
baseline BPV and not change in BPV over time, may have limited my ability to detect a
difference. This design was chosen doghe constraints of the available data, with
different follow-up periods in the trials that provided data preventing a coherent
analysis of change in BPV over time, but pooling data from the three trials felt to be
necessary in order to increase the sampize. Despite the overall negative findings of
the study in chapter seven, the consistency of the findings from this and the preceding
experimental chapter suggest that ABPM may be the most appropriate measurement
technique for future investigations offB/ post stroke. Overall, there remains a need

for dedicated prospective trials to investigate the use of existing antihypertensive

medications to reduce BPV following stroke, and in other patient groups.

The CAARBS feasibility trial, described in chagtgt, attempted to address this gap.

To the best of my knowledge it is the only prospective RCT investigating interventions
to reduce BPV following isaBmic stroke. Unfortunately, this feasibilityal

highlighted various issues that might hindedefnitive RCTf the protocol as initially
proposed were scaled yphe main issue beintpe high rate of patient ineligibility with

the chosen inclusion/exclusion criteria. However, there was some encouragement that
a further trial could be successful agthetention rate of successfully randomised
participants was reasonable, compliance with the treatment interventions and BP
measurements was generally good, and the interventions were shown to be safe.
Furthermore, descriptive analysis of the BPV dateciugid that it was possible to
measure a change in BPV over three months following an ischaemic cerebrovascular
event, and there did appear to be a difference in the change in BPV between the two
trial arms (though this was not formally tested). To be \@adoty future trial would

clearly need to havenodified eligibility criteria, yetsthis remains a significant gap in
the evidence regarding BPV aisgdhaemicstroke it is my opinion that it would be

worth pursung.

187



9.3 Future Research Directions

The firdings from this thesis have advanced our understanding of the measurement of
BP and BPV post stroke, have provided useful insights into how to further investigate
the potential treatment of BPV, and indicate that certain subgroups of ischaemic
stroke patiets may particularly benefit from this treatment if proven to be successful.
Uncertainties remain regarding the equivalence of-oftbffice BP measurement
methods, the optimum method for measuring BPV, and whether established
antihypertensive medicationsight also be directed against BPV. Consequently,
further research into these questions is necessary. With regard to the equivalence of
daytime ABPM and HBPiM the assessment of mean BRrther largescale direct
observational comparisons taking ABPMlasreference standard may be useful.
Likewise, further direct comparisons of different timescales of BPV may be helpful. This
could be achieved with a laregeale crossectional cohort study, though without
follow-up data over at least three months it wigl not be able to incorporate lorg

term visit-to-visit variability which probably requires a minimum of four visits to be
calculated accuratelfl23]. Ideally the cohort would recruit participants across a range
of ages, with a balanced mix of gendeard ethnicity a mixture of higher/lower risk
cardiovascular profiles, and treated/untreated for hypersion as these are factors
which may influence differences between daytime ABPM and HBPM or BPV
measurement$106, 113, 114, 130, 238, 251, 28This would also improve the
generalisability of any findings. Afteatively, an independent patient data meta

analysis of existing studies may be another method to investigate differences between
daytime ABPM and HBPM, though there may be insufficient studies to apply this
method to the question of equivalence of BPV od#ferent timescales. Whilst this

may be quicker and more casftfective than a de novo cohort study, it may be

hindered by study heterogeneity. In particular, the lack of standardisation of BP
measurement across existing studies and the use of HBPMgwist not consistent

with current guidelines could make statistical metaalysis difficult.

Rather than further crossectional comparisons, it may be more meaningful to
generate outcome driven data for mean eof-office BP and different timescales of

BPV. Specifically, it would be useful to establish threshold values at which the risk of
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cardiovascular disease events begins to rise, this need being echoed by the European
Society of Hypertension statement on BRY6]. One study has addressed this for
HBPM[241], but outcome driven data for both ABPM and HBPM in the same cohort
has not been acquired. Similarly, only one study has addressed this for BPV, using
mediumterm variability derived from HBPIA18]. Whilst it is possible that
retrospective analyses of existing cohort or registry data may be alfidfiibthis

need, they may be limited by the number of potential participants available with good
quality baseline data from both ABPM and HBPM, and they are unlikely to provide
data for beatto-beat BPV. Therefore, despite the obvious difficulties of the lengthy
required followup for identification of cardiovascular events and the cost of such-long
term follow-up, a prospective observational trial would probably generate more
accurate and robust data. When reported, the primary outcomes from the BPV
observationatrial will address some of these issues in a population with stroke. Once
it is clarified whether a particular timescale and/or statistical calculation for BPV has
greater prognostic value, then it will be possible to provide guideline
recommendations oithe measurement of BPV for research and clinical practice,

thereby standardising the approach.

Whether the relationship between increased BPV and lacunar stroke reported in this
thesis is genuine, and whether there is evidence that lacunar stroke issaldactor

for increased BPV, could also be investigated in a furtherdscgke cohort study,
provided a sufficient casmix of stroke subtypes was recruited. Alternatively, it could
also be addressed as a secondary outcome in a future prospectiveSiigating

the possible treatment of BPV post stroke. The latter option would provide the
advantage that longitudinal BPV could also be assessed in addition to baseline and
there would be standardisation of BP treatment, which would minimise the imgfact o
this as a confounding factor. To investigate a possible reverse causal relationship
between lacunar stroke and BPV it may be simplest to retrospectively review registry
data, first identifying patients with a variety of stroke subtypes and then lookaudy b

to see identify any betweegroup differences in variability preceding the qualifying
stroke event. This may be limited to CBPM measurements (either withithor visit-
to-visit variabilityover time), but could be sufficient to demonstrate the pbdgy of a

relationship. Ultimately, this may remain a secondary question until it is proven that it
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is possible to reduce BPV with treatment, and that this treatment has an impact on
clinical outcomedn addition to reducing mean BRence pursuing thepiion of

performing a secondary analysis of a future prospective RCT may be the most sensible.

As previously mentioned, it is my belief that a further prospective RCT to investigate
the effect of existing antihypertensive medications on BPV post strokédnme of

value. The experience of CAARBS indicates that any such trial would certainly need
modified eligibility criteria. However, if these criteria were altered to retain a longer
window of eligibility post symptom onset, allowed the inclusion of patemith

recurrent stroke and possibly also AF, and allowed for the inclusion of patients on
multiple antihypertensive agents, then there is the potential to substantially improve
patient eligibility. The employment of minimisation criteria to ensure badaiirial

arms and statistical adjustment for factors which may confound any effect on BPV of
the chosen intervention would be necessary, with or without the-gpecification of
subgroups for analysis (e.g. analysing patients with first vs. recurrentestrok
separately). Using the same intervention arms for comparison remains reasonable, as
CCB and ACEI/ARB are the most commonly used antihypertensive drug classes and so
this will maximise the clinical relevance of any findings. Also, until such time as it is
proven that one particular method of mearing BPV has greater prognostic vatun
others, or the measurement of BPV is standardised, it would remain advisable to
employ multiple BP measurement techniques in any future trial. Finally, it was a
secondaryaim of CAARBS to try and establish estimates of intervention effect size that
could be used to calculate the necessary sample size for a future definitive trial.
Unfortunately this was not possible due the limited number of participants recruited
and sotiremains a crucial step in planning any further trials of this nature. To that end
a further feasibility study may be required, which would have the advantage of being
able to test the modifications to the inclusion/exclusion criteria suggested above.
Alternatively, if sufficient funding could be secured, it may be possible to pursue a
definitive RCT immediately, but with an embedded pilot study to allow for further

adjustments of the recruitment target or eligibility criteria if necessary.
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Appendix B National Institutes of Health Stroke Scale (NIHSS)

Category

Score/Description

Date/Time
Initials

lalevel of Consciousness
(Alert, drowsy, etc)

0 = Alert

1 = Drowsy

2 = Stuporous
3 =Coma

1b LOC Questions
(Month, age)

0 = Answers both correctly
1 = Answers one correctly
2 = Incorrect

1cLOC Commands

0= Performs both correctly
1= Perfoms 1 correctly
2= Performs none correctly

2 Best Gaze 0 = Normal
(EyesopeqlLJ- GASy G ¥F2ftt 2g| 1=Partial gaze palsy
or face 2 = Forced deviation
3 Visual Fields 0= No visual loss

(introduce visual stimulation/threat to pts
visual field quandrants)

1 = Partial hemianopia
2 = Complete hemianopia
3 = bilateral hemianopia (Blind)

4 Facial Paresis

0 = Normal

(Show teeth, raise eyebrows and squeeze € 1 = Minor
shut) 2 = Partial
3 = Complete
5aMotor Arm- Left 0 = No drift
5b Motor Arm¢ Right 1 =drift Left
(elevate arm to 90° if patient is sitting, 45°iff v I / | y (
patient supine gravity
3 =No effort Right
against gravity
4 =No
movement
6aMotor Leg- Left 0 = No drift
6b Motor Legg Right 1 = drift Left
(elevate arm to 90° if patient is sittg, 45°if | I / | y (
patient supine gravity
3= Right
4 =

7 Limb Ataxia
(fingernose, heel down shin

0 = No ataxia
1 = Present in one limb
2 = Present in two limbs

8 Sensory
(Pinprick to face, arm, trunk aneg ¢
compare side to side

0 = Normal
1 = Partial loss
2= Severe loss

9 Best Language
(Name item, describe a picture & read
sentencep

0 = No aphasia

1 = Mild to moderate aphasia
2 = Severe aphasia

3 = Mute

10 Dysarthria
(Evaluate speech clarity bytgnt: repeating
listed words)

0 = Normal articulation

1 = Mild to moderate slurring of words
2 = Near to unintelligible or worse

X = Intubated or other physical barrier

11 Extinction & Inattention

0 = No neglect
1 = Partial neglect
2 = Complete ndegct

TOTAL SCORE




Appendix & Modified Rankin Scale (mRS)

MODIFIED Patient Name:
RANKIN Rater Name:
SCALE (MRS) Date:
Score Description
0 No symptoms at all
1 No significant disability despite symptoms; able to carry out all usual duties and activities
2 Slight disability; unableto carry out all previous activities, but able to look after own affairs
without assistance
3 Modeate disability; requiring some help, but able to walk without assistance
4 Moderatelyseveredisability; unableto walk without assistance and unableto atterd to own bodily
needs without assistance
5 Severe disability; bedridden, incontinent and requiring constant nursing care and attention
6 Dead
TOTAL (Oi 6):
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Appendix I; Consent forms for trials contributing data to this thesis

[E Norfolk and Norwich University Hospitals NHS

University of East Anglig NHS Foundation Trust

ParticipantTrial Number: Initials: Dr Phyo Kyaw Myint

- Consultant Stroke Physician
Date of Birth:
Gunthorpe Acute Stroke Unit

CONSENT FORMi PERSON WITH STROKE/TIA

Title: TEST-BP: Trial of the Effectiveness and cost effectiveness of Self-
monitoring and Treatment of Blood Pressure in secondary prevention following
Stroke or Transient Ischaemic Attack (TIA)

Name of Chief Investigator: Dr Phyo Kyaw Myint

1. | confirm that | have read and understand the information sheet

dated --------------- ( Ver si 9 forthé ébove study, have had the

opportunity to ask questions and had these answered satisfactorily.

2. | understand that my participation is voluntary and that | am free to
withdraw at any time, without giving any reason, without my medical

care or legal rights being affected.

3. lunderstand that sections of any of my medical notes may be looked

at by responsible individuals from the Norfolk & Norwich Hospital or from

regulatory authorities where it is relevant to my taking part in research.
| give permission for these individuals to have access to my records held

in NHS hospital/GP surgery and/or private health provider.

4. | understand that a researcher will periodically contact me, arrange to

20¢



visit at home and ask me to fill in a number of questionnaires.

5. | agree to my GP being informed of my participation in the study.

6. | understand that | may receive a number of home visits from a nurse

to help me to be able to use BP monitors.

7. lunderstand that, | may be invited to take part in an interview about how

| have found my treatment and what impact it has had on me and

give my permission for this to be audio recorded. If | am interviewed agree

to my anonymous quotations being used for the project report and publications.

8. | agree to take part in this study.

Name of Participant Date  Signature

Researcher Date
Signature

Original stored in Central Studfjle; 1copyf 2 NJ 6 KS LI GASY G T wm rifedidireEckds Ay 3 Ay GKS
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E Norfolk and Norwich University Hospitals NHS!

University of East Anglig
NHS Foundation Trust

Prof John Potter
Professor of Ageing and Stroke Medicine
Ol der Peopl ebs Me

Protocol reference : Version 3

Ethics Approval Reference: 15/EE/0061
Patient Identification Number for this trial:
Patient Hospital Identification Number:

PARTICIPANT CONSENT FORM

Trial title: SERVED Memory: Feasibility study of Screening & Enhanced Risk
Management for Vascular Event related Decline in Memory

Short Title: SERVED Memory

Name of Principal Investigator: Prof John Potter

3. | confirm that | have read and understand the information sheet
dated (V) éor tlseialoove stéd§ and have had the

opportunity to ask questions and had these answered satisfactorily.

4. | understand that my participation is voluntary and that | am free to
withdraw at any time, without giving any reason, without my medical

care or legal rights being affected.

3. lunderstand that sections of any of my medical notes may be looked

at by responsible individuals from the Norfolk & Norwich Hospital or from

regulatory authorities where it is relevant. | give permission for these
individuals to have access to my records held in NHS hospital/GP surgery

and/or private health provider.
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4. 1 understand that a researcher will periodically contact me to arrange

hospital visits and will ask me to fill in a number of questionnaires.

5. | agree to my GP being informed of my participation in the study.

6. | understand that | my GP will be informed of my cognition status and will

be informed of any vascular risk factors that | may have .

7.1 agree to take part in the SERVED Memory study.

Name of Participant Date  Signature

Researcher Date
Signature

Original stored in Central Studfjle; 1 copyor the patientm T2 NJ FA f A y 3 madjcal iedorfs LI NI A OA LI vy i Qa
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Our Vision . . . =

o. To provide every patient Norfolk and Norwich University Hospitals m
with the care we want .
for those we love the most NHS Foundation Trust

Professor J F Potter

Stroke Services

Older People’s Medicine

Norfolk and Norwich University Hospital
Colney Lane

Norwich NR4 7UY

tel: 01603 289439

direct fax: 01603 286428

trust website: www.nnuh.nhs.uk

BLOOD PRESSURE VARIABILITY:
DEFINITION, NATURAL HISTORY AND PROGNOSIS FOLLOWING ACUTE STROKE

(ACUTE STUDY)

PARTICIPANT CONSENT FORM
VERSION 4, DATED 11 February
2014

Principal Investigator:  Professor John Potter

Please Initial

| confirm that | have read and understand the Participant Information Sheet
Version 4 dated 11" February 2014 for the above study, and have had the
opportunity to ask questions.

| understand that my participation is voluntary and that | am free to
withdraw at any time, without giving reason, without any medical care or
legal rights being affected.

| understand that my GP will be informed about my participation in this
study, and by signing this consent form | am granting permission for this.

| understand that relevant sections of my data collected during the study,
may be looked at by responsible individuals from the study team, the
sponsor, NHS Trust or from regulatory authorities, where it is relevant to
taking part in this research. | give permission for these individuals to have
access to my records.

Version 4, Dated 11™ February Page |
2014
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I understand that the research team will contact me by telephone, one,
three and twelve months from now to gather information on my recovery,
and of any new health problems. | give permission for a member of the
team to contact me at these tome points.

| agree to take participate in this research study.

I understand that, before my discharge from hospital, | may be asked if i
would like to participate in the follow up part to this study. | give
permission for members of the research team to approach me to give me
information regarding the follow up study.

Patient Name

Carer Name Date Signature

Researcher Date Signature

(File: 1 for patient, 1 for researcher, 1 for hospital notes)

Version 4, Dated 11" February Page 2
2014
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PARTICIPANT CONSENT FORM
VERSION 1.0, DATED 30 JANUARY 2017

A Calcium channel or Angiotensin converting enzyme inhibitor
/Angiotensin receptor blocker regime to reduce Blood pressure variability
in acute ischaemic Stroke (CAARBS): A Feasibility Trial

Participant ID:

Please initial each box

. I confirm that | have read and understand the Participant Information Sheet
Version 1.1, dated 03 May 2017 for the above study, and have had the
opportunity to ask questions.

.l understand that my participation is voluntary and that | am free to withdraw
at any time, without giving reason, without my medical care or legal rights
being affected.

.l understand that my GP will be informed about my participation in this
study, and by signing this consent form | am granting permission for this.

.l understand that relevant sections of my data collected during the study may
be looked at by responsible individuals from the study team, the sponsor, NHS
Trust or from regulatory authorities, where it is relevant to taking part in this
research. | give permission for these individuals to have access to my records.

.l understand that participating in this study will involve me being prescribed
medication with the intention of lowering my blood pressure.

.l understand that my data will be transferred to the University of Leicester and
the University of East Anglia for analysis.

. | agree to take participate in this research study.
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Patient Date Signature

Researcher Date Signature

(File: 1 copy for patient, 1 copy for researcher, 1 copy for hospital notes)
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Appendix E Regulatory approvalsf@AARBS

NHS|

Health Research
Authority

London - Central Research Ethics Committee
3rd Floor, Barlow House

4 Minshull Street

Manchester

M1 3Dz

. . Telephone: 0207 1048 007
Please note: This is the favourable

opinion of the REC only and does
not allow you to start your study at
NHS sites in England until you
receive HRA Approval

05 September 2017

Professor Thompson Robinson

University of Leicester

Cardiovascular Research Centre, The Glenfield Hospital
Groby Rd

Leicester

LE3 9QP

Dear Professor Robinson

Study title: A Calcium channel or Angiotensin converting enzyme
inhibitor/Angiotensin receptor blocker Regimen to
reduce Blood pressure variability in acute ischaemic
Stroke (CAARBS): A Feasibility Trial

REC reference: 17/LO/1427
Protocol number: 0611

EudraCT number: 2017-002560-41
IRAS project ID: 216241

The Research Ethics Committee reviewed the above application at the meeting held on 30
August 2017 and would like to thank your colleagues for attending the meeting to discuss the
application.

We plan to publish your research summary wording for the above study on the HRA website,
together with your contact details. Publication will be no earlier than three months from the date of
this favourable opinion letter. The expectation is that this information will be published for all
studies that receive an ethical opinion but should you wish to provide a substitute contact point,
wish to make a request to defer, or require further information, please contact
hra.studyreqistration@nhs.net outlining the reasons for your request. Under very limited
circumstances (e.g. for student research which has received an unfavourable opinion), it may be
possible to grant an exemption to the publication of the study.




Ethical opinion

The members of the Committee present gave a favourable ethical opinion of the above
research on the basis described in the application form, protocol and supporting
documentation, subject to the conditions specified below. .

Conditions of the favourable opinion

The REC favourable opinion is subject to the following conditions being met prior to the start
of the study.

Management permission must be obtained from each host organisation prior to the start of
the study at the site concerned.

Management permission should be sought from all NHS organisations involved in the study in
accordance with NHS research governance arrangements. Each NHS organisation must confirm
through the signing of agreements and/or other documents that it has given permission for the
research to proceed (except where explicitly specified otherwise).

Guidance on applying for HRA Approval (England)/ NHS permission for research is available in the
Integrated Research Application System, at www.hra.nhs.uk or at http://www.rdforum.nhs.uk.

Where a NHS organisation’s role in the study is limited to identifying and referring potential
participants to research sites (“participant identification centre”), guidance should be sought from
the R&D office on the information it requires to give permission for this activity.

For non-NHS sites, site management permission should be obtained in accordance with the
procedures of the relevant host organisation.

Sponsors are not required to notify the Committee of management permissions from host
organisations.

Additional conditions

1. Please advise the duration of retention of personal data collected for the study and confirm that
this is in line with the study sponsor’s policy on this issue.

2. Please provide a written justification for the exclusion of people intending to donate blood during
the study or confirm that this exclusion will be removed.

3. The information sheet should state that the study is being conducted for the purposes of an
educational qualification.

4. The information sheet needs to include a sentence under the heading ‘What is involved if |
agree to participate?’ to say ‘Your family member or carer will be asked to complete a
questionnaire about you.” The consent form should include a penultimate point to say ‘| agree
that a family member or carer can complete a questionnaire about me’.

Please notify the REC once all conditions have been met (except for site approvals from host
organisations) and provide copies of any revised documentation with updated version
numbers. Revised documents should be submitted to the REC electronically from IRAS. The
REC will acknowledge receipt and provide a final list of the approved documentation for the
study, which you can make available to host organisations to facilitate their permission for
the study. Failure to provide the final versions to the REC may cause delay in obtaining
permissions.
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Registration of Clinical Trials

All clinical trials (defined as the first four categories on the IRAS filter page) must be
registered on a publically accessible database. This should be before the first participant is
recruited but no later than 6 weeks after recruitment of the first participant.

There is no requirement to separately notify the REC but you should do so at the earliest
opportunity e.g. when submitting an amendment. We will audit the registration details as part
of the annual progress reporting process.

To ensure transparency in research, we strongly recommend that all research is registered
but for non-clinical trials this is not currently mandatory.

If a sponsor wishes to request a deferral for study registration within the required timeframe,
they should contact hra.studyregistration@nhs.net. The expectation is that all clinical trials
will be registered, however, in exceptional circumstances non registration may be
permissible with prior agreement from the HRA. Guidance on where to register is provided
on the HRA website.

Clinical trial authorisation must be obtained from the Medicines and Healthcare products
Regulatory Agency (MHRA).

The sponsor is asked to provide the Committee with a copy of the notice from the MHRA, either
confirming clinical trial authorisation or giving grounds for non-acceptance, as soon as this is
available.

It is the responsibility of the sponsor to ensure that all the conditions are complied with
before the start of the study or its initiation at a particular site (as applicable).

Ethical review of research sites

NHS Sites

The favourable opinion applies to all NHS sites listed in the application taking part in the study,
subject to management permission being obtained from the NHS/HSC R&D office prior to the
start of the study (see “Conditions of the favourable opinion” below).

Summary of discussion at the meeting

Recruitment arrangements and access to health information, and fair participant selection

It was asked why people intending to donate blood during the study would be excluded, and
the researchers said this had been included as a precaution. They were asked to provide a
written justification for this exclusion criterion for completeness, or confirm that it will be
removed.

The reason for the limited time of up to four hours to consider taking part in the study was
requested. The researchers said that the time is necessarily restricted because of the nature of
the condition being investigated and they wish to recruit as many patients as are required for the
study. They said that this process has been utilised successfully in the past. The impact of the
inability to arrange interpreters/translators because of the limited time available was queried, and
the researchers said that it is not expected that this will affect the recruitment to any great degree.
This was accepted by the Committee.
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Care and protection of research participants; respect for potential and enrolled participants’ welfare
and dignity

Reference was made to the NICE guidelines on treatment for this patient group, which indicate that
ethnicity governs the appropriate medication. The researchers were asked to comment on the
ethics of giving medication to someone in a particular ethnic group when the medication is known
not be effective in this group. The researchers explained that the guidelines had been taken into
account, and they are confident that the randomisation involved in the study will not cause any
problems relating to efficacy with any participant.

It was pointed out that the personal data collected in the study should be retained for longer than
the 6-12 months stated in the answer to question A43 of the application form for audit and
publishing purposes. The researchers acknowledged this and agreed to amend the retention
period in line with the sponsor university’s policy on this issue.

As participants will be asked to complete a depression scale in the study, it was asked when the
completed scales will be reviewed. The researchers said that they will be assessed immediately
after completion and participants’ GPs will be notified of any concerns.

It was asked whether taking part in the study would result in any delay in treatment and the
researchers confirmed that it would not, and any patient requiring surgery will receive this at the
earliest opportunity.

Informed consent process and the adequacy and completeness of participant information

The information sheets were found to be well-written.

The short consent time was not considered to be a concern as the study does not involve a major
change from normal care for patients other than the taking of additional measurements and the
completion of questionnaires, and participants could benefit from improved BP monitoring.

It was asked that the information sheet be amended to state that the study is being conducted for
the purposes of an educational qualification.

As a family member or carer will be asked to complete a questionnaire about the participant, it was
asked that the information sheet includes mention of this in the information sheet, and that an
appropriate point is included in the consent form for participants to confirm agreement to this.

Other ethical issues were raised and resolved in preliminary discussion before your
attendance at the meeting.

Please contact the REC Manager if you feel that the above summary is not an accurate
reflection of the discussion at the meeting.

Approved documents

The documents reviewed and approved at the meeting were:

Document Version Date
Covering letter on headed paper [Cover letter] 25 July 2017
Evidence of Sponsor insurance or indemnity (non NHS Sponsors 29 July 2016
only) [Sponsor indemnity insurance certificate]

GP/consultant information sheets or letters [GP Patient Entry Letter] |1.0 19 July 2017
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GP/consultant information sheets or letters [GP Medication Change |1.0 19 July 2017
Letter

GP/cc}nsuItant information sheets or letters [GP Trial Discharge 1.0 19 July 2017
Letter

Invest]igator‘s brochure / IMP Dossier [Amlodipine SmPC] 1.0 19 July 2017
Investigator's brochure / IMP Dossier [Lisinopril SmPC] 1.0 19 July 2017
Investigator's brochure / IMP Dossier [Ramipril SmPC] 1.0 19 July 2017
Investigator's brochure / IMP Dossier [Candesartan SmPC] 1.0 19 July 2017
Investigator's brochure / IMP Dossier [Losartan SmPC] 1.0 19 July 2017
IRAS Application Form [IRAS_Form_01082017] 01 August 2017
IRAS Checklist XML [Checklist_01082017] 01 August 2017
Letter from funder [Letter from funder] 12 December 2012
Letter from sponsor [ Sponsor letter] 26 July 2017
Other [Sponsor clinical trials insurance certificate] 29 July 2016
Other [Albert's Lines]

Other [Article on Albert's Lines test]

Other [Modified Rankin Scale]

Other [National Institute of Health Stroke Scale]

Other [Oxford Stroke Classification]

Other [TOAST classification]

Participant consent form [Participant Consent Form] 1.0 19 July 2017
Participant information sheet (PIS) [Patient Information Sheet] 1.0 19 July 2017
Research protocol or project proposal [Research protocol] 1.0 19 July 2017
Summary CV for Chief Investigator (Cl) [Prof Robinson CV] 16 February 2017
Summary CV for student [Dr Davison CV] 1.0 21 July 2016
Summary CV for supervisor (student research) [Prof Potter CV] 1.0 10 May 2017
Validated questionnaire [Montreal Cognitive Assessment] 71

Validated questionnaire [MiND-B (Self-completion Version)] 19 July 2017
Validated questionnaire [MiND-B (Proxy Completion Version)] 19 July 2017
Validated questionnaire [Geriatric Depression Scale] 19 July 2017

Membership of the Committee

The members of the Ethics Committee who were present at the meeting are listed on the

attached sheet.

Statement of compliance

This Committee is recognised by the United Kingdom Ethics Committee Authority under the
Medicines for Human Use (Clinical Trials) Regulations 2004, and is authorised to carry out

the ethical review of clinical trials of investigational medicinal products.

The Committee is fully compliant with the Regulations as they relate to ethics committees

and the conditions and principles of good clinical practice.

The Committee is constituted in accordance with the Governance Arrangements for
Research Ethics Committees and complies fully with the Standard Operating Procedures for

Research Ethics Committees in the UK.
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After ethical review

Reporting requirements

The attached document “After ethical review — guidance for researchers” gives detailed
guidance on reporting requirements for studies with a favourable opinion, including:

Notifying substantial amendments

Adding new sites and investigators
Notification of serious breaches of the protocol
Progress and safety reports

Notifying the end of the study

The HRA website also provides guidance on these topics, which is updated in the light of
changes in reporting requirements or procedures.

User Feedback

The Health Research Authority is continually striving to provide a high quality service to all
applicants and sponsors. You are invited to give your view of the service you have received
and the application procedure. If you wish to make your views known please use the
feedback form available on the HRA website: http://www.hra.nhs.uk/about-the-
hra/governance/quality-assurance/

HRA Training

We are pleased to welcome researchers and R&D staff at our training days — see details at
http://www.hra.nhs.uk/hra-training/

| 17/LO/1427 Please quote this number on all correspondence

With the Committee’s best wishes for the success of this project.

Yours sincerely

Fpos hrt o

/

pp
Dr Andrew Hilson
Chair

E-mail: NRESCommittee.London-Central@nhs.net
Enclosures: List of names and professions of members present at the meeting
“After ethical review — guidance for researchers”

Copy to: Dr Diane Delahooke, University of Leicester
Mrs Carolyn Maloney, University Hospitals of Leicester NHS Trust
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Rogulating Modlcinos and Medical Dovices

MHRA

151 Buckingham Palace Road
London SW1W 95Z

United Kingdom

mhra.gov.uk
Dr D Delahooke
UNIVERSITY OF LEICESTER
RESEARCH GOVERNANCE OFFICE, RESEARCH & ENTERPRISE DIVISION
FIELDING JOHNSON BUILDING, UNIVERSITY ROAD
LEICESTER
LE1 7RH
UNITED KINGDOM

21/09/2017

T/~ DearDr D Delahooke

THE MEDICINES FOR HUMAN USE (CLINICAL TRIALS) REGULATIONS 2004 S.1. 2004/1031

Our Reference: 22116/0023/001-0001
Eudract Number: 2017-002660-41
Product: Amlodipine

Protocol number; 0611

NOTICE OF ACCEPTANCE OF AMENDED REQUEST

| am writing to inform you that the Licensing Authority accepts your amended request for a clinical trial
authorisation (CTA), received on 20/09/2017.

The authorisation is effective from the date of this letter although your trial may be suspended or
terminated at any time by the Licensing Authority in accordance with regulation 31. You must notify
the Licensing Authority within 90 days of the trial ending.

“ Finally, you are reminded that a favourable opinion from the Ethics Committee is also required before
this trial can proceed; changes made as part of your amended request may need to be notified to the
Ethics Committee.

Yours sincerely,

Clinical Trials Unit
MHRA

Medicines and Healthcare
Products Regulatory Agency
( 1]
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NHS

Health Research Authority

Professor Thompson Robinson

University of Leicester Email: hra.approval@nhs.net
Cardiovascular Research Centre, The Glenfield Hospital,

Groby Rd

Leicester

LE3 9QP

25 September 2017

Dear Professor Robinson

Letter of HRA Approval

Study title: A Calcium channel or Angiotensin converting enzyme
inhibitor/Angiotensin receptor blocker Regimen to reduce
Blood pressure variability in acute ischaemic Stroke
(CAARBS): A Feasibility Trial

IRAS project ID: 216241

EudraCT number: 2017-002560-41
Protocol number: 0611

REC reference: 17/LO/1427

Sponsor University of Leicester

| am pleased to confirm that HRA Approval has been given for the above referenced study, on the
basis described in the application form, protocol, supporting documentation and any clarifications
noted in this letter.

Participation of NHS Organisations in England
The sponsor should now provide a copy of this letter to all participating NHS organisations in England.

Appendix B provides important information for sponsors and participating NHS organisations in
England for arranging and confirming capacity and capability. Please read Appendix B carefully, in
particular the following sections:

e Participating NHS organisations in England — this clarifies the types of participating
organisations in the study and whether or not all organisations will be undertaking the same
activities

e Confirmation of capacity and capability - this confirms whether or not each type of participating
NHS organisation in England is expected to give formal confirmation of capacity and capability.
Where formal confirmation is not expected, the section also provides details on the time limit
given to participating organisations to opt out of the study, or request additional time, before
their participation is assumed.

e Allocation of responsibilities and rights are agreed and documented (4.1 of HRA assessment
criteria) - this provides detail on the form of agreement to be used in the study to confirm
capacity and capability, where applicable.

Page 1 of 8
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