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Articles

Effect of blood pressure-lowering agents on microvascular
function in people with small vessel diseases (TREAT-SVDs):
a multicentre, open-label, randomised, crossover trial

Anna Kopczak, Michael S Stringer, Hilde van den Brink, Danielle Kerkhofs, Gordon W Blair, Maud van Dinther, Carmen Arteaga Reyes,

Daniela Jaime Garcia, Laurien Onkenhout, Karolina A Wartolowska, Michael | Thrippleton, Agniete Kampaite, Marco Duering, Julie Staals,

Saskia Lesnik-Oberstein, Keith W Muir, Martin Middeke, Bo Norrving, Marie-Germaine Bousser, Ulrich Mansmann, Peter M Rothwell, Fergus N Doubal,
Robert van Oostenbrugge, Geert Jan Biessels, Alastair | S Webb, Joanna M Wardlaw, Martin Dichgans, on behalf of the TREAT-SVDs collaborators™

Summary
Background Hypertension is the leading risk factor for cerebral small vessel disease. We aimed to determine whether
antihypertensive drug classes differentially affect microvascular function in people with small vessel disease.

Methods We did a multicentre, open-label, randomised crossover trial with blinded endpoint assessment at five specialist
centres in Europe. We included participants aged 18 years or older with symptomatic sporadic small vessel disease or
cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL) and an
indication for antihypertensive treatment. Participants were randomly assigned (1:1:1) to one of three sequences of
antihypertensive treatment using a computer-generated multiblock randomisation, stratified by study site and patient
group. A 2-week washout period was followed by three 4-week periods of oral monotherapy with amlodipine, losartan,
or atenolol at approved doses. The primary endpoint was change in cerebrovascular reactivity (CVR) determined by
blood oxygen level-dependent MRI response to hypercapnic challenge in normal-appearing white matter from the end
of washout to the end of each treatment period. Efficacy analyses were done by intention-to-treat principles in all
randomly assigned participants who had at least one valid assessment for the primary endpoint, and analyses were done
separately for participants with sporadic small vessel disease and CADASIL. This trial is registered at ClinicalTrials.gov,
NCT03082014, and EudraCT, 2016-002920-10, and is terminated.

Findings Between Feb 22, 2018, and April 28, 2022, 75 participants with sporadic small vessel disease (mean age
64-9 years [SD 9-9]) and 26 with CADASIL (53-1 years [7-0]) were enrolled and randomly assigned to treatment.
79 participants (62 with sporadic small vessel disease and 17 with CADASIL) entered the primary efficacy analysis.
Change in CVR did not differ between study drugs in participants with sporadic small vessel disease (mean change in
CVR 1-8x104%/mm Hg [SE 20-1; 95% CI 37 -6 to 41- 2] for amlodipine; 16-7x104%/mm Hg [20-0; =223 to 55- 8] for
losartan; -7-1x104%/mm Hg [19-6; —45-5 to 31-1] for atenolol; p,,..,=0-39) but did differ in patients with CADASIL
(15-7x104%/mm Hg [SE 27-5; 95% CI —38-3 to 69-7] for amlodipine; 19-4x104%/mm Hg [27-9; —35-3 to 74-2] for
losartan; -23-9x104%/mm Hg [27-5; =77 -7 to 30-0] for atenolol; p,,.,=0-019). In patients with CADASIL, pairwise
comparisons showed that CVR improved with amlodipine compared with atenolol (-39-6 x104%/mm Hg [95% CI
-72-5 to —6- 6; p=0-019) and with losartan compared with atenolol (—43-3 x104%/mm Hg [-74-3 to —12-3]; p=0-0061).
No deaths occurred. Two serious adverse events were recorded, one while taking amlodipine (diarrhoea with
dehydration) and one while taking atenolol (fall with fracture), neither of which was related to study drug intake.

Interpretation 4 weeks of treatment with amlodipine, losartan, or atenolol did not differ in their effects on
cerebrovascular reactivity in people with sporadic small vessel disease but did result in differential treatment effects
in patients with CADASIL. Whether antihypertensive drug classes differentially affect clinical outcomes in people
with small vessel diseases requires further research.

Funding EU Horizon 2020 programme.

Copyright © 2023 Elsevier Ltd. All rights reserved.

Introduction with subcortical infarcts and leukoencephalopathy

Stroke and dementia rank among the most pressing
health problems in Europe.” Small vessel diseases
account for up to 30% of strokes and contribute to at least
40% of dementia cases,* but no treatment has specifically
shown efficacy against small vessel disease in general,
or for cerebral autosomal dominant arteriopathy
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(CADASIL)—the most frequent hereditary type of small
vessel disease.*

Hypertension is considered to be the most important
modifiable risk factor for small vessel diseases.® Current
treatment guidelines recommend controlling blood
pressure in people with covert small vessel disease and in

*"®

CrossMark

Lancet Neurol 2023;
22:991-1004

See Comment page 972

*Collaborators are listed in the
appendix (pp 5-7)

Institute for Stroke and
Dementia Research, University
Hospital, LMU Munich,
Munich, Germany

(A Kopczak MD,

Prof M Duering MD,

Prof M Dichgans MD); Centre for
Clinical Brain Sciences

(MS Stringer PhD, G W Blair PhD,
CArteaga Reyes MD,

D Jaime Garcia MSc,

M) Thrippleton PhD,

A Kampaite BSc, F N Doubal MD,
Prof ] M Wardlaw MD) and UK
Dementia Research Institute
(M S Stringer, C Arteaga Reyes,

D Jaime Garcia, M ) Thrippleton,
A Kampaite, F N Doubal,

Prof ) M Wardlaw), University of
Edinburgh, Edinburgh, UK;
Department of Neurology,
UMC Utrecht Brain Center,
University Medical Center
Utrecht, Utrecht, Netherlands
(H van den Brink PhD,

L Onkenhout MD,

Prof G ) Biessels PhD);
Department of Neurology and
School for Cardiovascular
Diseases, Maastricht University
Medical Center+, Maastricht,
Netherlands (D Kerkhofs MD,

M van Dinther MD, J Staals MD,
Prof R van Oostenbrugge MD);
Wolfson Centre for Prevention
of Stroke and Dementia,
Nuffield Department of Clinical
Neurosciences, University of
Oxford, Oxford, UK

(K A Wartolowska MD,

Prof P M Rothwell FMedSci,
Prof A ) S Webb DM); Medical
Image Analysis Center and
Department of Biomedical
Engineering, University of
Basel, Basel, Switzerland

(Prof M Duering); Department
of Clinical Genetics, Leiden
University Medical Center,
Leiden, Netherlands

991


http://crossmark.crossref.org/dialog/?doi=10.1016/S1474-4422(23)00293-4&domain=pdf

Articles

(Prof S Lesnik-Oberstein MD);
School of Psychology and
Neuroscience, University of
Glasgow, Queen Elizabeth
University Hospital, Glasgow,
UK (Prof KW Muir MD);
Hypertoniezentrum Minchen,
Excellence Centre of the
European Society of
Hypertension, Munich,
Germany (Prof M Middeke MD);
Department of Clinical Sciences
Lund, Neurology, Skane
University Hospital, Lund
University, Lund, Sweden
(Prof B Norrving MD); Hépital
Lariboisiére, APHP, Université
Paris-Cité, Paris, France

(Prof M-G Bousser MD);
Institute for Medical
Information Processing,
Biometry, and Epidemiology,
LMU Munich, Munich, Germany
(Prof U Mansmann PhD);
Munich Cluster for Systems
Neurology, Munich, Germany
(Prof M Dichgans); German
Center for Neurodegenerative
Diseases, Munich, Germany
(Prof M Dichgans); German
Centre for Cardiovascular
Research, Munich, Germany
(Prof M Dichgans)

Correspondence to:

Prof Martin Dichgans,
Institute for Stroke and
Dementia Research, University
Hospital, LMU Munich,
D-81377 Munich, Germany
martin.dichgans@med.
uni-muenchen.de

See Online for appendix

992

Research in context

Evidence before this study

We searched PubMed using the terms “cerebral small vessel
disease”, “CADASIL", "blood pressure”, “antihypertensive”,
“cerebrovascular reactivity”, “clinical trial”, and “treatment” for
articles published in English up to April 21, 2023. We also
searched ClinicalTrials.gov to identify trials that are underway but
have yet to be published. We identified no randomised controlled
trials (RCTs) that directly compared individual antihypertensive
agents to other antihypertensive agents or placebo in people
with small vessel disease. We identified two trials that compared
standard to intensive blood pressure lowering in people with
small vessel disease (NCT00059306 and ISRCTN37694103).

So far, there is no treatment with proven efficacy specifically
against small vessel disease. Hypertension is considered the most
important modifiable risk factor for small vessel disease, and
current treatment guidelines recommend controlling blood
pressure in people with covert small vessel disease and in those
who have had a stroke. The results from RCTs in people with
hypertension suggest that antihypertensive drug classes differ in
their effects on stroke, but whether antihypertensive drug classes
differ in their effects on microvascular function in people with
small vessel disease is unknown.

those who have had a stroke,’® but there are few data
from randomised controlled trials (RCTs) on the effects
of lowering blood pressure in patients who have had
lacunar stroke or with other clinical manifestations of
small vessel disease,”” or on the optimal antihypertensive
drug class. The results from RCTs in people with
hypertension suggest that drug classes differ in their
effects on stroke risk,"* possibly due to differences in
effects on blood pressure variability that were
independent of mean blood pressure level.*" Blood
pressure variability is an independent risk factor for
stroke,*” dementia,” and the presence or progression of
white matter hyperintensities, which are markers of
small vessel disease on brain MRL® RCTs of
antihypertensive drugs have shown that blood pressure
variability is reduced by calcium channel blockers and
increased by angiotensin-converting enzyme inhibitors,
angiotensin-receptor blockers, and [ Dblockers."”
However, no RCTs have compared different classes of anti-
hypertensive drugs in patients who have had lacunar
stroke or other manifestations of small vessel disease.
Results from experimental animal studies suggest a
differential effect of antihypertensive drug classes on
cerebral microvascular function. Amlodipine was shown
to have a beneficial effect on functional hyperaemia in
chronically hypertensive mice compared with losartan,”
but whether antihypertensive drug classes have
differential effects on microvascular function in people
with small vessel diseases remains unknown. This
knowledge is important, because drug classes that
improve vascular function directly at the level of cerebral

Added value of this study

To our knowledge, this is the first RCT to compare different
antihypertensive drug classes in people with small vessel
disease, both sporadic small vessel disease and with cerebral
autosomal dominant arteriopathy with subcortical infarcts
and leukoencephalopathy (CADASIL).

Implications of all the available evidence

Current guidelines for the management of hypertension
recommend restricting use of  blockers to people with
comorbidities or compelling indications requiring their use.

In our trial, no effect of any antihypertensive drug was noted on
microvascular function in patients with sporadic small vessel
disease. However, in patients with CADASIL, cerebrovascular
reactivity improved with both amlodipine and losartan
compared with atenolol. The findings in patients with CADASIL
highlight the need for further studies that compare different
antihypertensive drug classes in people with small vessel
disease. The trial also illustrates the importance of including
patients with rare hereditary subtypes of common diseases in
clinical trials.

microvessels might affect the disease process in small
vessel disease and, therefore, have additional benefits
beyond the systemic effects on blood pressure.

Microvascular function can be measured non-invasively
by measuring cerebrovascular reactivity (CVR),” which is
determined by several factors, including endothelial
function and the mechanical properties of cerebral
microvessels, both of which are affected in small vessel
diseases.* CVR can be quantified by blood oxygen level-
dependent (BOLD) MRI during inhalation of 6% carbon
dioxide in air compared with air alone,” and it has been
shown to be impaired in people with CADASIL and
following lacunar stroke.** In people with small vessel
diseases, a lower CVR has been shown to be associated
with both higher volume of white matter hyperintensities®
and larger increase in white matter hyperintensity volume
during follow-up,” suggesting a role for CVR in disease
progression.

The Effects of Amlodipine and other Blood Pressure
Lowering Agents on Microvascular Function in Small
Vessel Diseases (TREAT-SVDs) trial was designed to test
the hypothesis that there are differences in the effects of
different antihypertensive drug classes on cerebral
microvascular function in small vessel diseases.
Specifically, we hypothesised that amlodipine has a
beneficial effect compared with losartan or atenolol, and
that losartan has a beneficial effect compared with
atenolol. To account for the heterogeneity of small vessel
diseases, we included people with both sporadic small
vessel disease and CADASIL, but keeping the two groups
separated for the analysis of drug effects.

www.thelancet.com/neurology Vol 22 November 2023
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Methods

Study design and participants

TREAT-SVDs was an open-label, randomised crossover
trial with blinded endpoint assessment done at
five specialist centres for diagnosis and treatment of small
vessel diseases in Germany, Netherlands, and the UK
(appendix). Eligible patients were aged 18 years or older,
had symptomatic small vessel disease, had an indication
for antihypertensive treatment, and had either sporadic
small vessel disease or CADASIL (appendix p 8).

Patients with sporadic small vessel disease were eligible
for study inclusion if they had a history of lacunar stroke
or vascular cognitive impairment. Patients with sporadic
disease with a history of lacunar stroke were required to
have a subcortical infarct compatible with the clinical
syndrome and visible as an acute diffusion-weighted
imaging-positive lesion on MRI or as a new subcortical
infarct on CT scan repeated within 3 weeks after stroke
onset if not visible on the admission scan. Patients with
sporadic disease with a history of vascular cognitive
impairment were eligible if they were visiting a memory
clinic with cognitive complaints and were diagnosed with
cognitive impairment, as documented by a validated
assessment tool. They further had to have a deep white
matter hyperintensities score of 2 or higher on the Fazekas
scale. Patients with CADASIL had to have a definite
diagnosis by molecular genetic testing or skin biopsy
(appendix p 8).

Study participants had to have an indication for
antihypertensive treatment meeting previously published
criteria (appendix p 8).” Patients with severe hypertension
and those without the capacity to consent were excluded.
The published protocol and appendix (pp 8-9) include
the full list of the inclusion and exclusion criteria.”

Ethics approval for the study was obtained from the
local ethics committees and relevant regulatory authorities
at each trial site. All patients provided written informed
consent.

Randomisation and masking
Eligible participants were enrolled by investigators and
randomly assigned (1:1:1) to one of three treatment

sequences starting with amlodipine, losartan, or atenolol
(figure 1). Randomisation was done using computer-
generated multiblock randomisation (with a block size of
three) stratified by study site and patient group (sporadic
small vessel disease vs CADASIL). Randomisation was
performed centrally at the Miinchner Studienzentrum
(MSZ, Technical University Munich, Munich, Germany)
by an independent biometrician for all study participants
before study enrolment. If eligible, patients were randomly
assigned by opening a sealed envelope containing their
assigned sequence of treatment, which was kept in the
investigator site file at each study site. Participants and
investigators were informed of treatment assignment.

Procedures

Trial medications were amlodipine, losartan, and
atenolol. Antihypertensive treatment was administered
as open-label oral medication at approved doses (daily
dose of 2-5-10 mg amlodipine, 25-100 mg losartan, and
25-100 mg atenolol). All study drugs used were approved
for the treatment of hypertension, were recommended in
national and international guidelines, and were not
under patent protection. Local pharmacies purchased
commercially available products.

The three sequences of medication are shown in
figure 1. At the beginning of the trial, patients stopped
their regular antihypertensive medication for a 2-week
washout period. During this phase, participants were
not allowed to take any antihypertensive medication
except for thiazide or thiazide-like diuretics such as
hydrochlorothiazide or bendroflumethiazide, which
served as emergency medication. Study drugs were taken
in the morning on rising, each one for 4 weeks of
monotherapy according to the randomised sequence of
drug intake. Blood pressure was assessed by daily
telemetric monitoring.” Study physicians were responsible
for adjusting the dosage of the study drug, aiming to lower
systolic blood pressure (SBP) to less than 140 mm Hg and
diastolic blood pressure (DBP) to less than 90 mm Hg.
Emergency medication was taken as needed. Switching
between blood pressure-lowering agents was done without
washout. Antihypertensive agents other than the study

Baseline assessments
and randomisation

Eligibility and
informed consent

2 weeks

l 0-21days

T I

Screening Baseline

A Cerebrovascular reactivity on MRI (primary outcome)

Blinded endpoint assessment
and statistial analysis

Sequence
» Washout ! Amlodipine Losartan | Atenolol
i phase
Atenolol | Amlodipine Losartan
Losartan | Atenolol | Amlodipine
4 weeks 4 weeks 4 weeks
A A A A
| | | |

mmmmm Blood pressure and blood pressure variability assessed across 7 days (secondary outcome)

Figure 1: Study design

www.thelancet.com/neurology Vol 22 November 2023

993




Articles

994

drugs were not allowed. Adherence to assigned therapy
was assessed at each visit by pill counts. Patients returned
for outpatient visits at 2 weeks after washout and then
every 4 weeks for the assessment of outcome measures
and adverse events. Data were collected on worksheets,
entered into an electronic case report form, and managed
centrally by the MSZ using MACRO software (version
4.2.3.3850). Monitoring at all study sites included a site-
initiation visit, interim visits with frequency depending on
the participant enrolment rate, and a close-out visit by the
MSZ in Germany and in the UK. In the Netherlands,
on-site monitoring was done by the clinical trial centre of
the University of Maastricht (Maastricht). Additionally,
there was regular remote monitoring by the MSZ. Adverse
events were grouped according to Medical Dictionary for
Regulatory Activities (MedDRA; version 25.1) organ
classes. Adverse events were assessed by the study
investigators and reported in the electronic case report
form.

Outcomes

The primary endpoint was the change in CVR in normal-
appearing white matter from the end of the washout to
end of treatment. The outcome measure for the primary
endpoint was CVR, as determined by BOLD brain MRI
signal response to a hypercapnic challenge at the end of
the 2-week washout phase and at the end of each 4-week
period of drug treatment while still on medication.” CVR
was chosen as the primary outcome measure because it
provides a functional readout for brain microvessels and
is, therefore, close to the primary pathology in small vessel
diseases. Furthermore, lower CVR has been associated
with a larger increase in white matter hyperintensity
volume during follow-up,” suggesting a role for CVR in
disease progression.

CVR was measured at 3T with two blocks of breathing
6% CO, in medical air for 3 min, alternating with medical
air, delivered through a tightly fitting anaesthesia mask.”
End-tidal CO, was continuously recorded using an open-
ended circuit. BOLD MRI data were processed centrally at
the University of Edinburgh (Edinburgh, UK) using
Standard Operating Procedures and were matched with
end-tidal CO, recordings (appendix pp 11-12). All MRI
scans were performed according to a harmonised
acquisition protocol.” CVR was assessed in prespecified
brain regions, including normal-appearing white matter,
white matter hyperintensities, and subcortical grey matter,
as described.”” We did not measure CVR in cortex due to
contamination of the signal by overlying blood vessels,
CSF, and white matter. The change in CVR from the end
of the washout period to treatment (visits 2-4) was
calculated for each study drug to compare drug effects
(figure 1). Additional prespecified secondary analyses of
the primary outcome included change in CVR in white
matter hyperintensities and change in CVR in subcortical
grey matter. Analyses were performed by raters from a
world-leading institute for CVR measurements on MRI

with many years of experience who were masked to
clinical status and study medication.

Secondary endpoints were change in mean central SBP
and blood pressure variability from the end of washout to
treatment. The outcome measure mean SBP was
determined by daily telemetric monitoring in the last
week of the washout phase and the last week of each
treatment phase. The outcome measure for blood
pressure variability was operationalised as coefficient of
variation (100xSD/mean SBP).” The blood pressure
monitoring device allowed for pulse wave analysis to derive
pulse wave velocity and central blood pressure, so
peripheral and central blood pressure data were assessed.

Statistical analysis
We planned to enrol 75 participants with sporadic small
vessel disease and 30 with CADASIL. The sample size was
calculated for participants with sporadic small vessel
disease assuming an absolute mean change in CVR
0f0-1% (SD 0-21), with power of 90% on a 5% significance
level, using a two-sided one-sample ¢ test and making the
conservative assumption of a cross-correlation of 0.7 For
participants with CADASIL, the sample size was calculated
assuming an absolute increase in CVR of 0-1% (SD 0-18),
with a power of 80% on a 5% significance level using a
two-sided one-sample ¢ test (appendix p 12).” Changes to
the original protocol and statistical analysis plan imple-
mented after the first participant was enrolled are
summarised in the appendix (pp 14-15). For the primary
and secondary analyses, we used a linear mixed-effects
model to assess sequence effects in crossover and
corresponding treatment effects and likelihood ratio tests
to compare models with interaction (time by treatment)
and without interaction (time plus intervention). Following
Jones and Kenward,” we tested the presence of sequence
effects on a 10% significance level to reach a higher power
(appendix pp 13-14). There was no evidence for the
presence of carry-over effects (test of a model with inter-
action of time by treatment versus a model of a simple
period effect of time plus treatment; appendix pp 13-14).
The primary analysis followed a hierarchical testing
principle (closed testing)®* by assessing an overall effect
between amlodipine, losartan, and atenolol. The
likelihood-ratio test was used to test the main effects
model with time and treatment against a model with time
only. In the case of a significant difference (p<0-05) in the
test above, the analysis evaluated the three pairs of
differences. Efficacy analyses were done in the intention-
to-treat population, defined as all randomly assigned

Figure 2: Trial profile

CVR=cerebrovascular reactivity. *One study participant discontinued drug
treatment after visit 3 because of an adverse event (low heart rate) related to
atenolol but had valid CVR data and was therefore included in the intention-to-
treat analysis for change in CVR. tOne participant discontinued because of an
adverse event during amlodipine treatment (uncontrolled hypertension).

+One participant discontinued because of an adverse event during losartan
treatment (heart rhythm disorder after stopping previous [ blocker therapy).

www.thelancet.com/neurology Vol 22 November 2023



Articles

108 participants screened

7 ineligible on screening

1 no objective cognitive impairment

| 75 with sporadic small vessel disease randomly assigned |

v

25 assigned to
amlodipine —
losartan —
atenolol

1 excluded at
visit 1 before
taking any
study drug
1 adverse event
(uncontrolled
hypertension)

y

24 included in safety
analysis
24 received
amlodipine
23 received losartan
23 received atenolol

3 heart rhythm disorders on electrocardiogram
3 MRI scans or CVR measurements not feasible
v
| 101 enrolled |
| 26 with CADASIL randomly assigned |
v v v v v
25 assigned to 25 assigned to 8 assigned to 9 assigned to 9 assigned to
atenolol — losartan — amlodipine — atenolol — losartan —
amlodipine — atenolol — losartan — amlodipine — atenolol —
losartan amlodipine atenolol losartan amlodipine
1 excluded at 2 excluded at 1 excluded at 2 excluded at
visit 1 before visit 1 before visit 1 before visit 1 before
taking any taking any taking any taking any
study drug study drug study drug study drug
1 withdrew 1 withdrew 1 home blood 2 home blood
—p consent L consent ||  pressurereadings || pressure readings
1 home blood not allowing for not allowing for
pressure readings antihypertensive antihypertensive
not allowing for medication medication
antihypertensive
medication
4 A A A
24 included in safety 23 included in safety 8 incuded in safety 8 included in safety 7 included in safety
analysis analysis analysis analysis analysis
24 received atenolol 23 received losartan 8 received amlodipine 8 received atenolol 7 received losartan
24 received 23 received atenolol 8 received losartan 8 received amlodipine 6 received atenolol
amlodipine 23 received 8 received atenolol 8 received losartan 6 received amlodipine
24 received losartan amlodipine

antihypertensive regimens

antihypertensive regimens

antihypertensive regimens

antihypertensive regimens

antihypertensive regimens

2 discontinued 1discontinued
during during
—»{  medication . I medication
phase*t phaset
2 adverse eventst 1adverse event
4 4 A A A
22 completed all three 24 completed all three 23 completed all three 8 completed all three 8 completed all three 6 completed all three

antihypertensive regimens

2 excluded (no

g valid CVR data)

y

21included in
intention-to-treat

2 excluded (no 4 excluded (no 2 excluded (no 2 excluded (no 1 excluded (no
g valid CVR data) — valid CVR data) g valid CVR data) > valid CVR data) — valid CVR data)
y A 4 A A
22 included in 19 included in 6includedin 6 included in 5included in

intention-to-treat

intention-to-treat

intention-to-treat

intention-to-treat

intention-to-treat

and per-protocol and per-protocol and per-protocol and per-protocol and per-protocol and per-protocol
analyses* analyses analyses analyses analyses analyses
7 excluded 8 excluded 5 excluded 2 excluded 2 excluded 3 excluded
—» (missing CVR —»  (missing CVR —» (missing CVR —»  (missing CVR —» (missing CVR —»  (missing CVR
data) data) data) data) data) data)
A y A 4 v A A 4
14 included in full case 14 included in full case 14 included in full case 4included in full case 4 included in full case 2 included in full case
analysis analysis analysis analysis analysis analysis
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participants who had at least one valid assessment for the
endpoint (a valid assessment after washout and from at
least one period of drug treatment). The per-protocol
population was defined as all participants who were
treated according to protocol and met all outcome
measures allowing for data missing at random. We
further added a sensitivity analysis restricting the per-
protocol population to participants without missing
values (full case analysis). Safety was assessed in all
people who received at least one dose of study drug.

We are considering changes within individuals, and we
report the mean of these intra-individual changes. Model
parameters and their precision (SE and 95% CI) are
presented. Linear mixed-effect models automatically
handle missing values of the dependent outcome in the
case of missingness at random.”

Analyses were split by diagnostic subgroups, as was
prespecified in the protocol. This approach was chosen
because there was no previous information on whether
the two groups would behave similarly in terms of CVR
while not on medication or while taking any of the three
study drugs. We further reasoned that a parallel
investigation of participants with sporadic small vessel
disease and those with CADASIL could be informative
(appendix p 10). Patients with sporadic small vessel
disease formed the primary group for analysis and
patients with CADASIL served as an additional study
group that further allowed contrasting treatment effects
in sporadic and hereditary small vessel diseases. Detailed
analyses are described in a statistical analysis plan
(available on request). An interim analysis was done after
50 patients had completed the trial, as detailed in the
appendix (p 15). All analyses were done using the original
assigned treatment sequence. A p value of less than 0-05
was judged significant (except in tests for carry over). All
analyses were conducted using R (version 4.2.2). Effect
analyses used the function Imer in the package Ime4.*?

This trial is registered at ClinicalTrials.gov, NCT03082014,
and EudraCT, 2016-002920-10.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report.

Results

Between Feb 22, 2018, and April 28, 2022, 108 people were
assessed for eligibility, of whom 101 (75 with sporadic
small vessel disease and 26 with CADASIL) were enrolled
and randomly assigned to one of the three treatment
sequences starting with amlodipine, atenolol, or losartan
(figure 2). The reasons for non-eligibility after obtaining
informed consent were no objective cognitive impairment
on detailed neuropsychological testing (n=1), heart rhythm
disorders on ECG (n=3), contraindications for MRI (n=1),
severe obesity that did not allow MRI scans (n=1), and
withdrawal due to intolerance of CVR measurements after

attempting to breathe CO,-enriched gas with the
anaesthesia mask (n=1). The trial was completed
for participants with sporadic small vessel disease but
halted prematurely for participants with CADASIL in
December, 2022, after enrolment of 26 patients, because
of slow recruitment.

Baseline characteristics of randomly assigned
participants are shown in table 1. Patients with sporadic
small vessel disease were older than those with CADASIL
(mean 64-9 years [SD 9-9] vs 53-1 years [7-0]), more often
male (55 [73%] vs ten [38%)]), and had higher blood pressure
values at baseline (mean SBP 139-1 mm Hg [SD 16-3] vs
130-0 mm Hg [13-9] and DBP 84.5 mm Hg [11-9] vs
78-4 mm Hg [8-4]). Markers of small vessel disease on
MRI (white matter hyperintensity volume, lacune count,
microbleed count, and diffusion tensor imaging metrics)
were less prominent in patients with sporadic small vessel
disease than in those with CADASIL.

Overall, 91 participants (69 with sporadic small vessel
disease and 22 with CADASIL) completed all three
antihypertensive regimens (figure 2). Seven patients
were excluded at visit 1 before taking any study drug.
Reasons for exclusion from the trial were home blood
pressure readings during the washout phase not allowing
for antihypertensive treatment (n=4), uncontrolled
hypertension despite emergency medication (n=1),
withdrawal of consent because of too demanding trial
design (n=1), and refusal to perform further hypercapnic
challenges on MRI (n=1). Furthermore, three patients
discontinued the trial during the medication phase
because of uncontrolled hypertension despite the highest
dose of amlodipine and emergency medication (n=1),
severe bradycardia while on atenolol (n=1), and cardiac
arrhythmia after discontinuation of previous [ blocker
therapy (n=1). No patients were misrandomised, and all
patients received the treatment to which they were
assigned.

79 participants (62 with sporadic small vessel disease
and 17 with CADASIL) had MRI data of sufficient quality
for valid CVR assessments and were included in the
primary efficacy analysis. For the primary endpoint,
treatment effects between amlodipine, losartan, and
atenolol were not significantly different in patients with
sporadic small vessel disease (mean change in
CVR 1-8 x1049/mm Hg [SE 20-1; 95% CI -37-6 to 41-2]
for amlodipine; 16-7x104%/mm Hg [20-0;-22-3 10 55- 8]
for losartan; —7-1x104%/mm Hg [19-6; —45-5 to 31-1]
for atenolol; p,..=0-39). However, a significant
treatment effect was seen in patients with CADASIL
(15-7%104%/mm Hg [SE 27-5; 95% CI -38-3 to 69-7] for
amlodipine; 19-4x104%/mm Hg [27-9; —35-3 to 74-2]
for losartan; -23-9x104%/mm Hg [27-5; =777 to 30-0]
for atenolol; p,..,=0-019; table 2). Pairwise
comparisons showed that CVR in patients with CADASIL
improved with amlodipine compared with atenolol
(~39-6x104%/mm Hg [95% CI 725 to —6-6]; p=0-019),
and with losartan compared with  atenolol
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Without Amlodipine Losartan Atenolol p value
treatment

Participants with sporadic small vessel disease

Primary analysis
Participants 62 54 56 57
Outcome measure: mean CVR in 423-3(120-0)  409-9 (165-8) 427-0 (110-1) 405-9 (134-2)
normal-appearing white matter (SD),
10*%/mm Hg
Endpoint: mean change in CVR in 1.8(20-1;-37-6t0412)  16:7(20:0;-22:3t0 55-8) -7-1(19-6; -45-5t0 31-1) 039
normal-appearing white matter (SE,
95% Cl), 10*%/mm Hg

Secondary analysis
Participants 68 67 67 67
Outcome measure: mean systolic 128-1(9-8) 1205 (8-0) 122:7(10-2) 121-0 (10-6)
blood pressure (SD), mm Hg
Outcome measure: mean blood 71(2-9) 6-3(2:6) 7:2(2-9) 82(33)
pressure variability (SD)
Endpoint: mean change in systolic -8.5(1-2;-10-8to-6:1) -6-4 (1-2;-8-7t0 -4-0) -82(1-2;-10-6 to -5-9) 0-075
blood pressure (SE, 95% Cl), mm Hg
Endpoint: mean change in blood -0-7(0-4;-1-4t0 0-1) 0-3(0-4;-0-4t0 1-0) 1.3 (0-4; 0-6 to 2:0) <0-0001
pressure variability (SE, 95% Cl)

Participants with CADASIL

Primary analysis
Participants 17 13 16 15
Outcome measure: mean CVR in 356-9 (104-7) 377-0(82:3) 386-2 (102:6) 3252 (139-0)
normal-appearing white matter (SD),
10*%/mm Hg
Endpoint: mean change in CVR in 157 (27:5;-383t069:7) 194 (27-9;-353t0742) -23.9(27-5;-77-7t030-:0)  0-019
normal-appearing white matter (SE,
95% Cl), 10*%/mm Hg

Secondary analysis
Participants 22 22 22 21
Outcome measure: mean systolic 122:4(9-4) 1162 (6-5) 116-0 (9-1) 116:5(9-1)
blood pressure (SD), mm Hg
Outcome measure: mean blood 6-0(1.7) 5.9(2:2) 6-1(1.9) 6-8 (1.9)
pressure variability (SD)
Endpoint: mean change in systolic -7-8 (1-6;-11-0to -4-6) -8-2(1-7;-11-5t0-4-9) -7-3(7-5;-10-5 t0 -4-0) 079
blood pressure (SE, 95% Cl), mm Hg
Endpoint: mean change in blood -0-04 (0-5;-1-0t0 0-9) 0-3(0-5;-0-7to 1.2) 0-8(0-5;-0-1t0 1-8) 011
pressure variability (SE, 95% Cl)

CADASIL=cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy. CVR=cerebrovascular reactivity.
Table 2: Outcome measures and endpoints in the intention-to-treat population

(—43-3x10%%/mm Hg [-74-3 to -12-3]; p=0-0061;
table 3; figure 3).

Because of the results in participants with CADASIL,
and the noted lower mean age of participants with
CADASIL compared with sporadic small vessel disease,
we tested for an interaction between treatment effect and
age in participants with sporadic small vessel disease and
found evidence for an interaction (p<0-10). We therefore
conducted an exploratory subgroup analysis in patients
with sporadic small vessel disease using the median split
of the study population (age 60 years) as a cutoff.
Evidence of a treatment effect was seen among the
24 patients with sporadic small vessel disease who were
younger than 60 years (p,,..,=0-0037; appendix pp 17, 22).
As in patients with CADASIL, change in CVR in

www.thelancet.com/neurology Vol 22 November 2023

participants younger than 60 years with sporadic small
vessel disease improved with amlodipine compared with
atenolol (p=0-022) and with losartan compared with
atenolol (p=0-0004; appendix pp 17, 22).

The population for the per-protocol analysis was
identical to the population for the primary efficacy analysis
(62 patients with sporadic small vessel disease and 17 with
CADASIL), but there were fewer observations due to
protocol violations in patients with sporadic small vessel
disease. As for the primary efficacy analysis, no significant
difference was noted in the treatment effects between
study drugs in patients with sporadic small vessel disease
(Poverat=0-29), Whereas there was a differential treatment
effect in patients with CADASIL identical to the primary
efficacy analysis (p,,..=0-019; appendix pp 18, 23). The

999
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1000

variability
Participants with CADASIL

Mean change in CVR in normal-
appearing white matter,
10*%/mm Hg

3-8(-29-4t036-9)  0-82

variability

leukoencephalopathy. CVR=cerebrovascular reactivity.

-39-6 (-72:5t0-6-6)  0-019

Amlodipine vs losartan Amlodipine vs atenolol Losartan vs atenolol Poverai
Estimate (95% Cl) p value Estimate (95% Cl) p value Estimate (95% Cl) p value
Participants with sporadic small vessel disease
Mean changeinCVRinnormal- ~ 14.9 (-20-0t0 49-7)  0-42 -9:0 (-43-1t0 25-1) 0-61 -23.9(-581t010-3) 017 039
appearing white matter,
10%/mm Hg
Mean change in systolic blood 2-1(0-1to0 4-0) 0-037 0-2(13t02:6) 0-83 -1.9 (-3-8t0 0-1) 0-061 0-075
pressure, mm Hg
Mean change in blood pressure 09 (0-3t01:6) 0-0059 13(0:6t02:0) <0-0001 1.0(0-3to17) 00030  <0-0001

-433(-743t0-12:3)  0-0061 0-019

Mean change in systolic blood -0-5(-3-1t02-2) 074 0-5(-2-2t03-2) 071 1.0 (-1-8t037) 0-49 079
pressure, mm Hg
Mean change in blood pressure 03(-0-5to11) 0-47 0-9(0-1t01.7) 0-033 0-6 (-0-2t0 1-4) 0-15 0-11

Shown are the p values for the global comparison as well as for pairwise comparisons of drug effects, reporting the estimate for intraindividual changes from the end of the
washout period (without treatment) to treatment in the primary efficacy analysis. CADASIL=cerebral autosomal dominant arteriopathy with subcortical infarcts and

Table 3: Pairwise comparisons of drug effects for the primary and secondary endpoints

results in participants younger than 60 years with sporadic
small vessel disease were likewise identical to the primary
efficacy analysis (p,,..,=0-0037; appendix p 24). The results
of the primary efficacy and per-protocol analyses were
confirmed by a sensitivity analysis restricting the per-
protocol population to participants without missing values
(42 patients with sporadic small vessel disease [p,,...;=0-19]
and ten with CADASIL [p,..,=0-025]; appendix pp 18, 23).

No difference was noted in the effects of study drugs on
change in CVR in white matter hyperintensities in
participants with sporadic small vessel disease
(Povera=0-080), whereas a treatment effect was seen in
patients with CADASIL (p,,...=0-014; appendix p 19). For
the change in CVR in subcortical grey matter, a differential
treatment effect was reported in patients with sporadic
small vessel disease (p,..q=0-033) but not in those with
CADASIL (p,,..;=0-25; appendix p 19). Across all analyses,
change in CVR showed the lowest values with atenolol
when compared with other study drugs (table 2; appendix
p 19).

The absolute reduction in mean SBP obtained for
patients with sporadic small vessel disease and those with
CADASIL was similar between amlodipine, losartan, and
atenolol (sporadic small vessel disease, p,,..,=0-075;
CADASIL p,,..=0-79; table 2; figure 3). Pairwise
comparisons showed that mean SBP decreased with
amlodipine compared with losartan (2-1 [95% CI
0-1 to 4-0]; p=0-037) but not for the other comparisons
(table 3). For the change in blood pressure variability, a
difference was noted in treatment effects between
amlodipine, losartan, and atenolol in patients with
sporadic small vessel disease (p,,..;<0-0001), but not with
CADASIL  (Ppea=0-11). In pairwise analyses, blood
pressure variability decreased with amlodipine compared

with atenolol (1-3 [95% CI 0-6 to 2-0]; p<0-0001) and with
losartan compared with atenolol (1-0 [0-3 to 1-7];
p=0-0030; table 3). The results for change in mean SBP
and change in blood pressure variability remained stable
after adjusting for the dose of the study drug (appendix
pp 20-21).

Adverse events were reported by 79 of 94 participants in
the safety population. 57 adverse events took place during
the washout phase, 92 while taking amlodipine, 65 while
taking losartan, and 118 while taking atenolol. Adverse
events leading to discontinuation of trial treatment
occurred during washout (n=1) and while taking study
medication (n=3, one for each drug; figure 2). Two serious
adverse events were reported (diarrhoea with reduced
fluid intake while taking amlodipine and a fall with a
fracture while taking atenolol), neither of which was
related to study drug intake and neither of which led to
discontinuation of trial treatment. The frequency of drug-
related adverse events was 58 with amlodipine, 33 with
losartan, and 87 with atenolol (detailed information on
drug-related adverse events is provided in table 4). No
strokes, myocardial infarctions, or deaths were docu-
mented during the trial period.

Discussion

In the TREAT-SVDs trial, which was a randomised, open-
label, blinded-endpoint crossover trial in patients with
either sporadic small vessel disease or CADASIL, 4 weeks
of amlodipine, losartan, or atenolol did not differ in their
effects on CVR in people with sporadic small vessel
disease. However, differential treatment effects were
noted in people with CADASIL. CVR in patients with
CADASIL improved with both amlodipine and
losartan compared with atenolol. Aside from showing
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[ Amlodipine [ Losartan [ Atenolol

Amlodipine Losartan Atenolol

All drug-related adverse events 67 37 91

System organ class
Blood and lymphatic system disorders 1/1 (100%) 0 0
Cardiac disorder 6/13 (46%) 2/13 (15%) 5/13 (39%)
Ear and labyrinth disorders 2/7 (29%) 2/7 (29%) 3/7 (43%)
Eye disorders 0 1(100%) 0
Gastrointestinal disorders 5/10 (50%) 0 5/10 (50%)
General disorders and administration site 17/42 (40%) 8/42 (19%) 17/42 (40%)
conditions
Infections and infestations 3/3 (100%) 0 0
Injury, poisoning, and procedural 2/2 (100%) 0 0
complications
Investigations 1/30 (3%) 2/30 (7%) 27/30(90%)*
Metabolism and nutrition disorders 0 0 1/1 (100%)
Musculoskeletal and connective tissue 5/6 (83%) 1/6 (17%) 0
disorders
Nervous system disorders 8/29 (28%) 12/29 (41%) 9/29 (31%)
Psychiatric disorders 5/16 (31%) 4/16 (25%) 7116 (44%)
Renal and urinary disorders 1/4 (25%) 1/4 (25%) 2/4 (50%)
Reproductive system and breast disorders 0 1/2 (50%) 1/2 (50%)
Respiratory, thoracic, and mediastinal 0 3/4 (75%) 1/4 (25%)
disorders
Skin and subcutaneous tissue disorders 6/13 (46%) 0 7/13 (54%)
Vascular disorders 5/11 (46%) 0 6/11 (55%)

Data are n/N (%). One drug-related adverse event might refer to more than one system of organ class. Percentage
values are calculated as percentage of the respective system of organ class. The sum of the percentages might differ
from 100% due to rounding. Drug-related adverse events were classified in the safety population (94 patients) by
system organ classes in accordance with the Medical Dictionary for Regulatory Activities (version 25.1). *One drug-

related adverse event led to discontinuation of the trial (low heart rate under atenolol).

Table 4: Drug-related adverse events
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Figure 3: Primary and secondary endpoints

Mean change from the end of the washout period to treatment (visits 2-4) for
CVR (A), mean SBP (B), and mean blood pressure variability (C). Shown are the
results from the analyses presented in table 2. Boxes are drawn from the first to
the third quartile with the horizontal line representing the median and circles
representing outliers. CADASIL=cerebral autosomal dominant arteriopathy with
subcortical infarcts and leukoencephalopathy. CVR=cerebrovascular reactivity.
SBP=systolic blood pressure.
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an antihypertensive drug class effect on cerebral
microvascular function, the trial highlights the importance
of including patients with rare hereditary subtypes of
common diseases in clinical trials of sporadic disease and
of performing separate analyses for these patients.
Theblood pressure values achieved with antihypertensive
treatment in this trial were in the range of those achieved
in previous RCTs with intensive blood pressure lowering.
In the PRESERVE trial® intensive (target SBP of
<125 mm Hg) compared with standard (target of
130-140 mm Hg) blood pressure lowering did not change
resting cerebral blood flow in patients with severe small
vessel disease, addressing concerns that intensive blood
pressure lowering might cause cerebral hypoperfusion in
this patient population. In the SPS3 trial,’ blood pressure
lowering in patients with recent lacunar stroke to a target
SBP of less than 130 mm Hg was associated with a non-
significant reduction in stroke rates compared with a
target SBP of 130-149 mm Hg. The SPRINT-MIND trial
showed that targeting an SBP of less than 120 mm Hg,
compared with less than 140 mm Hg, among adults with
hypertension was associated with a smaller increase in
white matter hyperintensity volume.” A post-hoc analysis
of SPRINT-MIND further found angiotensin-converting
enzyme inhibitors and dihydropyridine calcium channel
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blockers, but not selective 3 blockers, to be associated with
reduced progression of white matter hyperintensities
independent of blood pressure control and age.** However,
the trial was not designed to compare different blood
pressure-lowering drugs.

CVR declines with ageing.* Lower CVR is associated
with an increased risk of stroke in patients with carotid
artery stenosis®™ and with risk of death independent of
stroke in the general population.” Reduced CVR was
further found to precede the progression of normal-
appearing white matter to white matter hyperintensities.*
However, the mechanisms underlying the association
between lower CVR and adverse outcomes remain to be
determined. Blood pressure-lowering drugs from
different drug classes differ in their effects on vascular
remodelling and endothelial dysfunction. Long-term
treatment with losartan has been shown to correct the
altered structure and endothelial dysfunction of
resistance arteries in people with hypertension, whereas
treatment with atenolol had no effect.” In a substudy of
the LIFE trial, long-term treatment with losartan was
associated with less peripheral vascular hypertrophy
than with atenolol.” Data from rodent models of
hypertension likewise show drug class-specific effects
of antihypertensive agents on vascular structure and
function.”* Hence, it seems possible that the differential
effects of study drugs on change in CVR in patients with
CADASIL observed in the TREAT-SVDs trial are related
to differential effects on endothelial function or vascular
remodelling. However, the period of intervention in our
trial was short, and whether longer treatment would
have similar results remains unknown. In any case, the
differences in treatment effects on change in CVR in
patients with CADASIL seem unrelated to the absolute
reductions in blood pressure lowering, because
amlodipine, losartan, and atenolol all reduced mean
SBP to a similar extent. Current guidelines for the
management of hypertension recommend restricting
B blockers to people with comorbidities or compelling
indications requiring their use.” The unfavourable effect
of atenolol compared with both amlodipine and losartan
on change in CVR in patients with CADASIL might be
seen as an additional argument to adhere to current
guidelines for blood pressure control in this patient
population. The number of study participants with
CADASIL entering the efficacy and per-protocol analyses
was small, and only ten people had valid data for change
in CVR for all four measurements (ie, after washout and
at the end of each of the three treatment periods).
Nevertheless, we detected a significant treatment effect,
possibly due to the relative homogeneity of the CADASIL
group and the crossover design.

To our knowledge, TREAT-SVDs is the first RCT to
compare the treatment effects of different antihypertensive
drugs in people with small vessel disease and on CVR. We
chose an open-label study design because we anticipated
that CVR, as assessed in the current study, would be

independent of whether the patient or study personnel
were aware of treatment allocation. After investigating the
effects of the number of sequences in simulations, we
further decided to use a three-sequence instead of
a six-sequence model, because the three-sequence model
was not inferior and because it limited the complexity of
the study. The decision not to perform a washout between
study drugs was motivated by the intention to limit the
drug-free period in study participants, all of whom had an
indication for antihypertensive treatment. Given the half-
lives of the study drugs, this lack of a washout between
treatments had no effect on the safety assessment
(appendix p 13).

Overall, the study drugs were well tolerated. Our finding
of significant differences in the treatment effects on the
primary endpoint in participants with CADASIL but not
in participants with sporadic small vessel disease was
unexpected and shows the importance of including
patients with rare hereditary subtypes of common diseases
into clinical trials. Aside from the underlying genetic
cause in participants with CADASIL, the two patient
groups differed with respect to baseline characteristics.
On average, participants with sporadic small vessel
disease were almost 10 years older, had higher blood
pressure values, were likely to have had long-standing
hypertension, and had less severe manifestations of small
vessel disease on MRI. Because of the lower blood
pressure values in participants with CADASIL, the mean
drug dose for the three study drugs was lower than in
participants with sporadic small vessel disease. Still, the
absolute effects on change in CVR seemed to be larger in
participants with CADASIL than in those with sporadic
small vessel disease. Motivated by these results, the lower
mean age of participants with CADASIL than of those
with sporadic small vessel disease, and previous data
showing an overall reduction of CVR with ageing,” we
conducted an exploratory subgroup analysis in young
sporadic patients using the median split of the study
population (age 60 years) as a cutoff. As in patients with
CADASIL, change in CVR improved with both amlodipine
and losartan compared with atenolol, suggesting that the
effects of antihypertensive treatment on CVR might vary
depending on age or duration of hypertension. However,
this result should be interpreted with caution because this
exploratory analysis was not prespecified.

Our trial has limitations. First, it was terminated
prematurely for participants with CADASIL because of
slow recruitment, and the overall sample size was small.
Second, the proportion of participants with incomplete
datasets for the primary outcome was relatively high.
A reason for the incompleteness of data can be accounted
for by the requirement for repeated MRIs with assessment
of CVR, which is more challenging to obtain than a typical
clinical outcome. Notably, there was no evidence for a
sequence effect or bias originating from a selective loss of
endpoints. The main reasons for incomplete datasets
were premature termination of the CVR measurements
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by study participants and movement artifacts raising
concerns about the suitability of CVR measurements as
an endpoint for future trials. Third, the treatment period
for each drug was short, so no conclusions can be drawn
about potential long-term effects of antihypertensive
drugs on CVR. Finally, the results cannot be generalised
to all people with small vessel disease and hypertension,
because people with asymptomatic small vessel disease
and people with severe hypertension taking more than
two antihypertensive drugs at a maximum dose or
equivalent were excluded from participation into the
study.

Our trial has several strengths. TREAT-SVDs included
people with sporadic small vessel disease as well as
patients with CADASIL and, therefore, provides data for
many people with symptomatic small vessel disease as
well as a group of patients that is typically under-
represented in clinical trials. Second, all endpoints were
centrally assessed by experienced readers who were
masked to clinical status and information related to study
medication. Third, the primary endpoint measure related
to cerebral microvascular function and, thus, was reflective
of the primary pathology in small vessel diseases. Recent
trials in Alzheimer’s disease and other conditions have
shown the importance of biomarkers that are close to the
primary pathology as read-outs in clinical trials. Fourth,
blood pressure was determined by daily telemetric
monitoring, enabling close observation of drug treatment
and the assessment of blood pressure variability as a
secondary endpoint. Indeed, drug effects on blood
pressure variability differed between study drugs, as
expected from findings of previous blood pressure-
lowering trials. Finally, study attrition was low, and 90% of
participants completed all study visits despite the extensive
study protocol with multiple MRIs, CVR measurements,
telemetric blood pressure monitoring, four drug changes,
and being conducted during the COVID-19 pandemic.

The TREAT-SVDs trial provides proof of concept for the
feasibility of multicentre trials involving complex
interventions and serial MRIs with dynamic tests of
cerebral microvascular function in patients with
symptomatic small vessel diseases. Whether antihyper-
tensive drug classes differentially affect clinical outcomes
in people with small vessel diseases requires further
research.
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