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Abstract.
Background:Sporadic cerebral amyloid angiopathy (sCAA) research of the past decade has increasingly focused on develop-
ing biomarkers that allow for an earlier and more accurate sCAA-diagnosis. Considering that sCAA does not have treatment
options available (yet), more fundamental questions concerning the desirability of using such early-sCAA biomarkers in
clinical practice need to be addressed.
Objective:In this qualitative interview study, we aim to explore the views of vascular neurologists on the purpose and possible
consequences of an earlier and more accurate sCAA-diagnosis, using new biomarkers.
Methods:Vascular neurologists from around the world were approached via email and interviewed via video call. Topics
included views on current sCAA diagnostic practice, considerations on the use of new biomarkers, and expectations and
hopes for the future. All interviews were transcribed ad verbatim using a transcription program (Otter.ai). Transcripts were
analyzed using inductive content analysis.
Results:We interviewed 14 vascular neurologists. Views regarding the desirability of new sCAA-biomarkers differed sub-
stantially between interviewees as to when and in whom these biomarkers could be of benefit in clinical practice. These
differences were mainly reported with regards to prognosis, risk stratification, and biological precision, between general
stroke neurologists and neurologists with specific sCAA-expertise.
Conclusion:Views on the use of sCAA-biomarkers in clinical practice differ substantially between vascular neurologists.
There is particularly no consensus regarding when, and in whom sCAA biomarkers could be useful in clinical practice.
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INTRODUCTION

Sporadic cerebral amyloid angiopathy (sCAA) is
common in older adults and is characterized by
the accumulation of amyloid-� proteins in cerebral
arteries and arterioles [1]. Amyloid-� accumulation
can lead to weakening of the cerebral vasculature,
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increasing the risk for intracerebral hemorrhages
(ICH) and cognitive impairment [2].

In the past decade, sCAA research has increasingly
focused on developing biomarkers, e.g., in cere-
brospinal fluid and (even more so) MRI, that allow
for an earlier and more accurate sCAA-diagnosis. The
current gold standard for a sCAA-diagnosis is based
on biopsy, or autopsy findings [3]. For a diagnosis
during life, the (modified) Boston-criteria can be used
[4, 5]. These criteria comprise clinical, radiological,
and pathological features, but are primarily tailored to
detect microbleeds and superficial siderosis on brain
magnetic resonance imaging (MRI), which may be
manifestations of relatively late stage sCAA [6, 7].
Other limitations of the Boston-criteria are the rela-
tively low sensitivity (44–70%) for diagnosing sCAA
compared to biopsy and autopsy findings, and the
fact that not every person can or wants to undergo
an MRI-scan [8]. Consequently, estimations on the
incidence of sCAA in population-based studies vary
substantially [1].

The assumption is that early detection of sCAA
might have clinical benefits, including informing
patients about their risk to develop ICH or cognitive
impairment, or providing early intervention possibil-
ities once these become available [9–12].

Despite the research focus on finding new sCAA
biomarkers, more fundamental questions concerning
the desirability of early CAA diagnostics in clinical
practice, e.g., if an early CAA diagnosis is desir-
able, for which patients this would apply and at what
moment, were never scientifically addressed. The aim
of this study is therefore to explore the views of vas-
cular neurologists around the world on the purpose
and possible consequences of an earlier and more
accurate sCAA-diagnosis in clinical practice, using
biomarkers, and to provide a link between biomarker
research developments and the potential benefits of
these biomarkers for (future) patients in clinical
practice.

METHODS

Study design

This interview-study was part of the Biomarkers
for Cognitive Impairment due to Cerebral Amyloid
Angiopathy (BIONIC) project, which investigates
the potential of biomarkers for a better diagnosis
in clinical practice [13]. The local ethical commit-
tee approved the BIONIC project, as is stated in the
Acknowledgments section. Consolidated criteria for

Reporting Qualitative (COREQ) criteria were used to
ensure the quality of reporting [14].

Participants

Between December 2020 and June 2021, prac-
ticing vascular neurologists from various parts of
the world were approached via e-mail, and were
informed about the content and purpose of the
BIONIC-interview project. We invited vascular neu-
rologists only, because they are more likely to have
contemplated about the use of sCAA biomarkers in
clinical practice given that they might diagnose sCAA
in clinical practice—the sCAA diagnosis is generally
used in specialist setting. Of these vascular neurol-
ogists, some had expertise sCAA while others had
expertise in general stroke. To be able to collect a
broad range of views and opinions, we used purposive
sampling for the selection of the interviewees, taking
field of expertise (sCAA or general stroke), years of
work experience, and location (international, prefer-
ably one interviewee per research institute/clinical
department) into account. Some interviewees were
involved in sCAA research. We sampled from our
own direct and indirect (inter)national network in
combination with a non-exhaustive search in Med-
line. Enrolment ended when no new answers came
up in the interviews in response to the main research
questions, i.e. when thematic saturation was reached
[15]. One interviewee requested for an overview of
the interview questions prior to the interview. All
interviews were audio-recorded with informed con-
sent given verbally at the start of the interview. All
audio recordings were collected in a secured digital
workspace.

Data collection

In preparation of the interviews, we performed one
pilot-interview with a general stroke neurologist. Two
researchers conducted the semi-structured interviews
(MS and HA) via videocall. One had a background
in medical ethics and had experience in conducting
interviews, the other had a background in clinical neu-
rology and was trained by the former researcher to
conduct the interviews.

The interview guide (Supplementary Material) was
composed by four researchers (MS, ER, MP, and
HA). This guide comprised three parts: 1) Views on
current sCAA practice; 2) Considerations on the use
of new biomarkers; 3) Expectations and hopes for
the future. Part 1 included the interviewees’ current
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diagnostic workup for diagnosing sCAA; intervie-
wees were asked if they would use this diagnosis in
clinical practice and whether they experience obsta-
cles in sCAA-diagnostics. In part 2, we discussed
considerations both in favor and against the usage
of new sCAA biomarkers in clinical practice. Part
3 comprised of the future perspective; interviewees
were asked what role biomarkers could play in sCAA-
diagnostics, and what they hoped to see for the future.
We made small adjustments to the interview ques-
tions after each interview, if deemed necessary.

Coding and data analysis

The interviews were transcribed ad verbatim using
a transcription program (Otter.ai). Data analysis
started directly after the first interview, using induc-
tive content analysis [16]. In the first phase of coding
and analysis, two researchers (MS and HA) inde-
pendently coded the interviews to limit the risk of
bias and subjectivity in the analyses. Codes were then
compared and discussed until consensus was reached
about a preliminary coding tree, which was then used
by the researcher (HA) to code remaining transcripts.
After each interview the coding tree was updated.
If new codes emerged, all interviews were reviewed
according to the new codes. We combined open codes
into axial codes, categories, and themes. The final
coding tree was discussed with other researchers (MP,
ER) and adjusted accordingly. Disagreements were
settled by consensus.

In the second phase, the remaining interviews were
coded by HA, and subsequently reviewed by MS.
This coding was based on the initial coding tree that
was adapted and elaborated based on new concepts
emerging from the data. In the third phase, axial cod-
ing of the data was performed to identify clusters of
considerations in the interviews. HA performed this
coding, which was then reviewed by MS and later dis-
cussed with MP and ER. Disagreements were settled
by consensus. Data collection and analysis contin-
ued until no new codes, concepts or patterns could
be identified from the data. Analyses were supported
using a qualitative data analysis software program
(Atlas.ti 8.4.20).

RESULTS

Study population

We approached 30 potential interviewees between
November 2020 and June 2021. 14 neurologists did

not respond to our repeated request, one declined
because of change in work responsibilities, another
declined because of time constraints. Eventually, we
interviewed 14 vascular neurologists with expertise
in general stroke and/or sCAA. Due to risk of iden-
tification of interviewees in the relatively small field
of stroke/sCAA, we do not include a table illustrat-
ing characteristic per participant. Interviewees were
from the United States, Canada, United Kingdom,
France, Denmark, and the Netherlands. Ten were men
and four were women. Most worked at university
hospitals as practicing neurologists and researchers,
memory centers included. Work experience as a med-
ical specialist in the field of neurology ranged from
one to over 30 years. Of 14 neurologists, six had
specific expertise in sCAA. All neurologists were
familiar with CAA-diagnostics in clinical practice,
but variation existed in the depth and frequency of
their own involvement in diagnosing CAA. Interview
duration ranged from 20–45 minutes. The inclusion
of experts from a variety of countries and fields of
expertise (sCAA and general stroke), renders our pur-
posive sample effective.

Considerations for the general use of
sCAA-biomarkers

Views on the desirability of implementing new
sCAA-biomarkers in current practice varied sub-
stantially between the interviewees. Distinguishing
subtypes of sCAA, monitoring disease progression,
preventing complications (e.g., hemorrhagic stroke),
and providing individuals with a prognosis were
reported as generally useful properties of scAA
biomarkers, but differences existed as to when, and
in whom these purposes would be useful in clinical
practice. Table 1 depicts an overview of illustrative
quotes regarding neurologists’ views on the devel-
opment and implementation of new biomarkers. The
considerations mentioned seemed to be partly driven
by participants’ fields of expertise, namely sCAA or
general stroke. Those with specific expertise in sCAA
generally seemed to argue more towards the potential
benefits of the use of new sCAA-biomarkers. These
considerations were expressed from a more ground-
breaking point of view, because they regarded sCAA
as a problem that applies to a greater population
(e.g., asymptomatic older individuals), than solely
those who have already been diagnosed with the ill-
ness after symptoms became apparent. Arguments
in favor of a broader use of new sCAA-biomarkers
in clinical practice were sometimes also used for
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Table 1
Statements made by interviewees concerning current sCAA-diagnostics and considerations in favor/against the implementation of novel

biomarkers

Current sCAA workup: Boston-criteria
“The Boston criteria are the best that we have so far.”
“So far, the Boston criteria work pretty well in terms of diagnosing sCAA.”
“Current Boston criteria cause a barrier between research and clinical practice.”
“The problem with the Boston criteria is that it’s too specific and not sensitive enough.”
“Boston criteria often misapplied by clinicians with no expertise of sCAA.”
“Current biomarkers do not particularly map well to clinical function.”

Considerations in favor/against implementing new biomarker
Prognosis

“ A biomarker should not fulfil prognostic information, because it is too nonspecific and heterogeneous between patients, therefore being
unreliable.”
“ Every patient wants to know what’s going on, and what their prognosis is.”
“ Prognosis of cognitive decline as part of sCAA diagnosis is very much part of the diagnostic and therapeutic work-up plan.”
“ Patients would rather not know details of prognosis if no treatment is available.”
“Biomarker useful for prognosis when it induces change in person’s lifestyle.”

Informing
“As a clinician, I do recognize microbleeds and cognitive decline and take it into account, but I don’t discuss it much further with
patients because of the lack of knowledge how to deal with that information.”
“It can be helpful for patients to know more about their illness, even if there are no treatments available.”
“Knowledge on illness can damage one’s life.”
“Research shows that there is no societal benefit to knowing early about incurable conditions.’
“Telling all the possible details when it comes to hypothetical prognosis and neurological complications is burdensome for patients and
their family.”
“Explanation might cause relieve in patients.”
“In some cases, when there are no treatment options available, you must protect the patient and not explain the diagnosis (in detail).”

Risk stratification
“Being able to stratify the individual risk of ischemic stroke and recurrent hemorrhage would help clinicians make better therapeutic
decisions.”
“Knowing the severity of sCAA, modifies the therapeutic approach.”
“Being able to stratify the individual risk of ischemic stroke and recurrent hemorrhage would help clinicians make better therapeutic
decisions.”
“sCAA biomarkers not useful for prognosis of (recurrent) hemorrhage, because risk of hemorrhage will stay the same nonetheless.”
“Being able to make multiple diagnoses and separate illness from another, might be helpful for risk stratification.”

Prevention
“Diagnostic biomarker can be helpful in guiding secondary prevention strategies.”
“Being able to prevent a second hemorrhage, and even better, first hemorrhage.”
“Biomarker to distinguish illness in earlier stage, might be beneficial for therapeutic consequences.”
“In sCAA patients who present with stroke, the focus is to prevent recurrent stroke.”
“There might be an economic value as to predict and prevent future disability.”

Biological precision
“Biomarkers are usually extremely unspecific and many times not useful in clinical practice.”
“Diagnosing a disease with some biological precision would also lead to better information on the course of the disease, which could be
helpful for the future.”
“Diagnosing sCAA with more biological precision would help cover the knowledge gap in sCAA.”
“Diagnosing a disease with some biological precision would also lead to better information on the course of the disease, which could be
helpful for the future.”
“Biological precision has only to do with a clinical diagnosis, and not necessarily with the course of the disease.”

Treatment and tracking treatment effects
“Few sCAA researchers or clinicians would recommend early screening until we understand more about disease modifying treatment.”
“Given that there are no treatment options available yet for sCAA, there is no need for distinguishing sCAA patients from one another.”
“If we would have disease modifying treatments, you would want to search for sCAA markers in asymptomatic people.”
“It would be useful to be able to provide patients with more personalized treatment.”
“Purpose biomarkers might become more useful when treatments become available.”

the general population. Whereas those with exper-
tise in general stroke generally seemed to use more
terms and conditions as to when, and in what pop-
ulations new biomarkers would be of added value
in clinical practice, taking the clinical presentation

and patient/person subpopulation into account in their
argumentation.

Some interviewees were very specific about the
purpose and setting in which a new biomarker would
be useful for current practice;
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Fig. 1. Consequences and considerations for the implementation of new sCAA biomarkers in (future) clinical practice.

“You get a person who shows up at age 70, with
a lobar hemorrhage. Being able to say: yes, this
is amyloid angiopathy, and you’re likely to have
another bleed. That’s not very helpful. Because
even if the testing was negative, I would say you’re
likely to have another bleed.” . . . “Where it may
be helpful is in a rare case of a hemorrhage. If
you’re 30, or 40, and you have a hemorrhage,
perhaps these biomarkers would be a bit more
helpful. Just because that’s a very unusual sce-
nario. And you don’t really know what their
prognosis is. But but that’s very rare. It would
be like one patient a year.”

Besides field of expertise, global differences in the
organization of health care also seemed to influence
the reasoning for the usage of new biomarkers, par-
ticularly differences in how the financial costs of
biomarker testing was covered. Depending on the
country of origin, some interviewees further substan-
tiated their reluctance towards expanding the use of
biomarkers in clinical practice, due to the high med-
ical costs that are linked with these investigations
(e.g., MRI and positron emission tomography, PET
scans). For these clinicians, additional investigations
were only performed, if findings were expected to
have clinical consequences for the patient. Others
mentioned that there can be a financial incentive for

doctors, depending on the country, to offer biomarker
testing.

“In some countries, hospitals make money by
doing tests, and they make money when a person
has a disease, right? The hospital receives fund-
ing from a third party to do all of these things, and
they make a profit out of it. Whereas our system
is the exact opposite. We lose money every time
we do a test. We have an envelope of funding for
all of our tests in our health care. But the more
you use, the less there is for everybody. So in our
context, we have a mantra: if it doesn’t change
management, why would you do it?”

Figure 1 schematically illustrates the interviewees’
considerations in favor of and against new biomark-
ers, and possible consequences of implementing such
biomarkers in clinical practice.

Analysis of the interviews showed that consider-
ations regarding the use of new biomarkers varied
most within three themes: Prognosis; Risk stratifica-
tion; and Biological precision. We will discuss these
theme-based considerations in more detail.

Prognosis

The theme of providing a prognosis as a potential
benefit of sCAA biomarkers was limited to the patient
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group of individuals with (suspected) sCAA. Being
able to provide a (more accurate) prognosis due to
sCAA biomarkers was considered to be an impor-
tant part of the diagnostic process by many, arguing
that this information can be helpful when informing
patients and family members on the expected dis-
ease progression. Many of these interviewees found
the idea of not informing patients on the prognosis, if
this information would be or could become available,
because of lack of treatment options) as paternalistic,
and sometimes unethical.

“But, you know, from an ethical standpoint, we’ve
definitely moved to the tell everybody, everything.
You don’t have to hit them on the head with the
diagnosis, if they don’t want to hear it. But I think
everybody wants to know what’s going on and
wants to know their prognosis.”

Others were more reluctant towards prognosis,
partly because of the lack of current treatment
options. Some elaborated that the complexity of
sCAA as a disease, including the heterogeneity in
clinical manifestations, makes a CAA prognosis by
definition unreliable.

“A biomarker should not fulfil prognostic infor-
mation, because it is too nonpecific and hetero-
geneous between patients, therefore being unre-
liable.”] Most of these interviewees believed that
a prognosis would primarily be useful if there
would be treatment options available or practi-
cal lifestyle consequences (e.g., in the context of
advance care planning).

Risk stratification

The theme of risk stratification was discussed
in a broader context, both with respect to asymp-
tomatic individuals, those with suspected sCAA, and
sCAA patients. Gaining information on the risk of
developing clinical symptoms due to sCAA (such as
hemorrhages and cognitive impairment) was thought
to be particularly useful for sCAA patients to be
able to prevent neurological complications because
of medical management of stroke risk.

“.. I mean, that there’s this very careful weighing
of risks versus benefits that has to be done. From
a research standpoint, having those biomarkers
would allow us to say: Okay, now, let me see what
the risk of bleeding is with the biomarker and
without the biomarker, and then model in some
way whether you’re more likely to prevent a stroke

or more likely to cause a stroke [when administer-
ing anti-coagulants]. There’s a danger of misuse
of information, I think, for sure. But I think that’s
a danger that can be handled, I think that it just
would take thoughtful analysis and really clear
directions on how it should be used and how it
shouldn’t be used.”

When it concerned those with ‘possible sCAA’
according to the Boston criteria, and asymptomatic
persons, views on the implementation of a biomarker
test for sCAA risk stratification varied. Some argued
that this could lead to more testing in clinical practice,
possibly leading to over-medicalization, with little
beneficial value for the patient/individual, which was
thought to be unfavorable for both patients as well as
doctors.

The implementation of sCAA biomarker test-
ing in the asymptomatic, older population was not
considered appropriate by many, even when these
biomarkers could diagnose CAA more accurately.
Concerns arose about the possibility of medicaliza-
tion and inducing worry and anxiety.

“[in response to bringing CAA biomarker tests
from research to clinical practice:] I think that
all people fall in love with their own ideas. I do
too. I think that we should be very much aware of
the difference between what we actually know and
what we think and what we hope. We as doctors
should realize that a lot of what we do is certainly
not evidence based. And just because we do this
as doctors, it doesn’t mean it’s science, it can
be experienced, it can be good, you know, good
artisan. But before we implement something new,
we should do the trials.”

Others focused more on the notion that a new
biomarker could help predict the risk of developing
sCAA at an early stage, which was thought to be
helpful for advance care planning and treatment man-
agement, especially when treatment options would
become available in the future.

“So it’d be nice to know that they don’t have either
a sCAA or AD. And my hope is that [knowing]
this ratio [sCAA vs. AD pathology] may help[..],
those with a higher ratio of AD to sCAA, I would
say probably have a worse prognosis. They might
be better responders to cholinesterase inhibitors
. . . “This would all be useful information to me,
even if I can’t cure either disease, right now, it’s
more prognostic information, as I’m describing,
but to be able to know that, so it’s probably not
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yes or no, it’s probably like a score, you know,
your amyloid-beta ratio.”] Views on what kind
of patient population could benefit from knowing
once’s risk to develop symptoms due to sCAA,
differed.

Biological precision

Most interviewees found the Boston-criteria, cur-
rently used to diagnose sCAA, not accurate enough
(particularly regarding its relatively low sensitivity)
and its interpretation complex at times. Of these
interviewees, some argued that novel biomarkers
could help provide a more accurate diagnosis at
an earlier stage of the disease. A smaller number
of interviewees argued that they found the cur-
rent Boston-criteria sufficiently accurate for standard
sCAA-diagnostics in current practice. They did not
express a sense of urgency for the development for
new sCAA-biomarkers for being able to diagnose
CAA with more biological precision but found other
functionalities more relevant;

“Yes, there is a need for new biomarkers, but I
don’t think this is specific to sCAA... Currently,
our knowledge of CAA is based on a very het-
erogeneous group of patients. I would say that
we would need better biomarkers to be able to
disentangle the different subtypes of sCAA.”

Others reported that despite sCAA-diagnostics not
being ideal, the implementation of novel biomarkers
would only be useful in a research setting, and not on
a larger scale in clinical practice, because of the lack
of treatment options available.

The main incentive for diagnosing sCAA with
more biological precision was to be able to pro-
vide patients with a more personalized treatment
plan. This was particularly mentioned for patients
with less typical sCAA-symptoms, in whom neu-
rologists face greater dilemmas regarding treatment
(e.g., cessation of the use of anticoagulants in patients
with atrial fibrillation to avoid increasing the risk of
stroke in those with sCAA). According to most neu-
rologists, the ideal of diagnosing sCAA with more
biological precision was deemed not applicable for
asymptomatic persons, because they believed reach-
ing consensus on whether there is an added value of
new sCAA-biomarkers (and if so, in which subpopu-
lations) is crucial before starting general population
screening. Furthermore, some of these interviewees
added that testing an asymptomatic population at a
larger scale, for instance with a blood test by the

general practitioner, would result in higher test bur-
den, increase stress and anxiety, with little to no
added value for this subpopulation. Others advocated
for the implementation of new biomarkers in this
group regardless, given the beneficial value of bet-
ter understanding the pathophysiology of sCAA, next
to being able to provide a future risk-stratification to
those who undergo testing. The latter was thought
to be particularly useful for future research and
for the development of more effective treatment
options.

DISCUSSION

This qualitative study on the desirability of the
implementation of new sCAA-biomarkers revealed
that views regarding the added value of these
biomarkers differed as to when, and in whom these
biomarkers should be used in clinical practice. Con-
siderations for the desirability of new biomarkers
varied most within three themes: prognosis, risk strat-
ification, and biological precision. The direction of
these considerations seemed partly entangled with
participants’ field of expertise (sCAA or general
stroke), but also by global differences in the ability
to cover financial costs of additional medical exami-
nations.

Many interviewees considered providing a progno-
sis as part of the diagnostic process in individuals with
suspected sCAA who visit their practice, regardless
of whether treatment options are available. Others
argued that the lack of treatment options and the com-
plexity of sCAA as a disease entity, make a prognosis
less accurate, and therefore not very useful.

Risk stratification through biomarker testing was
considered useful for sCAA patients by most intervie-
wees. Estimating ICH risk in high-risk group patients
(e.g., those who use anticoagulant therapy) was found
particularly useful because it could help to opti-
mize a treatment plan to avoid ICH. Others worried
about over-medicalization and considered the benefi-
cial value of knowing this kind of information limited,
because they considered risk of ICH inherently asso-
ciated with sCAA.

Lastly, the property of biomarkers to offer bio-
logical precision when diagnosing sCAA was often
compared with the current use of the Boston-criteria.
There was great variability of opinions regarding the
usage and reliability of the Boston-criteria. Some did
not rely too much on these criteria when making a
sCAA-diagnosis and felt no need for a new diagnostic
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framework based on biomarkers, whereas others con-
sidered them as not ideal, and advocated for the need
of a new biomarker with more accurate properties to
help diagnose sCAA more accurately.

The differential findings in our study could take
root in nuanced differences regarding the concept
of personalized medicine. In the last two decades,
research purposes have increasingly focused on
developing biomarker tests for prediction, preven-
tion, and precision-based medicine [17–20]. The
development of biomarkers has taken flight within
the medical field more generally, based on the under-
lying idea that by measuring bodily parameters, one
would be able to characterize specific processes in
the body that may be markers for health and dis-
ease [21], thereby enabling a more accurate diagnosis
or prognosis, potentially leading to new intervention
possibilities. With this goal in mind, the use of sCAA
biomarkers may almost seem self-evident.

An important notion in this discussion is how-
ever, that molecular parameters only become relevant
markers of disease when they can be aligned with
relevant clinical events.

The widespread implementation of biomarkers
under the guise of personalized medicine may in
some diseases provoke complex dilemmas, for exam-
ple related to finding a balance between providing
accurate diagnostic information that is clinically rel-
evant and trying to avoid over-medicalization. In
multi-factorial diseases, in which the underlying
pathological mechanisms are still largely unknown,
the implementation of new biomarkers is less
straightforward because it remains uncertain to what
extent they reflect a ‘pathological mechanism’ that
is causing the symptoms. Recent discussions on
the use of biomarkers in the Alzheimer’s disease
(AD) field illustrate this complex dilemma well. The
weak correlation between AD-related neuropatho-
logical changes and clinical symptoms complicates
the distinction between being ‘at risk’ for disease and
having disease. Those who believe that AD biomark-
ers reflect the pathological cause of symptoms, tend
to be more favorable towards biomarker testing. Fur-
thermore, the prognostic abilities of AD-biomarkers
are disputed, given that a considerable number of peo-
ple with mild cognitive impairment and with positive
AD biomarkers may never develop AD [24].

Parallels can be drawn with sCAA. Studies have
shown that 23–48% of persons of 65 years and
older have sCAA-related neuropathological changes
at autopsy [1]. As in AD, this raises the question
whether having sCAA neuropathological changes at

autopsy reflect general ageing. Again, the framework
of the implementation of new biomarkers is possibly
more complicated because biological observations
may not automatically be linked to clinically (rel-
evant) observations. This is further supported by a
recent review, that reported the great variety of defini-
tions used for diagnosing sCAA [1]. These standards
may depend on the clinical setting, e.g., primary care
versus university hospital, in which different doctors
have different experiences regarding the usefulness of
implementing more biomarkers, but also on the vari-
ety of definitions that are used for one disease [1].
Biomarker tests may fit better with one definition of
scAA than with another. Determining a cut-off value
for biomarker tests in clinical practice, distinguishing
‘healthy’ from ‘disease’, would therefore be compli-
cated when it comes to screening asymptomatic older
persons for sCAA-related pathological findings.

Appreciation of the intrinsic and intangible value
of having more diagnostic certainty (“knowing for
the sake of knowing”) also differs between patients,
physicians, and those who manage care (i.e., policy
makers or care managers). These parties involved
may also have misperceptions about how the other
group appreciates the value of diagnostic certainty
[25]. It is worth mentioning that despite good inten-
tions of wanting to inform patients (and perhaps
asymptomatic individuals) on current/future disease
risk, this may have detrimental rather than beneficial
effects [11, 26, 27]. According to patients, know-
ing one is ‘at risk’ for disease, with no options for
prevention or treatment, can cause stress, anxiety,
and depression, because the acquired knowledge is
not actionable [28]. In a recent focus group study,
(future) sCAA patients and caregivers confirmed [29]
that information about disease can be ‘premature’
and even ‘harmful’ when recipients feel unable to act
upon the information for their (self-) care. This was
specifically the case when symptoms were related
to (incipient) cognitive impairment. New biomark-
ers may potentially improve the prediction of ICH,
but the question if and when an ICH could occur will
most likely remain unanswered. Patients and relatives
may benefit from information on the cause of ICH,
but undoubtedly would derive more benefit if spe-
cific preventive treatments were available, which is
currently not the case.

One could therefore argue that doctors who assume
that patients would want to know everything, and
therefore perform extensive testing without enabling
the patient the right not to know, can in a sense, also
be viewed as paternalistic.
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Lastly, several studies have investigated the finan-
cial appreciation (i.e., ‘willingness to pay’) of patients
and the general public for diagnostic information that
may not influence care strategies [26, 27]. Knowing
the views of those who pursue diagnostic tests for a
disease for which there is no treatment, such as sCAA,
i.e., researchers, or physicians, who decide in clinical
practice on the use of the test, received little attention
so far. The added value of ‘better’ diagnostic testing
for sCAA however remains unclear—or, at the mini-
mum, not yet explicitly defined—even though all the
research efforts invested in finding sCAA biomark-
ers seems to assume that diagnostic testing always
leads to scientific and/or clinical improvement. This
may feed into the often-described phenomenon of
physicians involving excessive diagnostic testing in
the hunt for diagnostic certainty, even against the
advice of clinical guidelines [30, 31]. Identifying
who may benefit from improved diagnostic testing,
and who may not, in parallel of the development of
these tests, could avoid excessive use of diagnostic
tests and channel its development and use in the most
appropriate way.

Strengths of this study include the wide variety
of participant characteristics, particularly consider-
ing a balanced number of participants with expertise
in sCAA or general stroke. Furthermore, the inter-
national aspect of this study presents a diverse
spectrum, taking the cultural norms, patient popula-
tions, and financial abilities to cover for diagnostic
testing that may differ between healthcare cen-
ters worldwide into account. Other strengths of
this study include data-triangulation and the com-
bination of experiences from clinical practice with
analysis of moral reasoning. Also, the involvement
of a multidisciplinary research team contributed to
addressing the new sCAA-biomarkers from diverse
relevant angles. A limitation of this study is the
fact that 16/30 invited neurologists did not respond
to our invitation or declined because of busy
work schedules. These refusals seemed at random
and could not clearly be explained by specific
characteristics.

A potential future indication for using biomark-
ers to confirm sCAA would be to predict Amyloid
Related Imaging Abnormalities in patients who
would be prescribed anti-amyloid therapy for AD.
Currently, in Europe there is not approved anti-
amyloid therapy, and in the US, there is a highly
controversial conditional approval of aducanumab,
which so far is unlikely to be prescribed at a large
scale.

Conclusion

Our study findings show that there is a great variety
in views concerning the use of new sCAA-biomarkers
between vascular neurologists from around the world.
There is particularly no consensus regarding when
and in whom sCAA biomarkers could be useful in
clinical practice. The substantially different views
between vascular neurologist may evoke the debate
on who would benefit from these biomarkers in clin-
ical practice, and what arguments are important to
consider in the usage of these novel biomarkers in
the near future.
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