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Abstract

Background: Ensuring equitable access to adequate standard of care for patients with

rare hematological disease is one of the aims of the European Reference Network

(ERN) EuroBloodNet. Stroke is one of the most devastating complications for children

with sickle cell disease (SCD). For effective prevention of stroke risk, annual tran-

scranial Doppler (TCD) according to a defined protocol is recommended for patients

aged 2–16 years, with red blood cell transfusion therapy for those at risk. There is

no information regarding screening for stroke risk and stroke prevention programs in

Europe.

Methods: Seven SCD experts of five healthcare providers (HCPs) of ERN EuroBlood-

Net developed an online survey to assess the access to TCD screening and stroke

prevention programs for children with SCD in Europe.

Results: Eighty-one experts in 77 HCPs from 16 European countries responded to 16

online questions. Thirty-two of 77 (51%) HCPswere EuroBloodNet reference centers,

and 36% physicians reported not having a dedicated TCD/TCD imaging service for

children with SCD. Only 30% of physicians provided estimates that all their patients

received annual TCD according to the standard protocol due to lack of trained staff

(43%), lack of TCD instruments (11%), refusal of patients due to logistical difficulties

(22%), and lack of funds for dedicated staff or equipment (11%).

Abbreviations: ERN, European Reference Network; HCP, healthcare provider; ICA, internal carotid artery;MCA, middle carotid artery; SCA, sickle cell anemia; SCD, sickle cell disease; STOP,

Stroke Prevention Trial; TCD, transcranial Doppler; TCDi, imaging transcranial Doppler.
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[Correction added on 25 July 2024, after first

online publication: The order of the first and

surnames for some of the authors has been

corrected in this version].

Conclusions: This multinational European survey provides the first comprehensive

picture of access to TCD screening and stroke prevention in European countries. Iden-

tifying the potential underlying causes of the lack of effective standardized screening,

this survey also addresses possible dedicated actions to cover these needs.
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1 INTRODUCTION

Children with sickle cell disease (SCD) are at increased risk of

cerebrovascular events such as ischemic stroke, silent infarcts, and

neurocognitive impairment.1 Complex pathophysiologicalmechanisms

are implied in the development of large-vessel cerebral vasculopa-

thy and ischemic stroke, including chronic anemia, hemolysis, and

vaso-occlusive events, which activate inflammatory and coagulation

cascades.1 However, Adams et al. in the Stroke Prevention Trial in

Sickle Cell Anemia (STOP) demonstrated the pivotal role of a single

diagnostic tool, transcranial Doppler ultrasound scanning (TCD), to

identify children with sickle cell anemia (SCA) at high risk of ischemic

stroke based on increased cerebral velocities in the middle cerebral

artery (MCA) and the internal carotid artery (ICA).2 Patients with

abnormal TCD velocities have a 40% risk of experiencing an ischemic

stroke in the following 3 years, and monthly transfusion has been

shown to decrease the risk of stroke in patients with abnormal TCD.2,3

Hence, Adams et al. in 1998 recommended those with abnormal cere-

brovascular flow velocities be offered prophylactic blood transfusion

therapy to prevent stroke between ages 2 and 16 years.2,3 Therefore,

TCD screening for stroke prevention is nowmandatory in all guidelines

for the management of children with SCA utilizing a specific proto-

col for intracranial vessel evaluation, based on the STOP criteria3,4–8:

children are categorized according to the STOP criteria of ICA and

MCA time-averaged maximum mean velocities (TAMMVs): abnormal

for TAMMV ≥200 cm/s, conditional for TAMMV 170−199 cm/s, nor-

mal for TAMMV 70−169 cm/s, and low for TAMMV less than 70 cm/s.

TCD imaging (TCDi) is used in some settings instead of TCD, with or

without adjusted thresholds for categorization.4,9

Guideline implementation in the real world is challenging. It

requires healthcare service organization and capacity building, as well

as knowledge and competency maintenance, which can be particu-

larly difficult for rare diseases.10,11 In fact, in spite of the increase in

SCA as a health issue in Europe in the past decades and the devel-

opment by scientific societies of national guidelines tailored to the

different healthcare settings to standardize management of children

and support pediatricians and hematologists in day-to-day care, the

information available on the quality of the TCD screening is limited

to educational experiences in a few countries.12,13 No evaluation of

stroke prevention programs has been performed so far in Europe. As

more disease-modifying therapies become available for children with

SCD, it is mandatory to be aware of TCD availability, screening prac-

tices, and real-world data on stroke prevention strategies for children

with SCD in Europe in order to provide the best tailored personalized

care.

EuroBloodNet is the European Reference Network (ERN) on rare

hematological disorders, established by the European Union in 2016

to improve the healthcare delivery and overall quality of life of

patients with a rare hematological disease in Europe (Figure S1). The

EuroBloodNet members recognized as experts centers for red blood

cell disorders were first labeled by their National Ministries accord-

ing to their own procedures, which may differ from one country to

another country, and secondly approved by the ERN-EuroBloodNet

according to the criteria defined by the network in 2016 (available

at www.eurobloodnet.eu). Demonstrating adequate level of expertise

and capacity to provide specialized care in SCD, including TCD screen-

ing to children with SCD, was a mandatory requirement to become

a member reference center or affiliated in the red blood cell defects

subnetwork: expert centers had to meet the minimal number of 30

TCD/TCDi procedures per year.14

In this study,wewanted to evaluate availability of and access toTCD

or TCD TCDi screening and stroke prevention programs for children

with SCA in European expert centers, STOP protocol criteria knowl-

edgeandapplication, and identify barriers to their implementation, and

plan coordinated actions for improvement.

2 MATERIALS AND METHODS

2.1 Survey mode and questionnaire

This was a descriptive study. An online survey was developed by seven

SCD experts working in healthcare providers (HCPs) that were mem-

bers of the ERN-EuroBlodNet, coming from five European countries.

The survey aimed to evaluate the availability of and access to TCD

screening and stroke prevention programs, the STOP protocol criteria

knowledge, and application by European expert centers; it aimed also

to identify any barriers to screening and stroke prevention programs,

and plan actions. The survey consisted of 16 online questions, specifi-

cally tailored to the European Health Care Organization in the field of

rare diseases, and the detailed content is listed in Table S2. The survey

questionswere grouped in the following topics: availability of TCD ser-

vice and equipment; knowledge of screening and treatment protocols;

and service access.
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F IGURE 1 Number of centers involved per country (left) and number of centers whose responder is a member of a National Scientific Society
(right).

To develop the survey, online research was performed to identify

previous publications on this topic. Therewere no questionnaires iden-

tified at the time of the survey preparation neither in Europe or the

United States, hence the development of themultiple-choice questions

was agreed among the expert group during two meetings. The survey

was pilot tested in a small group of five experts from five European

countries before launch. The survey was distributed only in English as

all the respondentswere fromexpert centers and/or representatives of

scientific societies, therefore the common language of communication

is English.

The link to complete the survey was sent to all representatives

of the HCPs and the Red Cell Disorder representatives in each HCP

within the EuroBloodNet network, as well as to national repre-

sentatives of scientific societies within European countries. If two

providers responded from the same HCP, an email was sent to both

of them with the request to review the answers and find an agree-

ment. The final common response was then included in the survey

data.

2.2 Statistical methods

The purpose of this report is to provide a comprehensive overview of

the research conducted.Descriptive statisticswereused topresent the

results and to describe the characteristics of the samples. The studydid

not have any predefined hypotheses. Comparison between categorical

variables was made by the Fisher exact test for the evaluation of dif-

ferences in proportions. All the data were analyzed with the software

GraphPad PrismVersion 8 and expressed as number of events. Statisti-

cal significanceswere assessedwith a p-value less than .05 accepted as

statistically significant.

3 RESULTS

3.1 Respondents’ characteristics

Eighty-two physicians from 78 HCPs, with 81 being hematologists

and pediatric hematologists from 77 HCPs located in 16 European

countries responded to the survey (14/16 in Western Europe). Only

European HCPs were included in this analysis. Thirty-two of 77 (51%)

HCPswere identified as EuroBloodNet reference centers, while 14/77

(18%) were still in the process of being evaluated to be recognized as

expert centers, six were affiliated to a network center and 25were not

members.

The number ofHCPs per country and their affiliationwith a national

scientific society are shown in Figure 1.

Sixty-seven of 77 HCPs staff detailed their field of expertise: 24%

were pediatric hematologists, 3% adult hematologists, and 58% pro-

vided both pediatric and adult care. A dedicated staff for SCD was not

present in four centers.

The total numberof patients beingmanagedby theHCPs is shown in

Figure 2. Twelve centers had greater than 200patients in the age range

1−16 years.

3.2 TCD screening services and practices

Total 36% physicians reported not having a dedicated TCD/TCDi ser-

vice for children, with examination being performed by cardiologists

(10%), general radiologists (28%), needing to be sent to another center

for testing (31%), or TCDs not being performed at all (31%). Seventy-

four percent reported requesting annual TCD for their patients, but to

the question “What percentage of your patients receives annual TCD,”

only 28% provided estimates that all their patients managed to actu-

ally receive annual TCD, due to lack of trained staff (43%), lack of TCD

instruments (11%), refusal of patientsdue to logistical difficulties (22%)

(i.e., TCD in another city), lack of funds for dedicated staff or equipment

(11%), or other reasons.

Regarding the equipment availability, 9% reported not knowing if

their hospital had a TCD or a TCDi device, 32% reported having both,

13% only TCD, 35% only TCDi, and 11% none.

Only 74% of hematologists/pediatric hematologists were aware of

the protocol in use at their center by the staff performing TCD/TCDi;

the STOP criteria were applied by only 64% of the physicians, mainly

due to non-evaluation of the ICA but only of the MCA. The extracra-

nial part of the carotid artery was evaluated only in 30% of the

respondents.
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F IGURE 2 Number of patients and age of patients taken in care per healthcare provider (HCP).

3.3 Stroke prevention protocol in case of
abnormal TCD/TCDi

In case of abnormal/conditional TCD results, the approach varied and

was not uniform across centers: a transfusion program is prescribed

in 84% of centers in case of abnormal TCD, in 16% in case of condi-

tional TCD, and in 9% the choice depends on the parents. The target

hemoglobin S thresholds in case a red blood cell transfusion regimen

is prescribed, was less than 30% for 83% of the centers, less than 50%

for 16% of them; the remaining ones did not consider the hemoglobin

S threshold as a therapeutic target, but relied on the normalization of

the TCD results.

3.4 Access to screening and care in reference
centers compared to other centers

Responses to the questionnaire’s topics differed between reference

centers and the other centers only for some answers. Expert cen-

ters more frequently had a dedicated TCD Unit in their institution

(Figure 3), confirming a higher availability of facilities, as expected.

However, even in expert centers having TCD facilities, patients are

sent to other hospitals (Figure 4) to perform TCDdue to lack of trained

staff. Although only around 30% of physicians provided estimates that

all their patients received annual TCD follow-up; these data varied

among centers with expert centers having the highest percentage

(Figure 5). Moreover, expert centers had the highest number of annual

TCD/TCDi performed, above the threshold requested to maintain

competency, and a higher proportion of pediatricians and hematolo-

gists was aware of the protocol to screen children with SCD, although

even in expert centers, three physicians reported not knowing the pro-

tocols (Figure 6) and five did not know the thresholds used to classify

responses.

F IGURE 3 Response toQuestion 3 “Is there a dedicated TCD unit
in your center?” according to type of center (EuroBloodNetmember
compared to others: affiliated, application under evaluation, not
member). p-Value: *p< .05; **p< .01; ***p< .001; ns: not significant).

4 DISCUSSION

Our survey reports the first comprehensive overview of the availabil-

ity of and access to TCD screening and stroke prevention programs

across European countries. Initiated within the framework of the
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F IGURE 4 Response toQuestion 6 “Do your patients perform
TCD/TCDi in another hospital” according to the type of center
(EuroBloodNetmember compared to others: affiliated, application
under evaluation, notmember). p-Value: *p< .05; **p< .01; ***p< .001;
ns: not significant).

F IGURE 5 Response toQuestion 8 “What is the percentage of patients who actually have annual TCD in your center?” according to the type of
center (EuroBloodNetmember, affiliated, application under evaluation, not member).

F IGURE 6 Response toQuestion 10 “Are you aware of the
protocol performed at your center?” according to the type of center
(EuroBloodNetmember, compared to others: affiliated, application
under evaluation, notmember). p-Value: *p< .05; **p< .01; ***p< .001;
ns: not significant).
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EuroBloodnet HCPs network, our respondents comprised not only

members but also affiliated HCPs, those undergoing evaluation for

European body membership, and non-members. The large response

from 81 experts in 77 HCPs spanning 16 European countries under-

scores the recognition of the importance of this issue and the substan-

tial interest among numerous physicians regarding access to care and

monitoring protocols for children with SCD.

In fact, previous surveys considering the access to TCD and

the application of guidelines in the real-world, outside clinical tri-

als, in the United States, who pioneered the procedure, have been

disappointing.15–17 Moreover, creating specialized services and exper-

tise, as well as maintaining competencies and monitoring indicators

requires funding, which has been largely low for SCD compared to

other rare diseases,18 although comprehensive figures from Europe

are lacking.

Our survey brings attention to a prevailing insufficiency in access-

ing a crucial element of prevention and care for children with SCD.

This inadequacy poses a risk of exacerbating the burden of disabilities

stemming from stroke and cerebral chronic organ damage, including

silent infarcts and impaired cognition.1,19 Therefore, the deficien-

cies in screening and preventive measures could determine potential

economic and social repercussions.20–22

We identify an urgent need to address the root cause of inadequate

and unsatisfactory access to TCD screening and stroke prevention

programs, which were identified in our survey. First, the lack of ade-

quately trained staff to perform TCD requires training programs for

neurologists or neurosonologists and technicians, specifically on SCD

protocols. These could benefit from collaboration with various sci-

entific societies and continuous training within the ERNs and the

health systems. Examples from pilot European experiences and other

low-resource settings demonstrate that this is feasible,13,23,24 but

requires adequate funding and should include theoretical sessions,

hands-on-session, regular monitoring, and periodical assessment of

key indicators. The advances in medical technology, distance learning

systems, and competence maintenance through eHealth and artificial

intelligence supervision could offer a great opportunity for networks of

centers and hub-and-spoke systems to improve, with the limited time

available in the already overburdened health systems.25,26

Second, the lack of knowledge regarding best practices and

TCD/TCDi screening protocols by the hematology community also

raises the need for education for hematologists to adequately inter-

pret the results of TCD reports and multidisciplinary team efforts.

As a result of this survey, an inaugural international conference was

organized in 2023 by experts in the field for members of EuroBlood-

Net and other representatives of the hematology and neurosonology

community.27

Third, the lack of equipment is a fundamental issue to address, and

in spite of the initial cost of instruments that are needed in specific set-

tings it could be an investment that, acting on prevention, will reduce

the number of strokes and complications. Dedicated funding should be

allocated through the opportunities that European or national funding

schemes offer, as recently recommended by the Lancet Commission.28

Moreover, future research should better address the comparison of

results between different technologies, such as TCD and imaging TCD.

Our survey presents some limitations. We analyzed the adherence

to the STOP protocol that takes into consideration only the evalu-

ation of the MCA and the ICA. We currently know that the other

cerebral vessels and the extracranial circulation also contribute to

comprehensively determine stroke risk,29,30 although not yet included

in standard-of-care evaluation. The evaluation of the other intracra-

nial vessel and the external circulation should therefore be considered

in training courses and in maintenance competencies programs in the

future.We also did not evaluate the burden of overt stroke or cerebral

vasculopathy in our survey, and such data will be crucial to determine

the efficacy of our preventive measures in Europe in the future. Those

data are currently being collected through EuroBloodNet’s European

Rare Blood Disorders Platform (ENROL) and Rare Anaemia Disorders

European Epidemiological Platform (RADEEP), and will help measure

the overall clinical impact of our screening programs.14 Lastly, our sur-

veywas not validated broadly and there could have been a potential for

sampling bias.

5 CONCLUSIONS

Our data show that less than 30% of physicians estimate that all

children with SCD followed in European centers receive annual TCD

according to established guidelines. This first multinational European

survey allowed the identification of issues related to the lack of access

toTCD, lackof trained staff, lackof adequateprotocols for implementa-

tion of TCDand treatment afterwards, whichwill need to be addressed

through dedicated actions. Optimizing TCD screening and stroke pre-

vention programs is the opportunity to test and reduce inequities in

healthcare for childrenwith a rare disorder in Europe.
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