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Abstract

Background: In the Dominican Republic, where the burden of sickle cell anemia (SCA) is high, many children lack access to
routine screening and preventative care. Children with SCA are at risk for stroke, an event that leads to significant morbidity and
mortality. In the United States, screening via transcranial Doppler (TCD) identifies children with SCA at highest stroke risk,
allowing early intervention with blood transfusions. The need for indefinite transfusions for primary stroke prevention limits their
practicality in limited-resource countries. Hydroxyurea has been shown to lower TCD velocities and to prevent conversion from
conditional (170 to 199 cm/sec) to abnormal (greater than or equal to 200 cm/sec) velocities. In resource-limited settings,
implementation of a TCD screening program, coupled with hydroxyurea therapy, could reduce the burden of SCA and stroke.

Objective: The aims of the Stroke Avoidance for Children in REpública Dominicana (SACRED) trial are (1) to screen children
with SCA for stroke risk using TCD and to determine the prevalence of elevated velocities in a cross-sectional sample; (2) to
identify clinical and laboratory correlates of elevated velocities; and (3) to obtain longitudinal data on the natural history of TCD
velocities and to measure therapeutic effects of hydroxyurea.

Methods: This prospective trial, designed and conducted by Cincinnati Children’s Hospital Medical Center (CCHMC) and
Hospital Infantil Robert Reid Cabral (HIRRC) with Centro de Obstetricia y Ginecología, includes a baseline cross-sectional
epidemiological survey of the distribution of TCD velocities across a large cohort of children with SCA in the Dominican Republic.
Children with conditional velocities are eligible to begin protocol-directed hydroxyurea if laboratory criteria are met. The treatment
schedule begins with a fixed-dose of approximately 20 mg/kg/day for 6 months, after which it escalates to maximum tolerated
dose (MTD). All participants undergo longitudinal annual TCD evaluation, while those on hydroxyurea have semi-annual
evaluations during the 3-year study period. Data are collected using an Internet-based Research Electronic Data Capture (REDCap)
system with forms translated into Spanish; both remote and on-site monitoring are used.

Results: To date, 122 children with SCA have enrolled in SACRED including 85 (69.7%, 85/122) with normal, 29 (23.8%,
29/122) with conditional, 5 (4.1%, 5/122) with abnormal, and 3 (2.5%, 3/122) with inadequate TCD velocities. Of the 29 children
with conditional TCD velocities, 17 (59%, 17/29) have initiated hydroxyurea per protocol, with plans for escalation to MTD.

Conclusions: The SACRED trial will provide novel epidemiologic data about the prevalence of children with SCA and increased
stroke risk in the Dominican Republic. The study also includes an investigation of the impact of hydroxyurea at MTD on elevated
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TCD velocities, as well as clinical and laboratory parameters. The design and implementation of SACRED reflect a successful
international institutional partnership, one that features local capacity building and training in research methods and clinical care.
The trial’s results have important implications for screening and prevention of primary stroke in children with SCA living in
resource-limited settings.

Trial Registration: ClinicalTrials.gov NCT02769845; https://www.clinicaltrials.gov/ct2/show/NCT02769845 (Archived by
WebCite at http://www.webcitation.org/6qf6n0Egh)

(JMIR Res Protoc 2017;6(6):e107) doi: 10.2196/resprot.7491
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Introduction

Sickle cell anemia (SCA) is one of the most common inherited
red blood cell disorders. Its prevalence is highest in sub-Saharan
Africa, but there are also significant disease burdens in the
Americas, India, Mediterranean region, and the Caribbean
including Jamaica and the Dominican Republic [1]. SCA is
associated with high morbidity and mortality, especially in
limited-resource settings. Stroke is one of the most devastating
clinical events to occur in children with SCA and can lead to
considerable morbidity and early mortality. The frequency of
primary stroke in children with homozygous hemoglobin S
(HbSS), the most common and severe form of SCA, is
approximately 5% to 10% [2,3].

Many pediatric sickle cell programs in the United States and
Europe use transcranial Doppler (TCD) ultrasound screening
to identify children at risk for developing primary stroke. TCD
is a means of measuring blood velocity in the circle of Willis.
The standard evaluation for stroke risk includes interrogation
of the major intracranial vessels in both hemispheres including
the middle cerebral artery, anterior cerebral artery, bifurcation
of the middle cerebral and anterior cerebral arteries, distal
internal carotid artery, posterior cerebral artery, and top of the
basilar. In children with SCA, the time-averaged maximum
velocity (TAMV) is recorded and normal velocities less than
170 cm/sec are associated with lowest stroke risk, while
conditional velocities (170 to 199 cm/sec) and abnormal TCD
velocities (200 cm/sec or greater) are associated with increased
risk and highest risk, respectively [4]. Adams et al demonstrated
that TCD could effectively be used to screen pediatric patients
with SCA and found the relative risk of stroke was 44 times
greater among patients with TCD velocities above 200 cm/sec
[3,4]. The Stroke Prevention Trial in Sickle Cell Anemia (STOP)
and subsequent STOP II trials demonstrated that children with
abnormal velocities must receive chronic blood transfusions
indefinitely to reduce the risk of primary stroke [5,6].

Several centers throughout the world have successfully utilized
TCD screening, proving its feasibility in various patient
populations [7-12]. TCD screening examinations are typically
performed as early as 2 to 3 years of age in children with SCA
and then annually thereafter. The natural history is variable, but
some patients present with abnormal velocities while most
young patients start in the normal or conditional range, and then
over time may convert to the abnormal range. In a retrospective
study, these increases were more likely in children less than 10
years of age, with 23% of conditional velocities converting to

abnormal over an 18-month time period [13]. Young age, low
oxygen saturation, severity of anemia, and low levels of fetal
hemoglobin are among the demographic and clinical variables
reported as correlates of elevated TCD velocities [9,14,15]. In
contrast, inheritance of alpha-thalassemia trait has been
described in several studies as a protective factor [16-18],
whereas the impact of concomitant glucose-6-phosphate
dehydrogenase (G6PD) deficiency on TCD velocities yields
mixed findings [19,20]. In resource-limited settings where access
to TCD is limited, identification of additional risk factors could
be important for prioritizing patients who warrant early
screening.

Hydroxyurea is a disease-modifying medication that induces
fetal hemoglobin production [21], reduces the frequency of
painful vaso-occlusive episodes [22], and lowers TCD velocities
[23,24]. Two prospective multicenter phase 3 clinical trials
funded by the National Institutes of Health (NIH) investigated
the efficacy of hydroxyurea versus transfusions for stroke
prevention in SCA; 90% secondary stroke prevention was
observed (NCT00122980) [25] while 100% primary stroke
prevention was achieved in children with abnormal TCD
velocities (NCT01425307) [26]. A third international multicenter
NIH-funded trial investigated the efficacy of hydroxyurea for
children with conditional TCD velocities, and demonstrated a
significant reduction in mean velocity of 15 cm/sec with no
conversions to abnormal velocities and no primary stroke events
[27].

The use of hydroxyurea for children with SCA is attractive in
limited-resources settings because of its safety, ease of oral
administration, and low cost, while its long-term risks appear
to be relatively small [28]. Chronic blood transfusions are
effective for stroke prevention in SCA but not without
challenges including cost, alloimmunization, infection, iron
overload, and limited supply in many parts of the world.
Accordingly, implementation of TCD screening that is coupled
to hydroxyurea treatment represents an important option for
resource-limited areas. We previously designed a research
protocol (EXTEND, NCT02556099) that utilizes hydroxyurea
treatment for both primary and secondary stroke prevention in
Jamaica, where chronic blood transfusions are not feasible [29].
The current Stroke Avoidance for Children in REpública
Dominicana (SACRED) protocol (NCT02769845) focuses on
broad TCD screening and hydroxyurea treatment for prevention
of primary stroke, while highlighting another international
collaboration within the Caribbean as a prototype for successful
research partnerships throughout the world. The trial will
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provide novel epidemiologic and treatment data for children
with SCA in the Dominican Republic, with significant
implications for screening and stroke prevention in
resource-limited settings. The purpose of this paper is to describe
the trial’s implementation, design, and preliminary results.

Methods

Identifying the Knowledge Gap
In the Dominican Republic, an estimated 6% to 8% of the
population has the sickle trait, while 0.12% of the population
has homozygous SCA (HbSS). Since there is no formal newborn
hemoglobinopathy screening program in the country, these
numbers are estimates and based on anecdotal data. TCD
screening is costly and primarily available to patients in the
private sector. The prevalence of elevated TCD velocities in
this population is unknown, as is the prevalence of clinical or
genetic factors that might influence cerebral blood flow and
stroke risk.

Hospital Infantil Robert Reid Cabral (HIRRC) is a large
children’s hospital and referral center in Santo Domingo, the
capital city of the Dominican Republic. Approximately 5.82%
(64/1100) registered SCA patients have had overt stroke and
receive chronic blood transfusions that are costly and difficult
to maintain (unpublished data). The early identification of
children with elevated TCD velocities, identification of variables
that may predict stroke risk, and early intervention with
hydroxyurea would therefore have significant public health
implications. Hydroxyurea is available, but not utilized by most

patients with SCA. The current clinical practice in the
Dominican Republic is to offer hydroxyurea at around 15
mg/kg/day to families who can afford the daily medication,
which costs US $1 per capsule. Preliminary data suggest safety
and efficacy at a fixed dose in reducing vaso-occlusive crises
in this population [30]. However, evaluation of escalation to
maximum tolerated dose (MTD) is warranted when the goal is
stroke prevention, since improved laboratory results are
observed at higher treatment doses [31].

Study Design and Objectives
SACRED involves a 3-part prospective study design which
includes (1) baseline TCD evaluation; (2) longitudinal TCD
evaluation; and (3) treatment if warranted (Figure 1).

Baseline Transcranial Doppler Evaluation
The baseline evaluation portion of SACRED involves obtaining
TCD examinations on children with SCA between ages 3 to 15
years and followed at HIRRC. Up to 500 participants may be
enrolled, but projected enrollment is 250 to 300 children over
a 12-month period. All patients, including those who are already
on hydroxyurea or monthly transfusion therapy (whether for
stroke or other clinical indications) are included in study
recruitment and TCD screening, to obtain an accurate 1-year
cross-sectional description of velocities in the current SCA
patient population. Additional baseline assessments will identify
potential modifiers that influence cerebral blood flow including
age, sex, medical history, hemoglobin concentration, and fetal
hemoglobin, as well as genetic variants like G6PD deficiency,
beta-globin haplotype, and alpha-thalassemia trait.

Figure 1. Study design.
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Longitudinal Transcranial Doppler Evaluation
For the longitudinal aspect of SACRED, participants undergo
serial TCD examinations to help define the natural history of
cerebrovascular disease in this population. Children on
protocol-directed hydroxyurea therapy will undergo TCD every
6 months, while all other participants will have an annual
examination.

Protocol-Directed Hydroxyurea Therapy
Children with conditional velocities between 170 to 199 cm/sec
are eligible for protocol-directed hydroxyurea therapy, while
those with abnormal velocities (200 cm/sec or greater)
commence transfusion therapy per current practice guidelines
at the clinical site. All participants who are already on chronic
transfusion therapy at the time of enrollment, regardless of TCD
result, may elect to remain on transfusion therapy per local
clinical practice. SACRED participants will be followed until
a common study termination date, defined as 3 years from the
first participant’s initiation of hydroxyurea (Figure 1).

Study Objectives and Hypotheses
The first objective of the SACRED trial is to screen a cohort of
children with SCA in the Dominican Republic for stroke risk
using TCD and to determine the prevalence of normal,
conditional, and abnormal velocities in a cross-sectional
sampling of children. Our hypothesis is the distribution of TCD
velocities in a cross-sectional sampling of Dominican children
will approximate that of prior studies in North America with a
distribution of approximately 70% normal, 15% conditional,
10% abnormal, and 5% inadequate [32,33].

The second objective is to identify clinical and laboratory
correlates of TCD velocities in a cohort of Dominican children
such as age, prior hydroxyurea exposure, level of anemia, fetal
hemoglobin, and genetic modifiers such as alpha-thalassemia
trait and beta-globin haplotypes. We hypothesize that children
with elevated TCD velocities will be younger, lack prior
hydroxyurea exposure, have lower total hemoglobin and fetal
hemoglobin levels, and higher levels of hemoglobin S (HbS)
compared to participants with normal velocities. Beta-globin
haplotypes will reveal a mixed genetic inheritance and
alpha-thalassemia trait will be protective against elevated
velocities.

Our third objective is to obtain longitudinal data on the natural
history of TCD velocities in this patient cohort and to measure
the effects of therapeutic intervention on TCD velocities,
specifically hydroxyurea for conditional TCD velocities and
transfusions for abnormal velocities. Given the potential
neuroprotective effects of hydroxyurea, we anticipate a lower
rate of conversion from conditional to abnormal than the 23%
described in a previous observational study [13].

Protocol Training
Training sessions for the local study team occurred remotely
and on-site. Study personnel completed online Human Subjects
Protection training via NIH training modules available in
Spanish. An on-site investigators’ meeting occurred 6 months
prior to study activation in which Cincinnati Children’s Hospital
Medical Center (CCHMC) team members conducted protocol

training, as well as training on informed consent, TCD,
laboratory collection, hydroxyurea dosing calculator, pharmacy
storage, adverse event reporting, and the Research Electronic
Data Capture (REDCap) database. The Data Management Center
(DMC) provided additional REDCap training in-person and
remotely via Skype. Study coordinators utilized a training
environment in the REDCap system in which they entered data
for all case report forms on mock patients, which were verified
and queried by the study monitor. Upon completion of REDCap
training, coordinators were provided with an official certificate
and access to the database. TCD training occurred over several
months, with initial hands-on training by the CCHMC TCD
coordinator. The local examiners then completed practice exams
with upload and remote verification by the TCD coordinator.
An official certificate was provided when the TCD coordinator
verified that each local examiner had met certification criteria.
SACRED Medical Coordinating Center (MCC) representatives
from CCHMC were present for study activation and initial
enrollment in July 2016.

Study Setting
Participant recruitment, enrollment, TCD screening, and medical
examinations occur at the primary clinical site at HIRRC. All
evaluations are conducted by local team members who have
completed the training as detailed above. Two study
assessments—brain magnetic resonance imaging/magnetic
resonance angiogram (MRI/MRA) and urine pregnancy tests
for post-menarchal females on hydroxyurea therapy—occur at
a partnering site, Centro de Obstetricia y Ginecología, also
located in Santo Domingo. CCHMC serves as both the MCC
and the DMC for the trial. SACRED was approved by the
CCHMC institutional review board (IRB) on March 16, 2016,
as well as 2 ethics boards in the Dominican Republic: Comité
del Centro Nacional de Investigación en Salud Materno Infantil
(CENISMI, through HIRRC) on April 29, 2016 and Consejo
Nacional de Bioética en Salud (CONABIOS, National board)
on June 28, 2016.

Participant Recruitment and Enrollment
Children seen in the hematology clinic at HIRRC are invited to
participate in SACRED. The informed consent document is
signed by a parent or legal guardian, with assent as required by
the local ethics board for all children 10 years and older. Consent
includes acknowledgment of storage of genetic material.
Inclusion criteria include (1) pediatric patients with severe forms

of SCA (HbSS or HbS beta0-thalassemia); and (2) between 3
and 15 years of age at the time of enrollment. There are no
exclusion criteria applicable to the baseline or longitudinal TCD
screening portion of SACRED, but for participants with
conditional TCD velocities, the following criteria disqualify
them from treatment with hydroxyurea: (1) known medical
condition making participation ill-advised (eg, acute or chronic
infectious disease, known allergy to hydroxyurea, or
malignancy); or (2) pregnancy. Participants with abnormal
baseline laboratory values, defined as hemoglobin less than 6.0

gm/dL, absolute reticulocyte count (ARC) less than 100 x 109/L
with a hemoglobin less than 8.0 gm/dL, absolute neutrophil

count (ANC) less than 1.0 x 109/L, platelet count less than 80

x 109/L, or elevated serum creatinine are temporarily excluded

JMIR Res Protoc 2017 | vol. 6 | iss. 6 | e107 | p. 4http://www.researchprotocols.org/2017/6/e107/
(page number not for citation purposes)

Jeste et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


from starting hydroxyurea until improvement of the affected
laboratory parameter into the acceptable range.

Study Procedures and Treatment
For the schedule of evaluations, see Table 1. All enrolled
participants undergo baseline TCD evaluation, medical history,
physical examination, and laboratory analysis. The laboratory
analysis includes complete blood count (CBC) with differential,
reticulocyte count, serum chemistry, hemoglobin
electrophoresis, and special studies to include saved serum and

collection of blood onto Whatman Flinders Technology
Associates cards (FTA) to be sent in batches to CCHMC for
genetic analysis including testing for alpha-thalassemia trait,
G6PD deficiency, and beta-globin haplotype. A child identified
to have an abnormal velocity (200 cm/sec or greater) is
scheduled for a repeat TCD within 3 weeks, and if confirmed
to be abnormal, initiates erythrocyte transfusions per local
standard of care. Children who are not treated with hydroxyurea
per SACRED undergo annual evaluation (Figure 1).

Table 1. Schedule of study evaluations.

Year 2bYear 1aEnrollmentEvaluation

YesYesYesMedical historyc

YesYesYesPrior/concomitant medicationsc

YesYesYesPhysical examinationc

YesYesYesLabs (complete blood count with differential, reticulocyte count)c

NoNoYesHemoglobin electrophoresis

YesYesYesHemoglobin F leveld

YesYesYesTCDe examinationf

NoNoYesSpecial studiesg

YesNoYesBrain MRI/MRAh for participants on hydroxyurea only

aYear 1 is 12 months plus or minus 3 months.
bYear 2 is 24 months plus or minus 6 months.
cParticipants on hydroxyurea will undergo these evaluations monthly until reaching maximum tolerated dose (MTD) and then quarterly after MTD is
reached.
dQuarterly for participants on hydroxyurea.
eTCD: transcranial Doppler.
fEvery 6 months for participants on hydroxyurea.
gSpecial studies includes specimens for genomic DNA analysis and serum biomarkers. Will be additionally collected at study exit for children on
hydroxyurea.
hMRI/MRA: magnetic resonance imaging/magnetic resonance angiogram.

Children identified to have a conditional TCD (170 to 199
cm/sec) are eligible for protocol-directed hydroxyurea treatment.
Additional evaluations for hydroxyurea-treated participants
include collection of saliva (DNA Genotek Inc., Ottawa,
Canada) to obtain DNA, urine pregnancy test (if applicable),
and a brain MRI/MRA around the time of treatment initiation.
Brain MRI/MRA images are additionally obtained at study exit
for children on hydroxyurea to grade vasculopathy, using
previously reported techniques [34] and to evaluate treatment
effect. The non-contrast technique includes whole-brain imaging
of sagittal T1, axial T1, coronal and axial fluid-attenuated
inversion recover (FLAIR), T2-weighted, and
diffusion-weighted images. Participants are evaluated clinically
and sedation is provided if deemed necessary and parental
consent obtained. The sequences are uploaded onto a secure
research cloud that deidentifies images and are stored on a
CCHMC research server for central review. Participants are
aware that the MRI is for research purposes and real-time results
are not provided.

Hydroxyurea is purchased locally and provided as generic 500
mg capsules. A hydroxyurea dosing calculator, previously
described [35], is available on the SACRED website and
provides recommended target dose based on a participant’s
weight, current laboratory values, and previous dose. During
the first 6 months of treatment, participants are administered
hydroxyurea at a fixed dose of 20.0 plus or minus 5.0
mg/kg/day. The fixed dose of 20.0 mg/kg/day was selected to
ensure hydroxyurea will be tolerated without excessive
hematological toxicities; a decision made in conjunction with
the local investigators. The large variation in starting dose is
due to limitations with having only one available 500 mg capsule
size locally. Average daily dosing, in which smaller children
take medication on alternate days or skipping days of the week
to reach targeted total weekly dose, does not permit precise
dosing but has been used previously with success [31,36].
Capsules may be crushed and mixed into liquid for children
with difficulty swallowing. During the fixed-dose phase,
children undergo monthly study visits that include interval
medical history, adverse event reporting, physical examination,
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and laboratory evaluation with CBC/differential and reticulocyte
count. Every 3 months, fetal hemoglobin levels, serum
chemistries, and urine pregnancy tests (if applicable) are
obtained. After 6 months, hydroxyurea will be increased to
MTD as defined by hematological toxicity, to achieve a target

ANC of 2.0-4.0 x 109/L. Hydroxyurea dose escalation will occur
at 8-week intervals, in increments of 2.5 to 5.0 mg/kg/day. After
reaching MTD, study visits occur every 3 months. During all
phases of study treatment, medication is temporarily suspended
should hematological toxicity, defined as ANC less than 1.0 x

109/L, hemoglobin less than 7.5 gm/dL with an ARC less than

100 x 109/L, ARC less than 80 x 109/L with hemoglobin less

than 8.5 gm/dL, or platelet count less than 80 x 109/L occur.
The dose escalation and toxicity criteria are listed in Table 2.
Complications of hydroxyurea therapy and neurological events
are collected at interval visits as part of adverse event reporting.
Medication adherence is assessed at each visit by parental report
and asking participants to bring the medication bottles so the
local study team can count the number of returned capsules.

Table 2. Hydroxyurea dose escalation and toxicity criteria.

Dose-limiting toxicityEscalation criteriaParameterToxicity

<1.0 x 109/L> 4.0ANCa (x109/L)Neutropenia

Hbb <7.5 gm/dL unless ARCc >100 x

109/L

> 6.5Hemoglobin (gm/dL)Anemia

ARC <80 x 109/L unless Hb >8.5 gm/dL> 150ARC (x109/L)Reticulocytopenia

<80 x 109/L> 150Platelets (x109/L)Thrombocytopenia

aANC: absolute neutrophil count.
bHb: hemoglobin.
cARC: absolute reticulocyte count.

Study data are collected and managed using the REDCap
electronic data system [33]. REDCap is a secure, Web-based
application designed to support data capture for research studies,
providing a platform for data entry and validation, audit trails
for tracking data manipulation, and automated export procedures
for data analysis. The system uses low bandwidth, rendering it
suitable for research in low-income countries, as well as
multilingual capabilities including Spanish. Data are entered
into the electronic data record directly from the clinical site.
Each enrolled participant is assigned a study identification (ID)
number, which allows deidentified information to be collected.
The DMC reviews data for accuracy and completeness via
remote and on-site monitoring. Quality assurance monitoring
is performed on the data at standard time intervals per the
study’s Data Safety Monitoring Plan. Standard database reports,
generated monthly, include enrollment, withdrawal, cumulative
toxicities, and serious adverse events.

Statistical Analyses
No sample size calculation was performed because the study
utilizes a convenience sample. Descriptive analysis of the data
from TCD screening will be performed. TCD velocities will be
measured longitudinally and summary statistics such as mean,
standard deviation, and median for the change of TCD
measurements from baseline to study exit will be reported. The
primary endpoints of SACRED are changes in TCD velocities
over time as a measure of treatment response for participants
on hydroxyurea and to evaluate natural history of TCD velocities
for those not on treatment. Secondary endpoints will include
hydroxyurea-related toxicities and clinical and laboratory
correlates of TCD velocities. For patients on treatment, the
highest TAMV for each time period along with the baseline
values will be analyzed using repeated measures analysis of

variance (MANOVA). Participants who are non-adherent to
dosing or who are unable to continue hydroxyurea treatment
secondary to treatment-associated toxicities will be analyzed
according to intention-to-treat. However, hydroxyurea
discontinuation dates and adherence information will be
recorded for secondary analysis.

Baseline labs will be compared to exit studies for parameters
such as hemoglobin, fetal hemoglobin, ANC, ARC, and platelets
using descriptive statistics and comparative t tests. For analyses
of genetic modifiers, single nucleotide polymorphisms (SNPs)
from either candidate genes or whole exome sequencing
methods will be tested for their association with the phenotypes
of interest.

Results

Enrollment began on July 18, 2016. At present, a total of 122
participants have been enrolled (Figure 2). All participants who
were approached and met the inclusion criteria have consented
for SACRED. The categorical results, shown in Table 3, include
85 (69.7%, 85/122) participants with a normal TCD, while 29
(23.8%, 29/122) have a conditional, 5 (4.1%, 5/122) have an
abnormal, and 3 (2.5%, 3/122) have an inadequate TCD. Of the
29 children with conditional velocities, 17 (59%, 17/29) have
already initiated protocol-directed hydroxyurea therapy. Of the
participants, 22 (18.0%, 22/122) children were already on
hydroxyurea at time of enrollment, 2 (9%, 2/22) of whom had
conditional velocities and were eligible for treatment on
study-directed dosing. The initial baseline screening phase will
continue for approximately 12 months from study activation.
The common study termination date is 3 years after the first
participant began hydroxyurea, which is scheduled for August
2019.
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Table 3. Participant status (N=122).

Participants, nCharacteristic

122Total enrolled

122Participants with completed TCDa exam

TCD exam classification

5Abnormal

29Conditional

85Normal

3Inadequate

0TCD not yet reviewed

Hydroxyurea treatment status

22On hydroxyurea at study entry

20Eligible for protocol-directed hydroxyurea

0Ineligible for hydroxyurea

1Temporarily ineligible for hydroxyurea

17Initiated hydroxyurea

8Declined hydroxyurea/alternate therapyb

0Withdrawn after treatment initiationc

17Currently on hydroxyurea

0Completed study

aTCD: transcranial Doppler.
bTransfusion due to history of stroke or abnormal TCD.
cIncludes deceased.

Figure 2. Enrollment curve.
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Discussion

Principal Findings
SACRED is the first prospective trial investigating stroke risk
among children with SCA in the Dominican Republic, a country
where the burden of disease is high. During the first 5 months
of the trial, we have observed an excellent rate of patient accrual,
which we anticipate will continue, given the reported interest
among the local patient population and strong visit adherence
within the hydroxyurea treatment group. Our initial data suggest
a slightly higher prevalence of conditional, but lower prevalence
of abnormal TCD results than anticipated, which could reflect
differences in baseline status, previous treatment, or potentially
genetics. Data from the United States demonstrate the
distribution of TCD velocities to be approximately 70% normal,
15% conditional, 10% abnormal, and 5% inadequate [32,33].

The SACRED trial is also the first study to evaluate the effects
of hydroxyurea on decreasing stroke risk in children with SCA
living in the Dominican Republic. The potential for using
hydroxyurea in this setting is valuable, as it is currently being
used for specific clinical indications including vaso-occlusive
crises, acute chest syndrome, or repeated priapism. Adding
primary stroke prophylaxis to the indications for hydroxyurea
could have important implications for reducing the incidence
of this devastating clinical event and for preventing its
subsequent morbidity and clinical burden. If proven to be
beneficial, the goal would be for hydroxyurea to be available
nationally at an affordable cost for all at-risk children with SCA.

The importance of prospective data regarding its use and safety
in the Dominican population are thus crucial to ensure proper
accessibility and utilization of this medication.

In addition to the many challenges inherent to conducting an
international clinical research trial related to the protocol and
data collection, there is a more subtle concern about changing
the local standard of care by imposing US-based methods. For
example, current clinical practice at the local site is to dose
hydroxyurea at 15 mg/kg/day, while SACRED dosing aims to
start at approximately 20 mg/kg/day with escalation to MTD.
We have explained that our goal is to study the safety and
efficacy of higher doses based on published data [37], without
suggesting that the site’s prior clinical approach was incorrect.
Another challenge involves creating dosing regimens with a
single 500 mg capsule size, and thus far we have observed
exceptional patient compliance even with this alternate dosing
schedule.

Conclusion
SACRED is a prospective trial that will yield valuable public
health information pertaining to stroke screening and risk among
Dominican children with SCA. Further, SACRED will establish
local capacity to conduct high-quality research through training
and experience with both TCD screening and hydroxyurea
therapy among local clinicians. The knowledge and experience
gained from SACRED will advance research expertise at the
local site and improve clinical care for children with SCA in
this country, with the opportunity to expand to other Caribbean
nations.
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