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Since 1998, the National Institutes of Health has funded 5 randomized controlled trials (RCTs) for primary and secondary
prevention of strokes in children with sickle cell anemia (SCA). In a systematic fashion, these trials have significantly
advanced the care of children with SCA. In the absence of an RCT, clinicians are often compelled to make decisions at the
bedside, based on experience, observational studies, and principles of hematology. We will provide an initial example
that describes how a team-based, learning collaborative developed a multisite standard care protocol with a low budget
(<$10000 per year) to overcome the intrinsic limitations of advancing the care of neurologic complications in sickle cell
disease (SCD). The critical components of this approach include: (1) regular meetings with the multidisciplinary team
from multiple sites; (2) consensus regarding the best evidence-based neurologic management in multiple SCD centers;
(3) an Institutional Review Board-approved protocol based on consensus standard care; (4) minimizing and ensuring
accurate data collection; and most importantly, (5) a spirit of collaboration to improve the care of individuals with SCD.
Four common neurologic problems and strategies for management in children and adults with SCD will be discussed:
(1) secondary stroke prevention in high-income countries; (2) primary stroke prevention in low- and middle-income countries
(LMICs); (3) poor academic performance in students; and (4) cognitive disability in adults. With a commitment to a team-based
learning collaborative, incremental advances are possible for the neurologic care of children and adults with SCD.

- T where resources are typically not the main limitation in health care

Learning Objectives delivery, the collective impact of these 5 trials is to prevent new cerebral

e To describe the benefit of a multidisciplinary team-based
learning collaborative for the management of acute and
chronic neurologic sequelae in SCD

e To describe potential strategies for improved clinical man-
agement in the absence of RCTs for: (1) secondary stroke
prevention in high-income countries; (2) primary stroke pre-
vention in LMICs; (3) poor academic performance in students
with SCD; and (4) cognitive disability in adults with SCD

infarcts or progression of cerebral infarcts for individuals with SCA.
Unfortunately, the information gained from these trials does not inform
the management of many acute and chronic neurologic complications
occurring in children and adults with sickle cell disease (SCD).

In the absence of RCT's and large prospective studies, clinicians must
revert to unproven strategies that they believe are in the best interest
of their patients. However, without systematic evaluation of the
benefits and risks of such management strategies, health care pro-
viders have well-described intrinsic biases when making clinical
decisions (Table 1).° Given these well-established cognitive biases in
managing common diseases, the rates of errors are likely higher when

Introduction

Over the last 20 years, 5 randomized controlled trials (RCTs) have
been completed for primary and secondary stroke prevention in
children with sickle cell anemia (SCA). The 5 completed trials are: (1)
Stroke Prevention in Sickle Cell Anemia Trial (STOP, #NCT00000592)1 ;

health care providers make decisions in rare diseases, like SCD, where
few RCTs to support clinical decisions have been performed.

(2) Stroke Prevention in Sickle Cell Anemia Trial II (STOP II,
#NCT00006182)%; (3) Stroke With Transfusions Changing to
Hydroxyurea Trial (SWiTCH, #NCT00122980)°; (4) Silent Cerebral
Infarct Multi-Center Clinical Trial (SIT, #NCTOOO72761)4; and re-
cently, (5) Transcranial Doppler (TCD) With Transfusions Changing to
Hydroxyurea Trial (TWiTCH, #NCT01425307). In high-income countries,

A team-based learning collaborative is a well-established approach
for advancing medical care. Based on the significant variability in the
management of common acute and chronic neurologic diseases in
children and adults with SCA, reaching consensus on a standard care
protocol that can be followed at more than 1 site is an arduous, but
feasible task.” Here, we set the stage for future clinical investigation of
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Table 1. List and definition of biases that occur in the diagnosis and
management of disease

Definition

Diagnostic biases

Confirmation Selectively gathering and interpreting evidence that
confirms a diagnosis and ignoring evidence that
might disconfirm it

Overemphasizing evidence that strongly resembles
a class of events. Can lead to undervaluing of
relevant base rates, ignoring regression to the
mean, and gambler's fallacy

Overestimating the probability of a diagnosis when
instances are relatively easy to recall

Overestimating the probability of a diagnosis when
the correct diagnosis is already known

Overestimating the probability of a diagnosis with
severe possible outcome because of anticipated
regret if diagnosis were missed

Representativeness

Availability

Hindsight

Regret

Treatment biases

Omission Determining that detrimental actions are more
harmful than inactions
Framing Choosing riskier treatments when they are
described in negative (eg, mortality) rather than
positive (eg, survival) terms
Number of Choosing a given treatment option more often
alternatives when there are additional alternatives

Adapted from Bornstein and Emler® with permission. These biases are common in
the practice of medicine, and likely more frequent in a rare disease, such as SCD.

SCD by providing an explicit example of a multisite, multidisciplinary
team-based learning collaborative, and then outlining 4 SCD-related
neurologic problems that will likely benefit from this approach.

Team-based learning collaborative for secondary stroke
prevention in children with SCA

Example: A 14-year-old child with SCA receiving regular
blood transfusion therapy for secondary stroke prevention
has a recurrent stroke after 4 years of transfusion therapy.
What is the optimal therapy? Secondary stroke prevention in
children with SCA has evolved since 1979 when Sarnaik et al
demonstrated, in a single-center retrospective cohort analysis, that
blood transfusion therapy was superior for the prevention of re-
current stroke when compared to observation.® Subsequently,
when 60 children with SCA receiving regular blood transfusion
therapy for previous strokes were observed for 191.7 patient-years,
Pegelow et al demonstrated the superiority of blood transfusion when
compared with historical controls (P < .001).° However, this ret-
rospective cohort study had several limitations, including the lack
of central record review. Scothorn et al validated and extended the
results of the Pegelow study. In this retrospective cohort study, 137
children with strokes who received regular blood transfusions were
followed for ~1300 patient-years from 14 pediatric clinical centers.'?
The study design improved on the Pegelow et al study with a larger
number of children, adolescents, and young adults, followed for
a greater period of time (mean follow up was 10.1 years) and central
review of all records. For the first time, the study demonstrated that
children receiving regular blood transfusion therapy for secondary
stroke prevention were experiencing stroke recurrence with hemo-
globin S levels <30% at the time of stroke recurrence.'® The stroke
recurrence rate was 2.2 events per 100, and approximately one-third
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of the children with stroke recurrence had a third stroke.'® Recog-
nizing the limitations of these prior retrospective studies, a group
of hematologists, psychologists, neurologists, and neuroradiologists
from 7 sites elected to meet annually to establish standard care
guidelines for the management of strokes in children with SCA
(hemoglobin SS and hemoglobin S-f3 thalassemia zero). Although
initially the team did not come together to form a multidisciplinary
team-based learning collaborative, the essential components of the
collaborative developed and were met.'' Each team agreed to travel
to 1 site for 24 hours, where travel costs were borne by the team
traveling, and the room and board costs were covered by the hosting
team. After a series of annual meetings at each site, the team agreed
to enroll participants into a prospective cohort study based on the
consensus standard care. They also agreed to obtain local Institu-
tional Review Board (IRB) approval to provide regular blood
transfusions with an initial goal of maintaining the maximum he-
moglobin S levels below 30%. The team enlisted a panel of neu-
roradiologists to perform surveillance magnetic resonance imaging
(MRI) and magnetic resonance angiography, approximately every
1 to 2 years. The median duration of follow up was 5.5 years with
40 children.” The prospective cohort demonstrated that 45% (18 of
40 children) had progressive cerebral infarcts (stroke recurrence,
3.1 events per 100 patient-years; silent cerebral infarcts [SCIs], 5.0
events per 100 patient-years; or either recurrent stroke or SClIs, 8.1
events per 100 patient-years). The greatest risk factor for infarct
recurrence was progressive vasculopathy, with a relative risk of 12.7;
95% confidence interval (CI), 2.65-60.5; P = .001.

The success of the prospective cohort study was heavily contingent
on the commitment of the research teams at all sites, in addition to
neuroradiologists donating their time to review the MRI and mag-
netic resonance angiography scans of the brain. Data collection was
kept to the minimum required addressing the study hypotheses. All
clinical care was considered standard, with clear justification for the
benefit in the IRB-approved protocol. Equally important, no salary was
paid to any staff, fellow, or faculty member to complete this project. The
only cost (<$10000 per year) was associated with travel expenses for
a 24-hour trip for team members to travel to the host city and travel to
each site to review the source documents for central data collection. Six
of 7 teams, at each site, enrolled participants. Ultimately, the completion
of the study served as a springboard for future investigation.

Based on prior experience from the collaborative efforts demonstrating
the progressive nature of strokes in children,”*'® coupled with a pooled
analysis of all published studies since 1998 (Figure 1),'*"? validating the
limited benefits of blood transfusion therapy, alternative strategies were
considered for decreasing stroke recurrence. Three unproven, but rea-
sonable alternative strategies include hematopoietic stem cell transplant
(HSCT), revascularization procedures, or both. No prospective multi-
center trial has been initiated to determine the efficacy of any of these
alternative strategies for secondary stroke prevention. With prior expe-
rience of consortiums addressing the optimal therapy for secondary
stroke prevention, we elected to form a new 4-site consortium. Site
physicians followed preexisting protocols for a phase 2 HLA haplo-
identical SCD clinical trial. The purpose of the consortium was to de-
termine the optimal conditioning regimen for haplo-identical HSCT for
severe SCD in adults and for secondary stroke prevention in children
(#NCT01850108). The consortium was formally constructed, so that
each site had an independent IRB-approved protocol and de-identified
data could be shared in the public domain. However, the Data Safety
Monitoring Board (DSMB) would evaluate whether stopping rules
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Figure 1. A hypothetical cohort of 1000 children with SCA and strokes followed for 5 years who either received no therapy, hydroxyurea therapy, or
regular blood transfusion therapy. The figure depicts the number of children in the cohort with stroke recurrence in the no treatment group, hydroxyurea
therapy group, and regular blood transfusion therapy group with expected incidence rates of 29.1 (95% CI, 19.2-38.9), 3.8 (95% Cl, 1.9-5.7), and
1.9 (95 ClI, 1.0-2.9) events per 100 patient-years, respectively.'? Figure reproduced from DeBaun and Kirkham. 2

applied for the first 5 and 10 participants from sites following the same
protocol. The main advantages of this strategy were: (1) monthly phone
calls creating a shared learning experience for an uncommon treatment
of a rare disease; (2) increased pace of recruitment with subsequent
alteration of the conditioning regimen or potentially holding the trial
enrollment based on predefined stopping rules; (3) assessment of the
external DSMB for safety and futility; (4) decreased the bias of es-
timating the treatment effect compared with single-center trials because
of the multi-center rather than a single center trial design'*; and (5)
meeting all criteria for the conduct of ethical clinical research.'® The
combined preliminary results of the consortium ultimately led to the
approval of a national phase 2 HLA haplo-identical trial supported by
the Blood and Marrow Transplant Clinical Trials Network funded by
the National Institutes of Health.

Given that hematologists offer options for secondary stroke prevention
to families without the benefit of RCT, we strongly recommend that
these options be offered in the context of a multidisciplinary, team-
based learning collaborative, along with IRB-approved protocols,
registration on www.clinicaltrials.gov, a DSMB with formal stopping
rules for safety and futility, and adherence to conduct of ethical research.
Without these formal strategies, the clinical care of children and adults
with SCD and neurologic complications will not likely advance beyond
what we have been providing for the last 30 years.

Primary stroke prevention in low- and middle-income
countries (LMICs)

Example: A 7-year-old with SCA living in Nigeria has
a transcranial Doppler measurement greater than the
transfusion threshold. What is the best option for primary

stroke prevention? More than 90% of children with SCA are
born in LMICs,'® where no RCT has been completed for primary
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stroke prevention. Without TCD screening, coupled with regular
blood transfusion therapy for those with elevated TCD measure-
ments, ~11% of children with SCA will develop strokes.'” With
TCD screening and regular blood transfusion therapy for those with
elevated measurements, the incidence rate of strokes can decrease
log-fold.'® However, regular blood transfusion therapy combined
with eventual iron chelation is not feasible for most families living
in sub-Saharan Africa.'® Thus, providers in LMICs must make
decisions that are not informed by high-quality data from their
setting for primary stroke prevention in an enlarging pediatric
population. Based on the pressing challenges to prevent strokes in
children with SCA and elevated TCD measurements, Lagunju et al
developed an institutional standard care protocol and subsequently
demonstrated that hydroxyurea therapy was a reasonable option to
consider for children with elevated TCD velocities.?® This strategy
was further endorsed by a National Institutes of Health-funded
feasibility trial demonstrating the ability to conduct a stroke pre-
vention trial in Nigeria®' and a pooled analysis of 7 studies
demonstrating that hydroxyurea therapy decreases TCD velocities
by ~25 cm per second (Figure 2)."*%% Collectively, these data led to
a phase 3 National Institutes of Health funded RCT (#NCT02560935)
comparing fixed doses of hydroxyurea (10 mg/kg per day to 20 mg/kg
per day) for the primary prevention of strokes in children with elevated
TCD measurements.

Until the National Institutes of Health funded RCT trial is completed,
which is anticipated in 2020, clinicians in LMICs must make decisions
to implement a primary stroke prevention strategy. For children living in
LMICs, with an elevated TCD measurement, a fixed dose of 20 mg/kg
per day (moderate) of hydroxyurea therapy is a reasonable starting point.
This fixed moderate dose of hydroxyurea therapy is a compromise
between the maximum tolerated dose (typically 25 to 35 mg/kg per day),
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Mean Dose of

Mean Difference in TCD Measurement

Mean Time on Hydroxyurea Before and After Starting

Study Name Hydroxyurea (months) (mg/kg/day) Hydroxyurea with 95% CI
Galadanci. 2015 3.0 20.0 ——
Kratovil, 2006 6.0 233 B
Lagunju, 2015 12.0 24.0 L
Zimmerman, 2007 12.0 279 ——
Thornburg, 2009 25.0 M —a—
Gulbus. 2005 33.6 <20 —_—a
Lefevre, 2008 37.2 Low to moderate -

Pooled analysis, random ’
-50.00 -25.00 0.00 25.00

Figure 2. Pooled analysis of the 7 studies documenting TCD measurement before and after hydroxyurea therapy from DeBaun and Kirkham.'® The

pooled analysis based on the random effect model demonstrating the average drop in TCD measurement after starting hydroxyurea therapy of 25 cm per
second. The table also includes the observation that the decrease in TCD measurements can be seen as early as 3 months after starting hydroxyurea

therapy, with a sustained impact of hydroxyurea therapy on decreasing TCD measurements for at least 36 months. The black diamond represents the
results of random effect model. The edges of the diamond represent the 95% CI of the meta-analyses for the random effect model.'®2%2® Figure

reproduced from DeBaun and Kirkham.'®

demonstrated by the TWITCH trial to be as efficacious as regular blood
transfusion therapy in preventing strokes after at least 1 year of blood
transfusion therapy,” and low dose (10 mg/kg per day), based on the
experience in India that this dose significantly lowers the incidence of
vaso-occlusive pain, acute chest syndrome, and blood transfusion
therapy.?® Regardless of the hydroxyurea dose selected, a multicenter
multidisciplinary learning collaborative could be initiated for primary
stroke prevention with development of an IRB-approved protocol,
registration on www.clinicaltrials.gov, and the formation of a DSMB
with stopping rules.

Decline in educational achievement in students with SCD
Example: A 12-year-old boy with SCA tells you that he has
started to fail 2 subjects in school. He previously earned all
As and Bs. He denies headaches, acute neurologic changes,
or head trauma. How do you proceed with your evaluation
and treatment? Approximately 39% of children with SCA have
SCIs (Figure 3).>”? In children with SCA and preexisting SCIs, the
results of the SIT Trial established regular blood transfusion therapy
as the standard of care to prevent progressive infarcts.* Families
should at least be made aware of regular blood transfusion therapy,
which provides 58% relative risk reduction in cerebral infarct re-
currence (overt and SCI). In addition to preventing infarct recurrence,
regular blood transfusions are also associated with improved quality
of life and reduced incidence rates of painful vaso-occlusive epi-
sodes, hospitalizations, and acute chest syndrome.* Alternatively
families may elect to use hydroxyurea therapy in lieu of blood
transfusion therapy. However, the rate of cerebral infarct recurrence
(overt stroke or SCI) is so low with regular blood transfusion therapy,
2 events per 100 patient-years (observation of 4.8 events per 100
patient-yc:‘:a.rs),4 that a non-inferiority trial of hydroxyurea therapy
with an upper boundary of 3.5 events per 100 patient-years is unlikely
to be undertaken because over 1200 participants would be required
(Figure 4A).*7333* Figure 4 also includes 2 additional sample size
calculations for potential secondary stroke prevention superiority trials
comparing blood transfusion therapy (standard therapy) to HSCT
(experimental therapy) to prevent cerebral infarct recurrence for in-
dividuals with preexisting strokes (Figure 4B), and to prevent cerebral
infarct recurrence for individuals with preexisting SCIs (Figure 4C).

The disease-related cognitive impairments in SCD are compounded
by the challenge of poverty, with ~60% of these children in the
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United States receiving public health insurance based on family
income.*® An SCI is predicted to decrease a child’s Full Scale
Intelligence Quotient (FSIQ) by ~5.2 points. If a child’s parent has not
obtained any college education, then the FSIQ of the child would be
predicted to decrease by an additional 6.2 points.”” Given the over-
whelming prevalence of poverty and lower levels of education in
families of children with SCD, the home environment has at least the
same impact on FSIQ as the presence of SCIs.*

All students with academic challenges should receive a full
medical evaluation for poor school performance, including an
MRI of the brain and cognitive testing. Without screening for the
presence of SClIs, coupled with cognitive assessments if SCls are
present, students are denied the opportunity to reach their fullest
academic potential. Further, children* and young adults with un-
treated SCIs are at risk for ongoing neurologic injury (Figure 3).
Although the burden of blood transfusion therapy to prevent the
progression of SClIs is significant, students and their parents should
be aware of their SCI status, risk of future neurologic events with
and without treatment, and given the opportunity to make an in-
formed decision regarding preventative therapy. If faced with
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Figure 3. Prevalence of SCls in unselected children and adults with
SCA, and the prevalence of SCls in children and young adults with SCA.
The figure displays the cumulative prevalence of SCls in children and
young adults based on 6 studies.?’"*2 The cumulative prevalence of
SCls suggests that the incidence of SCI does not plateau, but rather
steadily increases through 30 years of age.?’ Figure reproduced from
Kassim et al.?’
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A In children with SCls, sample size estimate for non-inferiority trial for preventing infarct

recurrence (overt or SCI). Participants are randomly allocated to either receive blood transfusion
therapy or hydroxyurea therapy (experimental therapy). Participants will be followed for a
minimum of 3 years (average time 4 years). An a of 0.05, 2-sided is used. There is a loss-to-follow-
up of 3% per year. We used a test comparing hazard rates with an exponential distribution.

Power Sample size for | Sample size for Incidence rate for Incidence rate for stroke
standard care experimental arm | stroke recurrence recurrence (overt and
arm (blood (hypothetical (overt and silent silent stroke) in
transfusion) arm) stroke) in standard experimental arm

arm
80% 616 616 2.0* 3471

B In children and adults with strokes, sample size estimates for a superiority trial for secondary

stroke prevention trial comparing blood transfusion therapy (standard therapy) to hematopoietic
stem cell transplant (experimental therapy). Participants are randomly allocated to either receive
blood transfusion therapy or hematopoietic stem cell transplant (experimental therapy).
Participants will be followed for an average of 5.5 years (could be both retrospective and
prospective as long as continuous treatment). An a of 0.05, 2-sided is used. There is a loss-to-
follow-up of ~2% per year. We used a test comparing hazard rates with an exponential distribution.

Power Sample size for | Sample size for Incidence rate for Incidence rate for stroke
standard care experimental arm | stroke recurrence recurrence (overt and
arm (blood (hypothetical (overt and silent silent stroke) in
transfusion) arm) stroke) in standard experimental arm

arm
80% 100 50 8.1% 1.0§

C In children and adults with SCls, sample size estimate for superiority trial for preventing infarct
recurrence. Participants are randomly allocated to blood transfusion therapy (standard) vs HSCT
(experimental). Participants will be followed for a minimum of 3 years (average time 4 years). An a
of 0.05, 2-sided is used. There is a loss-to-follow-up of 3% per year. We used a test comparing
hazard rates with an exponential distribution.

Power Sample size for | Sample size for Incidence rate for Incidence rate for stroke
standard care experimental arm | stroke recurrence recurrence (overt and
arm (blood (hypothetical (overt and silent silent stroke) in
transfusion) arm) stroke) in standard experimental arm

arm
80 2037 2037 2.0* 1.0]|

Figure 4. Projected sample size calculations for various secondary stroke prevention trials. (A) In children with sickle cell anemia and silent cerebral
infarcts, a hypothetical non-inferior trial of secondary cerebral infarct recurrence (stroke or silent cerebral infarct), comparing standard therapy (blood
transfusion) to anticipated benefits of hydroxyurea. (B) Sample size calculation for individuals with sickle cell anemia and strokes, in a superiority trial
with two arms being compared: standard therapy (blood transfusion) to a hematopoietic stem cell transplant (experimental arm). (C) In children with
sickle cell anemia and silent cerebral infarcts, a superiority trial with two arms being compared: standard therapy (blood transfusion) to

a hematopoietic stem cell transplant (experimental arm). *Incidence of infarct recurrence in children with preexisting SCls receiving blood transfusion
therapy.* tEstimated upper boundary non-inferiority threshold is intermediate between the treatment and observation arms in the Silent Cerebral
Infarct Trial (2 + 4.8 events per 100 patient-years/2). fIncidence of stroke recurrence (silent and overt) in children and young adults with overt stroke
receiving regular blood transfusion therapy.” §Incidence of stroke recurrence (silent and overt stroke) in children and young adults after an
HSCT.33%4 ||Estimated incidence of infarct recurrence (silent and overt) in children with SCls after an HSCT (actual incidence in 10 patients was O,

but incidence estimate is not calculable).

a struggling student in the classroom, most health care providers would
seek for an explanation, remedial strategies, and options to prevent
further injury to the brain. Parents of students with SCA are no different
in wanting the best educational opportunity for their children.

In the United States, the importance of identifying cognitive deficits
is described in two Federal laws: the Individuals with Disabilities
Education Act (IDEA)*® and Section 504 of the Rehabilitation Act
of 1973.% For students with disabilities who require specialized in-
struction, IDEA controls the procedural requirements. An Individu-
alized Education Program is developed to meet the educational needs
of the child.*® The IDEA process requires documentation of mea-
surable improvement in cognitive milestones. A 504 Plan should be
considered for all students with SCD who do not require specialized
instruction but need assurance they will receive equal access to public
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education and services, particularly with increased days missed from
school for vaso-occlusive pain events. A document is created to outline
their specific requirements. Students with 504 Plans should be reas-
sessed annually to ensure the most effective accommodations for their
specific circumstances. Implementing an Individualized Education
Program and 504 Plans are evidence-based practices in the school
setting, but must be requested based on a cognitive evaluation or
medical diagnosis. Examples of how these plans attempt to com-
pensate for students’ weaknesses include: allowing for additional time
for examinations, providing accommodations for prolonged school
absences secondary to hospitalizations, and obtaining class notes ahead
of time. Figure 5 outlines a recommended approach to evaluating
poor academic performance. Given the significant lack of evidence-
based data regarding the optimal strategy for cognitive remediation,
opportunities exist for multiple providers from different sites to
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Figure 5. Flow diagram of how to approach children and adults with decreased educational achievement or occupational performance.

provide incremental knowledge through a team-based learning
collaborative.

Decline in work performance in an adult with SCA
Example: A 30-year-old with SCA presents with complaints
of relatively new onset of poor work performance, missed
medical appointments, and poor adherence to daily medi-
cation. How do you proceed with your evaluation and
treatment? Young adults with SCA have one of the highest rates
of cerebral infarcts compared with most other chronic disease pop-
ulations (Figure 3). Recently, Kassim et al published data demon-
strating >50% of individuals with SCD will have an SCI by 30 years
of age.”” Although the SIT trial provides evidence for screening and
blood transfusion therapy for individuals between 5 and 16 years of
age, guidance for adults with SCD is unfortunately lacking. Given the
lack of evidence-based guidelines for the management of adults with
SCD with cognitive disabilities, these patients should be managed
similarly to adults with acquired brain injury. Cognitive deficits are
underappreciated in adults with SCD because fewer studies have been
completed. Part of the management strategy should include the
evaluation by occupational therapy as to who can provide recom-
mendations to facilitate adjustment to their environment and behavioral
modifications to compensate or overcome functional challenges. In the
Cognitive Orientation to Daily Occupational Performance approach,*'*?
participants are trained to use the global strategy, GOAL-PLAN-DO-
CHECK, to develop a specific plan to improve performance of a self-
selected goal, to review performance, and to modify the plan accordingly
if performance is not satisfactory. For example, if deficits are present in
executive functions, suggestions are made so that the affected individual
may perform better in a quiet area with fewer interruptions.

Other potential sequelae associated with SCIs in adults include, but are
not limited to, the inability to follow complex medical management
instructions and adherence to medical interventions, which is a common
challenge for adolescents and adults with SCD.*** Memory deficits
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decrease the chances that a patient remembers to take a medication or
attend an appointment, which results in suboptimal clinical outcomes.**
Executive function deficits are associated with lesions in the frontal lobe
where many SCIs occur. Impairment in executive function makes
multitasking, and multistep commands difficult to complete. Interven-
tions that serve as memory prompts or break-down multistep processes
are helpful in both the school, work, and clinic setting. However, in-
terventions for improving learning and job performance are rarely of-
fered if cognitive impairments are not identified.

Despite the evidence that untreated SCls continue to occur throughout
young adulthood, no evidence or even consensus treatment strategy
has been developed for this high-risk population. Clearly, sufficient
evidence exists to establish a multidisciplinary team-based learning
collaborative for adults with SCD, which includes SCI screening,
cognitive assessments, occupational therapy assessments, an edu-
cational transition plan (as required by law at 16 years of age), and
rehabilitation interventions, such as Cognitive Orientation to Daily
Occupational Performance in a more uniform fashion. With a mul-
tidisciplinary team and an organized effort, we will have a better
understanding of the current achievement, performance, and mal-
leability of outcomes for adolescents and young adults in this vul-
nerable population.

Conclusion

Without the benefit of a completed RCT, health care providers in both
high and LMICs have common challenges in making informed de-
cisions about the management of acute and chronic neurologic disease in
SCD. For secondary stroke prevention in children and adults in high-
income countries where SCD is rare, health care providers typically
default to ingrained institutional practices, without systematic and on-
going assessment of the benefits and risks of their treatment algorithms.
For secondary stroke prevention in LMICs where SCD is common,
treatment strategies have been nonsystematic in part due to the lack of
evidence. This review limited its discussion to only 4 common
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management challenges of acute and chronic neurologic complications
in SCD. However, we could have easily selected others, such as acute
management of transient ischemic attacks, the utility of isovolemic
hemodilution-red cell exchange for secondary stroke prevention,
treatment of cerebral sinus venous nonsystematic, or secondary pre-
vention of strokes in individuals with hemoglobin SC disease. Despite
the added value of multidisciplinary and multisite participation with
prospective evaluation of neurologic complications in SCD, such ap-
proaches are rarely used. To offset inherent biases in medical decision
making, the team-based collaborative research approach'"* can be
introduced to optimize standard care for SCD. Ideally, the strategy will
include requirements for ethical conduct of clinical research,'® which is
conducted with limited institutional resources and may provide pre-
liminary data for competitive federal funding. Without such efforts, there
will be continued slow progress, if any, in advancing the neurologic
management of children and adults with SCD in both high and LMICs.
To this end, the authors have recently initiated a non-funded team based-
learning collaborative for secondary prevention of strokes and SCI in
adults with SCD. Hematologists interested in joining the learning
collaborative may contact the authors.
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