
the centrifugation-based washing did not translate into the corre-

sponding changes in key metrics of RBC in vitro quality, including

deformability (see Supporting Information). This finding suggests that

the probability of each individual RBCs to be damaged by centrifuga-

tion is likely independent of the cell's properties, and therefore hemoly-

sis of damaged cells during the 24-h storage does not affect the overall

quality of the sample. In contrast, our earlier work has shown that

selective lysis of RBCs irreversibly damaged during hypothermic storage

(sphero-echinocytes and spherocytes) via hypotonic washing produced

a modest, but statistically significant improvement in the overall

deformability of the sample.5 Further studies are needed to gain addi-

tional insight into how centrifugation and other types of processing

affect stored RBCs at the single-cell level, and how the extent of result-

ing mechanical damage may depend on the individual cell properties.

Although centrifugation-free washing drastically reduced the rate

at which potassium and free Hb increased in the supernatant, it could

not completely eliminate their buildup (Figure 1). It is therefore likely

that other parts of the washing process besides centrifugation may

also be damaging to stored RBCs. One possible source of mechanical

damage in our centrifugation-free washing system is the contact of

relatively fragile stored RBCs with the surfaces of the coiled tubing

and the membrane-hydrogel component of the system.1 Another

potential source of damage is the difference between osmolality of the

storage medium in a typical RBC unit (~360 mmol/kg) and osmolality of

saline used for washing stored RBCs (~285 mmol/kg). The reduction in

osmolality of the suspending medium during washing causes mild swell-

ing of washed RBCs, which ultimately leads to selective lysis of most

spherical cells (sphero-echinocytes, spherocytes).5 Finally, the use of

normal saline (0.9% NaCl solution) as the washing solution may by itself

be damaging to cells, causing significantly more hemolysis than bal-

anced, buffered crystalloid solutions (such as Plasma-Lyte A).6

The vast majority of low birth weight infants receive RBC transfu-

sions during the first few weeks of life (typically, 10-20 mL/kg trans-

fused over 4 h), and washing of stored RBCs in normal saline is one of

the strategies currently used for reducing the amount of potentially

toxic contaminants contained in the storage medium being transfused

to neonates. The prototype of the centrifugation-free washing system

we used in this study operated at 300 mL/h, a throughput already suf-

ficient for washing small volumes of stored RBCs in a reasonable

amount of time (eg, a 50 mL aliquot washed with 250 mL of saline in

less than an hour). Such a simple, inexpensive, disposable washing sys-

tem could therefore be particularly useful in the neonatal and pediatric

transfusion settings. Further research and development will be needed,

however, to convert our latest prototype into a fully “closed system”

format, and enable proper validation in the clinical settings.
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The sickle cell disease
implementation consortium:
Translating evidence-based
guidelines into practice for
sickle cell disease

To the Editor:

Sickle cell disease (SCD) is the most common inherited blood disorder

and affects approximately 100 000 individuals in the United States,

primarily those of racial and ethnic minorities.1 Previously associated

with high mortality in childhood, greater than 90% of those living with

SCD in middle and high-income countries today are expected to sur-

vive into adulthood.2 Today, approximately 60% of individuals living

with SCD in the United States are adults.1
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In 2014, the National Heart Lung and Blood Institute (NHLBI)

published “Evidence-Based Management of SCD: Expert Panel Report

(SCD EPR)” to improve the quality of care for individuals with SCD by

providing the best science-based recommendations to guide prac-

tice.3,4 The NHLBI SCD EPR strongly recommends hydroxyurea ther-

apy as a safe and efficacious treatment for adolescents and adults

with SCD. Despite this recommendation, hydroxyurea therapy

remains underutilized—over 75% of patients who could benefit from

hydroxyurea fail to receive this drug.5 Providers often have a limited

understanding of the optimal use of hydroxyurea,6 while many

patients lack general knowledge about hydroxyurea and fear compli-

cations or side effects.7 The NHLBI SCD EPR also strongly recom-

mends rapid initiation of opioids for patients visiting the emergency

department for a vaso-occlusive pain episode. However, a number of

studies on patient experiences in the emergency department demon-

strate this often does not occur. Patients with SCD are frequently

stigmatized, and their pain is often undertreated.8 Providers may per-

ceive patients as being drug seekers or abusers, doubt their pain

severity, and hesitate prescribing opioids. These provider perceptions

about pain severity, as well as other individual and organizational

issues, have been identified as barriers to receiving quality care for

patients with SCD.9,10 Patients are often not affiliated with health

care providers and health systems with expertise in SCD care or

guideline-recommended treatments. Additional barriers to care,

including access to transportation, and lack of insurance contribute to

the inability to access both routine and specialty care.9 Furthermore,

the period of transition from pediatric to adult care poses an addi-

tional challenge as adult SCD providers lack in number or expertise,

and patients may be unprepared to leave pediatric care during the

time when disease complications increase in frequency.11 Ultimately,

these gaps in care lead to increased disease burden, higher healthcare

costs, and greater mortality of individuals with SCD.

The implementation of evidence-based interventions (EBIs) into

usual clinical care is frequently ineffective, with findings that suggest

it takes an average of 17 years for 14% of clinical trial research results

to reach patients in usual care.12 The implementation gap for EBIs is

perhaps greater when related to rare diseases and minority popula-

tions.13,14 SCD provides special challenges for clinical care as a rare

disease that disproportionately affects underserved minorities in the

U.S. where social determinants of health (eg, socioeconomic status,

availability of healthcare resources, and discrimination) contribute to

disparities for individuals and in systems of care.

The field of implementation science can help address the quality

gap between optimal care (as outlined in guidelines) and the nonstan-

dardized care that most patients with SCD currently receive.15 Imple-

mentation science aims to study methods to promote the systematic

uptake of EBIs into routine practice to improve the quality and effec-

tiveness of health services.16 Implementation studies focus on discover-

ing how to optimally integrate EBIs in real-world contexts, rather than

the efficacy or effectiveness of a treatment. While implementation

studies may examine the health outcomes associated with the use of

an EBI, the emphasis is on evaluating the multi-level influences (eg, indi-

viduals, health care providers, community, social environment, and

health system) of the implementation of EBIs.17 Further, with its rigor-

ous clinical trial and quasi-experimental study designs, implementation

scientists are able to test the effectiveness of strategies aimed at

increasing uptake of EBIs, such as hydroxyurea therapy. This, in combi-

nation with the use of frameworks emphasizing stakeholder involve-

ment throughout the implementation process, could break new ground

FIGURE 1 Sickle cell disease implementation consortium (SCDIC) structure. † Composed of a Chair, Co-Chair, one Principal Investigator from

each clinical site, and one representative from the Data Coordinating Center and NHLBI. NHLBI, National Heart, Lung, and Blood Institute;
NIMHD, National Institute on Minority Health and Health Disparities
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for the sickle cell community by addressing disparities in SCD care and

improving health equity for this vulnerable population.18

1 | THE SICKLE CELL DISEASE
IMPLEMENTATION CONSORTIUM (SCDIC)
HISTORY AND STRUCTURE

The NHLBI has supported the vast majority of SCD grants in basic, trans-

lational, and clinical research that have resulted in the establishment of

important clinical milestones over the past 30 years. While previous sci-

entific advances have improved health outcomes of individuals with

SCD, the underutilization of evidence-based recommendations and

guidelines for adolescent and adult patients has significantly hindered

optimal care. As part of its strengthened commitment to implementation

research, NHLBI established the Center for Translation Research and

Implementation Science (CTRIS) in 2014.19 The primary function of

CTRIS is to conduct research to study optimal and sustainable strategies

to deliver EBIs and guidelines in diverse multi-level settings, with an

emphasis on reducing health inequities among vulnerable populations

and in global settings. In 2016, NHLBI funded the SCD Implementation

Consortium (SCDIC) multi-site research study with program leadership

from the Division of Blood Resources (DBDR), scientific collaboration

from CTRIS, and co-funding from the National Institute of Minority

Health and Health Disparities (NIMHD). The RFA-HL-16-010 was writ-

ten with the goal to support multi-level and multi-component interven-

tions to address the quality gap in the delivery of care for SCD and to

develop a longitudinal registry of patientswith SCD.

The SCDIC is a cooperative research program composed of eight

academic and clinical sites: University of Illinois at Chicago in collabo-

ration with Sinai Health System, Washington University School of

Medicine, Augusta University, Icahn School of Medicine at Mount

Sinai, St. Jude Children's Research Hospital, Medical University of

South Carolina, Duke University Medical Center, University of Califor-

nia Benioff Children's Hospital Oakland, and one data coordinating

center (DCC), the Research Triangle Institute (RTI). The NHLBI is

responsible for providing oversight to the SCDIC and collaborating

with the DCC and consortia investigators in the development and

execution of the study. An Executive Committee, a Steering Commit-

tee, the clinical sites, the DCC, and four subcommittees form the main

organizational structure and decision-making body. The Executive and

Steering Committees are composed of a Study Chair, NHLBI program

officers, DCC Principal Investigator, and clinical site representation.

The Steering Committee includes a Principal Investigator from each

site. The Executive Committee includes a Principal Investigator from

one site that changes on a 9-month rotating basis (Figure 1). The DCC

is responsible for major collaborative functions of data management

and analytical support of all SCDIC studies, logistics and communica-

tions, and support for manuscript and presentation preparation.

The longitudinal registry of patients with SCD integrates objective

healthcare data with clinical and patient-reported outcomes, including

quality of life, access to care, pregnancy outcomes, medication side

effects, and socio-demographic variables. The DCC is also responsible

for facilitating the registry and guiding all data acquisition.

The SCDIC is a 6-year study consisting of two phases (Figure 2) with

substantial progress and milestones achieved to date. During Phase I

(years 1-2), the consortia sites: (1) conducted a community-based needs

assessment to investigate stakeholder perspectives on barriers to care

for adolescents and adults with SCD; and (2) developed and initiated the

registry with over 1000 patients enrolled to date. Needs assessment data

collection regarding barriers to care is complete with over 500 patient

and provider participants. During Phase II (years 3-6), registry enrollment

will continue, and implementation studies will be conducted addressing

multi-level barriers identified in the needs assessment.

Based on preliminary findings from the needs assessment data,

and principal investigators input regarding topic relevance and feasi-

bility, the Steering Committee selected three themes for SCDIC work-

groups: care delivery redesign, improving emergency department care,

and reducing the number of patients not currently receiving SCD-

specific care (ie, unaffiliated patients). A defining feature of these

workgroups is the pairing of clinical experts in each of these topics

FIGURE 2 Sickle cell disease implementation consortium (SCDIC) project phases. SCD, sickle cell disease; ASCQ-Me, adult sickle cell quality of

life measurement information system
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with implementation research scientists. Through practical clinical

knowledge, evidence-based recommendations, and implementation

science methods, the workgroups are developing new approaches to

SCD care, particularly for underserved populations.

The operation of a large research consortium encounters many

challenges, and the SCDIC is no exception. First, clinical sites and

investigators are geographically dispersed across the country. To facil-

itate communication and collaboration, the SCDIC circulates a

monthly bulletin, meets at least monthly, and holds biannual in-person

meetings at NHLBI. Also, a website serves as a portal for sharing study

information with investigators, including meeting minutes, reports,

and protocols (www.scdic.rti.org). Second, improving care delivery for

SCD requires multidisciplinary teams of clinical researchers, academic

investigators, and community stakeholders, with a broad range of

expertise and perspectives. Education about implementation science

and SCD using multiple modalities (eg, presentations, meetings,

papers) has been essential to bridging these differences. Third, while

preliminary findings from the needs assessment revealed commonali-

ties in barriers to SCD care, variabilities in access and utilization of

SCD care across clinical sites were also found. Implementation science

designs can accommodate this variability through the adaptation of

implementation strategies to local contexts.20 Accounting for differ-

ences within the complex environments where SCD care is delivered

using models and frameworks to understand why a strategy succeeds

or fails is an essential part of the implementation science designs

within the SCDIC.17 These lessons may help other large collaborative

efforts to accelerate translation of SCD evidence-based guidelines

and recommendations into practice, as well as other diseases.

In summary, the complex landscape of care for adolescents and

adults with SCD is characterized by barriers and facilitators that exist

at multiple levels. The SCDIC has stimulated the sickle cell community

with the emerging field of implementation science as a vital step in

achieving NHLBI's goal for the evidenced-based management of SCD

for vulnerable populations, and for all. The innovative research infra-

structure of the SCDIC will foster the development of new

approaches to care and enable important progress toward improving

the health and well-being of individuals with SCD informed by the

best research evidence.
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Lineage switch from acute
myeloid leukemia to T cell/
myeloid mixed phenotype
acute leukemia: First report of
an adult case

To the Editor:

Lineage switching in acute leukemia is rare. Majority of cases repre-

sent a lineage switch from acute lymphoblastic leukemia (ALL) to

acute myeloid leukemia (AML) and tend to occur in children.1 A switch

from AML to ALL is very rare, with only a few cases reported in the

English literature, all of which are in children.2 A lineage switch from

AML to a mixed phenotype acute leukemia (MPAL) is exceptionally

rare.3 We report, what we believe is first reported case of a lineage

switch from AML to a biphenotypic T cell/myeloid MPAL and the first

case of an AML to MPAL switch in an adult patient.

At presentation, diagnosis of AML was made on a 52 year old

man on peripheral blood and bone marrow examination. He had a

white blood cell count (WCC) 17.1 × 109/L with a blast count of

2.6 × 109/L. Bone marrow showed replacement by atypical blastic

cells amounting to >80% of the marrow cellularity. Flow cytometry of

the bone marrow aspirate showed two abnormal subsets of myeloid

immature cells; one was positive for CD34, myeloperoxidase, CD13,

CD117, HLADR, CD38, and CD71 (weak) with aberrant expression of

CD7 and CD56. The second was CD34 negative and showed partial

monocytic differentiation (CD36, CD14, CD64, and CD300e) with a

highly asynchronous maturation pattern. The latter population

showed CD56 and dim CD33 expression. On the bone marrow tre-

phine biopsy, blasts expressed CD34 (>30%), CD117, myeloperoxi-

dase, CD68R and HLADR (Figure 1). Cytogenetics showed a 46XY

karyotype with no KMT2A (11q2;3 probe; Kreatech Diagnostics) rear-

rangement. There was evidence of mono-allelic CEBPA mutation and

no evidence of FLT3 or NPM1 mutations. The diagnosis of acute

monoblastic leukemia with a normal karyotype was made. He was
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