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[bookmark: _Toc393891023]Foreword
The purpose of the “Evidence-Based Management of Sickle Cell Disease:  Expert Panel Report (EPR), 2014” is to synthesize the available scientific evidence on sickle cell disease and offer guidance to busy primary care clinicians.  Readers of this report should remember that this document is intended to provide guidance for management, not to be rigidly prescriptive.  The panel recognizes that the responsible clinician’s judgment regarding the management of patients remains paramount.  Therefore, the Expert Panel Report is a tool to be adopted and implemented in local and individual settings, and to provide an opportunity for shared decisionmaking in which providers and patients are both fully engaged.
The EPR has been developed under the outstanding leadership of panel co-chairs Drs. George Buchanan and Barbara Yawn.  The production of this report generated much discussion regarding the quality of the available scientific literature, its interpretation, and its practical application.  In the end, priority was given to delivering a document that both objectively evaluated and organized the evidence and could be put into practice in the clinical setting, because effective implementation is ultimately what is needed to bring about a change in outcomes.
The NHLBI is grateful for the tremendous dedication of time and the outstanding work of the expert panel, as well as the advice of invited outside experts, the National Blood Disorders Program Coordinating Committee, and other stakeholder groups in developing this report.  The invaluable comments from professional societies; voluntary health, government, consumer/patient advocacy organizations; and industry during the public review period greatly enhanced the scientific value and practical utility of this document.
By developing this landmark report, the expert panel has taken a tremendous step towards addressing the health needs of the person with sickle cell disease in the primary care setting.  It is incumbent upon the team of health professionals caring for these individuals to change the landscape of care by providing this state-of-the-science care.  We are excited to be joined by all concerned in efforts to reach our common ultimate goal:  improved health outcomes and quality of life for every person living with sickle cell disease.
Gary H. Gibbons, M.D.
Director
National Heart, Lung, and Blood Institute
Susan B. Shurin, M.D.
Former Deputy Director
National Heart, Lung, and Blood Institute
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[bookmark: _Chapter_1:_][bookmark: _Toc381806494][bookmark: _Toc393891025]Chapter 1:  Introduction and Methodology
These guidelines were developed by an expert panel composed of health care professionals with expertise in family medicine, general internal medicine, adult and pediatric hematology, psychiatry, transfusion medicine, obstetrics and gynecology, emergency department nursing, and evidence-based medicine.  Panel members were selected by the National Heart, Lung, and Blood Institute’s (NHLBI’s) leadership.
The purpose of these guidelines is to help people living with sickle cell disease (SCD) receive appropriate care by providing the best science-based recommendations to guide practice decisions.  The target audience is primary care providers and other clinicians, nurses, and staff who provide emergency or continuity care to individuals with SCD.  
NHLBI sponsored the development of these guidelines to assist health care professionals in the management of common issues, including routine health maintenance, the recognition and treatment of common acute and chronic complications and comorbidities of SCD, as well as the indications for and monitoring of hydroxyurea and blood transfusion therapy.  The guidelines address the care of infants, children, adolescents, and adults with SCD, with the goal of facilitating high-quality and appropriate care for all individuals with this disease.  
[bookmark: _Toc381806495][bookmark: _Toc393891026][bookmark: _Toc277250472][bookmark: _Toc85438630][bookmark: _Toc85438797][bookmark: _Toc85478764][bookmark: _Toc111977769]Historical Perspective, Epidemiology, and Definitions
SCD was first reported in the literature in November 1910 by James B. Herrick, who referred to “peculiar elongated and sickle-shaped red blood corpuscles in a case of severe anemia.”1  We have gained substantial knowledge about SCD since that first description.  Today there is hope for a cure using hematopoietic stem cell transplantation (HSCT).2  However, at present, the procedure is infrequently performed and very expensive.3-5  Additional research regarding patient and donor selection and the specific transplantation procedure is required before this potentially curative therapy will become more widely available.  Two effective disease-modifying therapies for SCD—hydroxyurea and chronic transfusion—are potentially widely available but remain underutilized.6-11  
The sickle cell mutation results in substitution of the amino acid valine for glutamic acid at the sixth position of the beta globin chain, causing formation of hemoglobin S.12  More than 2 million U.S. residents are estimated to be either heterozygous or homozygous for the genetic substitution.  Most of those affected are of African ancestry or self-identify as Black; a minority are of Hispanic or southern European, Middle Eastern, or Asian Indian descent.13  It is estimated that between 70,000 and 100,000 Americans have SCD.  Although SCD is associated with major morbidity, currently more than 90 percent of children with SCD in the United States and the United Kingdom survive into adulthood.14-16  However, their lifespan remains shortened by two or three decades compared to the general population.17,18
The most prevalent SCD genotypes (exhibit 1) include homozygous hemoglobin SS (HbSS) and the compound heterozygous conditions hemoglobin S β 0-thalassemia (HbS β 0-thalassemia), hemoglobin S β+-thalassemia 
(HbS β +-thalassemia), and hemoglobin SC disease (HbSC).  HbSS and HbS β 0-thalassemia are clinically very similar and therefore are commonly referred to as sickle cell anemia (SCA); these genotypes are associated with the most severe clinical manifestations.  These guidelines are not applicable to individuals with sickle cell trait (HbAS), the carrier state.
[bookmark: _Toc350946519][bookmark: _Toc383424942][bookmark: _Toc395019259]Exhibit 1a.  Typical Laboratory Findings in Sickle Cell Disease
	Genotype
	Hb* (g/dL)†
	HbS (%)
	HbA (%)
	HbA2 (%)
	HbF (%)
	HbC (%)

	SS
	6–9
	>90
	0
	<3.5
	<10
	0

	S β 0-thalassemia
	7–9
	>80
	0
	>3.5
	<20
	0

	S β+-thalassemia
	9–12
	>60
	10–30
	>3.5
	<20
	0

	SC
	9–14
	50
	0
	<3.5
	≤1.0 
	45


[bookmark: Exhibit1a_footnote_1]* Definitions for abbreviations are as follows:  Hb = hemoglobin; HbS = sickle hemoglobin; HbA = normal adult hemoglobin; HbA2 = minor variant of adult hemoglobin; HbF = fetal hemoglobin; HbC = hemoglobin variant that causes manifestations of SCD when paired with HbS 
[bookmark: Exhibit1a_footnote_2]† The hemoglobin values in this exhibit apply in the absence of a blood transfusion in the last 4 months, are not absolute, and are applicable to adults and children only (not newborns).
[bookmark: _Toc395019260]Exhibit 1b.  Typical Laboratory Findings in Sickle Cell Trait (Provided for Comparison)
	Genotype
	Hb* (g/dL)†
	HbS (%)
	HbA (%)
	HbA2 (%)
	HbF (%)
	HbC (%)

	AS 
	normal
	≤40
	>60
	<3.5
	≤1.0
	0


[bookmark: Exhibit1b_footnote_1]* Definitions for abbreviations are as follows:  Hb = hemoglobin; HbS = sickle hemoglobin; HbA = normal adult hemoglobin; HbA2 = minor variant of adult hemoglobin; HbF = fetal hemoglobin; HbC = hemoglobin variant that causes manifestations of SCD when paired with HbS 
[bookmark: Exhibit1b_footnote_2]† The hemoglobin values in this exhibit apply in the absence of a blood transfusion in the last 4 months, are not absolute, and are applicable to adults and children only (not newborns).
Currently in the United States, there are no comprehensive, systematically reviewed, evidence-based guidelines to assist health care professionals in the management of individuals with SCD.  Providing care to these individuals can be challenging.  As a result of the condition’s relative rarity, there are few health care professionals who are prepared to deliver continuity care or expert consultation for patients with serious acute or chronic SCD complications.  These guidelines are therefore being made available to help provide the latest evidence-based recommendations to manage this condition and to help engage health care professionals in supporting their implementation at the practice level.  
[bookmark: _Toc381806496][bookmark: _Toc393891027]Overview of the SCD Guidelines Chapters
This report begins with a chapter on comprehensive health maintenance.  Many children and adults with chronic diseases such as SCD do not receive the recommended preventive care provided to other children and adults.  Therefore, the guidelines summarize recommendations for health maintenance screening, testing, and immunizations as they apply to infants, children, adolescents, and adults with SCD.  Generally speaking, recommendations for screening to facilitate primary and secondary prevention (e.g., asking a teen about smoking behavior or an adult woman about mammography, respectively) are often confused with recommendations for evaluating early symptoms of a disease or condition.  For this and most other documents such as the recommendations of the U.S. Preventive Services Task Force (USPSTF), screening is considered testing or evaluation for a relatively common condition for which there is effective therapy prior to symptom recognition or during an asymptomatic phase.19  Generalized or universal screening is not recommended when existing therapies have not been shown to improve patient outcomes when implemented in this early presymptomatic phase.  Information on screening and preventive care is important for all clinicians who work with individuals with SCD, including specialists who may serve as the continuity health care source for them.  
Acute complications are common at all ages in individuals with SCD and are addressed in the chapter, “Managing Acute Complications of Sickle Cell Disease.”  Recurrent acute pain crises (also known as vaso-occlusive crises) are the most common manifestation of SCD.  These crises occur, usually without warning, when obstructed blood flow results in ischemic tissue injury and pain.  The vascular occlusion, generally at the level of capillaries and post-capillary venules, results not only from an accumulation of adherent and sickled erythrocytes, but also from alterations involving the vascular endothelium and adhesive proteins in the plasma and on white blood cells and platelets.  The management of acute pain is central to the care of individuals with SCD, yet pain is often poorly or inadequately addressed in all types of health care settings.  
These guidelines include recommendations for rapid and effective pain management in people with SCD who present with such pain crises.  Other significant acute complications addressed in this chapter include acute chest syndrome (ACS), stroke, splenic sequestration, acute renal failure, and cholecystitis.  Neuropsychological, educational, and vocational impairment as well as common mental health issues such as depression and anxiety, which often accompany chronic illness, were considered beyond the scope of this guideline work.  
Chronic complications of SCD may occur as a result of acute episodes or as chronic or recurrent events.  Several of the most common of the chronic complications—including chronic pain, cholelithiasis, renal dysfunction, pulmonary hypertension, and retinal problems—are addressed in the fourth chapter, “Managing Chronic Complications of Sickle Cell Disease.”  
Each of the two major therapies used in individuals with SCD—hydroxyurea and chronic blood transfusions—are described in separate chapters (see “Hydroxyurea Therapy in the Management of Sickle Cell Disease,” and “Blood Transfusion in the Management of Sickle Cell Disease”).  These are the only currently proven disease-modifying treatments for people with SCD.  Both therapies are used in primary and secondary stroke prevention.  Although neither has been shown to prevent all SCD-related organ damage, these treatment modalities can improve the quality of life for individuals with SCD.  Treatment with hydroxyurea is underutilized for many people with SCA who could benefit from it.  Blood transfusion therapy has at times been underutilized, overutilized, or prescribed inappropriately for both acute and chronic complications.  These two chapters provide guidance regarding the appropriate use of these therapies for SCD.
[bookmark: _Toc381806497][bookmark: _Toc393891028]Process and Methodology
The expert panel first convened in the spring of 2009 to establish the vision and purpose of the panel, discuss the process and schedule for producing the guidelines, and determine the critical areas to be addressed.  Prior to this meeting, the expert panel participated in a conference call to introduce the panel’s work and discuss the overarching questions that should be answered by the guidelines.  Before beginning the writing of the guidelines report, the expert panel divided its work into sections dealing with preventive care or health maintenance, recognition and management of acute SCD-related complications, recognition and management of chronic SCD‑related complications, and the two most broadly assessed and available disease-modifying therapies for SCD, hydroxyurea and chronic blood transfusions.  
With the assistance of the methodology team and the supporting evidence center, the panel then developed key questions and literature search terms to identify evidence.  The field of SCD has a limited number of randomized controlled trials (RCTs) or large prospective cohort studies to guide clinical decisionmaking; therefore, few of the recommendations in this document are based on this highest quality evidence.  For common health issues, the panel included the evidence-based recommendations of the USPSTF20 as well as vetted recommendations of other groups.  These recommendations include the SCD reproductive-related recommendations of the World Health Organization (WHO),21 the immunization recommendations of the Advisory Committee on Immunization Practices (ACIP),22 and the acute and chronic pain management recommendations of the American Pain Society (APS).23,24  These recommendations are denoted as “Consensus–Adapted.”  
Recognizing the need to provide practical guidance for common problems that may lie outside of the panel’s evidence reviews or available science, in many areas the published evidence was supplemented by the expertise of the panel members, who have many years of experience in managing and studying individuals with SCD.  Recommendations based on the opinions of the expert panel members are labeled as “Consensus–Panel Expertise.”  Each is clearly labeled with the strength of the recommendation and the quality of evidence available to support it.  
[bookmark: _Toc393891029]Evidence Review and Synthesis
Beginning in April 2010, the expert panel collaborated with an independent evidence synthesis group (hereafter referred to as the methodology team) that included methodologists, librarians, and research staff with expertise in conducting systematic reviews and meta-analyses and appraising and summarizing evidence for the purpose of guideline development.  The methodology team used the overarching questions, the key questions, and a list of specific guideline topics to draft an initial list of PICOS[footnoteRef:4]-formatted critical questions for literature searches and formal evidence appraisal and vetting (see appendix B).  The methodology team developed search strategies and then conducted literature searches and prepared the evidence tables and a summary of the body of the evidence (see http://www.nhlbi.nih.gov/guidelines/scd/index.htm).  [4:  PICOS is a framework for developing a structured research question.  It includes the following components in the statement of the critical question:  P = Population; I = Intervention, exposure; C = Comparator; O = Outcome; S = Setting.] 

Exhibit 2 outlines the overall process for the evidence search, evidence synthesis, and recommendation development. 
[bookmark: _Toc383424943][bookmark: _Toc385425487][bookmark: _Toc395019261]Exhibit 2.  Evidence Review Process
[image: PowerPoint_slide_SCD_Guidelines_steps_031314]
Note:  Exhibit 2 shows the evidence review process.  Boxes marked with an * symbol represent work conducted by the expert panel; boxes marked with a † symbol represent work conducted by the methodology team.
[bookmark: _Toc393891030]Literature Search
Due to the comprehensive scope of the guidelines, the search strategies for the systematic reviews were designed to have high sensitivity and low specificity; hence, the strategies were often derived from population and condition terms (e.g., people with SCD who have priapism) and not restricted or combined with outcome or intervention terms.  To be inclusive of the available literature in the field, searches included randomized trials, nonrandomized intervention studies, and observational studies.  Case reports and small case series were included only when outcomes involved harm (e.g., the adverse effects of hydroxyurea) or when rare complications were expected to be reported.
Literature searches involved multiple databases (e.g., Medline® In-Process & Other Non-Indexed Citations, MEDLINE®, Embase, Cochrane Database of Systematic Reviews, Cochrane Central Register of Controlled Trials, Cumulative Index to Nursing and Allied Health Literature (CINAHL®), TOXLINE®, and Scopus) and used controlled vocabulary (prespecified) terms supplemented with keywords to define concept areas.
[bookmark: _Toc393891031]Evidence Synthesis
The initial literature searches performed to support these guidelines yielded 12,532 references.  The expert panel also identified an additional 1,231 potentially relevant references.  An updated search of randomized controlled trials (RCTs) added eight trials.[footnoteRef:5]  All abstracts were reviewed independently by two reviewers using an online reference management system (DistillerSR—http://systematic-review.net) until reviewers reached adequate agreement (kappa ≥0.90).  A  total of 1,575 original studies were included in the evidence tables.  Methodologists developed evidence tables to summarize individual study findings and present the quality of evidence (i.e., confidence in the estimates of effect).  The tables included descriptions of study population, SCD genotypes, interventions, and outcomes.  Additional methodological details are discussed in each evidence table, including the search question, search strategy, study selection process, and list of excluded studies (see http://www.nhlbi.nih.gov/guidelines/scd/index.htm). [5:  An updated search was performed to span the time from June 1, 2010 through July 11, 2014.  Eight additional RCTs were identified, and a supplemental table reflecting these additions was added to the evidence table document.] 

[bookmark: _Toc393891032]Evidence Framework
The methodology team used the Grading of Recommendations Assessment, Development and Evaluation (GRADE) framework25 to grade the quality of evidence, and, in concert with the panel, determine the strength of recommendations.  The GRADE framework is accepted by more than 75 national and international organizations (see exhibit 3).  It provides the advantages of: (a) separately judging the quality of supporting evidence and strength of recommendations, and (b) incorporating factors other than evidence in decisionmaking (e.g., the balance of benefits and harms; the perceived values and preferences of those with SCD; resources; and clinical and social context).  GRADE emphasizes the use of patient-important outcomes (i.e., outcomes that affect the way patients feel, function, or survive)26 over laboratory and physiologic outcomes. 
[bookmark: _Toc383424944][bookmark: _Toc385425488][bookmark: _Toc395019262]Exhibit 3.  Steps in the GRADE Process
	Quality of evidence for each patient-important outcome is rated individually and then across outcomes
Randomized trials start as high quality and observational studies start as low quality
Quality of evidence is rated down for increased risk of
Risk of bias
Publication bias
Imprecision
Indirectness
Inconsistency
Quality of evidence is rated up for
1. Large effect
Dose response effect
When plausible confounding increases the association
Consider balance of benefits and harms, resources and patient’s values and preferences in addition to quality of the body of evidence to determine strength of recommendations
The strength of recommendation is either strong or weak*


Source:  Balshem H, Helfand M, Schünemann HJ, Oxman AD, Kunz R, Brozek J, Vist GE, Falck-Ytter Y, Meerpohl J, Norris S, Guyatt GH. GRADE guidelines: 3. Rating the quality of evidence. J Clin Epidemiol. 2011 Apr;64(4):401–6.27
[bookmark: Exhibit3_Footnote_1]* In these guidelines, an intermediate category of recommendation (moderate) was also used.
[bookmark: _Toc393891033]Determining Evidence Quality
In the GRADE framework, the quality of evidence (in this case, the body of evidence) is rated as high, moderate, low, or very low.28  The quality of evidence derived from randomized trials starts as “high,” and the quality of evidence derived from observational studies starts as “low.”  The quality of evidence can then be lowered due to methodological limitations in individual studies (risk of bias), inconsistency across studies (heterogeneity), indirectness (the extent to which the evidence fails to apply to the specific clinical question in terms of the patients, interventions, or outcomes), imprecision (typically due to a small number of events or wide confidence intervals), and the presence of publication and reporting biases.  Conversely, the quality of evidence can be upgraded in certain situations such as when the treatment effect is large or a dose-response relationship is evident.  
[bookmark: _Toc393891034]Determining the Strength of Recommendations
The GRADE framework rates the strength of recommendations as “strong” or “weak.”  However, the panel modified the GRADE system and used a third category—moderate—when they determined that patients would be better off if they followed a recommendation, despite there being some level of uncertainty about the magnitude of benefit of the intervention or the relative net benefit of alternative courses of action.  The panel intends for these moderate-strength recommendations to be used to populate protocols of care and provide a guideline based on the best available evidence.  The panel does not intend for weak- or moderate-strength recommendations to generate quality-of-care indicators or accountability measures or affect insurance reimbursement.  Variation in care in the areas of weak- or moderate-strength recommendations may be acceptable, particularly in ways that reflect patient values and preferences.  Conversely, strong recommendations represent areas in which there is confidence in the evidence supporting net benefit, and the recommendations likely apply to most individuals with SCA.  For more information, see exhibit 4. 
[bookmark: _Toc383424945][bookmark: _Toc395019263]Exhibit 4.  GRADE Recommendations–A Closer Look
	Grade of Recommendation
	Clarity of Risk/
Benefit
	Quality of Supporting Evidence
	Implications

	Strong recommendation
High-quality evidence
	Benefits clearly outweigh harms and burdens, or vice versa
	Consistent evidence from well-performed RCTs or exceptionally strong evidence from unbiased observational studies*
	Recommendation can apply to most patients in most circumstances. Further research is very unlikely to change our confidence in the estimate of effect.

	Strong recommendation Moderate-quality evidence
	Benefits clearly outweigh harms and burdens, or vice versa
	Evidence from RCTs with important limitations (inconsistent results, methodological flaws, indirect or imprecise evidence), or unusually strong evidence from unbiased observational studies
	Recommendation can apply to most patients in most circumstances. Further research (if performed) is likely to have an impact on our confidence in the estimate of effect and may change the estimate.

	Strong recommendation Low-quality evidence
	Benefits clearly outweigh harms and burdens, or vice versa
	Evidence for at least one critical outcome from observational studies, from RCTs with serious flaws, or indirect evidence
	Recommendation may change when higher quality evidence becomes available. Further research (if performed) is likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

	Strong recommendation Very low-quality evidence (very rarely applicable)
	Benefits clearly outweigh harms and burdens, or vice versa
	Evidence for at least one of the critical outcomes from unsystematic clinical observations or very indirect evidence
	Recommendation may change when higher quality evidence becomes available; any estimate of effect, for at least one critical outcome, is very uncertain.

	Weak recommendation
High-quality evidence
	Benefits closely balanced with harms and burdens
	Consistent evidence from well-performed RCTs or exceptionally strong evidence from unbiased observational studies
	The best action may differ depending on circumstances or patient or societal values. Further research is very unlikely to change our confidence in the estimate of effect.

	Weak recommendation Moderate-quality evidence
	Benefits closely balanced with harms and burdens
	Evidence from RCTs with important limitations (inconsistent results, methodological flaws, indirect or imprecise evidence), or unusually strong evidence from unbiased observational studies
	Alternative approaches likely to be better for some patients under some circumstances. Further research (if performed) is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

	Weak recommendation Low-quality evidence
	Uncertainty in the estimates of benefits, harms, and burdens; benefits may be closely balanced with harms and burdens
	Evidence for at least one critical outcome from observational studies, from RCTs with serious flaws, or indirect evidence
	Other alternatives may be equally reasonable. Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

	Weak recommendation Very low-quality evidence
	Major uncertainty in the estimates of benefits, harms, and burdens; benefits may or may not be balanced with harms and burdens
	Evidence for at least one critical outcome from unsystematic clinical observations or very indirect evidence
	Other alternatives may be equally reasonable. Any estimate of effect, for at least one critical outcome, is very uncertain.


Source:  Reprinted with permission of the American Thoracic Society.  Copyright © 2012 American Thoracic Society.  Schünemann HJ, Jaeschke R, Cook DJ, Bria WF, El-Solh AA, Ernst A, Fahy BF, Gould MK, Horan KL, Krishnan JA, Manthous CA, Maurer JR, McNicholas WT, Oxman AD, Rubenfeld G, Turino GM, Guyatt G; ATS Documents Development and Implementation Committee.  An official ATS statement: grading the quality of evidence and strength of recommendations in ATS guidelines and recommendations. Am J Respir Crit Care Med. 2006 Sep 1;174(5):605-14. Official Journal of the American Thoracic Society.29
[bookmark: Exhibit4_footnote_1]* Exceptionally strong evidence from unbiased observational studies includes: (1) evidence from studies that yield estimates of the treatment effect that are large and consistent; (2) evidence in which all potential biases may be working to underestimate an apparent treatment effect, and therefore, the actual treatment effect is likely to be larger than that suggested by the study data; and (3) evidence in which a dose-response gradient exists
[bookmark: _Toc393891035]Existing Systematic Reviews and Clinical Practice Guidelines
The expert panel and methodology team identified existing systematic reviews and clinical practice guidelines that were relevant to the topics of this guideline, even though they were not necessarily specific to people with SCD.  If the methodological quality of these resources was found to be appropriate by the methodology team, they were used.  Using this external evidence was considered helpful because well-conducted systematic reviews made the process of identifying relevant studies more feasible.  In addition, using existing guidelines developed by professional organizations enabled the panel to develop more comprehensive recommendations that addressed specific aspects of care in individuals with SCD.  Usually, this external evidence was derived from studies in non-sickle cell patient cohorts because it was felt that they offered more precise and useful inferences than evidence derived from sickle cell patient studies.  For example, comparative evidence in the area of pain management in people with SCD was sparse.  In this situation, pain management guidelines from individuals with other pain-related conditions proved to be helpful.
The methodology team used the AMSTAR tool to assess the methodological quality of systematic reviews.30  Recent well-conducted systematic reviews were identified that addressed hydroxyurea therapy in pediatric and adult patients.6-8  The expert panel and methodology team appraised these reviews and conducted additional searches to update the existing systematic review through May 2010 to find evidence for the benefits, harms, and barriers of using hydroxyurea.  Regarding the management of children with SCD complications, the panel also used recent evidence that had been systematically reviewed.31
Existing clinical practice guidelines were considered acceptable if they had prespecified clinical questions, were developed after a comprehensive literature search, had explicit and clear criteria for the inclusion of evidence, and included recommendations that were explicitly linked to the quality of supporting evidence.  The expert panel and methodology team used relevant recommendations from the USPSTF,20 the Advisory Committee on Immunization Practices (ACIP),22 the Centers for Disease Control and Prevention’s (CDC) adaptation of the World Health Organization’s (WHO’s) “Medical Eligibility Criteria for Contraceptive Use,”21 and the American Pain Society’s “Guideline for the Management of Acute and Chronic Pain in Sickle-Cell Disease,” and "Clinical Guidelines for the Use of Chronic Opioid Therapy in Chronic Noncancer Pain.”23,24  
[bookmark: _Toc393891036]Consensus Statements
The panel believed that, for this guideline document to be most helpful to primary care providers and specialty health care professionals, it needed to be comprehensive.  This required that, in areas with minimal existing direct evidence, the panel would provide recommendations based on their and others’ expert opinions.  Those recommendations are labeled as “consensus.”  Several different situations, outlined below, led to the use of consensus statements.
[bookmark: _Toc393891037]Consensus–Panel Expertise
Systematic reviews conducted by the methodology team revealed minimal or no supporting evidence (e.g., management of acute hepatic sequestration).
An adequate systematic review of the literature was not feasible because of anticipated low yield or no yield (e.g., comparative effectiveness of management approaches for individuals with SCD presenting with fever or worsening anemia).
Recommendations were based on the panel’s expert knowledge, practice experience, and ability to extrapolate evidence from non-SCD populations (e.g., management of chronic opioid therapy in chronic SCD pain).
[bookmark: _Toc393891038]Consensus–Adapted
These recommendations were based on the panel’s expert knowledge to adapt recommendations derived from existing guidelines and synthesized evidence developed by other professional societies (e.g., management of acute and chronic pain in SCD).
The panel clearly identified these statements as consensus recommendations and acknowledges that these areas represent gaps in the evidence base and areas for future research.  
Prior to publication, these guidelines were reviewed by the NHLBI Advisory Council, a separate panel of SCD experts, and the National Blood Disorders Program Coordinating Committee.  The guidelines were also posted to the NHLBI Web site for an extensive public review and comment period, which resulted in the submission of more than 1,300 comments from individuals and professional societies.  The expert panel and NHLBI staff reviewed each comment or recommendation, many of which resulted in a revision to the guidelines.  The guidelines were then reviewed by SCD experts representing three professional societies.  
[bookmark: _Toc393891039]Clinical Practice Guidelines and the Institute of Medicine
In April 2011, 12 months after the start of the first of the expert panel report’s systematic reviews, the Institute of Medicine (IOM) published “Clinical Practice Guidelines We Can Trust.”32  Although at that point, the panel’s processes were already identified and in progress, it was determined that the panel’s report was well aligned with the main points that the IOM standards identified as critical to trustworthy guidelines (establishing transparency, managing conflict of interest, guideline development group composition, clinical practice guidelines-systematic review intersection, establishing evidence foundations for and rating strength of recommendations, articulation of recommendations, external review, and updating).  Because the panel’s work began prior to the release of the IOM standards, it did not include a patient representative, the questions considered were not disseminated for public comment, and at this time, no updates are planned for this guideline document. 



	EVIDENCE-BASED MANAGEMENT OF SICKLE CELL DISEASE:  EXPERT PANEL REPORT, 2014	1
[bookmark: _Toc381806498][bookmark: _Toc393891040]Chapter 2:  Health Maintenance for People With Sickle Cell Disease
[bookmark: _Toc381806499][bookmark: _Toc393891041]Background
Efforts to coordinate care throughout the lifespan between community settings, primary care practices, specialists’ practices, emergency departments, laboratories, and hospitals can significantly improve the health and well-being of individuals with a chronic disease such as SCD.  Coordination models such as the medical home can facilitate this coordination.33  Individuals with SCD are at high risk for developing multisystem acute and chronic conditions associated with significant morbidity and mortality.  Undetected signs and symptoms can begin in early childhood.  For example, silent CNS infarcts can present with non-focal signs such as developmental delays or poor or declining school performance in children or changes in social role or work functioning in adults. Throughout their lives, people with SCD should be considered for formal neurocognitive evaluation when assessments reveal any of these concerns.  In another example, loss of the kidney’s ability to concentrate urine occurs in most individuals with SCD and can result in large urine volumes.  In children, this may result in enuresis or bedwetting.
Although treatment of SCD may ameliorate some of these complications, such therapies are often unsuccessful in completely preventing them.  Therefore, the next best approach may be screening to identify risk factors and early signs of complications in order to implement measures to reduce morbidity and mortality in individuals with SCD.  However, not all screening is useful.  The expert panel determined that, in order for evidence that supports screening to be considered high-quality, it needed to meet the following requirements, which were based upon the WHO criteria but modified by the panel:19
The condition targeted by screening is sufficiently prevalent and clinically significant in persons with SCD.
An accurate screening test that identifies the condition is available.
There is evidence that early intervention in populations identified by screening is beneficial (e.g., effective therapy exists for preventing or treating a condition).
Screening is associated with minimal harm.
Screening is cost-effective.
The methodology team conducted systematic reviews of the evidence to synthesize and evaluate relevant research on the utility of commonly used diagnostic tests in individuals with SCD (e.g., electrocardiograms, echocardiograms, pulmonary function tests, kidney function tests, various screening eye exams, brain imaging, and transcranial Doppler (TCD)) and presented the panel with evidence tables which included determinations of the evidence quality.
	Sickle cell anemia (SCA) refers to the clinically similar disorders HbSS or HbS β 0-thalassemia. Sickle cell disease (SCD) refers to all disease genotypes, including SCA and compound heterozygous disorders, such as HbSC, HbSD, and HbS β+-thalassemia. The carrier state for hemoglobin S (HbAS or sickle cell trait) is not a form of SCD.


This chapter reviews the available evidence for health maintenance and screening and makes recommendations for children and adults with SCD.  In addition to SCD-specific recommendations, this chapter also includes the USPSTF’s recommendations on clinical preventive services.20  The expert panel also identified recommendations from the Centers for Disease Control and Prevention/World Health Organization (CDC/WHO) report on contraceptive use, which were deemed to be particularly relevant for women with SCD and their partners; these recommendations are included in the latter part of this chapter.21  The expert panel reviewed the methods used by the CDC, WHO, and USPSTF, and concluded that the processes used by these organizations were consistent with those used by the panel’s methodology team.
[bookmark: _Toc322504734][bookmark: _Toc384200848][bookmark: _Toc393891042]Methodology
Complete information about the methodology for these guidelines can be found in the “Introduction and Methodology” chapter (pages 1–9).  The following information, specific to this chapter, supplements the standard methodology that was conducted for all clinical chapters of these guidelines. 
A comprehensive study of several databases was conducted, and all human studies in English published from January 1970 to December 2010 that addressed each PICOS question were identified[footnoteRef:6].  A total of 313 studies were included.  In the specific instances of antibiotic therapy and blood pressure screening, the review began from database inception through January and July 2011, respectively.  In the case of screening, the review went through July 2010.  Meta-analysis was only feasible in two areas:  (1) efficacy of antibiotic prophylaxis in children and (2) hypertension (HTN) in SCD.  The topics of reproductive counseling, contraception, clinical preventive health care services, and immunizations were not searched; recommendations were derived from guidelines published by professional organizations that were based on systematic reviews of broader population groups; these recommendations are labeled “Consensus–Adapted.”  The key questions for this chapter can be found immediately before the Summary of the Evidence sections for the individual topics. [6:  An updated search was performed to span the time from June 1, 2010 through July 11, 2014.  No additional RCTs were identified that were relevant to this chapter.] 

Detailed information on the evaluated studies as well as the observational and case studies/series referenced can be found in the evidence tables for this chapter (The Use of Prophylactic Antibiotic Therapy in Children With Sickle Cell Disease: A Systematic Review and Meta-Analysis, 2012; Blood Pressure and Sickle Cell Disease: A Systematic Review and Meta-Analysis, 2012; and The Use of Screening Tests in Patients With Sickle Cell Disease: A Systematic Review, 2012) available at http://www.nhlbi.nih.gov/guidelines/scd/index.htm.  
[bookmark: _Toc384200849][bookmark: _Toc393891043][bookmark: _Toc322504735]Prevention of Invasive Pneumococcal Infection
[bookmark: _Toc384200850][bookmark: _Toc393891044]Background
Young children with SCA have a very high risk for septicemia and meningitis in the absence of appropriate prophylaxis.34,35  These infections result from defective or absent splenic function that typically has its onset in people with SCA early in the first year of life.  Case fatality is high, and the risk is greatest in young people who lack humoral immunity against the specific pneumococcal serotype causing infection.  People with HbSC and HbS β+-thalassemia have a much lower incidence of life-threatening infection because their spleen function is normal or only minimally impaired during infancy.  However, older children and adults with all SCD genotypes are at increased risk for invasive bacterial infection.
Universal newborn screening identifies babies with all forms of SCD, including those with SCA, who are most at risk for invasive pneumococcal infection, and allows for the opportunity to initiate the following three-step prevention strategy:  (1) twice-daily prophylactic penicillin beginning in early infancy and continuing through at least age 5; (2) vaccination against pneumococcus and other encapsulated pathogens; and (3) education of those with SCD and their parents and caregivers regarding the need to seek immediate medical attention in the event of fever.34,36  Employing such measures has resulted in a greatly reduced incidence of septicemia and meningitis in infants and young children with SCD.15
[bookmark: _Toc384200851][bookmark: _Toc393891045]Key Questions
	KQ1.	What are the benefits and harms of prophylactic antibiotic use in children with SCD?  What are the recommended antibiotic administration regimens and schedules?


[bookmark: _Toc384200852][bookmark: _Toc393891046]Summary of the Evidence
In addition to the systematic review for these key questions, a meta-analysis was conducted.  Three RCTs and one observational study were included.34,36-38  The studies enrolled a total of 951 children under the age of 5; of these, 94 percent were HbSS, 5 percent were HbSC, and 1 percent were HbSß0-thalassemia.  The studies showed that prophylactic antibiotic therapy reduces the risk for pneumococcal infections in children with HbSS disease.
The three RCTs were of moderate methodological quality and compared penicillin to no prophylaxis.  The initiation of penicillin prophylaxis was associated with a significant reduction in the risk for developing serious pneumococcal infections (2/105 vs. 13/110) and a nonsignificant reduction in mortality (0/105 deaths vs. 3/110 deaths; very low-quality evidence due to severe imprecision).  A single trial evaluated the consequences of discontinuing penicillin prophylaxis; it suggested that prophylaxis in children who have not had a prior severe pneumococcal infection or a splenectomy may be discontinued at age 5.36  Children who continued penicillin had a nonsignificant reduction in systemic pneumococcal infections; there was no effect on mortality.  The observational study compared penicillin to spiramycin and demonstrated that penicillin was superior.  However, the penicillin group had a higher rate of pneumococcal vaccination, confounding the effect of antibiotics and making strong conclusions difficult.  The quality of evidence is very low due to severe imprecision (i.e., small number of events) and methodological limitations.  Evidence is lacking in children with genotypes other than SS, even though many clinicians prescribe prophylactic penicillin for them both before and after age 5.
	[bookmark: _Toc384200853][bookmark: _Toc393891047]Recommendations

	1. Administer oral penicillin prophylaxis (125 mg for age <3 years and 250 mg for age ≥3 years) twice daily until age 5 in all children with HbSS.
(Strong Recommendation, Moderate-Quality Evidence)
1. Discontinue prophylactic penicillin in children with HbSS at age 5 unless they have had a splenectomy or invasive pneumococcal infection.  When discontinuing penicillin prophylaxis at age 5, it is important to assure that the child has completed the recommended pneumococcal vaccination series, and if not, complete the series immediately.  
(Weak Recommendation, Moderate-Quality Evidence)
1. Consider withholding penicillin prophylaxis from children with HbSC disease and HbS β+-thalassemia unless they have had a splenectomy 
(Weak Recommendation, Low-Quality Evidence)
1. Assure that people of all ages with SCD have been vaccinated against Streptococcus pneumoniae.*  
(Strong Recommendation, Moderate-Quality Evidence)
1. Remind people with SCD, their families, and caregivers to seek immediate medical attention whenever fever (temperature greater than 101.3°F or 38.5°C) occurs, due to the risk for severe bacterial infections.
(Consensus–Panel Expertise)
[bookmark: Recommendation4_p14_footnote_1]* Refer to the “Immunization” section of this chapter for comprehensive information on immunizations.


[bookmark: _Toc384200854][bookmark: _Toc393891048]Screening for Renal Disease
[bookmark: _Toc322504736][bookmark: _Toc384200855][bookmark: _Toc393891049]Background
Sickle cell nephropathy is a major complication of SCD causing tubular and medullary dysfunction.  The most common renal pathologies identified from biopsies are glomerular enlargement, perihilar focal segmental glomerulosclerosis, and global sclerosis.  In individuals with SCA, glomerular filtration rate (GFR) and renal plasma flow are increased in childhood, normalize during adolescence, and decline with age.  Renal abnormalities can start with defects in urine concentration and acidification39 beginning in childhood and progress with age to microalbuminuria, overt proteinuria, glomerulosclerosis, and, in some people, renal failure.  Preclinical markers of glomerular damage in other conditions associated with hyperfiltration and hyperperfusion such as diabetes mellitus can be measured as early predictors of progressive renal nephropathy.  Microalbuminuria can be detected long before a positive urine test for proteinuria.  Chronic renal failure (CRF) occurs with a variable frequency of 4–20 percent when significant proteinuria or azotemia is present.40
[bookmark: _Toc322504737][bookmark: _Toc384200856][bookmark: _Toc393891050]Key Question
	KQ2.	In asymptomatic individuals with SCD, what is the effect of screening for renal disease, by measuring serum creatinine and urine albumin and protein, on mortality and the development of end-stage renal disease (ESRD)?


[bookmark: _Toc322504738][bookmark: _Toc384200857][bookmark: _Toc393891051]Summary of the Evidence
There were no RCTs found that examined the utility of screening for renal disease in individuals with SCD.  Fifty-seven observational studies assessed screening with kidney function tests.  Nine of these studies were longitudinal and enrolled more than 1,500 subjects but provided no outcomes; the other 48 studies were cross-sectional.  Potential screening modalities explored in the studies included serum creatinine, creatinine clearance, presence of albuminuria, and urine albumin excretion.  Overall, the screening studies reported inconsistent results, and the quality of evidence was very low.  No data were found on screening intervals.
No consistent differences were found in the presumed “normal” or average creatinine levels between people with and without SCD, and none were found among individuals with different genotypes of SCD.41  No studies evaluated the utility of screening or compared the effect of screening versus no screening.  In one study of 368 individuals with HbSS, 78 (20.6 percent) had proteinuria, and 17 people (4.6 percent) had renal insufficiency.42  Long-term followup revealed that five people (1.9 percent) progressed to ESRD requiring chronic dialysis, and three people (0.8 percent) died from complications of renal failure.42
The data are limited for early intervention through screening for renal disease in people with SCD.  Therefore, the panel chose to consider indirect evidence from non-SCD populations in which pharmacological interventions were beneficial in people with proteinuria.  In developing a recommendation for screening for renal disease, the panel placed a low value on the cost and inconvenience of screening (as both are minimal) and a high value on the potential benefits of treating people with signs of early renal impairment.
	[bookmark: _Toc393891052]Recommendations

	1. Screen all individuals with SCD, beginning by age 10, for proteinuria.  If the result is negative, repeat screening annually.  If the result is positive, perform a first morning void urine albumin-creatinine ratio and if abnormal, consult with or refer to a renal specialist.  
(Consensus–Panel Expertise)


[bookmark: _Toc384200859][bookmark: _Toc393891053]Screening for Pulmonary Hypertension
[bookmark: _Toc322504745][bookmark: _Toc384200860][bookmark: _Toc393891054]Background
Pulmonary hypertension (PH) is defined as an elevation of the resting mean pulmonary arterial pressure (≥25 mmHg) as determined by right heart catheterization.43  There are several potential etiologies for elevation in mean pulmonary artery pressure in people with SCD.  Chronic hemolytic anemias, including SCD, may result in pulmonary vascular changes leading to pulmonary arterial hypertension (PAH), and are placed in Group 1 of the current classification.44  This type of pulmonary hypertension may occur in up to 10 percent of those with SCA and accounts for 40–50 percent of all types of PH in SCD.45,46 The second most common type of PH in SCD is pulmonary venous hypertension (PVH), which is assigned to Group 2 in the current classification and is associated with an elevated mean pulmonary artery pressure (≥25 mmHg) but also an elevated pulmonary capillary wedge pressure of ≥15 mmHg.43-47  This is often associated with left ventricular diastolic dysfunction in SCD.48  PH also occurs in the setting of chronic lung disease, chronic thromboembolic disease, or can be due to unclear or multiple mechanisms (Groups 3, 4, and 5 of the classification, respectively).  The main symptoms of PH include shortness of breath during routine activity, such as climbing two flights of stairs; fatigue; lethargy; chest pain; palpitations; syncope; peripheral edema; and decreased appetite.49  Distinguishing the etiology of these common and diverse symptoms can be difficult.  
Initial assessment for PH has been done with an echocardiography evaluation to estimate pulmonary artery pressure using tricuspid regurgitant jet velocity (TRV),43,45-47 but diagnosis requires right heart catheterization and direct measurement of the pulmonary arterial pressure and vaso-reactivity of the vessels.43,45,50  Transient elevation in TRV has been observed during acute vaso-occlusive crises in individuals with SCD,51 which may not reflect baseline values or represent chronic PH.  
Both elevated TRV and PH are risk factors for premature death in people with SCD.  Elevated TRV in adults with SCA is associated with an increased risk for all-cause mortality; however, this is not the case in children with SCA.52-54  Observational studies show an increase in hospitalization and mortality in people with all types of SCD who also have PAH documented by right heart catheterization, compared to those who do not (55 percent vs. 21 percent in 10 years).48,52,55,56  A commonly associated finding is renal insufficiency.47,57,58  The typical age of onset of PH and prevalence of PH in people with forms of SCD other than SCA remain unclear.48,52  
Use of screening (testing asymptomatic individuals) to detect conditions in the presymptomatic stage is generally justified by the ability to impact the course to prevent or reduce morbidity and/or mortality.59  Therapies for treating PAH are generally initiated when symptoms are present, with a goal to ameliorate or mitigate these symptoms and improve functional capacity.43,60  There are no studies demonstrating a change in mortality or course of PH when therapies are introduced in the presymptomatic stage.  Identification of underlying conditions that may be associated with PH (e.g., scleroderma, HIV) permits treatment of these conditions, but clinical trials demonstrating long-term benefit or reduced mortality are lacking.60  Similarly, there are no data yet available to demonstrate that treatment of SCD itself impacts PH or the all-cause mortality associated with an elevated TRV in adults with SCD.  Despite this lack of evidence, some groups advocate screening individuals with some diseases, including SCD, when PH is relatively prevalent.60  
[bookmark: _Toc322504746][bookmark: _Toc384200861][bookmark: _Toc393891055]Key Question
	KQ3.	In asymptomatic individuals with SCD, what is the effect of screening for PH on mortality and the development of future cardiac and pulmonary complications?


[bookmark: _Toc322504747][bookmark: _Toc384200862][bookmark: _Toc393891056]Summary of the Evidence
Eighty-three observational studies are included in the evidence table, and they describe the use of echocardiography as a screening test for PH in people with SCD.  Of these studies, 27 were longitudinal, 56 were cross-sectional, and 9 had a comparison group.  However, no study evaluated the utility of screening or compared an approach of screening versus no screening on patient outcomes, and there were no data on screening intervals.  The overall quality of the data was considered very low.
Bachir and colleagues52 showed that rates of presumed PAH based on echocardiography (32–38 percent) were only confirmed in 6 percent of those using right heart catheterization.  A similar false-positive rate (68 percent) was noted in a cross-sectional study.60  The findings of a study evaluating right heart catheterization-confirmed PAH in persons with SCD showed that 44 percent of the people with PAH died compared to 17 percent of the people without PAH, and the median survival after diagnosis with PAH was 25.6 months (range:  1–46).61
Numerous studies showed that the prevalence of elevated TRV in people with SCD ranged from 11 percent to 59 percent. This was much higher than in individuals without SCD and was associated with increased mortality.53,54  TRV increased over 2 years of followup, with the greatest increases occurring in the presence of elevated systemic blood pressure.62  The echocardiography studies assessing TRV did demonstrate several other abnormalities in individuals with SCD, such as increased left ventricle end-diastolic diameter, increased chamber size of the right ventricle and left atrium, early-diastolic mitral flow velocity and late-diastolic mitral flow velocity, and lowered ejection fraction (EF).63  Low EF was also found to be a significant independent risk factor for death.53  No studies were found that demonstrated reduction in mortality in SCD using treatments for PH or to modify the SCD itself. 
Based on the insufficient evidence, the expert panel was unable to make a recommendation for or against screening for PH.  However, this does not diminish the importance of evaluating individuals who have symptoms or who have had abnormal echo testing.56
[bookmark: _Toc322504748][bookmark: _Toc384200863][bookmark: _Toc393891057]Electrocardiogram Screening
[bookmark: _Toc322504749][bookmark: _Toc384200864][bookmark: _Toc393891058]Background
The electrocardiogram (ECG) may offer diagnostic information to guide clinical decisionmaking.  However, there is minimal evidence for the value of obtaining a screening ECG in asymptomatic individuals with or without SCD to detect abnormalities such as prolonged corrected QT interval (QTc), ST-T segment abnormalities, and electrocardiographic cardiac enlargement.
Although observational studies of the prevalence of ECG abnormalities in persons with SCD have been done, they reveal abnormalities that are of unknown clinical significance.  Studies found that the prevalence of cardiac enlargement ranged between 22 percent and 76 percent,64,65 and ventricular hypertrophy prevalence was found to be between 28 percent and 37 percent,66,67  The presence of nonspecific S-T abnormalities was found to be between 18.5 percent and 52 percent.68  First-degree atrioventricular block was found in 8 percent of people in one study,67 and intraventricular conduction delay was found in 4 percent of people in another study.66  Prolonged QTc ranged between 15 percent and 50 percent prevalence.  Overall, there was no significant difference in the prevalence of prolonged QTc between people with and without SCD, and the presence of prolonged QTc did not significantly affect mortality.69
[bookmark: _Toc322504750][bookmark: _Toc384200865][bookmark: _Toc393891059]Key Question
	KQ4.	In asymptomatic individuals with SCD, what is the effect of screening with ECG on mortality and the development of future cardiac disease?


[bookmark: _Toc322504751][bookmark: _Toc384200866][bookmark: _Toc393891060]Summary of the Evidence
Fourteen observational studies (4 longitudinal and 10 cross-sectional) described the use of ECG as a screening test in people with SCD; however, all of the studies focused on estimating the prevalence of ECG abnormalities of unknown clinical significance.  No study evaluated the utility of ECG screening or compared an approach of ECG screening versus no screening, and no data exist about the effect of obtaining a screening ECG on clinical outcomes in people with SCD.  There were no data on screening intervals or diagnostic accuracy of the test, and the overall quality of the evidence supporting screening using ECG was very low.
The USPSTF recommends  against routine screening with resting electrocardiography, exercise treadmill test (ETT), or electron-beam computerized tomography (EBCT) scanning for coronary calcium for either the presence of severe coronary artery stenosis (CAS) or the prediction of coronary heart disease (CHD) events in adults at low risk for CHD events (Grade D—moderate to high certainty that the benefits do not outweigh the harms).
	[bookmark: _Recommendation][bookmark: _Toc393891061][bookmark: _Toc322504752][bookmark: _Toc384200867]Recommendations

	1. Routine ECG screening is not recommended in children and adults with SCD.
(Weak Recommendation, Low-Quality Evidence)


[bookmark: _Toc322504753][bookmark: _Toc384200868][bookmark: _Toc393891062]Screening for Hypertension
[bookmark: _Toc322504754][bookmark: _Toc384200869][bookmark: _Toc393891063]Background
The “Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure” (JNC 7)70 recommends medication for hypertension (HTN), defined as blood pressure (BP) ≥140/90 mmHg; medication for prehypertension (defined as BP 120–139/80–89 mmHg) if accompanied by a comorbidity such as chronic kidney disease or diabetes mellitus; and lifestyle changes for prehypertension not accompanied by a comorbidity.  The USPSTF recommends blood pressure screening in all individuals aged 18 or older (Grade A—high certainty that the benefits substantially outweigh the harms).20  The “Expert Panel on Integrated Guidelines for Cardiovascular Health and Risk Reduction in Children and Adolescents: Summary Report”71 recommends annual blood pressure screening in children aged 3 and older and in younger children with a history of renal, urologic, or cardiac diagnosis or a history of time in the neonatal intensive care unit (ICU).  However, the quality and strength of the evidence supporting these recommendations is not provided.
No specific recommendations are made by the USPSTF for individuals with SCD.  Individuals with HbSS often have significantly lower diastolic, systolic, and mean BP compared with age/sex-matched healthy controls or individuals with confirmed HbA.72,73  Higher baseline systolic pressure was reported to be a risk factor for silent cerebral infarction in a publication subsequent to the original systematic review.74 
[bookmark: _Toc322504755][bookmark: _Toc384200870][bookmark: _Toc393891064]Key Questions
	KQ5.	In people with SCD, what is the effect of screening for HTN on mortality, stroke, and heart disease?  What are the acceptable limits for BP parameters above which cardiovascular and cerebrovascular morbidity occur?


[bookmark: _Toc322504756][bookmark: _Toc384200871][bookmark: _Toc393891065]Summary of the Evidence
Thirty-two studies (including 2 RCTs, 14 prospective cohort, 4 retrospective cohort, and 12 cross-sectional studies) involving both adults and children were included and are available in the evidence table.75,76  Random effects meta-analysis of these 32 studies was conducted to pool the differences in BP between people with SCD and people without SCD.  Individuals with HbSS had significantly lower diastolic, systolic, and mean BP compared with age/sex-matched healthy controls or individuals with confirmed normal hemoglobin.  However, no studies were found that prognostically defined “normal” or “elevated” BP for people with SCD at any age.  The overall quality of evidence to establish baseline BP in persons with SCD, manage elevated BP, or make prognostic associations was low.
However, in studies involving individuals with SCD both with and without HTN defined according to normal population values, HTN was associated with increased mortality72,77 and increased risk for stroke in people with SCA.73,77,78  The risk of stroke was also increased for people with SCD even when BP was <140/90.73  For people with SCD, HTN (which had varying definitions in the studies) was associated with increased risk for hospitalization78,79 and microalbuminuria.80,81  
There are no published clinical studies in individuals with SCD demonstrating that treatment of blood pressure to specific target values results in improved outcomes. Thus, in developing consensus recommendations for screening for HTN, the panel adapted recommendations from “The Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure”70 (see http://www.nhlbi.nih.gov/guidelines/hypertension) and the NHLBI report “The Fourth Report on the Diagnosis, Evaluation, and Treatment of High Blood Pressure in Children and Adolescents”82 (see http://www.nhlbi.nih.gov/guidelines/hypertension/hbp_ped.htm).
	[bookmark: _Recommendations][bookmark: _Toc393891066]Recommendations

	1. In adults with SCD, screen for hypertension and treat to lower systolic blood pressure ≤140 and diastolic blood pressure ≤90 according to “The Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure” (JNC 7).
(Consensus–Adapted)
In children with SCD, measure blood pressure, and evaluate and treat hypertension following recommendations from the NHLBI’s “Fourth Report on the Diagnosis, Evaluation, and Treatment of High Blood Pressure in Children and Adolescents.”
(Consensus–Adapted)


[bookmark: _Toc322504758][bookmark: _Toc384200873][bookmark: _Toc393891067]Screening for Retinopathy
[bookmark: _Toc322504759][bookmark: _Toc384200874][bookmark: _Toc393891068]Background
All individuals with SCD and especially those with HbSC are at risk for retinal disease due to vaso-occlusion and its resultant ischemia.83,84  Proliferative sickle retinopathy (PSR) is of greatest concern because progression is associated with loss of visual acuity.  PSR is the development of sea-fan-shaped neovascular fronds in response to local ischemia from peripheral retinal arteriolar occlusion.  The fronds can lead to other complications including vitreous hemorrhage and retinal detachment.  Prevalence of proliferative retinopathy reported in a contemporary retrospective study of children with SCD was 4.3 percent.85  In a study from Jamaica, visual acuity loss attributed to retinopathy was reported in 10 percent of untreated eyes during a 10‑year observation period.83  Prospective clinical studies have demonstrated the benefit of laser photocoagulation in reducing rates of visual acuity loss and decreasing incidence of vitreous hemorrhage.86-88  Surgical intervention may be indicated for certain complications such as vitreous hemorrhage.  The onset of sickle retinopathy is in childhood; however, screening requires a dilated eye examination and the ability to do so will vary according to the child’s ability to tolerate the exam. 
[bookmark: _Toc322504760][bookmark: _Toc384200875][bookmark: _Toc393891069]Key Question
	KQ6.	In asymptomatic individuals with SCD, are dilated eye examinations useful, and, if so, with what frequency should they be done?


[bookmark: _Toc322504761][bookmark: _Toc384200876][bookmark: _Toc393891070]Summary of the Evidence
No RCTs of retinal screening in people with SCD were found.  Twelve observational studies addressed eye examinations for individuals with SCD, primarily children and adolescents.  Of these, five were longitudinal and involved 1,261 individuals, and seven were cross-sectional.  Genotypes involved were HbSS, HbSC, and 
HbS β‑thalassemia.83,84,89-91  No studies have been published comparing screening for retinopathy with no screening, nor were data found to evaluate diagnostic accuracy or screening intervals.  The overall quality of the screening data were considered low.
In these studies, “eye examinations” varied, and not all included dilation of the pupils.  The most comprehensive report describes a 20-year prospective study of an inception cohort of 473 individuals from Jamaica.84  Annual eye exams including dilation were performed from age 5, and fluorescein angiography was performed from age 6 unless patients had an allergy to fluorescein.  Fifty-nine of those studied developed proliferative retinopathy.  The incidence of retinopathy increased with age, and by the ages of 24 to 26, PSR was present in 43 percent of those with HbSC and 14 percent of people with HbSS.  In a retrospective study of 263 children with SCD, including people with HbSS, HBSC, and HbS β-thalassemia, the age of onset of retinopathy (proliferative and nonproliferative) was, on average, 12.8 years.89
	[bookmark: _Toc393891071][bookmark: _Toc322504762][bookmark: _Toc384200877]Recommendations

	1. In people with SCD, refer to an ophthalmologist for a dilated eye examination to evaluate for retinopathy beginning at age 10.
(Strong Recommendation, Low-Quality Evidence)
For people having a normal dilated retinal examination, re-screen at 1–2 year intervals.
(Consensus–Panel Expertise)
Refer people with suspected retinopathy to a retinal specialist.
(Consensus–Panel Expertise)


[bookmark: _Screening_for_Risk][bookmark: _Toc322504763][bookmark: _Toc384200878][bookmark: _Toc393891072]Screening for Risk of Stroke Using Neuroimaging
[bookmark: _Toc322504764][bookmark: _Toc384200879][bookmark: _Toc393891073]Background
[bookmark: _Toc322504765]Stroke is one of the most common and devastating complications of SCD.77,92  In the absence of primary stroke prevention, approximately 10 percent of children with SCA will have overt stroke.
This complication presents as sudden onset of weakness, numbness, or other focal neurological signs such as visual disturbances, dysarthria, aphasia, or ataxia.  Transient ischemic attacks (TIAs) often precede stroke and may be a harbinger of stroke.77  Overt stroke in children is generally secondary to stenosis or occlusion of the internal carotid or middle cerebral artery.  Events may be precipitated by acute chest syndrome (ACS), parvovirus infection, or other acute anemic events.77,93  Overt stroke recurs in most children with SCA who do not receive chronic transfusions or successful hematopoietic stem cell transplantation.94
Transcranial Doppler (TCD) imaging of large intracranial blood vessels to detect increased velocities secondary to stenosis can predict risk of stroke in children with SCA.95  Primary stroke prevention using regular blood transfusions in children with such elevated velocities proved successful in the NIH-funded STOP trial.96  This approach—which used transfusions for an abnormal TCD velocity (>200 cm/sec)—has resulted in a declining incidence of primary overt stroke in children with SCD.97  Unfortunately, discontinuation of such transfusions was shown in the STOP-2 trial to result in a high rate of reversion to increased TCD velocities or to overt stroke.98  Therefore, such transfusions may be necessary indefinitely. 
Adults with SCA also have a high risk of both ischemic and hemorrhagic stroke.99  The latter is usually sudden, with severe headache, seizures, and loss of consciousness.  The mortality rate is high.  Limited data suggest that TCD is not predictive of either ischemic or hemorrhagic stroke in adults.100 
Performing neuroimaging with MRI often reveals silent cerebral infarcts, atrophy, or other findings in children or adults with SCA who lack signs or symptoms of stroke but who often have a history of transient ischemic episodes and/or cognitive impairment.  However, the specific indications for these imaging studies are controversial, and management of abnormal findings is uncertain. 
[bookmark: _Toc384200880]

[bookmark: _Toc393891074]Key Question
	[bookmark: _Toc322504766]KQ7.	In asymptomatic individuals with SCD, what is the effect of screening with neuroimaging tests (computed tomography (CT) scan, MRI, or TCD) on the risk of stroke?


[bookmark: _Toc384200881][bookmark: _Toc393891075]Summary of the Evidence
Fifty observational studies that evaluated screening with CT scan and MRI were identified.  These studies examined the prevalence of certain abnormalities such as silent infarcts; however, no studies compared a screening strategy versus no screening, and no study reported a benefit of screening or early detection on important outcomes.  Overall, the quality of evidence supporting the use of screening with MRI or CT scan in adults and children was very low.
Two RCTs and 50 observational studies on the use of TCD were included.  The two RCTs evaluated the efficacy of early intervention and demonstrated that screening coupled with prophylactic transfusion can markedly reduce the risk of stroke in children with SCA whose cerebral blood flow velocity measurements are considered at high risk.96,101  The fifty observational studies enrolled more than 11,000 patients and assessed the use of TCD as a screening test in children with SCD.  The quality of evidence supporting screening with TCD was considered moderate to high.  
In an observational study of 274 patients, the cumulative incidence of conversion from a normal TCD velocity (<170 cm/sec) to a conditional TCD velocity (170–199 m/sec) was 18 percent (10–26 percent) within 18 months from the first examination.102  Risk of stroke was higher in children with abnormal TCD than in children with normal TCD, conditional TCD, or inadequate TCD examination results.101  Children with normal cerebral blood flow had no strokes after 4 years of followup.103  No trials were found that addressed the optimal time interval for screening patients with documented normal TCD velocity.  Information from a modeling and decision analysis (not a clinical study) suggests that the optimal stroke prevention strategy is annual TCD ultrasonography screening up to age 10, with transfusion for those at high risk until age 18.104  No clinical trials have been published evaluating this strategy.  Outcome data in the studies that evaluated TCD screening are mainly derived from patients with genotypes HbSS and HbS β 0-thalassemia; therefore, it was not possible to infer about the utility of TCD screening in other genotypes.
	[bookmark: _Toc393891076][bookmark: _Toc322504767][bookmark: _Toc384200882]Recommendations

	1. In children with SCA, screen annually with TCD according to methods employed in the STOP studies, beginning at age 2 and continuing until at least age 16.
(Strong Recommendation, Moderate-Quality Evidence)
1. In children with conditional (170–199 cm/sec) or elevated (>200 cm/sec) TCD results, refer to a specialist with expertise in chronic transfusion therapy aimed at preventing stroke.
(Strong Recommendation, High-Quality Evidence) 
1. In children with genotypes other than SCA (e.g., HbS β+-thalassemia or HbSC), do not perform screening with TCD.
(Strong Recommendation, Low-Quality Evidence)
1. In asymptomatic children with SCD, do not perform screening with MRI or CT.
(Moderate Recommendation, Low-Quality Evidence)
1. In asymptomatic adults with SCD, do not perform screening with neuroimaging (TCD, MRI, or CT).
(Moderate Recommendation, Very Low-Quality Evidence)


[bookmark: _Toc393891077][bookmark: _Toc322504770][bookmark: _Toc384200884]Screening for Pulmonary Disease 
[bookmark: _Toc393891078]Background
Respiratory conditions are found in children with SCD at a prevalence of 20 percent to 48 percent105-107 and are associated with an increased risk of mortality.  In a prospective study of 1,963 individuals with SCA followed from birth through adulthood, individuals with SCA and asthma had a more than twofold higher risk of mortality after adjusting for established risk factors.108  In assessing asthma characteristics in an observational study of 79 adults with SCD who completed respiratory symptom questionnaires, those who reported recurrent, severe episodes of wheezing (n=34), regardless of asthma, had twice the rates of pain, ACS, decreased lung function, and increased risk of death compared with adults without recurrent, severe wheezing.109
Pulmonary function tests (PFTs) provide a method for objectively assessing the function of the respiratory system.  Although multiple studies have demonstrated abnormal pulmonary function in children and adults with SCD, little has been reported regarding the meaning of these changes for the functional status or quality of life in people with SCD.  No therapies have been suggested to address these changes unless the person is also shown to have another lung disease, such as asthma, chronic obstructive pulmonary disease (COPD), or pulmonary fibrosis.  The utility of screening for respiratory disorders in children and adults using PFTs has not been established.  A study to characterize the polysomnographic (PSG) findings of children with SCD who displayed behaviors suspicious of sleep disorder (n=100) identified using the Children’s Sleep Habit Questionnaire found sleep-disordered breathing (SDB) in 79 percent of the SCD group.  Compared to children with obstructive sleep apnea syndrome (OSAS) without medical comorbidities, children with SCD and OSAS experienced nocturnal desaturation with a fourfold increased risk for oxygen desaturation below 85 percent and hypercapnia.110  Therefore, routinely taking a thorough respiratory history is valuable to evaluate symptoms that may require further assessment.  
[bookmark: _Toc322504771][bookmark: _Toc384200885][bookmark: _Toc393891079]Key Question
	KQ8.	In asymptomatic individuals with SCD, what is the effect of screening with PFTs on cardiac and pulmonary complications?


[bookmark: _Toc322504772][bookmark: _Toc384200886][bookmark: _Toc393891080]Summary of the Evidence
Thirty-four studies (11 longitudinal and 23 cross-sectional) described the results of screening using PFTs in people with SCD who had no recognized respiratory symptoms.  No study evaluated the utility of screening or compared an approach of screening versus no screening, and there were no data on diagnostic accuracy.  Overall, it was unclear whether early intervention was beneficial or whether screening was cost-effective.  Screening intervals were not assessed.  The supporting quality of evidence was considered low.
The longitudinal and cross-sectional studies enrolled more than 1,500 and 1,700 subjects, respectively.  Children with SCA had lower forced expiratory volume at 1 minute (FEV1), forced vital capacity (FVC), and forced expiratory flow (FEF) 25–75 and slower lung growth curves (FEV1 and FEV1/FVC) compared to controls.111,112  Lung volume, as a percentage of that predicted, was demonstrated to decline with age in children with SCD, similar to the decline noted in children with cystic fibrosis.111,112  A cross-sectional study of African American adults with SCA enrolled in the Cooperative Study of Sickle Cell Disease revealed abnormalities in 90 percent of the subjects (279 of 310).  The most common abnormality was a restrictive pattern (74 percent) with isolated decreased diffusing capacity observed in 13 percent of the patients.113  Other studies demonstrated obstructive changes in 15–21 percent of children and adults with SCD, restrictive changes in 22–27 percent of adults with SCD, and mixed restrictive/obstructive changes in 6–12 percent of adults with SCD.54,62  Compared with controls, people with SCD had lower FVC, FEV1, and peak expiratory flow rate (PEFR).63  When corrected for hemoglobin levels, children with SCA compared to controls of similar age had elevated gas transfer per unit lung volume.114  People with HbSC also appear to have lung function abnormalities, which are milder than those seen in people with HbSS.115  No studies discussed any type of intervention for children or adults with SCD and abnormal lung function.
	[bookmark: _Toc393891081][bookmark: _Toc322504773][bookmark: _Toc384200887]Recommendations

	1. In children and adults with SCD, assess for signs and symptoms of respiratory problems (such as asthma, COPD, restrictive lung disease, or obstructive sleep apnea) by history and physical examination.
(Consensus–Panel Expertise)
1. In children and adults with SCD found to have signs or symptoms of respiratory problems by history and/or physical examination, further assessment, which includes pulmonary function tests, is recommended to determine the cause and develop a plan to address the problem.
(Consensus–Panel Expertise)
1. Do not screen asymptomatic children and adults with pulmonary function tests.
(Moderate Recommendation, Low-Quality Evidence)


[bookmark: _Toc393891082][bookmark: _Toc322504775][bookmark: _Toc384200889][bookmark: _Toc296711098]Reproductive Counseling 
[bookmark: _Toc393891083]Background
The CDC and its partners released a set of recommendations and goals for preconception health.116  They recommend that women and couples think about their goals for having or not having children and how to achieve these goals, known as a “reproductive life plan.”  These recommendations apply to all women and couples, but, given the increased risk of adverse pregnancy outcomes in SCD117 and the risk of maternal morbidity and mortality,117,118 the expert panel determined that several recommendations were particularly relevant for women with SCD and their partners.  The “Recommendations” section delineates these.  
[bookmark: _Toc322504776]Heritability In Men and Women With SCD
People with SCD are at risk for having a child affected with SCD if their partners have SCD, -thalassemia trait, or are carriers of other abnormal hemoglobins such as HbC.  Women whose partners carry one of these traits can avoid an affected pregnancy by undergoing preimplantation genetic diagnosis (PGD).  PGD is testing performed on an embryo during an in-vitro fertilization cycle (see http://www.acog.org/~/media/For%20Patients/ faq179.pdf?dmc=1&ts=20130718T1252201251).119  Alternatively, after spontaneous conception, prenatal diagnosis of SCD is possible by chorionic villus sampling in the first trimester or by amniocentesis in the second trimester of gestation.115
[bookmark: _Toc322504777]Fetal Anemia Due to Alloimmunization
Women with SCD are frequently exposed to blood products.  The fetuses of women who are alloimmunized are at risk of significant hemolytic anemia or mortality.  
[bookmark: _Toc322504778][bookmark: _Toc384200890][bookmark: _Toc393891084]Summary of the Evidence
[bookmark: _Toc322504779]Adverse Fetal Outcomes
Multiple case series and two population studies117,118 have documented increased risk of growth restriction, preterm delivery, and stillbirth among women with SCD.  Fetal surveillance, which includes growth ultrasounds and antepartum testing (nonstress tests, biophysical profiles, and contraction stress tests), may lead to planned early delivery and can reduce but not eliminate risks.
[bookmark: _Toc322504780]Risks to the Mother
Compared to women without SCD, women with SCD are more likely to experience preeclampsia,117,118,120 venous thromboembolism, infections, and maternal mortality during pregnancy.118  During pregnancy, 
40–50 percent of women with SCD require at least one hospital admission.120-122
[bookmark: _Toc322504781][bookmark: _Toc384200891]Although there are no data specifically for women with SCD, the presence of pulmonary hypertension increases the cardiopulmonary demands of gestation.  Non-SCD maternal mortality has been reported to be as high as 30–50 percent in women with pulmonary hypertension.123-125  Even with current multidisciplinary care, maternal mortality in women with pulmonary hypertension is still reported to be 10 percent.126
	[bookmark: _Toc393891085]Recommendations

	Evidence reviews on this topic were not performed by the methodology team.  The expert panel based its recommendations on a review of the literature and consensus opinion.116. 
[bookmark: _Toc322504783]Specific Recommendations for Women or Men With SCD
1. Encourage each woman, man, and couple affected by SCD to have a reproductive life plan.
(Consensus–Panel Expertise) 
1. As a part of primary care visits, provide risk assessment and educational and health promotion counseling (or refer to individuals with expertise in these disciplines) to all women and men of childbearing age to reduce reproductive risk and improve pregnancy outcomes.  Provide contraceptive counseling, if desired, to prevent unintended pregnancy, and if pregnancy is desired, provide preconception counseling.
(Consensus–Panel Expertise)
1. If the partner of a man or woman with SCD has unknown SCD or thalassemia status, refer the partner for hemoglobinopathy screening.
(Consensus–Panel Expertise)
1. After testing, refer couples who are at risk for having a potentially affected fetus and neonate for genetic counseling.
(Consensus–Panel Expertise)
[bookmark: _Toc322504784]Specific Recommendations for Women With SCD
1. Test women with SCD who have been transfused and are anticipating pregnancy for red cell alloantibodies.
(Consensus–Panel Expertise)
1. If a woman has red cell alloantibodies, test her partner for the corresponding red cell antigen(s).
(Consensus–Panel Expertise)
1. If the partner tests positive for the corresponding red cell antigen(s), counsel the woman and her partner about the risks of hemolytic disease in the fetus and neonate, how it is monitored, and how it is treated, or refer them to a maternal-fetal specialist who can provide this education.
(Consensus–Panel Expertise 

	1. Counsel women with SCD and their partners or refer for counseling about the following:
(Consensus–Panel Expertise)
a. Pregnancy in women with SCD is considered high risk, and there is an increased risk of adverse pregnancy outcomes including fetal (intrauterine) growth restriction, preterm delivery, and stillbirth.
b. Additional fetal surveillance is required during a pregnancy.
c. There are increased risks to a woman’s health during pregnancy.  These risks include an increased frequency of pain crises and an increased risk of thrombosis, infections, preeclampsia, and death relative to women who do not have SCD.
For women who require chronic opioid therapy during pregnancy, there is an increased risk of neonatal withdrawal in their newborns.


[bookmark: _Toc322504785][bookmark: _Toc384200892][bookmark: _Toc393891086]Contraception
[bookmark: _Toc322504786][bookmark: _Toc384200893][bookmark: _Toc393891087]Background
In women with SCD, regular use of contraception can decrease the health risks associated with an unintended pregnancy.  Hormonal contraceptives may also decrease menstrual blood flow, leading to higher hemoglobin levels.  Use of progestin-only hormonal contraceptives lowers the risk of thromboembolism compared to use of estrogen-containing contraceptives and has been shown to be safe for women with SCD.127,128
Intrauterine devices (IUDs) and intrauterine implants carry modest risks associated with the insertion procedure, while sterilization carries risks associated with the surgical procedure.  There is no evidence that IUDs pose an increased risk for women with SCD. 
[bookmark: _Toc322504787][bookmark: _Toc384200894][bookmark: _Toc393891088]Summary of the Evidence
Published data about contraception and SCD were reviewed by the WHO prior to their latest publication of “Medical Eligibility Criteria for Contraceptive Use.”129  Eight studies were reviewed.130-137  With the exception of one survey,134 the studies were small and compared differences in hematologic parameters or numbers of crises in women before and after starting a particular contraceptive, or between women who were or were not using a particular contraceptive.  Progestin-only contraceptives were not associated with an increased risk of thrombosis and may have noncontraceptive benefits in terms of fewer crises and improved hematologic parameters.  Data were insufficient on combined hormonal contraceptives.  
Women with SCD may have additional considerations that need to be taken into account when assessing the safety of contraceptive methods.  For example, a history of stroke is a contraindication to combined hormonal contraception, and by age 20, approximately 11 percent of untreated women with SCD have had a clinically apparent stroke; this statistic increases to 24 percent by age 45.77  
The CDC adapted the WHO’s “Medical Eligibility Criteria for Contraceptive Use” for women with SCD, and those criteria are the basis for the panel’s recommendations.21
	[bookmark: _Toc393891089][bookmark: _Toc322504788][bookmark: _Toc384200895]Recommendations

	Evidence reviews on this topic were not performed by the methodology team.  Therefore, the expert panel based its recommendations on those developed by the WHO and the CDC.
1. Progestin-only contraceptives (pills, injections, and implants), levonorgestrel IUDs, and barrier methods have no restrictions or concerns for use in women with SCD.
(Consensus–Adapted)
1. If the benefits are considered to outweigh the risks, combined hormonal contraceptives (pills, patches, and rings) may be used in women with SCD.
(Consensus–Adapted) 


[bookmark: _Toc322504789][bookmark: _Toc384200896][bookmark: _Toc393891090]Clinical Preventive Services
[bookmark: _Toc322504790][bookmark: _Toc384200897][bookmark: _Toc393891091]Background
People with existing chronic diseases such as SCD may fail to receive some of the recommended clinical preventive services because they and their health care physicians are focused on controlling and preventing problems from SCD and its related complications or other comorbid chronic diseases.  Unfortunately, this primary focus on SCD may result in people developing other health problems that could have been prevented or treated at an earlier stage, when complications are less frequent.  With this situation in mind, the expert panel has identified important recommendations from the USPSTF that should be followed in the care of newborns, children, adolescents, and adults with SCD.
The USPSTF is an independent panel of non-Federal experts in prevention and evidence-based medicine and is composed of primary care clinicians (such as internists, pediatricians, family physicians, gynecologists/obstetricians, nurses, and health behavior specialists).  The USPSTF conducts scientific evidence reviews of a broad range of clinical preventive health care services and develops recommendations for the general population in the United States.  These recommendations are published in the form of “Recommendation Statements.”  The recommendations are aimed at the prevention and early recognition of chronic disease.  
We have included only the strong recommendations with high-level evidence from the USPSTF and therefore will not address the strength of recommendation or evidence for each of the recommendations listed in exhibit 5.  (Please note that these include grade A and B recommendations from the USPSTF.  For more information, see http://USPreventiveServicesTaskForce.org.)  These general clinical preventive services should be provided to the person with SCD within the patient’s principal health care site.  This could be a primary care provider, a sickle cell specialist, or, in many instances, both working together and communicating with one another.  
Recommendations of the USPSTF are updated on an ongoing basis.  Health care professionals are encouraged to view the most up-to-date recommendations at any time by visiting either http://USPreventiveServicesTaskForce.org or by utilizing the searchable and downloadable electronic Preventive Services Selector (ePSS) available at http://www.ePSS.ahrq.gov.  
[bookmark: _Toc347147093][bookmark: _Toc384202495][bookmark: _Toc395019264]Exhibit 5.  Summary of U.S. Preventive Services Task Force’s General Recommendations That Are Also Applicable to Persons With Sickle Cell Disease
	Newborns

	The following should be available to all newborns:
SCD screening with clinical consideration of confirmatory test within 2 months
Hypothyroidism screening (primary TSH with T4 backup or primary T4 with TSH backup)
Hearing loss screening
Phenylketonuria (PKU) screening
Prophylactic ocular topical medication for the prevention of gonococcal ophthalmia neonatorum
Counseling for pregnant women regarding the advantages of breastfeeding (The expert panel notes that current maternal use of hydroxyurea is a contraindication to breastfeeding.)


Source:  U.S. Preventive Services Task Force (USPTF). Recommendations [Internet]. Rockville, MD: USPTF; 2010 [updated December 2010; cited 2014 May 30]. Available from: http://www.uspreventiveservicestaskforce.org/recommendations.htm.20
	Children Aged 3 Months to 12 Years

	All children (aged 3 months to 12 years or as stated) should have:
Fluoride supplement in those over 6 months of age whose water supply is deficient in fluoride
Routine iron supplementation for asymptomatic infants aged 6 months to 12 months who are at increased risk for iron deficiency anemia
Children aged 3 to 5 should receive routine evaluation for amblyopia, strabismus, and defects in visual acuity using visual acuity test, stereoacuity test, cover-uncover test, Hirschberg light reflex test, autorefraction and/or photoscreening. 
Children aged 6 years and older should be screened for obesity.  Offer or refer for intensive counseling and behavioral interventions. 
The USPSTF recommends screening for hepatitis C virus (HCV) infection in persons at high risk for infection.


Source:  U.S. Preventive Services Task Force (USPTF). Recommendations [Internet]. Rockville, MD: USPTF; 2010 [updated December 2010; cited 2014 May 30]. Available from: http://www.uspreventiveservicestaskforce.org/recommendations.htm.20
	Adolescents Aged 12 to 18 Years

	All adolescents (aged 12 to 18 years) should be assessed and offered:
HIV screening for all sexually active adolescents 15 years of age and older and for younger teens who are at high risk 
Screen for chlamydial infection for all sexually active nonpregnant women aged 24 and younger
Screen for gonorrhea infection in all sexually active girls at high risk for infection
The USPSTF recommends screening for hepatitis C virus (HCV) infection in persons at high risk for infection.
Offer high intensity behavior counseling to prevent sexually transmitted infections (STIs) for all sexually active adolescents at increased risk for STIs. 
Provide interventions, including education or brief counseling, to prevent initiation of tobacco use in school-aged children and adolescents (Grade B recommendation)
Depression screening when systems for diagnosis, treatment, and followup are in place
Counsel children, adolescents, and young adults aged 10 to 24 years who have fair skin about minimizing their exposure to ultraviolet radiation to reduce risk for skin cancer.
Screen all teens for obesity and refer obese teens for comprehensive, intensive behavioral interventions


Source:  U.S. Preventive Services Task Force (USPTF). Recommendations [Internet]. Rockville, MD: USPTF; 2010 [updated December 2010; cited 2014 May 30]. Available from: http://www.uspreventiveservicestaskforce.org/recommendations.htm.20
	Adults

	Offer all adults:
Hepatitis C virus screening if
At high risk for infection (e.g., those with multiple transfusions)
Born between 1945 and 1965 (offer one-time screening)
Tobacco use screening and counseling (all adults, repeat at each visit for those who are smoking)
Screening and behavioral counseling interventions to reduce alcohol misuse
Screen all adults for obesity, and offer or refer patients with a body mass index of 30 kg/m2 or higher to intensive, multicomponent behavioral interventions.
Screen for cervical cancer in women ages 21 to 65 years with cytology (Pap smear) every 3 years; an option for women 30 to 65 is a combination of cytology and human papillomavirus (HPV) testing every 5 years 
HIV screening (offer to all and repeatedly offer to high-risk people)
Hepatitis B screening (for those on transfusion therapy)
Assess risk for breast cancer and offer to prescribe risk-reducing medications, if appropriate, for women at increased risk 
Breast screening mammography for women aged 50 to 74 years 
Women whose family history is associated with an increased risk for deleterious mutations in BRCA1 or BRCA2 genes should be referred for genetic counseling and, if indicated after counseling, BRCA testing. 
Chlamydial infection screening for all sexually active women ≤24, and for older women at high risk 
Folic acid supplementation should be used whenever considering or at risk of pregnancy to prevent neural tube defects.
Cardiovascular disease risk screening 
Diabetes  screening for people with hypertension
Lipids:  Screen men ages 25 to 35 at high risk and all men ≥35 years.  Screen women 20 years or older who are at high risk 
Screen for high blood pressure in adults aged 18 and older (For blood pressure screening recommendations, see page 18)
Screen adults for colon cancer beginning at age 50 and continuing until age 75
Depression screening when staff assisted support in place for diagnosis, treatment, and followup
Osteoporosis screening for women ≥65 years.  For women younger than 65 years, screen those whose fracture risk is equivalent or higher to a 65-year-old White woman.  
Sexually transmitted infection counseling for all sexually active adults at high risk
Gonorrhea screening for sexually active women <25 and others at high risk
One-time ultrasound abdominal aortic aneurysm screening for men who have smoked and are 65 to 75 years old


Source:  U.S. Preventive Services Task Force (USPTF). Recommendations [Internet]. Rockville, MD: USPTF; 2010 [updated December 2010; cited 2014 May 30]. Available from: http://www.uspreventiveservicestaskforce.org/recommendations.htm.20
	Pregnant Women

	Offer all pregnant women:
Bacteriuria screening (asymptomatic)
Gonorrhea screening for women <25 years old and for older women at high risk 
Hepatitis B screening
HIV screening 
Syphilis screening
Chlamydial screening for all pregnant women aged 24 and younger and for older pregnant women who are at increased risk
Rh compatibility screening


[bookmark: _Toc322504791][bookmark: _Toc384200898]
Source:  U.S. Preventive Services Task Force (USPTF). Recommendations [Internet]. Rockville, MD: USPTF; 2010 [updated December 2010; cited 2014 May 30]. Available from: http://www.uspreventiveservicestaskforce.org/recommendations.htm.20
[bookmark: _Immunizations][bookmark: _Toc393891092]
Immunizations
[bookmark: _Toc322504792][bookmark: _Toc384200899][bookmark: _Toc393891093]Background
Immunizations are one of the most useful preventive measures available to infants, children, and adults.  This benefit should be extended to all individuals regardless of other chronic conditions, unless there is a specific disease-related or personal (e.g., allergy) contraindication.  For people with SCD, there are no disease-related contraindications.
[bookmark: _Toc322504793][bookmark: _Toc384200900][bookmark: _Toc393891094]Key Question

	KQ9.	Which immunizations should be given to people with SCD?


[bookmark: _Toc322504794][bookmark: _Toc384200901][bookmark: _Toc393891095]Summary of the Evidence
The Advisory Committee on Immunization Practices (ACIP) reviews the evidence for each immunization it recommends. The expert panel determined that the methodology used for those reviews was compatible with its own methodology.  Therefore, evidence reviews for this topic were not performed by the methodology team.  The expert panel based its recommendations on those made by the ACIP (see exhibit 6).22

	[bookmark: _Toc393891096][bookmark: _Toc322504795][bookmark: _Toc384200902]Recommendations

	Evidence reviews on this topic were not performed by the methodology team.  Therefore, the expert panel based its recommendations on those developed by the ACIP (see exhibit 6).
1. All individuals with SCD should receive immunizations according to the ACIP harmonized immunization schedule unless they have a personal contraindication as noted in the ACIP schedule.
(Consensus–Adapted)
1. Because of their increased susceptibility to invasive pneumococcal disease, all infants with SCD should receive the complete series of the 13-valent conjugate pneumococcal vaccine series beginning shortly after birth and the 
23-valent pneumococcal polysaccharide vaccine at age 2 years, with a second dose at age 5 years.*
(Consensus–Panel Expertise)


[bookmark: _GoBack]* There is strong and clear evidence that pediatric patients should discontinue prophylactic penicillin at age 5 years provided that their immunizations are up to date. However, this would mean they would be at potential risk of infection by invasive pneumococcus if they would have to wait for additional coverage until age 7. The Expert Panel’s experience dictates that giving the second dose at age 5 years ensures adequate coverage.
[bookmark: _Toc384202496][bookmark: _Toc385425489][bookmark: _Toc395019265]Exhibit 6.  Immunization Recommendations as Adapted from the Advisory Committee on Immunization Practices (ACIP)
	All individuals should be immunized as recommended by the ACIP.  The most up-to-date schedule should be followed, as changes can be made up to four times per year.  Consult the immunization schedule at: http://www.cdc.gov/vaccines/schedules.  The following immunizations are of special importance or unique to people with SCD as recommended by the ACIP.  These recommendations may also change periodically, and the above ACIP recommendations should be consulted for confirmation. 

Pneumococcal (PCV13) vaccine—Children 
Children aged 6 to 18 years with functional or anatomic asplenia should receive one dose of PCV13. 
Pneumococcal vaccine-naïve Adults
Adults aged ≥19 years with functional or anatomic asplenia who have not previously received PCV13 or PPSV23 should receive 
One dose of PCV13 first, followed by a dose of PPSV23 at least 8 weeks later. 
Subsequent doses of PPSV23 should follow current PPSV23 recommendations for adults at high risk. 
A second PPSV23 dose is recommended 5 years after the first PPSV23 dose for persons aged 19–64 years with functional or anatomic asplenia. 
Additionally, those who received PPSV23 before age 65 years for any indication should receive another dose of the vaccine at age 65 years, or later if at least 5 years have elapsed since their previous PPSV23 dose. 
Previous vaccination with PPSV23—Adults
Adults aged ≥19 years with functional or anatomic asplenia who previously have received ≥1 dose of PPSV23 should 
Be given a PCV13 dose ≥1 year after the last PPSV23 dose was received. 
For those who require additional doses of PPSV23, the first such dose should be given no sooner than 8 weeks after PCV13 and at least 5 years after the most recent dose of PPSV23. 
Hib
One dose of Hib vaccine for people aged >5 years who have SCD if they have not previously received Hib vaccine
Meningococcal vaccine
Vaccinate infants at high risk (including those with SCD) at 2, 4, and 6 months of age, and again at 12 through 15 months with this vaccine, which is generically known as HibMenCY.
Persons aged 9 months through 55 years at increased risk for meningococcal disease (e.g., adults with anatomic or functional asplenia or persistent complement component deficiencies) should receive MenACWY.
Children aged 2 months to 6 years should receive an additional dose of MenACWY 3 years after primary immunization; boosters should be repeated every 5 years thereafter.
Children ≥7 years of age should receive an additional dose of MenACWY 5 years after primary immunization; boosters should be repeated every 5 years thereafter.


Sources:  Hib: http://www.mass.gov/eohhs/docs/dph/cdc/immunization/acip-summary-recommended-groups.pdf;138  Meningococcal vaccine:  http://www.historyofvaccines.org/content/blog/acip-makes-new-tdap-and-meningococcal-vaccine-recommendations;139  PCV 13 and PPSV 23:  Use of 13-valent pneumococcal conjugate vaccine and 23 valent pneumococcal polysaccharide vaccine for adults for immunocompromising conditions: recommendations of the Advisory Committee on Immunization Practices (ACIP). MMWR Morb Mortal Wkly Rep. 2012 Oct 12;61(40):816-9.140
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[bookmark: _Chapter_3:._][bookmark: _Toc384200903][bookmark: _Toc393891097]Chapter 3:  Managing Acute Complications of Sickle Cell Disease
[bookmark: _Toc384200904][bookmark: _Toc393891098]Introduction
New clinical approaches and treatments34,96,98 have increased the survival of people with SCD, but the average lifespan still remains about two to three decades less than for Americans without SCD.17,141  The shorter lifespan is due in part to adverse outcomes related to acute SCD complications.  The most common complication of SCD is an acute episode of severe pain, hereafter referred to as an acute vaso-occlusive crisis (VOC).  A VOC is defined as pain resulting from tissue ischemia caused by vaso-occlusion most commonly in the bone(s) and bone marrow.
In addition to VOCs, other common acute complications of SCD include fever related to infection, acute kidney injury (AKI), hepatobiliary complications, acute anemia, splenic sequestration, acute chest syndrome (ACS), and acute stroke.  Individuals with signs or symptoms of these complications require immediate evaluation and treatment to reduce or prevent morbidity and mortality.  Priapism and acute ocular conditions such as central retinal artery occlusion (CRAO) also require urgent management to preserve organ function.
This chapter presents recommendations for the evaluation and management of these common acute SCD complications.  For each acute complication discussed, information is presented regarding its frequency, common presentation, usual evaluation, and treatment.  
[bookmark: _Toc384200905][bookmark: _Toc393891099]Methodology
Complete information about the methodology for these guidelines can be found in the “Introduction and Methodology” chapter (pages 1–9).  The following information, specific to this chapter, supplements the standard methodology that was conducted for all clinical chapters of these guidelines.
A comprehensive study of several databases was conducted, and all human studies in English published from 1970 to July 2010 that addressed each PICOS question were identified.  A total of 549 studies of complications were included.[footnoteRef:7]  When the literature search found insufficient evidence on a topic (e.g., vaso-occlusive crisis), these topics were supplemented with recommendations derived from other published guidelines by professional organizations, which were based on systematic reviews of broader population groups; these recommendations are labeled “Consensus–Adapted.”  In the instances of fever, acute anemia, and multisystem organ failure (MSOF), a literature search was not conducted, so the panel relied on their cumulative expertise and knowledge to make recommendations; these recommendations are labeled “Consensus–Panel Expertise.”  The key questions for this chapter can be found immediately before the Summary of the Evidence sections for the individual topics.  [7:  An updated search was performed to span the time from June 1, 2010 through July 11, 2014.  Five additional RCTs were identified, for a total of 549 studies, and a supplemental table reflecting these additions was added to the evidence table document.] 

	Sickle cell anemia (SCA) refers to the clinically similar disorders HbSS or HbS β 0-thalassemia. Sickle cell disease (SCD) refers to all disease genotypes, including SCA and compound heterozygous disorders, such as HbSC, HbSD, and HbS β+-thalassemia. The carrier state for hemoglobin S (HbAS or sickle cell trait) is not a form of SCD.


Detailed information on the evaluated studies as well as the observational and case studies/series referenced can be found in the Management of Sickle Cell Disease Complications evidence table available at http:/www.nhlbi.nih.gov/guidelines/scd/index.htm. 
[bookmark: _Toc321924312][bookmark: _Toc296615482][bookmark: _Toc384200906][bookmark: _Toc393891100]Vaso-Occlusive Crisis
[bookmark: _Toc321924313][bookmark: _Toc384200907][bookmark: _Toc393891101]Background
A VOC is the hallmark acute complication for persons with SCD and manifests as acute severe pain.  Although VOCs are typically associated with excruciating pain of sudden onset, some people experience gradual onset of a VOC.  Nearly all individuals affected by SCD will experience a VOC during their lifetime.142  The first VOC may occur as early as 6 months of age, often presenting as dactylitis, but thereafter VOCs occur with variable frequency.23,143-145  VOCs and their accompanying pain most commonly occur in the extremities, chest, and back.  When they occur in other sites, they can be confused with, or can be the prodromal stage of, other acute complications (e.g., head (stroke), flank (papillary necrosis), and abdomen (hepatic or splenic sequestration, constipation from opioid toxicity, or another hepatobiliary complication)).  The etiology of the pain must be determined in order to rule out potential causes of pain other than an uncomplicated VOC, such as ACS, pneumonia, or other abdominal complications.  VOC can still occur in the presence of other complications.  There are no tests to rule in or to rule out a VOC; there are only tests that potentially rule out other causes of pain.  Persons with the genotypes HbSS or HbS β 0-thalassemia are likely to experience more frequent VOCs.  Persons with HbAS (commonly referred to as sickle cell trait) do not experience typical VOCs.  Individuals with more than three hospitalizations for a VOC in a year are at an increased risk of early death.142,143,146-148
Pain management must be guided by patient report of pain severity.  No biomarkers or imaging studies can validate pain or assess its severity.  The primary management of a VOC is analgesic treatment, typically with opioids.  No empirical data exist to indicate that rapid analgesic administration results in better outcomes.  However, as patients with VOC present with severe pain and are at risk for other complications, best practice suggests that rapid triage, placement, and administration of analgesics should be encouraged.  The Emergency Severity Index (ESI) Version 4 triage system, which is used by more than half of emergency departments in the United States, suggests that persons with SCD be triaged as ESI level 2, a very high priority, and rapid placement be facilitated.149  
Many specific recommendations for acute VOC management are included in this section that address treatment beyond what is listed in the Key Question (below).  The expert panel felt it was important to include current practices that have not yet been validated by evidence, but are currently being used.  When made, these recommendations are clearly identified as “Consensus–Panel Expertise.”  A recommendation is included to guide providers in managing persons who take both long- and short-acting opioids to manage pain at home.  There are no empirical data to guide whether or not to continue long-acting opioids when ordering continuous opioids via patient-controlled analgesia (PCA).  The decision to continue long-acting oral opioids should be made on an individual basis.  In most circumstances, it is advisable to continue oral long-acting opioids including methadone therapy even when ordering continuous opioids via PCA to ensure adequate pain relief while avoiding a break in coverage and preventing withdrawal.  Finally, hydration and nonpharmacologic therapy are also very important as is concurrent treatment of itching caused by histamine release.  
[bookmark: _Toc321924314][bookmark: _Toc384200908][bookmark: _Toc393891102]Key Question
	KQ10.	For adults and children with SCD-related acute pain, what are the most effective acute pain management strategies (including types of analgesics, dose and administration protocols, and other interventions such as inhaled nitrous oxide, oxygen, and transfusion)?


[bookmark: _Toc321924315][bookmark: _Toc384200909][bookmark: _Toc393891103]Summary of the Evidence
Thirty-two RCTs with more than 1,800 people of all ages, 34 observational studies, and 30 case reports were considered eligible.  Because many of these studies evaluated pharmacologic agents that did not decrease pain or significantly reduce length of hospital stay (e.g., poloxamer 188, fluosol, vasodilators, methylprednisone, oxygen, urea, and other agents), and which are not approved by the U.S. Food and Drug Administration (e.g., inhaled nitrous oxide, transfusion, etc.), recommendations regarding these agents were not made.  One study evaluated the effectiveness of meperidine versus placebo or other opioids and found meperidine more effective than placebo in reducing pain.  However, due to the neurotoxicity associated with meperidine, the panel did not make recommendations for its use.  Evidence from several RCTs and observational studies76,150-153 supports the use of opioid therapy in treating VOCs.  Indirect, high-quality evidence from populations without SCD also supports the use of opioids in treating VOCs.  A recent report from the American Pain Society (APS) suggests opioids are not effective in treating chronic non-cancer pain.154  It is important to understand that an acute VOC is considered acute, not chronic pain, and opioids are indicated and should be used to treat pain.  Evidence from RCTs and observational studies supporting the use of nonsteroidal anti-inflammatory drugs (NSAIDs) was conflicting, but overall, the evidence supports their efficacy in reducing pain and decreasing length of hospital stay.  Several RCTs and observational studies support the use of around-the-clock dosing of analgesics versus intermittent analgesic administration in treating VOCs.155-161
The largest study on this topic, a prospective observational study in Saudi Arabia, included 1,154 people and examined the effect of a pain management protocol.155  The study found that around-the-clock analgesic infusions for the first 24 hours after admission were more effective for managing VOCs than “on demand” or patient-requested infusions of analgesics.  People treated with around-the-clock analgesics achieved a higher discharge rate within 72 hours of admission (83 percent), compared with people who received intermittent (per patient request) analgesics (71 percent).  Other observational studies supported these findings and also suggested a more rapid resolution of VOCs and a strong patient preference for around-the-clock analgesic infusions.  The evidence base was insufficient to make specific analgesic dosing recommendations or recommendations for several nonpharmacologic approaches (including oxygen, inhaled nitrous oxide, electrical nerve stimulation, acupuncture, biofeedback, and a day hospital program).  In general, the quality of the available evidence was moderate to low.  
In addition, the panel and the methodology team appraised the quality of the APS’s23 guidelines for the management of SCD-related pain and found them to be acceptable.  As shown in the “Consensus–Adapted” recommendations below, the panel adapted selected recommendations from the APS guidelines for treatment of SCD pain.  Additional recommendations are based upon the experience of the expert panel and are categorized as “Consensus–Panel Expertise.”
	[bookmark: _Toc393891104][bookmark: _Toc321924316][bookmark: _Toc317176107][bookmark: _Toc384200910]Recommendations

	The recommendations labeled “consensus” in this section were based on recommendations developed by the APS or on panel expertise.  The remaining recommendations are based on the evidence review conducted by the methodology team.  These recommendations are intended to be for all settings where patients present with VOC. 
1. In adults and children with SCD and pain,
When indicated, initiate diagnostic evaluation of causes of pain other than a VOC while beginning to treat pain.
(Consensus–Adapted)
In adults and children with SCD and a VOC,
Determine characteristics, associated symptoms, location, and intensity of pain based on patient self-report and observation.  If the VOC pain is atypical, investigate other possible etiologies of pain.
(Consensus–Adapted)
Rapidly assess the patient’s recent analgesic use (opioid and nonopioid).
(Consensus–Adapted)
Rapidly initiate analgesic therapy within 30 minutes of triage or within 60 minutes of registration.
(Consensus–Panel Expertise)
Base analgesic selection on pain assessment, associated symptoms, outpatient analgesic use, patient knowledge of effective agents and doses, and past experience with side effects.
(Consensus–Adapted)
[bookmark: Recommendation_3_3]In adults and children with SCD and a VOC,
Use an individualized prescribing and monitoring protocol (written by the patient’s SCD provider) or an SCD-specific protocol whenever possible (see exhibit 7 on page 36) to promote rapid, effective, and safe analgesic management and resolution of the VOC.
(Consensus–Panel Expertise)
In adults and children with SCD and a VOC associated with mild to moderate pain who report relief with NSAIDS in the absence of contraindications to the use of NSAIDS, continue treatment with NSAIDS.
(Moderate Recommendation, Low-Quality Evidence)
In adults and children with SCD and a VOC associated with severe pain, rapidly initiate treatment with parenteral opioids.
(Strong Recommendation, High-Quality Evidence)
In adults and children with SCD and a VOC associated with severe pain,
Calculate the parenteral (IV or subcutaneous) opioid dose based on total daily short-acting opioid dose currently being taken at home to manage the VOC.
(Consensus–Panel Expertise)
Administer parenteral opioids using the subcutaneous route when intravenous access is difficult.
(Consensus–Panel Expertise)
Reassess pain and re-administer opioids if necessary for continued severe pain every 15–30 minutes until pain is under control per patient report.
(Consensus–Adapted)
Maintain or consider escalation of the dose by 25 percent until pain is controlled.
(Consensus–Panel Expertise)
Reassess after each dose for pain relief and side effects.
(Consensus–Panel Expertise)
Initiate around-the-clock opioid administration by patient-controlled analgesia (PCA) or frequently scheduled doses versus “as requested” (PRN) administration.
(Moderate Recommendation, Low-Quality Evidence)

	If ordering around-the-clock, continuous infusion of opioids via the PCA, carefully consider whether there is a need to withhold long-acting oral opioids to prevent over-sedation.
(Consensus–Panel Expertise)
If demand dosing only is ordered via the PCA, continue use of long-acting oral opioids.
(Consensus–Panel Expertise)
At discharge, evaluate inpatient analgesic requirements, wean parenteral opioids prior to conversion to oral opioids, and adjust home dose of long- and short-acting opioid prescriptions to prevent opioid withdrawal after discharge.
(Consensus–Panel Expertise)
In adults and children with SCD and a VOC, do not use meperidine unless it is the only effective opioid for an individual patient.
(Consensus–Adapted)
In adults and children with a VOC, administer oral NSAIDS as an adjuvant analgesic in the absence of contraindications.
(Consensus—Adapted)
In adults and children with a VOC who require antihistamines for itching secondary to opioid administration, prescribe agents orally, and do not re-administer with each dose of opioid in the acute VOC management phase.  Re-administer every 4 to 6 hours if needed.
(Consensus–Panel Expertise)
To reduce the risk of acute chest syndrome in adults and children hospitalized for a VOC, 
Encourage use of incentive spirometry while awake.
(Strong Recommendation, Moderate-Quality Evidence)
Encourage ambulation and activity as soon as possible.
(Consensus–Panel Expertise)
In adults and children with VOC, use adjunctive nonpharmacologic approaches to treat pain such as local heat application and distraction.
(Consensus–Adapted)
In euvolemic adults and children with SCD and a VOC who are unable to drink fluids, provide intravenous hydration at no more than maintenance rate to avoid over-hydration.
(Consensus–Adapted)
In adults and children with SCD and a VOC being treated with opioids, monitor for excessive sedation by measuring sedation with an objective measurement sedation scale and oxygenation levels.
(Consensus–Panel Expertise)
Gradually titrate down parenteral opioids as VOC resolves.
(Consensus–Panel Expertise)
In adults and children with SCD and a VOC, do not administer a blood transfusion unless there are other indications for transfusion (see the chapter “Blood Transfusion in the Management of Sickle Cell Disease” in these guidelines).
(Moderate Recommendation, Low-Quality Evidence)
In adults and children with SCD and a VOC with an oxygen saturation <95 percent on room air, administer oxygen.
(Consensus–Panel Expertise)


[bookmark: _Toc296614639][bookmark: _Toc384202497][bookmark: _Toc347147097][bookmark: _Toc385425490]

[bookmark: _Toc395019266][bookmark: Exhibit_7]Exhibit 7.  Acute Pain Algorithm*
[bookmark: _Toc317176111][bookmark: _Toc321924318][bookmark: _Toc296615492][image: ]
[bookmark: Exhibit7_footnote_1]Note:  See recommendation 3, page 34.
* These recommendations are intended to be for all settings where patients present with VOC.
(Consensus–Panel Expertise)
[bookmark: _Toc384200911][bookmark: _Toc393891105]Fever
[bookmark: _Toc384200912][bookmark: _Toc393891106]Background
People with SCA have an increased risk of severe bacterial infection, resulting primarily from reduced or absent splenic function.162  By 2 or 3 months of age, as their fetal hemoglobin declines, infants with SCA begin to develop splenic impairment.  The result is an extremely high risk of septicemia and meningitis, primarily due to Streptococcus pneumoniae.  Although the incidence of invasive pneumococcal infection has declined as a result of prophylactic penicillin and pneumococcal vaccination, febrile illnesses in people with SCD are still considered an emergency due to the possibility of penicillin-resistant organisms and incomplete vaccination status.  The risk of such infections continues throughout childhood and to a lesser extent in adults.  Serious infections can also affect persons with other forms of SCD (e.g., HbSC and HbS β+-thalassemia).
As a presenting symptom, fever heralds many acute and sometimes life-threatening conditions, such as ACS and osteomyelitis.  In many cases, the cause of fever is unclear, but because individuals with SCA have a highly increased risk of overwhelming bacterial infection, it is critical that fever alone is taken seriously in these individuals and considered a potential emergency situation.  Fever associated with pain should not be considered a VOC until infection is ruled out.
People with SCD who develop fever may have ACS due to diverse organisms (including Mycoplasma) and are also at risk of gram-negative enteric infections involving the urinary tract, hepatobiliary system, or bones.  Acute osteomyelitis, another complication associated with fever, may be unifocal or multifocal and may be caused by Staphylococcus aureus, salmonella, or other enteric pathogens.  Persons with SCD have normal T cell and B cell function, so the risk of acute infection is generally limited to those micro-organisms mentioned above.  Opportunistic infections are infrequent.
[bookmark: _Toc317176112][bookmark: _Toc321924319][bookmark: _Toc384200913][bookmark: _Toc393891107]Summary of the Evidence
An adequate systematic review of the literature with fair sensitivity and specificity for all studies indexed by SCD terms and the symptom of fever was not feasible.  A large and nonspecific return of studies with significant heterogeneity, high miss rate, and low-quality evidence (lack of comparative studies) was anticipated.  No systematic review was conducted, and the panel used a consensus process to develop a proposed strategy for triaging and promptly managing fever.
	[bookmark: _Toc393891108]Recommendations

	1. In people with SCD and a temperature ≥101.3°F (38.5°C), immediately evaluate with history and physical examination, complete blood count (CBC) with differential, reticulocyte count, blood culture, and urine culture when urinary tract infection is suspected.
(Consensus–Panel Expertise)
1. In children with SCD and a temperature ≥101.3 °F (38.5 °C), promptly administer ongoing empiric parenteral antibiotics that provide coverage against Streptococcus pneumoniae and gram-negative enteric organisms.  Subsequent outpatient management using an oral antibiotic is feasible in people who do not appear ill.
(Consensus–Panel Expertise)
1. Hospitalize people with SCD and a temperature ≥103.1 °F (39.5 °C) and who appear ill for close observation and intravenous antibiotic therapy.
(Consensus–Panel Expertise)
1. In people with SCD whose febrile illness is accompanied by shortness of breath, tachypnea, cough, and/or rales, manage according to the preceding recommendations and obtain an immediate chest x ray to investigate for ACS.
(Consensus–Panel Expertise)
1. In febrile people with SCD who have localized or multifocal bone tenderness, especially when accompanied by erythema and swelling, include bacterial osteomyelitis in the differential diagnosis and manage accordingly.
(Consensus–Panel Expertise)


[bookmark: _Toc321924322][bookmark: _Toc384200915][bookmark: _Toc393891109]Acute Renal Failure
[bookmark: _Toc317176116][bookmark: _Toc321924323][bookmark: _Toc384200916][bookmark: _Toc393891110]Background
Acute renal failure (ARF) is defined here as a rapid reduction in renal function manifested by a rise in serum creatinine and reduction in glomerular filtration rate (GFR), with or without a decline in urine output.  ARF may be due to pre-renal (e.g., dehydration) or post-renal (e.g., obstruction) insults, or result from intrinsic renal disease (e.g., glomerular injury).  ARF may occur during an acute VOC, most often in association with ACS or acute multisystem organ failure (MSOF).163
Renal papillary necrosis due to medullary infarction from obstruction of the blood supply in the vasa recta affects up to 15–30 percent of individuals with SCD.164  Signs and symptoms include flank pain and hematuria.  When present, fever suggests possible superinfection.
ARF may also occur when individuals with chronic sickle cell nephropathy or other chronic kidney diseases are exposed to nephrotoxic medications (e.g., NSAIDs or intravenous contrast dye) or become dehydrated.  People with SCD often display a relative inability to maximally concentrate the urine, resulting in increased vulnerability to pre-renal azotemia.
Due to increased renal tubular secretion of creatinine, serum creatinine values in SCD do not rise until significant renal impairment occurs (GFR of 30 mL/min or less).39  Since the serum creatinine levels are generally low or low-normal in individuals with SCD, the values in ARF may still be within normal limits even if they have doubled from baseline.  It is important to consider non-SCD-related causes of ARF before simply attributing ARF to SCD.165
When associated with acute MSOF attributed to diffuse vaso-occlusion, ARF may respond to exchange red blood cell transfusion.163,166  However, the benefit of transfusion for other causes of ARF in SCD has not been reported.  Acute and chronic renal replacement therapy, including hemodialysis, is well-tolerated by people with SCD and should be used when indicated.163,167
[bookmark: _Toc317176117][bookmark: _Toc321924324][bookmark: _Toc384200917][bookmark: _Toc393891111]Key Question
	KQ11.	In people with SCD and ARF, what are the most effective strategies to reduce mortality and the risk of developing end-stage renal disease (ESRD)?


[bookmark: _Toc317176118][bookmark: _Toc321924325][bookmark: _Toc384200918][bookmark: _Toc393891112]Summary of the Evidence
The systematic review did not identify comparative studies to demonstrate the superiority of a particular diagnostic or therapeutic approach to ARF in people with SCD.  The literature in this area was mostly descriptive of people who developed renal complications (e.g., hyposthenuria, hematuria, impaired urinary potassium excretion and acidification, tubular and glomerular dysfunction, infection, medullary carcinoma, acute necrosis and renal failure).
One RCT, six observational studies, and nine case reports addressing both acute and chronic complications were evaluated.  There were no RCTs that addressed acute complications and the single RCT addressed chronic complications; acute renal complications were only discussed in five retrospective observational case series.40,168-171  No controlled trials or prospective studies addressed the recognition or management of acute renal failure in people with SCD, and few studies addressed evaluation or treatment of renal complications of SCD.  The systematic review did not identify any literature to guide diagnostic or management recommendations for renal papillary necrosis.  Therefore, management recommendations are based on the application of therapies for ARF from other patient populations to people with SCD as noted in the observational reports.
	[bookmark: _Toc393891113]Recommendations

	1. In the setting of an acute rise in serum creatinine of ≥0.3 mg/dL,
Monitor renal function daily, including serum creatinine and fluid intake/output.
(Consensus–Panel Expertise)
Avoid potential nephrotoxic drugs and imaging agents.
(Consensus–Panel Expertise)
Evaluate the patient thoroughly for all potential etiologies in consultation with a nephrologist as needed.
(Consensus–Panel Expertise)
Do not give blood transfusions to treat ARF unless there are other indications for transfusion.
(Consensus–Panel Expertise)
Use renal replacement therapy (e.g., hemodialysis) when needed for acute renal failure.
(Consensus–Panel Expertise)


[bookmark: _Toc321924327][bookmark: _Toc384200920][bookmark: _Toc393891114]Priapism
[bookmark: _Toc321924328][bookmark: _Toc384200921][bookmark: _Toc393891115]Background
Priapism is a sustained, unwanted painful erection lasting 4 or more hours.  Stuttering priapism is the occurrence of multiple self-limited episodes of shorter duration (<4 hours) and can be a harbinger of sustained events.172  Priapism is a common complication of SCD, affecting 35 percent of boys and men.173  It is usually of the low-flow ischemic type and characterized by pain and a soft glans.  Blood aspirated from the corpora cavernosa of the penis is dark, with a low pO2, pH, and glucose concentration.173  Prompt recognition of priapism and initiation of conservative medical management may lead to detumescence and limit the need for more aggressive and invasive intervention.  Delayed diagnosis and therapy can result in impotence.
[bookmark: _Toc321924329][bookmark: _Toc384200922][bookmark: _Toc393891116]Key Question
	KQ12.	In males with SCD presenting with acute priapism, what is the relative efficacy of conservative management, pharmacological management, transfusion, and surgery on the outcomes of detumescence and the incidence of future impotence?


[bookmark: _Toc321924330][bookmark: _Toc384200923][bookmark: _Toc393891117]Summary of the Evidence
Seven observational studies and 39 case reports described priapism in the setting of SCD.  Overall, the quality of the evidence in this area was low due to the observational and uncontrolled design of the available studies.
The observational studies included more than 220 people and studied approaches such as shunts, aspiration, exchange transfusion, hydroxyurea, hormonal therapy (e.g., stilbestrol, finasteride, and leuprolide), bicalutamide, hydralazine, sildenafil, oxygen, and hyperhydration to treat priapism in men and boys with SCD.  Results were limited, reporting variable success.174-179  Several of the studies highlighted the importance of prompt recognition and initial conservative medical management with analgesics, intravenous fluids, oxygen, and sedation if needed.180-183
Red blood cell transfusion therapy was inconsistently associated with improvement in acute priapism.184-193  In addition, case reports of acute neurological events following exchange transfusion for priapism further limit enthusiasm for routine adoption of this therapy in the absence of proven benefit.194  Both observational studies and case reports found that a variety of subsequent interventions used to treat symptoms that persist after initial conservative medical management appear to result in detumescence and retained potency.  These include penile aspiration,195,196 corporal irrigation using α-adrenergic agents (e.g., pseudoephedrine, epinephrine, etilefrine),197-203 and the use of oral agents (e.g., PDE-5 inhibitors, pseudo-ephedrine).204  Surgical intervention, including shunting, has been utilized most often after more conservative measures fail, with inconsistent benefit.190,205-209
In developing recommendations for the care of males with SCD presenting with acute priapism, the expert panel placed great value on preventing pain and future long-term sequelae.
	[bookmark: _Toc393891118][bookmark: _Toc321924331][bookmark: _Toc384200924]Recommendations

	1. For an episode of priapism lasting 4 hours or longer, initiate interventions to include
vigorous oral or intravenous hydration and oral or intravenous analgesia 
(Strong Recommendation, Low-Quality Evidence); and
consultation with a urologist who can perform further evaluation and intervention for symptoms which do not remit with initial conservative medical management.
(Consensus–Panel Expertise)
Do not use transfusion therapy for immediate treatment of priapism associated with SCD.
(Moderate Recommendation, Low-Quality Evidence)
Consult with a hematologist for possible preoperative transfusion if surgical intervention is required.
(Consensus–Panel Expertise)


[bookmark: _Toc321924332][bookmark: _Toc384200925][bookmark: _Toc393891119][bookmark: _Toc305585047]Hepatobiliary Complications
[bookmark: _Toc317176128][bookmark: _Toc321924333][bookmark: _Toc384200926][bookmark: _Toc393891120]Background
Biliary tract abnormalities are common in people with SCD in general and in those with HbSS in particular.  These abnormalities include cholelithiasis, acute cholecystitis, biliary sludge, and acute choledocholithiasis.210,211  Hemolysis of any etiology results in increased secreted unconjugated bilirubin that tends to precipitate and leads to gallstones and sludge.
[bookmark: _Toc321924334][bookmark: _Toc384200927]Cholelithiasis and Acute Cholecystitis
Ultrasound-identified rates of gallstones in people with SCD increase with age from 12 percent in those aged 2 to 4 years to 43 percent by 15 to 18 years of age.212,213  In adults with SCD, the prevalence of gallstones can be as high as 70–75 percent.214-217  Although gallstones are usually asymptomatic, they can be associated with acute infection and inflammation involving the gallbladder, and they may also lead to obstruction of the cystic or bile ducts and acute pancreatitis.
Despite the high prevalence of gallstones in people with SCD, acute cholecystitis occurs in less than 10 percent of children and adults with SCD.  It can occur with or without the presence of gallstones and can present as severe colicky pain in the right upper quadrant (RUQ) with abdominal tenderness on physical exam.  Fever, leukocytosis, nausea, and vomiting are also usually present.  Nonvisualization of the gallbladder by 60 minutes after cholescintigraphy is a common radiographic finding.
[bookmark: _Toc321924335][bookmark: _Toc384200928]Choledocholithiasis
Choledocholithiasis is the presence of gallstones in the common bile duct.  Symptoms include dull pain in the RUQ, tender hepatomegaly, and rapidly increasing jaundice.  According to a patient survey, choledocholithiasis occurs in less than 5 percent of people with SCD who have asymptomatic gallstones.218,219  In symptomatic people, the rate of choledocholithiasis is higher, affecting 20 to 60 percent of people with SCD compared to 15 percent of those without SCD.220,221  Endoscopic retrograde cholangiopancreatography (ERCP) and sphincterotomy may be required to remove the offending stones.
[bookmark: _Toc317176129][bookmark: _Toc321924336][bookmark: _Toc384200929]Acute Hepatic Sequestration
Both acute hepatic sequestration (AHS) and acute intrahepatic cholestasis (AIC) (also called sickle cell hepatopathy) are associated with SCD.  Each requires consideration in evaluating acute upper abdominal pain in people with SCD.
AHS is marked by hepatic enlargement compared to baseline without other explanation and a 2 g/dL or greater decline in hemoglobin concentration.  Sequestration of red blood cells often develops over a few hours to a few days, and the resultant stretching of the hepatic capsule is usually painful.  AHS appears to be uncommon and may be overlooked unless the size of the liver is closely monitored in cases of acute RUQ pain.  About two-thirds of people with SCD have mild baseline hepatomegaly, so change in size should be monitored.  In AHS, liver function tests are only mildly elevated.  Acute hemolysis or other causes of hemoglobin decline should be ruled out.  Recurrent episodes may occur.222-225
[bookmark: _Toc317176130][bookmark: _Toc321924337][bookmark: _Toc384200930]Acute Intrahepatic Cholestasis
AIC is characterized by the sudden onset of RUQ pain, increasing jaundice, a progressively enlarging and exquisitely tender liver, light-colored stools, and extreme hyperbilirubinemia (both conjugated and unconjugated) usually without urobilinogenuria.  Thrombocytopenia and coagulation abnormalities may also be present.  The clinical picture suggests cholestatic jaundice or choledocholithiasis but without evidence of common duct obstruction or cholangitis.  AIC may prove fatal if not recognized and treated promptly.226-230
Diagnostic evaluation may reveal exquisite tenderness in the RUQ with a total serum bilirubin level >50 mg/dL, hypoalbuminemia, thrombocytopenia, elevated alkaline phosphatase, variable levels of transaminases, coagulopathy with increased prothrombin time (PT), and partial thromboplastin time (PTT) to values more than twice baseline in the absence of accelerated hemolysis or obstruction of the extrahepatic biliary system.226-229,231,232
[bookmark: _Toc317176131][bookmark: _Toc321924338][bookmark: _Toc384200931][bookmark: _Toc393891121]Key Questions
	KQ13.	In people with SCD, what is the appropriate management of cholelithiasis and related cholecystitis to resolve symptoms and prevent perioperative complications?  What is the most effective treatment strategy for people with SCD presenting with AHS and AIC to reduce mortality and resolve symptoms?


[bookmark: _Toc317176132][bookmark: _Toc321924339][bookmark: _Toc384200932][bookmark: _Toc393891122]Summary of the Evidence
There were no RCTs that evaluated different management strategies for hepatobiliary complications related to SCD.  Twenty-five observational studies and 53 case reports were identified and described various hepatobiliary complications associated with SCD.  Overall, the quality of the evidence was low due to the observational nature of the studies and the lack of a control or comparison arm in 80 percent of the studies.
The observational studies included more than 900 people and almost uniformly focused on cholelithiasis or acute cholecystitis.  One observational study, which followed people with SCD from birth, found that the incidence of cholelithiasis was 30 percent in people with SCA and 11 percent in people with HbSC.233  Only 2 percent of the people developed symptoms that required surgical intervention.
In most of the surgical studies, cholecystectomy was shown to be effective and safe in people with SCD and cholelithiasis.  When surgically feasible and available, the laparoscopic approach was associated with shorter hospital stay, reduced postoperative pain, and overall lower cost.  Other case studies described people with SCD and choledocholithiasis who were treated with both open and endoscopic approaches (i.e., ERCP); however, these data were noncomparative, thus limiting the ability to apply these approaches more generally.234-236
The systematic review identified only low-quality literature to guide diagnostic or management approaches for hepatic sequestration or intrahepatic cholestasis.  Ahn et al.222 described 7 people identified in their institution and 37 people from the literature who had SCD and acute hepatopathy (total serum bilirubin concentration >13 mg/dL).  Among the 22 severe cases, the mortality rate was 64 percent.  Only 2 of 9 people who received exchange transfusion died, whereas 12 of 13 people who did not receive exchange transfusion died.  This study likely included people with heterogeneous etiologies of acute liver injury, which limits inference.  Other case reports226-229 described rare cases of AIC and reported favorable results with using total blood exchange by replacing the removed blood with washed sickle-negative blood and fresh frozen plasma.  The quality of the evidence in this area is very low.
	[bookmark: _Toc393891123]Recommendations

	1. Treat acute cholecystitis in children and adults with SCD with antibiotics and surgical consultation.
(Consensus–Panel Expertise)
1. Treat asymptomatic gallstones with watchful waiting in children and adults with SCD.  In those who develop symptoms specific to gallstones, treat with cholecystectomy.  The laparoscopic approach is preferred if surgically feasible and available.
(Strong Recommendation, Moderate-Quality Evidence)
1. Consult with a hematologist or sickle cell expert for possible preoperative transfusion if surgical intervention is required.
(Consensus–Panel Expertise)
1. In children and adults with SCD and signs and symptoms of AHS or AIC, provide hydration, rest, close observation, and consult a sickle cell expert for further management.
(Consensus–Panel Expertise)
1. In children and adults with SCD and signs and symptoms of possible AHS or severe AIC, obtain urgent consultation with a sickle cell disease expert for diagnosis confirmation.
(Consensus–Panel Expertise)
1. In children and adults with SCD with confirmed AHS or severe AIC, perform simple or exchange transfusion.
(Consensus–Panel Expertise)


[bookmark: _Acute_Anemia][bookmark: _Toc304801602][bookmark: _Toc321924342][bookmark: _Toc384200934][bookmark: _Toc393891124][bookmark: _Toc305585064]Acute Anemia
[bookmark: _Toc304801603][bookmark: _Toc321924343][bookmark: _Toc384200935][bookmark: _Toc393891125]Background
Nearly all people with SCD have chronic anemia, but individual baseline hemoglobin values vary widely depending upon hemoglobin genotype (HbSS, HbSC, HbS β+-thalassemia, HbS β 0-thalassemia), current and recent therapies (blood transfusions and hydroxyurea in particular), and other unknown factors.  It is important for the patient and his or her primary care provider to know the baseline or “steady state” hemoglobin value to inform ongoing monitoring and management during acute complications.  Baseline values are typically 
6–8 g/dL for people with SCA, 10–15 g/dL for people with HbSC, and 9–12 g/dL for people with HbS β+-thalassemia.
Acute anemia, defined as a decline by 2.0 g/dL or more in hemoglobin concentration below the patient’s baseline value, can have diverse causes.  Potential etiologies such as splenic sequestration in a child or an aplastic episode at any age may require urgent evaluation and therapy.
During acute events, the reticulocyte count is an important addition to the CBC to assess whether diminished red blood cell production (low reticulocyte count, as can occur in parvovirus infection resulting in aplastic crisis), accelerated hemolysis, or sequestration in the lungs, spleen, or liver is responsible for the acute anemia.
[bookmark: _Toc321924344]Aplastic Episode 
An aplastic episode or “crisis” is a common feature of SCD, especially in children with HbSS.237,238  The usual clinical picture is gradual onset of fatigue, shortness of breath, and sometimes syncope.  Fever is quite common as well.  Physical examination may reveal lethargy, rapid heart rate, and occasionally frank heart failure.  The hemoglobin value (typically 3–6 g/dL) is usually far below the person’s baseline level, and the reticulocyte count is reduced or even zero.  
It has been noted that people with SCD rarely have recurrences of aplastic crisis, and several people with SCD in the same household frequently develop aplastic crises simultaneously or sequentially.  This pattern suggests an infectious etiology.  In the early 1980s, it was shown that parvovirus B19, the cause of fifth disease in young children, is in fact the etiology of these events.238  This virus destroys erythroid precursors in the bone marrow, so people with an extremely short red blood cell lifespan such as those with SCA are susceptible to rapid decline in their hemoglobin concentration.  Resolution of the aplastic crisis is heralded by marked reticulocytosis and rising hemoglobin concentration, concomitant with the appearance of immunoglobulin G (IgG) antibodies which neutralize the offending virus.  The resulting humoral immunity is lifelong, preventing recurrent events.  However, siblings or others with SCD who are exposed to a person with an aplastic crisis in the acute phase are at risk.  Aplastic crises are most commonly seen in children with SCA.  People with other genotypes, whose hemolysis is less severe, more often have clinically silent events.  Occasionally, parvovirus B19 may also be responsible for or contribute to the development of ACS and/or stroke.
[bookmark: _Toc321924345]Other Causes of Acute Anemia
Acute splenic sequestration is a major cause of acute anemia, especially in children with SCA.  This complication and the recommendations for its management will be described separately (see page 44).
A decline in hemoglobin concentration below the baseline is a common feature of ACS and can be its initial manifestation in a patient experiencing a VOC.  Acute anemia may also occur as a result of sequestration of blood in the liver or accelerated hemolysis due to a delayed hemolytic transfusion reaction, septicemia, or another serious infection.  Acute blood loss due to papillary necrosis or unrelated to SCD, such as gastrointestinal hemorrhage, can also occasionally be responsible for a rapid decline in hemoglobin concentration.  Slow but progressive reduction in hemoglobin values should raise concern about renal failure in the older child or adult with SCD.
[bookmark: _Toc321924346][bookmark: _Toc384200936][bookmark: _Toc393891126]Summary of the Evidence
[bookmark: _Toc321924347][bookmark: _Toc384200937]An adequate systematic review of the literature with fair sensitivity and specificity for all studies indexed by SCD terms and the symptom of acute anemia was not feasible.  A large and nonspecific return of studies with significant heterogeneity, high miss rate, and low-quality evidence (lack of comparative studies) was anticipated.  No systematic evidence review was conducted, and the panel used a consensus process to develop a proposed strategy for triaging and promptly managing acute anemia.
	[bookmark: _Toc393891127]Recommendations

	1. During all acute illnesses in people with SCD, obtain a CBC and reticulocyte count, repeat daily in all hospitalized patients, and compare the results with the patient’s prior measurements.
(Consensus–Panel Expertise)
1. Assess people with SCD whose hemoglobin concentration is 2 g/dL or more below their baseline (or less than 6 g/dL when the baseline is unknown) for acute splenic sequestration, an aplastic episode, a delayed hemolytic transfusion reaction, ACS, and infection.
(Consensus–Panel Expertise)
1. Use simple transfusion in people with SCD and acute anemia whose symptoms are due to anemia.
(Consensus–Panel Expertise)
1. Perform a CBC and reticulocyte count promptly and again 7 to 10 days later in siblings and others with SCD who are exposed to a person with an aplastic episode.
(Consensus–Panel Expertise)
1. Manage aplastic events with immediate red blood cell transfusion aimed at restoring the hemoglobin to a safe (not necessarily baseline) value.  Isolation of hospitalized patients (droplet precautions) is required to prevent spread of the parvovirus B19 to pregnant women and others with SCD or compromised immunity.
(Consensus–Panel Expertise)


[bookmark: _Splenic_Sequestration][bookmark: _Toc304801604][bookmark: _Toc317176139][bookmark: _Toc321924349][bookmark: _Toc384200938][bookmark: _Toc393891128]Splenic Sequestration
[bookmark: _Toc317176140][bookmark: _Toc321924350][bookmark: _Toc384200939][bookmark: _Toc393891129]Background
[bookmark: _Toc304801605]Splenic sequestration is defined as sudden enlargement of the spleen and reduction in hemoglobin concentration by at least 2 g/dL below the baseline value.  It is a major cause of acute anemia.  During splenic sequestration, the reticulocyte count and circulating nucleated red blood cells are usually elevated, and the platelet count is generally decreased because both red cells and platelets are trapped in the spleen.  Sequestration usually develops without warning or known cause.  It may occur as early as several months of age,239 although it is more typical in children between the ages of 1 and 4 years old.  Parents may note an enlarging mass in the left upper quadrant.  Involution and autoinfarction of the spleen usually occurs by age 5, so sequestration events are less common in older children and adults with HbSS.  In people with HbSS, the lifetime prevalence of acute splenic sequestration has been reported to be between 7 percent and 30 percent.  In people with HbSC and HbS β+-thalassemia, splenic sequestration often occurs later in childhood or even during the adult years.  Splenic sequestration in older patients is often accompanied by severe pain from splenic infarction, which can be documented by imaging studies.240
Some people with SCD have a chronically enlarged spleen and may develop hypersplenism.  This presents as a reduction in the white blood cell and platelet counts in addition to acute anemia.  Such people are particularly prone to develop acute sequestration events.239
In infants with HbSS, splenic sequestration may present acutely with severe anemia and hypovolemic shock.  In older people, it may occur more insidiously.  Although usual care for splenic sequestration consists of blood transfusion aimed at partial correction of the anemia, excessive transfusion (to hemoglobin values over 8 g/dL) should be avoided, as the sequestered erythrocytes in the enlarged spleen typically reenter the circulation several days later.  The result could be hyperviscosity due to an excessively high hemoglobin concentration.
People with splenic sequestration must be monitored for recurrences.  Thus, parents and patients are instructed to monitor splenic size and immediately report any marked increase above baseline.  People with recurrent sequestration or a single life-threatening acute sequestration event most commonly have a splenectomy.  Most people with chronic splenic sequestration accompanied by local pain and hypersplenism are also managed with splenectomy.  Splenectomy for splenic sequestration does not further increase the risk of death or bacteremia241 since most patients are already functionally asplenic.  Regularly scheduled transfusions aimed at avoiding the need for subsequent splenectomy have not been proven to be beneficial.242
[bookmark: _Toc317176141][bookmark: _Toc321924351][bookmark: _Toc384200940][bookmark: _Toc393891130]Key Question
	KQ14.	In people with SCD with acute anemia and splenic sequestration or hypersplenism, what are the most effective strategies to reduce mortality, correct anemia, and prevent recurrence?


[bookmark: _Toc304801606][bookmark: _Toc317176142][bookmark: _Toc321924352][bookmark: _Toc384200941][bookmark: _Toc393891131]Summary of the Evidence
No RCTs were found that evaluated the treatment of splenic complications in SCD.  Twenty observational studies (involving more than 950 people) and 39 case reports described various splenic complications in SCD.  Reported complications in these observational studies included:  splenic sequestration (n=16), hypersplenism (n=3), splenic abscess (n=2), and functional asplenia/splenic auto infarction (n=2).  Overall benefits were reported for transfusion and splenectomy; however, since 75 percent of the studies had no comparative arm, the general quality of the evidence was considered low.
[bookmark: _Toc304801608][bookmark: _Toc317176143][bookmark: _Toc321924353][bookmark: _Toc384200942]Only four studies, all involving children, had a comparative design.242-245  The first compared an intensive transfusion program (to achieve an HbS concentration <20 percent) to a conventional transfusion program in children with prior stroke.243  It reported the finding of normal or increased splenic size and improved function in the population receiving intensive transfusion, while all people receiving fewer transfusions had decreased splenic function (functional asplenia).  A second study assessed three options for treating splenic sequestration:  prompt splenectomy, a short-term transfusion program, or observation.  Short-term transfusion was equivalent to observation and therefore of limited benefit in preventing recurrent splenic sequestration.242  The third comparative study did not report group-specific outcomes but rather overall mortality rates.244  The final comparative study included people with SCD with various splenic complications (splenic sequestration, hypersplenism) and compared outcomes in people who received splenectomy and those who did not.245  The remaining studies described splenectomy (n=13), transfusion (n=3), an age-dependent approach (n=1),246 and hydroxyurea (n=1).247  The splenectomy studies reported favorable outcomes following the surgery.  Infection rates after splenectomy did not increase.  Transfusion was reported to be effective in treating acute splenic sequestration.248,249
	[bookmark: _Toc393891132]Recommendations

	1. In people with hypovolemia due to severe acute splenic sequestration, immediately provide IV fluid resuscitation.
(Strong Recommendation, Low-Quality Evidence)
1. In consultation with a sickle cell expert, transfuse people who have acute splenic sequestration and severe anemia to raise the hemoglobin to a stable level, while avoiding over-transfusion.
(Strong Recommendation, Low Quality Evidence)
1. In consultation with a sickle cell expert, address the performance and timing of splenectomy in people with recurrent acute splenic sequestration or symptomatic hypersplenism.
(Moderate Recommendation, Low-Quality Evidence)


[bookmark: _Acute_Chest_Syndrome][bookmark: _Toc304801611][bookmark: _Toc321924355][bookmark: _Toc384200943][bookmark: _Toc393891133]Acute Chest Syndrome
[bookmark: _Toc304801612][bookmark: _Toc321924356][bookmark: _Toc384200944][bookmark: _Toc393891134]Background
ACS is one of the most common and serious acute complications of SCD.250-252  It is the second most frequent reason for hospitalization in children and adults with SCD and the most common cause of death.  Clinically, ACS resembles pneumonia and can develop suddenly or insidiously, during hospitalization for a VOC, or after a surgical procedure, especially one involving the abdomen.  ACS occurs with increased frequency in people with asthma or prior ACS events.  The clinical, laboratory, and radiographic features of ACS—as well as its management and outcome—were comprehensively assessed in a landmark study performed by the National Acute Chest Syndrome Study Group.251 
A person with ACS typically has sudden onset of signs and symptoms of lower respiratory tract disease (e.g., some combination of cough, shortness of breath, retractions, rales, etc.) and a new pulmonary infiltrate on chest radiograph.  In the early stages of ACS, the clinical manifestations can be subtle.  Children usually have fever and upper or middle lobe involvement, whereas adults are often afebrile and present with multilobe disease.  The most common well-defined etiology is infection (e.g., viral, bacterial, chlamydia, or Mycoplasma), but the complication may also result from bone marrow fat embolism, intrapulmonary aggregates of sickled cells, atelectasis, or pulmonary edema.  In many cases, the specific cause or inciting factor is not apparent.  There are no distinctive laboratory features of ACS, although the hemoglobin concentration often declines sharply below the patient’s baseline value.  In brief, what would be considered pneumonia in a person without SCD usually fulfills the criteria for ACS. 
People with ACS generally improve within several days but some develop rapid respiratory failure and/or involvement of other organs such as the brain, kidneys, and liver.  This latter complication is known as “multisystem organ failure (MSOF)” (see page 50).  Treatment of ACS may include broad spectrum antibiotics, supplemental oxygen, bronchodilators, and blood transfusions.  Markers of an impending severe course of ACS are multilobe disease, increased work of breathing, inability to maintain oxygen saturation above 95 percent even with supplemental oxygen, and pleural effusions.  Exchange transfusion is often necessary in such circumstances.  The therapeutic role of corticosteroids and other anti-inflammatory agents is uncertain and requires further study.253  Repeated episodes of ACS occur in many patients and can contribute to development of chronic lung disease. 
ACS during a hospital admission for an acute VOC may be prevented by incentive spirometry every 2–4 hours while awake.  
[bookmark: _Toc304801613][bookmark: _Toc321924357][bookmark: _Toc384200945][bookmark: _Toc393891135]Key Question
	KQ15.	In people with SCD and ACS, what is the most effective treatment (among transfusion, exchange transfusion, supportive therapy, steroids, and/or antibiotics) to reduce mortality, resolve pain, and prevent clinical deterioration?


[bookmark: _Toc304801614][bookmark: _Toc321924358][bookmark: _Toc384200946][bookmark: _Toc393891136]Summary of the Evidence
One RCT, 27 observational studies, and 45 case reports described sickle cell-related ACS.  The overall quality of evidence was very low for all interventions except the use of opioids.
The single RCT enrolled 38 children and found that dexamethasone compared to placebo decreased the mean hospital stay (from 80 to 47 hours), the need for transfusions (from 47 percent to 9 percent), the number of administered opioid doses (from a mean of 20 to a mean of 2.5), and clinical deterioration (defined as an increase in oxygen requirements and respiratory rate).254  Participants and investigators were blinded, allocation was concealed, and the study did not report any baseline imbalances.  This short-term benefit, however, was not demonstrated to persist when examined by larger observational studies with longer followup.  The largest of these studies was done in 2009 and retrospectively evaluated more than 3,000 people (more than 5,000 admissions).255  After adjustment for propensity scores and hospital case mix, the study demonstrated a significant increase in the length of hospitalization in people who received corticosteroids as part of their ACS management.  Other studies showed increased adverse effects related to steroids.
[bookmark: _Toc304801615][bookmark: _Toc321924359][bookmark: _Toc384200947]The remaining observational studies described benefits of other therapies for ACS (e.g., supportive treatment including oxygen supplementation, mechanical ventilation, pain management, hydration, antibiotics, and simple or exchange transfusion).  The quality of these studies was low due to the noncomparative nature of their design.  Studies that evaluated antibiotics did not demonstrate a significant effect on patient-important outcomes.  Multiple observational studies evaluated opiates in ACS.  In one, nalbuphine hydrochloride reduced the incidence of ACS compared to morphine (12 percent vs. 29 percent) and also reduced hospital stay.256  In the remaining studies, opiates clearly reduced pain but without other effects on the clinical course of ACS.  Transfusion studies in ACS showed conflicting results.  In one study, length of hospital stay was similar between simple transfusion and exchange transfusion, and ICU stay was longer in the exchange group (5.6 days vs. 2.6 days).257  Another study found significant correlation between exchange transfusion and fewer days of hospitalization and oxygen requirement.258  In these and other transfusion studies, sicker patients were more likely to receive exchange transfusion, which indicates a clear selection bias. 
	[bookmark: _Toc393891137]Recommendations

	1. Evaluate people with SCD who develop acute onset of lower respiratory tract disease signs and/or symptoms (cough, shortness of breath, tachypnea, retractions, or wheezing) with or without fever for ACS.  This should include a chest x ray and measurement of oxygen saturation by pulse oximetry.
(Consensus–Panel Expertise)
1. Hospitalize people with ACS.
(Consensus–Panel Expertise)
1. Treat people with SCD who have ACS with an intravenous cephalosporin, an oral macrolide antibiotic, supplemental oxygen (to maintain oxygen saturation of greater than 95 percent), and close monitoring for bronchospasm, acute anemia, and hypoxemia.
(Strong Recommendation, Low-Quality Evidence)
1. In people with SCA, give simple blood transfusion (10 mL/kg red blood cells) to improve oxygen carrying capacity to people with symptomatic ACS whose hemoglobin concentration is >1.0 g/dL below baseline.  If baseline hemoglobin is 9 g/dL or higher, simple blood transfusion may not be required.
(Weak Recommendation, Low-Quality Evidence)
1. In people with HbSC disease or HbS β+-thalassemia with ACS, decisions about transfusion should be made in consultation with an SCD expert.
(Strong Recommendation, Low-Quality Evidence)
1. In all persons with SCD, perform urgent exchange transfusion—with consultation from hematology, critical care, and/or apheresis specialists—when there is rapid progression of ACS as manifested by oxygen saturation below 90 percent despite supplemental oxygen, increasing respiratory distress, progressive pulmonary infiltrates, and/or decline in hemoglobin concentration despite simple transfusion.
(Strong Recommendation, Low-Quality Evidence)
1. Encourage use of incentive spirometry while awake.
(Strong Recommendation, Moderate-Quality Evidence)


[bookmark: _Toc304801618][bookmark: _Toc321924361][bookmark: _Toc384200948][bookmark: _Toc393891138]Acute Stroke
[bookmark: _Toc304801619][bookmark: _Toc321924362][bookmark: _Toc384200949][bookmark: _Toc393891139]Background
Stroke is one of the most common and devastating complications of SCD.77  In the absence of primary stroke prevention, approximately 10 percent of children with HbSS will have overt strokes.  This complication presents as sudden onset of weakness, aphasia, and sometimes seizures or coma and results in adverse motor and cognitive sequelae.  Transient ischemic attack often precedes stroke, even in children, but neuroimaging is negative and not predictive of stroke.  In the absence of primary stroke prevention, an additional 20 to 35 percent of children with HbSS have silent cerebral infarcts, which can cause cognitive decline and predispose them to additional silent infarcts and to overt strokes.259
Overt stroke is generally secondary to stenosis or occlusion of the internal carotid or middle cerebral artery, but events may be precipitated by ACS, parvovirus infection, or other acute anemic events.77,93  In the absence of secondary prevention measures such as a chronic transfusion program or hematopoietic stem cell transplantation, recurrence rates have been shown to range between 46 and 90 percent in children with SCD.94  People of all ages with HbSC and HbS β+-thalassemia infrequently have overt CNS events.77
Primary stroke prevention using regular blood transfusions in children shown to be at high risk of stroke by TCD screening has led to declines in the incidence of stroke in children with SCD.97  Although high-quality studies have been done on primary stroke prevention in children, few studies have examined secondary stroke prevention.
Adults with HbSS also have a high risk of both ischemic and hemorrhagic stroke.  The latter is usually sudden and is accompanied by severe headache and loss of consciousness.  The mortality rate is high.  Limited data suggest that TCD is not predictive of stroke risk in adults.  This section of the guidelines addresses the management of acute stroke and the prevention of stroke recurrence (i.e., secondary prevention). 
[bookmark: _Toc304801620][bookmark: _Toc321924363][bookmark: _Toc384200950][bookmark: _Toc393891140]Key Question
	KQ16.	In people with SCD presenting with acute stroke, what is the most effective treatment strategy (transfusion, thrombolytics, hydroxyurea, or other therapies) to reduce mortality, preserve neurological function, and reduce recurrence rates?


[bookmark: _Toc304801621][bookmark: _Toc321924364][bookmark: _Toc384200951][bookmark: _Toc393891141]Summary of the Evidence
The systematic review of the literature did not identify comparative studies that evaluated different management strategies to reduce mortality or improve neurologic outcomes of acute stroke in people with SCD.  Therefore, the panel based their initial management recommendations on the principles of stroke management in patients without SCD and on their clinical expertise and provided consensus statements. 
The systematic review identified seven observational studies260-266 that reported primarily on the effect of transfusion on preventing recurrent stroke (secondary stroke prevention).  Two studies262,263 reported on the outcomes of stopping chronic transfusion therapy in children who have had prior stroke.  There were a total of 20 patients in these studies, and 12 had recurrent central nervous system (CNS) events after discontinuing transfusions.  Hulbert et al.266 conducted a small retrospective study in 52 children presenting within 24 hours of stroke onset and demonstrated that recurrent stroke occurred in 57 percent (8 of 14) of patients treated with simple transfusion, compared with 21 percent (8 of 38) of those treated with exchange transfusion.  The study by Russell et al.261 included 35 children with SCD.  Without transfusion, arterial changes documented by arteriography progressed in all four patients who had disease of multiple arteries.  After transfusion, vessel changes stabilized.  Two of the observational studies reported on long-term outcomes of chronic transfusion.  One study followed 60 subjects for a median duration of 36 months, and recurrent strokes were documented in 8 subjects.265  The other study264 followed 111 patients and found 1.9 events per 100 patient-years, despite long-term transfusions, thus concluding that the risk of recurrent stroke is decreased but not eliminated by regular blood transfusion therapy.  The final study260 looked at changing the pretransfusion goal of maintaining an HbS of <30 percent to a goal of 50 percent.  The median duration of followup was 84 months, and none of the 15 patients studied had a recurrent cerebral infarction during 1,023 patient-months in which the target pretransfusion HbS was 50 percent.  These preliminary single-institution findings were then tested in the prospective Stroke With Transfusions Changing to Hydroxyurea (SWiTCH) multicenter phase 3 clinical trial.  Children with previous stroke and iron overload were randomized to receive either continued transfusions with iron chelation (standard arm) or hydroxyurea with phlebotomy (alternative arm).  The SWiTCH trial had a noninferiority design,[footnoteRef:8] with a composite primary end point consisting of recurrent stroke and liver iron concentration.267  At interim data analysis, there were seven (7/67) strokes on the alternative arm and none (0/66) on the standard arm; this was still within the noninferiority stroke margin, but equivalent liver iron content between treatment arms, indicating futility for the composite study end point.  Accordingly, the study was closed, and the authors concluded that transfusions and chelation remain a better way to manage children with SCA, stroke, and iron overload.268  [8:  A noninferiority trial is a classification of RCT.  This type of trial aims to determine whether a new treatment is no less effective than a reference treatment using statistical significance.] 

In addition to the use of transfusion for secondary stroke prevention, the systematic review identified three small observational studies that evaluated the role of hydroxyurea.94,269,270  The studies enrolled a total of 56 children with a history of stroke who were treated with hydroxyurea.  The largest of these studies270 included 35 children with prior stroke who were discontinued from chronic transfusion therapy.  Children were followed on average 42 months with an average hydroxyurea dose of 26.7 mg/kg/d.  The stroke recurrence rate for the whole cohort was 5.7 events/100 patient-years, but for children who overlapped transfusion therapy with hydroxyurea treatment, the event rate was 3.6/100 patient-years.  The two smaller studies94,269 showed similar results that were consistent with reduction of stroke recurrence associated with using hydroxyurea.  The quality of this evidence was low due to imprecision (small sample size) and the uncontrolled nature of the studies. 
	[bookmark: _Toc393891142][bookmark: _Toc304801622][bookmark: _Toc321924365][bookmark: _Toc384200952]Recommendations

	1. In people with SCD who present with severe headache, altered level of consciousness, seizures, speech problems, and/or paralysis, evaluate for acute stroke by seeking neurologic consultation and performing an urgent head computerized tomography (CT) scan followed by magnetic resonance imaging (MRI) and magnetic resonance angiography (MRA) if available.
(Consensus–Panel Expertise)
1. In consultation with a sickle cell expert, perform exchange transfusion in people with SCD who develop acute stroke confirmed by neuroimaging.
(Consensus–Panel Expertise)
1. Initiate prompt evaluation, including neurologic consultation and neuroimaging studies, in people with SCD who have mild, subtle, or recent history of signs or symptoms consistent with transient ischemic attack.
(Consensus–Panel Expertise)
1. In children and adults who have had a stroke, initiate a program of monthly simple or exchange transfusions.
(Moderate Strength, Low-Quality Evidence)
1. In children and adults who have had a stroke, if it is not possible to implement a transfusion program, initiate hydroxyurea therapy.
(Moderate Strength, Low-Quality Evidence)


[bookmark: _Multisystem_Organ_Failure][bookmark: _Toc384200953][bookmark: _Toc393891143][bookmark: _Toc296615550][bookmark: _Toc321924367]Multisystem Organ Failure 
[bookmark: _Toc384200954][bookmark: _Toc393891144]Background
Multisystem organ failure (MSOF) is a severe and life-threatening complication usually associated with a VOC and characterized by failure of the lungs, liver, and/or kidneys.163  MSOF may occur after several days of hospitalization and treatment for a severe VOC, often when pain is beginning to improve.  In most cases, patients do not have a history of chronic organ failure.  Deterioration is rapid and unexpected.  It is usually associated with fever, a rapid decline in hemoglobin concentration and platelet count, and nonfocal encephalopathy.  Acute respiratory failure is usually associated with development of ACS.  Hepatic failure is associated with marked elevations in total and direct bilirubin, liver enzymes, and blood coagulation screening tests.  Acute renal failure is associated with a rapid elevation of serum creatinine, with or without the presence of oliguria and hyperkalemia.  Rapid diagnosis and treatment of MSOF is necessary to prevent death.
[bookmark: _Toc384200955][bookmark: _Toc393891145]Summary of the Evidence
An adequate systematic review of the literature with fair sensitivity and specificity for all studies indexed by SCD terms and “multisystem organ failure” was not feasible.  No systematic review was conducted, and the panel used a consensus process to develop a proposed strategy for triaging and promptly managing MSOF.
	[bookmark: _Toc393891146]Recommendations

	1. In people with SCD who exhibit severe deterioration during a VOC, immediately evaluate for potential MSOF.
(Consensus–Panel Expertise)
1. In people with SCD and respiratory failure, support respiratory status with supplemental oxygenation and mechanical ventilation when needed.
(Consensus–Panel Expertise)
1. Use renal replacement therapy (e.g., hemodialysis) when needed for acute renal failure.
(Consensus–Panel Expertise)
1. In people with SCD and MSOF, immediately initiate either simple or exchange transfusion in consultation with a sickle cell expert or hematologist.
(Consensus–Panel Expertise)


[bookmark: _Toc384200957][bookmark: _Toc393891147]Acute Ocular Conditions
[bookmark: _Toc296615551][bookmark: _Toc321924368][bookmark: _Toc384200958][bookmark: _Toc393891148]Background
In persons with SCD, acute ocular complications may occur secondary to trauma, infection, vaso-occlusive episodes leading to occlusion of the eye vasculature, or progression of proliferative sickle retinopathy (PSR).  All may have devastating consequences including permanent loss of vision.  Hyphema, central retinal artery occlusion (CRAO), orbital and periorbital infections, orbital infarction, and orbital compression syndrome (OCS) all require urgent or emergent assessment and therapy.  Although late-stage changes associated with PSR such as nonclearing vitreous hemorrhage and retinal detachment may present with acute visual symptoms, these complications are more fully discussed in the “Managing Chronic Complications of Sickle Cell Disease” chapter of these guidelines.
Hyphema—the presence of blood in the ocular anterior chamber—is often due to blunt injury trauma and typically presents with hemorrhage covering the lower part of the iris and visual abnormalities such as floaters and flashers, light sensitivity, and blurry vision.  In persons with SCD, and even in healthy individuals with sickle cell trait, hyphema is especially dangerous due to the hypoxic and acidotic nature of the anterior chamber, which promotes sickling of red blood cells in the aqueous humor.  This in turn prevents outflow of sickled erythrocytes and aqueous humor through the trabecular meshwork of the eye and increases pressure in the entire eye.  Blood flow in the central retinal artery in the presence of high intraocular pressure (IOP) may result in CRAO and infarction of the optic nerve.  Elevated IOP271,272 is poorly tolerated in people with SCD.  The size of the hyphema is poorly correlated with the risk of visual loss.271-273  In addition, people with SCD tend to have more significant and prolonged hyphema, as well as an increased risk for secondary hemorrhage.274  Aggressive treatment such as anterior chamber paracentesis or surgical evacuation of a clot may be vision sparing in people with SCD with sustained elevated IOPs that are not responsive to medical management.271,273-275
CRAO is a rare cause of acute blindness reported almost exclusively in children and young adults with SCA.276  It results from thrombus formation in the artery.  CRAO causes infarction of the inner retina277 and results in macular ischemia and potential macular infarction.  People typically present with sudden, painless unilateral or bilateral loss of vision.  CRAO has been observed in people with SCD in association with increased IOP secondary to hyphema,276 moyamoya syndrome,278 or ACS.279  CRAO can also occur spontaneously.280-282
Orbital infarction is another rare but serious complication of SCD, typically occurring during a VOC.  This infarction of the orbital bones is often complicated by hematomas, thought to be a result of ischemic vessel wall necrosis.  Because space in the orbital cavity is limited, the inflammatory response generated by infarcted bone may result in further compromise of important eye structures.  People typically present with protrusion of the eye, eye pain, and lid and/or orbital edema.  On examination, people will have decreased visual acuity and extraocular motility.  Differential diagnosis includes periorbital infection due to orbital cellulitis, orbital abscesses, or osteomyelitis, and OCS.  Radiographic imaging aids in diagnosis.283-285  In the case of periorbital infection or orbital bone infarction, rapidly progressive symptoms despite maximal medical management may require surgical intervention.
OCS, also known as orbital apex syndrome, is defined by the presence of compressive optic neuropathy and markedly decreased extraocular motility secondary to involvement of the branches of cranial nerves III and V.  Recently, OCS has been described as a result of orbital inflammation after sphenoid bone infarction with subperiosteal hematomas,285 suggesting significant overlap between orbital infarction and OCS.  Prompt initiation of corticosteroids once infection is ruled out can result in reversal of OCS.285  Diagnostic imaging includes MRI.  Surgical intervention may be needed if medical management fails to resolve the compressive optic neuropathy.
[bookmark: _Toc296615552][bookmark: _Toc321924369][bookmark: _Toc384200959][bookmark: _Toc393891149]Key Question
	KQ17.	In people with SCD and acute eye symptoms, what is the optimal management strategy to preserve vision and prevent long-term ocular complications?


[bookmark: _Toc296615553][bookmark: _Toc321924370][bookmark: _Toc384200960][bookmark: _Toc393891150]Summary of the Evidence
[bookmark: _Toc296615554]Six studies (three RCTs and three observational studies) and 29 case reports described sickle cell-related acute or chronic ocular complications.  Of these, the RCTs and the observational studies assessed the management of chronic sickle cell retinopathy, which is discussed in the “Managing Chronic Complications of Sickle Cell Disease” chapter.  Twenty-two of the 29 case reports addressed acute complications alone (see evidence tables).  Very little data exist to evaluate the most effective therapy to preserve vision during and after acute eye emergencies.  The evidence that does exist comes from the case reports, which describe various and often multiple interventions (e.g., calcium channel blockers, intravenous hydration, surgical interventions) for the treatment of hyphema, CRAO, orbital infarction, and OCS.  There was not enough evidence to make a recommendation about using transfusion to manage these acute complications.  
Due to the paucity of available data, in developing recommendations for acute ocular conditions, the panel placed a high value on the outcome of vision preservation and less value on the burdens and harms of interventions supported with lower quality evidence.
	[bookmark: _Toc393891151]Recommendations

	1. Immediately examine for hyphema anyone with SCD who presents with eye trauma.  If hyphema is present, immediately refer to an ophthalmologist for further management.
(Consensus–Panel Expertise)
1. Promptly refer anyone with SCD exhibiting signs and symptoms such as protrusion of the eye, changes in visual acuity (flashers or floaters), and unilateral or bilateral loss of vision to an eye specialist capable of performing a dilated eye exam to assess visual acuity, intraocular pressure, and the peripheral retina.
(Consensus–Panel Expertise)
1. Manage acute ocular complications in consultation with an ophthalmologist, hematologist, and other specialists with expertise in SCD.
(Consensus–Panel Expertise)


[bookmark: _Toc321921057]
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[bookmark: _Chapter_4:._][bookmark: _Toc384200962][bookmark: _Toc393891152]Chapter 4:  Managing Chronic Complications of Sickle Cell Disease
[bookmark: _Toc384200963][bookmark: _Toc393891153]Introduction
Complications may occur early and span the entire life of individuals affected by SCD.  Direct SCD complications may include acute or chronic pain syndromes, significant anemia and its sequelae, as well as organ damage and failure.  Other coexisting complications may include rheumatoid arthritis and peptic ulcer disease.147,286  Common acute complications and their sequelae are described in the “Managing Acute Complications of Sickle Cell Disease” chapter in these guidelines.  This chapter focuses on the chronic complications of SCD.  Chronic complications of SCD can affect almost any organ, and certain acute complications, such as stroke and priapism, often evolve into chronic phases that require special approaches to management.  
The phenotypic expression of chronic complications varies considerably among people, in the same person over time, and among the various subtypes of SCD.  Because the incidence of chronic complications seems to increase with age, understanding their pathophysiology, precipitating factors, and predictors may help prevent or minimize long-term morbidity.  
Just as the presentation and manifestation of chronic complications of SCD may vary, so have their definitions.  Recently, a unified definition of each complication of SCD has been published,287 which may help stimulate further work to better describe and explain each complication.  Without universal uniform definitions, the natural history of SCD complications and the effect of therapy will be difficult to determine.
In this chapter, recommendations related to the evaluation and management of the most common chronic complications of SCD are presented.  For each complication discussed, information is presented on its frequency, most common presentations, usual evaluation, and treatment.  
[bookmark: _Toc321921058][bookmark: _Toc384200964][bookmark: _Toc393891154]Methodology
Complete information about the methodology for these guidelines can be found in the “Introduction and Methodology” chapter (pages 1–9). The following information, specific to this chapter, supplements the standard methodology that was conducted for all clinical chapters of these guidelines.
A comprehensive study of several databases was conducted, and all human studies in English published from 1970 to July 2010 that addressed each PICOS question were identified.  A total of 549 studies of complications were included.[footnoteRef:9]  When the literature search found insufficient evidence on a topic (e.g., chronic pain management), these topics were supplemented with recommendations derived from other published guidelines by professional organizations which were based on systematic reviews of broader population groups; these recommendations are labeled “Consensus–Adapted.”  The key questions for this chapter can be found immediately before the Summary of the Evidence sections for the individual topics. [9:  An updated search was performed to span the time from June 1, 2010 through April 2014.  Five additional RCTs were identified, for a total of 549 studies, and a supplemental table reflecting these additions was added to the evidence table document.] 

	Sickle cell anemia (SCA) refers to the clinically similar disorders HbSS or HbS β 0-thalassemia. Sickle cell disease (SCD) refers to all disease genotypes, including SCA and compound heterozygous disorders, such as HbSC, HbSD, and HbS β+-thalassemia. The carrier state for hemoglobin S (HbAS or sickle cell trait) is not a form of SCD.


Detailed information on the evaluated studies as well as the observational and case studies/series referenced can be found in the Management of Sickle Cell Disease Complications evidence table available at http://www.nhlbi.nih.gov/guidelines/scd/index.htm. 
[bookmark: _Toc321921059][bookmark: _Toc384200965][bookmark: _Toc393891155]Chronic Pain
[bookmark: _Toc321921060][bookmark: _Toc384200966][bookmark: _Toc393891156]Background
In SCD, pain is considered chronic if it lasts more than 3 months.  People with SCD experience both nociceptive and neuropathic pain.  Nociceptive pain is a hallmark of acute pain (see the “Managing Acute Complications of Sickle Cell Disease” chapter).  Chronic pain, including that described in people without SCD, is often associated with neuropathic pain.  The pathology of the transformation from chronic nociceptive pain to neuropathic pain is not well understood.  The Pain in Sickle Cell Epidemiology Study (PiSCES) showed that adults reported chronic SCD pain at home during about 55 percent of the 31,017 days surveyed.145  Similarly, children reported SCD pain at home on about 9 percent of the 1,515 days surveyed.288  In the Multicenter Study of Hydroxyurea in Sickle Cell Anemia (MSH), at-home analgesics were used for SCD pain on 40 percent of diary days and during 80 percent of 2-week followup periods, with oxycodone and codeine being used most frequently.289  
The major types of SCD-associated chronic pain include the following:  
Chronic pain often of unclear etiology.  This type of chronic sickle cell pain may be an extension of recurrent acute painful episodes.  Therefore, early and aggressive intervention in treating acute sickle cell pain may reduce the development of chronic pain.
Chronic pain in a specific tissue or organ, such as avascular necrosis (AVN) of the hips, or leg ulcers.  Chronic SCD pain is usually described as constant and deep, nagging, and achy in nature.  It can occur in the chest, back, abdomen, extremities, neck, or head and is difficult to treat. 
Chronic neuropathic pain.  This is usually described as burning, numb, tingling, lancinating, shooting, or paroxysmal in nature and is associated with a sensation of pins and needles.  Its severity is also enhanced by exposure to either cold or heat.  This pain can be secondary to either peripheral or central nerve injury or nerve dysfunction.  SCD-related neuropathic pain has two etiologies.  The first is tissue damage secondary to occlusion of blood vessels that supply the nerves as can be found in mental nerve neuropathy and spinal cord infarction.290-292  The second seems to be chronic pain.  Persistent chronic pain, the resulting inflammation, and/or pain management seem to lead to neuropathic pain.286,293-296
“Breakthrough” pain is another type of pain often identified by health care professionals who treat patients with SCD.  This term literally means the act of breaking through pain relief.  Originally used to describe patients with cancer pain who were maintained on a stable dose of analgesics, breakthrough pain was defined as a flair-up of sudden pain unresponsive to usual therapy.  Such a flare-up is usually sudden and incidental, and can last from a few seconds to a few hours.  There are currently no data that clearly describe or can be used to define breakthrough pain in SCD.297  
The pathophysiology, management, and goals of treating chronic pain differ from those related to acute pain.  Whereas the aim of acute pain treatment is to heal the acute process, the aim of chronic pain management is to restore function and improve the quality of life.  With the onset of chronic pain of unknown etiology, there seems to be a process of “rewiring” in the brain, where the threshold for pain perception is lowered so that ambient environmental stimuli that are normally painless or mildly painful induce the perception of severe pain.298  Chronic pain is often associated with other conditions that enhance its chronicity.  These include psychosocial factors such as depression, anxiety, feelings of despair, insomnia, loneliness, helplessness, post-traumatic stress disorder (PTSD), and dependence on pain medications.23,293,299
Management of chronic pain in people with SCD is a major challenge for health care professionals.  The goals of providing adequate pain relief to improve functionality and quality of life must be balanced by the need to minimize the risk of abuse, misuse, or diversion of opioids—medications which are a mainstay in managing chronic pain in people with SCD.  Believing the patient’s report of pain is critical to optimizing therapeutic outcomes and achieving adequate pain relief and maintaining or improving functionality and the person’s quality of life.286  
Medications used to treat SCD-related pain should be tailored to the individual.  Medications include nonsteroidal anti-inflammatory drugs (NSAIDs), opioids, antidepressants, and anticonvulsant medications.  Management of all types of chronic pain associated with SCD may be enhanced by adding nonpharmacologic approaches.  These may include psychological intervention, occupational therapy, behavioral and cognitive interventions, acupuncture, mild to moderate exercise if tolerable, and aqua therapy.  
[bookmark: _Toc321921061][bookmark: _Toc384200967][bookmark: _Toc393891157]Key Question
	KQ18.	In people with SCD and chronic pain, what are the safest and most effective chronic pain management strategies and treatment algorithms (e.g., patient assessment and followup, use of chronic opioids, adjuvant pharmacological therapies, and behavioral therapies)?


[bookmark: _Toc321921062][bookmark: _Toc384200968][bookmark: _Toc393891158]Summary of the Evidence
To develop recommendations for the management of chronic pain in SCD, the methodology team conducted a comprehensive systematic review of studies that evaluated the efficacy and harms of different management approaches for chronic pain in SCD.  Eight studies (two RCTs and six observational studies) and 13 case reports were eligible for inclusion.294,296,300-305
One study explored general chronic sickle cell pain and compared utilization of massage therapy and progressive muscle relaxation to massage therapy alone and found no significant differences between the two approaches.301  The second study assessed hip pain and demonstrated a statistically significant difference between transcutaneous sodium salicylate iontophoresis and parenteral analgesics, favoring iontophoresis.300  The observational studies were fairly small and described various sickle cell-related pain presentations and management approaches.  The baseline characteristics and outcomes of these studies are described in the evidence table.24,294,296,300-304,306
In general, the quality of the available evidence was very low, so the expert panel determined that higher quality evidence with better precision should be derived from studies that evaluated chronic pain management in other settings.  Such a body of evidence is larger and includes a wider scope of interventions and comparisons, which could lead to more useful recommendations for practitioners caring for people with SCD who have chronic pain.  The panel and the methodology team appraised the quality of the guidelines for the management of chronic pain published by the American Pain Society in collaboration with the American Academy of Pain Medicine.24  The quality of the guidelines was deemed acceptable, so the panel adapted selected recommendations applicable to people with SCD as shown below in the “Recommendations” section, and these are labeled accordingly.
	[bookmark: _Toc393891159]Recommendations

	1. Determine the cause and type of SCD-related chronic pain.  This includes chronic pain with objective signs such as avascular necrosis (AVN) and leg ulcers, and chronic pain without objective signs due to neuroplasticity of the peripheral or central nervous system.
(Consensus–Adapted)
1. Use a combination of the patient’s response to treatment—including pain relief, side effects, and functional outcomes—to guide the long-term use of opioids.
(Consensus–Adapted)
1. Encourage people to use deep tissue/deep pressure massage therapy, muscle relaxation therapy, and self-hypnosis as indicated.
(Weak Recommendation, Low-Quality Evidence)
1. Use long- and short-acting opioids to manage chronic pain that is not relieved by nonopioids.
(Consensus–Adapted)
1. Assess all people with SCD for chronic pain annually or more often as needed.  This assessment should include descriptors of the pain; its severity on a numerical scale; its location; factors that precipitate or relieve it, including biopsychosocial factors; and its effect on the patient’s mood, activity, employment, quality of life, and vital signs.
(Consensus–Adapted)
1. Use a partnership agreement leading to a written, individualized treatment plan (to include risks, benefits, and side effects) with the patient if long-term opioids are indicated.  The partnership agreement should list the patient’s rights and responsibilities, and the treatment plan should list the type, amount, and route of administration of the opioid in question, including random drug urine testing.
(Consensus–Adapted)
1. Appoint one physician or other clinician to write the biweekly to monthly prescriptions for long-term opioids.  Refills without seeing the patient should be kept to a minimum, and people on chronic opioid therapy must be evaluated in person every 2–3 months.
(Consensus–Adapted)
1. Document all encounters with a patient, including medical history, physical exam, diagnosis, plan of management, type and amount of opioids prescribed and their side effects, if any, and lab data as needed.
(Consensus–Adapted)
1. Encourage people receiving opioids to increase their fluid intake, maintain dietary fiber intake per the current dietary fiber recommendations, and to use stool softeners and bowel stimulant laxatives such as senna and/or docusate as needed.
(Consensus–Adapted)
1. Believe the patient’s report of pain and optimize therapeutic outcomes to achieve adequate pain relief and improve the patient’s quality of life.
(Consensus–Adapted)
1. Refer patients for evaluation by a mental health professional such as a psychiatrist, social worker, or addiction specialist as needed.
(Consensus–Adapted)
1. Assess all people for other types of non-SCD related chronic pain including postoperative pain, pain due to trauma, pain due to therapy, iatrogenic pain, and pain due to comorbid conditions.
(Consensus–Adapted)


[bookmark: _Toc321921064][bookmark: _Toc384200970][bookmark: _Toc393891160]Avascular Necrosis
[bookmark: _Toc321921065][bookmark: _Toc384200971][bookmark: _Toc393891161]Background
Avascular necrosis (AVN, also known as aseptic necrosis, osteonecrosis, or ischemic necrosis) is bone death due to compromised blood supply.  Necrosis can occur when capillaries are occluded by sickled erythrocytes at distal portions of a bone near a joint where hypoxia is maximal and collateral circulation is inadequate.307  The hip joint is the most common site of AVN.  Involvement of the shoulder and other joints is less common.  Risk factors for AVN of the femoral head include SCD genotype, age, frequency of painful episodes, hemoglobin level, and 
α-gene deletion.  The overall prevalence of AVN in SCD is about 10 percent, whereas in people with hemoglobin SS, it is about 50 percent by age 33.308,309  People with HbSS and concomitant α-thalassemia are at particular risk.308,309  The SCD genotypes that are associated with relatively mild anemia, such as HbSS‑α‑thalassemia and HbS β 0‑thalassemia, are at a particularly high risk to develop AVN at a younger age.308,309
AVN of the femoral head causes chronic severe pain and disability.  The pain is generally worse on walking, relieved by rest, and may be accompanied by a moderate or severe limitation of motion when the patient bears weight on the affected extremity.  About 40–80 percent of cases of AVN of the hips are bilateral and, hence, evaluation of patients with AVN should focus on both hips.310  
The therapeutic approach to AVN depends on the stage of the disease.  Ficat311 proposed a four-stage radiographic classification of AVN of the hip based on plain radiography.  MRI was not available at the time.  Steinberg et al.312 expanded the Ficat staging system into six stages using MRI data.312,313  A report from the Comprehensive Sickle Cell Centers (CSCC) investigators defined an adaptation287 from the Ficat and Steinberg systems that combines radiography, MRI, and bone scans.  The adaptation is provided below in exhibit 8.
[bookmark: _Toc384202498][bookmark: _Toc395019267]Exhibit 8.  Stages of Avascular Necrosis
	Stage
	Radiographic Signs

	EARLY: Stage 0. Preclinical
	None; marrow necrosis may be present histologically

	EARLY: Stage I. Preradiographic
	None; abnormal MRI with marrow and bone necrosis

	EARLY: Stage II. Before flattening of head or sequestrum formation
	Diffuse porosis, sclerosis, or cysts

	TRANSITION
	Femoral head flattening
Crescent sign

	LATE: Stage III. Collapse
	Broken contour of head
Sequestrum
Joint space normal

	LATE: Stage IV. Osteoarthritis
	Flattened contour
Decreased joint space
Collapse of head


Most orthopedists consider core decompression to be most beneficial for Ficat stage I and II of AVN of the hip.310,314,315
[bookmark: _Toc321921066][bookmark: _Toc384200972][bookmark: _Toc393891162]Key Question
	KQ19.	In people with SCD and AVN, what are the most effective management strategies to reduce pain and functional disability (e.g., analgesics, physical therapy, surgery, or transfusion therapy)?


[bookmark: _Toc321921067][bookmark: _Toc384200973][bookmark: _Toc393891163]Summary of the Evidence
The literature review yielded 1 RCT, 16 observational studies, and 16 case reports describing AVN and treatment outcomes.  The overall quality of the evidence was low.
The RCT316 was a randomized prospective multicenter study of 38 adults (81 percent of enrollees), which evaluated the safety of hip core decompression and compared the results of decompression and physical therapy with those of physical therapy alone for the treatment of osteonecrosis of the femoral head in people with all types of SCD.  Results showed that physical therapy alone was as effective as hip core decompression followed by physical therapy in improving hip function.  However, the evidence provided by this study is limited due to its small sample size and the high attrition rate.
The 16 observational studies and 16 case reports described AVN of various bones in the context of SCD.  These studies included more than 350 people (mostly adults) and most commonly reported on people with SCD with AVN of the femoral head.  All studies but one 317 were noncomparative, used hip arthroplasty, and reported a high success rate.  A few studies318,319 reported the use of standard symptomatic therapy with minimal success.  In the comparative study,317 the benefit of the surgical intervention (core decompression) in improving pain and evolution of necrotic lesions was significant relative to conservative management.
The methodological quality of the 16 observational studies was low (mainly observational noncontrolled studies with unclear enrollment criteria).  The single comparative study had groups with similar baseline characteristics and outcome ascertainment methods.  None of the studies reported adjustment of analyses for confounders.
	[bookmark: _Toc393891164][bookmark: _Toc321921068][bookmark: _Toc384200974]Recommendations

	1. Evaluate all children and adults with SCD and intermittent or chronic hip pain for AVN by history, physical exam, radiography, and MRI as needed.
(Strong Recommendation, Low-Quality Evidence)
1. Treat AVN with analgesics and consult physical therapy and orthopedics for assessment and followup.
(Strong Recommendation, High-Quality Evidence)
1. Refer symptomatic patients with advanced stages of AVN to an orthopedic surgeon and SCD specialist for evaluation and possible hip arthroplasty.
(Consensus–Panel Expertise)


[bookmark: _Toc321921069][bookmark: _Toc384200975][bookmark: _Toc393891165]Leg Ulcers
[bookmark: _Toc321921070][bookmark: _Toc384200976][bookmark: _Toc393891166]Background
Leg ulcers are a common complication of SCD in general and SCA in particular.  Leg ulceration was reported in all of the first four people with SCD described in the English literature.320  Data from the Cooperative Study of Sickle Cell Disease (CSSCD) in the United States321 found active leg ulcers at entry in 2.5 percent of 2,075 people aged 10 years or older and in none of 1,700 people less than 10 years old.  Among those with active leg ulcers, about 22 percent were between the ages of 10 and 20.
Data on leg ulcers from the CSSCD321 identified five factors which could affect the person’s risk.  Leg ulcers were more common in males and older people and less common in people with α-gene deletion, high total Hb level, and high levels of HbF.322,323  Trauma, infection, and severe anemia may predispose people to ulcer formation.  Studies showing a positive association between leg ulcers and the severity of hemolysis and priapism are disputed.324-326  The ulcers occur most frequently on the medial or lateral surfaces of the ankles.  Leg ulcers can range from mild and small to large and severe.  Severity can be based on depth and duration.  Osteomyelitis may complicate chronic leg ulcers, especially deeper ones.  A bone scan or MRI and bone biopsy are used to assess this complication.  Multidisciplinary teams including wound care specialists have been developed to provide support and consultation in the management of recurrent and recalcitrant leg ulcers.  
[bookmark: _Toc321921071][bookmark: _Toc384200977][bookmark: _Toc393891167]Key Question
	KQ20.	In people with SCD and leg ulcers, what are the most effective therapies to accelerate ulcer healing (e.g., topical therapy, surgery, or antibiotics)?


[bookmark: _Toc321921072][bookmark: _Toc384200978][bookmark: _Toc393891168]Summary of the Evidence
Five RCTs, three observational studies, and a case series described various approaches to manage leg ulcers in people with SCD and evaluated topical and systemic agents.  The methodological quality of the studies was fair, but the studies had small sample size, which led to imprecise estimates of treatment effect and weak inference.  The overall quality of the supporting evidence was low to moderate.
The five RCTs included a total of 155 people and had followup periods of 8 weeks to 6 months.  Four studies327-330 compared different topical modalities, including arginylglycylaspartic acid (RGD) peptide; arginine butyrate; DuoDerm; solcoseryl; and an aerosolized preparation of neomycin, bacitracin, and polymyxin B to either standard care or placebo.  One study331 compared oral propionyl-L-carnitine to placebo.  Propionyl-L-carnitine was not shown to have any significant differences in healing effect.  Of the topical preparations, RGD peptide and the arginine butyrate/standard care combination showed a significant improvement in healing rates.  The aerosol solution trial showed significant reduction in ulcer size for ulcers with a positive bacterial swab test.  The studies also found severe intolerance to DuoDerm and good tolerance to solcoseryl without any significant differences in healing rates.
The three observational studies332-334 enrolled more than 70 people and reported no difference in healing between natural honey and eusol dressing (sodium hypochlorite disinfectant); higher healing rate with oral zinc sulphate compared to placebo; and favorable results with hydrocolloid dressing (DuoDerm).  The case series335 reported improved healing after 6 weeks of treatment with subcutaneous heparin and human antithrombin concentrate.  The quality of evidence of these observational data is low, thus limiting the ability to make inferences applicable to the general population.
	[bookmark: _Toc393891169][bookmark: _Toc321921073][bookmark: _Toc384200979]Recommendations

	1. Inspect the lower extremities during physical examination for active or healed ulcers, record their number, and measure their depth.
(Weak Recommendation, Low-Quality Evidence)
1. Treat leg ulcers in patients with SCD with initial standard therapy (i.e., debridement, wet to dry dressings, and topical agents).
(Moderate Recommendation, Low-Quality Evidence)
1. Evaluate people with chronic recalcitrant deep leg ulcers for osteomyelitis.
(Moderate Recommendation, Low-Quality Evidence)
1. Evaluate possible etiologies of leg ulcers to include venous insufficiency and perform wound culture if infection is suspected or if the ulcers deteriorate.
(Moderate Recommendation, Low-Quality Evidence)
1. Treat with systemic or local antibiotics if leg ulcer site is suspicious for infection and wound culture is positive and organism susceptible.
(Moderate Recommendation, Low-Quality Evidence)
1. Consult or refer to a wound care specialist or multidisciplinary wound team for persistent or recalcitrant leg ulcers.
(Consensus–Panel Expertise)


[bookmark: _Toc321921074][bookmark: _Toc384200980][bookmark: _Toc393891170]Pulmonary Hypertension
[bookmark: _Toc321921075][bookmark: _Toc384200981][bookmark: _Toc393891171]Background
Pulmonary hypertension (PH) is defined as an elevation of the resting mean pulmonary arterial pressure (≥25 mmHg) as determined by right heart catheterization (RHC).43  There are several potential etiologies for elevation in mean pulmonary artery pressure in people with SCD.  Chronic hemolytic anemias, including SCD, may result in pulmonary vascular changes leading to pulmonary arterial hypertension (PAH), and are placed in Group 1 of the current classification (https://www.nhlbi.nih.gov/health/health-topics/topics/pah/types.html).44  This type of pulmonary hypertension may occur in up to 10 percent of those with SCA and accounts for 40 to 50 percent of cases of PH.45,46,336  The second most common type of PH in SCD is pulmonary venous hypertension (PVH), assigned to Group 2 in the current classification, which is associated with an elevated pulmonary capillary wedge pressure of ≥15 mmHg.43-47 This is often associated with left ventricular diastolic dysfunction.48  PH also occurs in the setting of chronic lung disease, chronic thromboembolic disease, or can be due to unclear or multiple mechanisms (Groups 3, 4, and 5 of the classification, respectively).  Because these circumstances may also be present in individuals with SCD, a thorough evaluation of mechanisms and comorbidities should be undertaken if PH is found.  
Initial testing for PH has been done with an echocardiography assessment to estimate pulmonary artery pressure using tricuspid regurgitant jet velocity (TRV),43,45-47 but diagnosis requires right heart catheterization and direct measurement of the pulmonary arterial pressure and vaso-reactivity of the vessels.43,45,50,56,337  Transient elevation in TRV has been observed during acute vaso-occlusive episodes in individuals with SCD,51 which may not reflect baseline values or present chronic PH.
The main symptoms of PH include shortness of breath during routine activity, such as climbing two flights of stairs; fatigue; lethargy; chest pain; palpitations; syncope; peripheral edema; and decreased appetite.49  Careful history taking is needed to distinguish symptoms related to the anemia of SCD itself from the new onset of symptoms related to the development of PH.
Observational studies show an increase in all-cause mortality for adults with SCA with an elevated TRV by echocardiography,47,57,61,338 although this association has not been found in children.  In children and young adults with relatively normal renal function, only 25–30 percent of those with an elevated TRV may have an elevated pulmonary artery pressure measured by right heart catheterization.46  Older adults with SCA and a high TRV are more likely to have an elevated pulmonary pressure, although 40 percent of those with a high TRV will have an elevated wedge pressure suggesting left heart disease.  A commonly associated finding is renal insufficiency.47,57,58  The Treatment of Pulmonary Hypertension and Sickle Cell Disease with Sildenafil Therapy (walk-PHaSST) study was published outside of the range of the evidence review for these guidelines and thus was not included.  This study enrolled 33 subjects with SCD and PH defined by an elevated TRV of ≥2.7 m/sec and a 6-minute walk distance (6MWD) of 150–500 meters.47  RHC was required in the TRV ≥3.0 m/sec group; all subjects were randomized to sildenafil or placebo regardless of findings at RHC.  This study was closed early due to an increase in serious adverse events associated with sildenafil use; estimation of results by futility analysis suggested no improvement in 6MWD would be demonstrated if the study continued.  These data confirm earlier data that RHC is necessary to confirm the presence of PH and distinguish the mechanism of disease before considering therapy for PH.  It is unknown if intervention for SCD (e.g., transfusion or hydroxyurea) would change the all-cause mortality associated with an elevated TRV.  
[bookmark: _Toc321921076][bookmark: _Toc384200982][bookmark: _Toc393891172]Key Question
	KQ21.	In people with SCD and PH, what are the most effective therapies to reduce mortality (e.g., transfusion, hydroxyurea, and other pharmacological agents)?


[bookmark: _Toc321921077][bookmark: _Toc384200983][bookmark: _Toc393891173]Summary of the Evidence
Two RCTs, seven observational studies, and three case reports examined the management of PAH.  No clear therapeutic benefit has been shown for any pharmacotherapy for PAH in people with all types of SCD, and the overall quality of the evidence on therapy was considered very low.
The two RCTs were reported in one paper, and enrolled 26 people, blinded patients and outcome assessors to the intervention assignment, and did not report any baseline imbalances or allocation concealment.339  Both trials were stopped prematurely due to slow enrollment.  The trials compared bosentan to placebo and showed no improvement in the 6MWD or levels of pulmonary hypertension.
The seven observational studies included more than 200 people and evaluated various aspects of PAH.  Five studies examined various therapies, and two looked at mortality rates.  Increased mortality was reported in all people with SCD339-343 with true PAH (55 percent vs. 21 percent 10-year mortality respectively in all people with SCD with and without PAH).61,338  The five small observational studies reported various levels of benefit from five different types of pharmacotherapy, but no consistent definition of PAH was used across these uncontrolled studies, making it difficult to compare results.  The five therapies studied were bosentan, sildenafil, L-arginine, L-carnitine, and hydroxyurea.  Both bosentan and sildenafil were reported to increase 6MWD.339,340  L-arginine was reported to improve pulmonary arterial function, although this was a short-term benefit.  Although results from a pilot study of sildenafil suggested improved exercise capacity in pulmonary hypertension, the study was stopped early due to safety concerns and the authors cautioned that additional studies on the safety of sildenafil in this patient population were needed.341  L‑carnitine was reported to improve cardiac diastolic function,342 and hydroxyurea was reported to normalize elevated tricuspid regurgitant velocity (TRV), but this was not sustained long term.343
	[bookmark: _Toc393891174][bookmark: _Toc321921078][bookmark: _Toc384200984]Recommendations

	1. If people with SCD have symptoms or signs suggestive of PH, refer them for echocardiography.
(Strong Recommendation; Moderate-Quality Evidence)
1. For people with an elevated TRV ≥2.5 m/sec by echocardiography, consult a provider with expertise in pulmonary hypertension to guide further assessment and management, including right heart catheterization, and consideration of PH therapy.
(Consensus–Panel Expertise)


[bookmark: _Toc321921079][bookmark: _Toc384200985][bookmark: _Toc393891175]Renal Complications
[bookmark: _Toc321921080][bookmark: _Toc384200986][bookmark: _Toc393891176]Background
Chronic kidney disease (CKD) is defined as either having a glomerular filtration rate (GFR) of <60 mL/min/1.73 mL for >3 months with or without kidney damage or having evidence of kidney damage for >3 months, with or without decreased GFR.  Evidence of kidney damage includes pathologic abnormalities or markers of kidney damage (i.e., proteinuria) independent of cause.  Kidney disease severity is classified into five stages according to the level of GFR (see exhibit 9 below).344
[bookmark: _Toc384202499][bookmark: _Toc395019268]Exhibit 9.  Stages of Kidney Disease by GFR Levels
	Stage
	GFR Parameters

	Stage 1 
	Kidney damage with normal or increased GFR (≥90 mL/min/1.73 m2)

	Stage 2
	Kidney damage with mildly decreased GFR (60–89 mL/min/1.73 m2)

	Stage 3 
	Moderately decreased GFR (30–59 mL/min/1.73 m2)

	Stage 4 
	Severely decreased GFR (15–29 mL/min/1.73 m2)

	Stage 5
	Kidney failure (ESRD); GFR <15 mL/min/1.73 m2 or on dialysis


Source:  Levey AS, Eckardt KU, Tsukamoto Y, Levin A, Coresh J, Rossert J, De Zeeuw D, Hostetter TH, Lameire N, Eknoyan G. Definition and classification of chronic kidney disease: a position statement from Kidney Disease: Improving Global Outcomes (KDIGO). Kidney Int. 2005 Jun;67(6):2089–100.344
An estimated 23 million Americans have CKD including 4–18 percent of people with SCD.345  In one study, renal failure was seen in 4.2 percent of people with SCA.346  In this study, 68 percent of people had proteinuria (defined as any abnormal urinary protein), 40 percent had nephrotic syndrome, and 33 percent had hypertension (HTN) prior to developing renal failure.346  In another study, Falk et al.347 evaluated all people with SCD, including both children and adults, followed at the University of North Carolina and Duke University; 26 percent had proteinuria on urine dipstick.  Finally, in a study of 300 adults with SCD, the prevalence of any albuminuria in people with SCA was 68 percent, and the prevalence in other genotypes was 32 percent.348
Identification of early renal disease in people with SCD is important, as these individuals hypersecrete creatinine through the proximal tubules, thus masking significant renal impairment before the serum creatinine rises.345  Microalbuminuria is defined as urinary albumin excretion greater than 30 mg albumin per gram urine creatinine in two of three spot urine specimens or 30–299 mg albumin in 24-hour urine collection.  Macroalbuminuria (proteinuria) is defined as urinary albumin excretion of 300–3,500 mg albumin in 24-hour urine collection.344  Microalbuminuria is most often the first manifestation of CKD in SCD.  One study showed a prevalence of 16 percent in affected children,349 and another study showed a prevalence of 32.9 percent in adults with SCD.350  Spot urine protein/creatinine ratio has not been validated in SCD because creatinine is hyperexcreted.
The most common renal complication in people with SCD is hyposthenuria, or the inability to concentrate the urine, which is progressive with age.351  This is due to the loss of deep juxtamedullary nephrons.  Frequent urination is common in people with SCD and is usually due to hyposthenuria.  Because of their hyposthenuria, individuals with SCD are also at higher risk for intravascular volume depletion, as they cannot respond to decreased oral fluid intake by concentrating their urine.  In addition, hyposthenuria also causes enuresis, which is prevalent among individuals with SCA, with up to 42 percent of children ages 6 to 8 and 9 percent of adults ages 18 to 20 experiencing this complication.352
Renal papillary necrosis, which often causes hematuria, is thought to be due to medullary infarction from obstruction of the vessels supplying the vasa recta.  The prevalence of renal papillary necrosis was found to be as high as 23 percent in asymptomatic people with SCA undergoing urography.353  Proteinuria due to glomerular injury is also common, but both microalbuminuria and macroalbuminuria are typically asymptomatic.  Other early manifestations that should lead providers to investigate people for renal disease include HTN and gout.  Joint pain due to gout can often be mistaken for vaso-occlusive episode pain.  Diagnosis and management of gout in individuals with SCD is the same as in other populations.  
There have not been any studies looking at the utility of renal biopsy in individuals with SCD.  One study that examined 18 renal biopsy specimens found four histopathologic variants: focal segmental glomerulosclerosis (FSGS) (39 percent), membranoproliferative glomerulonephritis (28 percent), thrombotic microantigopathy glomerulopathy (17 percent), and specific sickle cell disease glomerulopathy (17 percent).354  The authors of this study note that the long-term outcomes were not different according to the histologic lesions that were identified, with 50 percent of cases having chronic renal failure after a mean followup of 28 months.  The decision to perform renal biopsy should be individualized for each patient.  
[bookmark: _Toc321921081][bookmark: _Toc384200987][bookmark: _Toc393891177]Key Question
	KQ22.	In people with SCD and CKD, what are the interventions (including pharmacotherapy, dialysis, and renal transplant) that slow the deterioration of renal function, prevent the development of end-stage renal disease, and reduce mortality?


[bookmark: _Toc321921082][bookmark: _Toc384200988][bookmark: _Toc393891178]Summary of the Evidence
One RCT, 5 observational studies, and 10 case reports examined the management of several acute and chronic renal complications of SCD.  Although numerous SCD-related renal abnormalities have been described in the literature (e.g., hyposthenuria, hematuria, impaired urinary potassium excretion and acidification, tubular and glomerular dysfunction, infection, medullary carcinoma, and acute necrosis and renal failure), most were without effective therapeutic approaches or clear prognosis.  The overall quality of the evidence was low.
A double-blind, placebo-controlled randomized trial of 22 normotensive adults with SCA and persistent microalbuminuria found that captopril (25 mg/day) for 6 months significantly reduced albuminuria.75  
One observational study included more than 300 individuals with SCD and evaluated them for renal dysfunction.347  Ten people were found to have proteinuria (urinary protein, ≥0.5 g per day) and serum creatinine concentrations of <2.0 mg/dL.  They underwent treatment with enalapril for 2 weeks and had a decrease in proteinuria with a mean decrement of 57 percent below baseline.  An observational study of 191 patients with SS with a mean followup of 2.19 years demonstrated that microalbumin excretion normalized in 44 percent of patients treated with hydroxyurea and 56 percent of patients treated with ACEI.355 
One observational study looked at the prevalence of microalbuminuria in children and found it in 19 of 120 children with SCD.40
Two observational studies enrolled 91 people and evaluated the role of renal transplant in end-stage renal disease.  The larger study was a retrospective study comparing patient and renal allograft outcomes for individuals with SCD (n=82) compared to those without SCD (n=22, 565) who were transplanted and compared to those with SCD who did not undergo transplant.170  The study reported incidence rates of 26 percent and 24 percent for delayed predischarge and acute graft rejection, respectively.  There was a trend towards improved survival in the transplant group compared to waitlisted individuals.  The second smaller study reported a survival rate of 89 percent in the recipient of the graft, but the study did not have a comparison arm.171
	[bookmark: _Toc393891179][bookmark: _Toc321921083][bookmark: _Toc384200989]Recommendations

	1. If microalbuminuria or macroalbuminuria is identified, order a 24-hour urine test for protein.
(Consensus–Panel Expertise)
1. Refer people with proteinuria (>300 mg/24 hours) to a nephrologist for further evaluation.
(Strong Recommendation, Low-Quality Evidence)
1. For adults with microalbuminuria without other apparent cause, initiate ACE inhibitor therapy.
(Moderate Recommendation, Moderate-Quality Evidence)
1. For adults with proteinuria without other apparent cause, initiate ACE inhibitor therapy.
(Moderate Recommendation, Low-Quality Evidence)
1. For children with microalbuminuria or proteinuria, consult a nephrologist.
(Consensus–Panel Expertise)
1. Consider patients with SCD with modest elevations of serum creatinine (>0.7 mg/dL in children, >1.0 mg/dL in adults) to have renal impairment and refer to a nephrologist for further evaluation.
(Consensus–Panel Expertise)
1. Give ACE inhibitor therapy for renal complications when indicated even in the presence of normal blood pressure.
(Moderate Recommendation, Low-Quality Evidence)
1. Renal replacement therapy (e.g. hemodialysis, peritoneal dialysis, and renal transplantation) should be used in people with SCD if needed.
(Strong Recommendation, Low-Quality Evidence)


[bookmark: _Toc384200990][bookmark: _Toc393891180][bookmark: _Toc321921085]Stuttering/Recurrent Priapism
[bookmark: _Toc384200991][bookmark: _Toc393891181]Background
Stuttering priapism is the occurrence of multiple self-limited episodes of unwanted, often painful erections lasting <4 hours.172  Priapism, including stuttering priapism, is common, affecting 35 percent of boys and men with SCD.173  Stuttering priapism may lead to a major episode of greater than 4 hours’ duration and may adversely affect quality of life and lead to impotence.172,173  Treatment with chronic hormonal therapy, transfusion therapy, and other treatments may reduce or eliminate these episodes; however, there are no data demonstrating improvement in functional outcomes.  Therefore, the decision to treat must be balanced against the side effects of interventions, which can include decreased libido.
[bookmark: _Toc321921086][bookmark: _Toc384200992][bookmark: _Toc393891182]Key Question
	KQ23.	In people with SCD and stuttering priapism, what is the relative efficacy of the available treatments (chronic hormonal therapy, chronic transfusion therapy, alpha-adrenergic agents, PDE-5 esterase inhibitors, and hydroxyurea) on recurrence of priapism and sexual functional outcomes?


[bookmark: _Toc321921087][bookmark: _Toc384200993][bookmark: _Toc393891183]Summary of the Evidence
One RCT, 7 observational studies, and 39 case reports described priapism in the setting of SCD.  Of these, only two studies evaluated the chronic management of priapism:  the RCT and one observational study.  Both studies were small, thus making the overall quality of the evidence very low.
The RCT noted cessation of bouts of priapism with stilbestrol during a 2-week cross-over phase174 in nine men with SCD.  The observational study involved 35 participants and examined the effects of finasteride on recurrences of priapism.175  It reported a decrease in the number of priapic episodes and increased length of time between episodes.
There are no data demonstrating improvement in functional outcomes, so the potential benefits must be balanced against the side effects of interventions, including decreased sexual function.  However, even in the absence of RCTs demonstrating long-term benefit, individualized therapy devised in consultation with a urologist may be considered for symptomatic relief.
	[bookmark: _Toc393891184][bookmark: _Toc321921088][bookmark: _Toc384200994]Recommendations

	1. In men and boys with SCD and recurrent or stuttering priapism, offer evaluation and treatment in consultation with a sickle cell disease specialist and a urologist, especially when episodes increase in severity or frequency.
(Weak Recommendation, Low-Quality Evidence)


[bookmark: _Toc321921089][bookmark: _Toc384200995][bookmark: _Toc393891185]Ophthalmologic Complications
[bookmark: _Toc321921090][bookmark: _Toc384200996][bookmark: _Toc393891186]Background
Chronic ophthalmological complications of SCD include proliferative sickle retinopathy (PSR) and vitreous hemorrhage.  They occur in up to 50 percent of individuals with SCD, and are found more frequently in persons with HbSC disease and HbSS.356,357  The presence of PSR is associated with significant visual loss,83 and its peak prevalence in HbSC disease occurs earlier than in HbSS (i.e., about ages 15 to 24 in men and ages 20 to 39 in women).358
Ischemia due to vaso-occlusion of retinal arterioles causes the release of vascular tissue factors that stimulate angiogenesis.  The neovascular tissue is predisposed to hemorrhage and vitreoretinal traction forces.  Although these preretinal neovascular formations are bright red when viable, they appear white following auto-infarction, when they resemble and are called “sea fans.”
PSR is characterized by five stages,359 beginning with peripheral arterial occlusion and vascular remodeling (Stages I–II), subsequent neovascularization and sea fan formation (Stage III), and ultimately vitreous hemorrhage (Stage IV) and retinal detachment (Stage V) (exhibit 10).  All can be detected by using direct and indirect ophthalmoscopy, slit lamp biomicroscopy, and fluorescein angiography.
[bookmark: _Toc384202500][bookmark: _Toc395019269]Exhibit 10.  Stages of Proliferative Sickle Retinopathy (PSR)
	Stages of PSR
	Retinal Characteristics

	Stages I–II
	Peripheral arterial occlusion and vascular remodeling

	Stage III
	Neovascularization and sea fan formation

	Stage IV
	Vitreous hemorrhage

	Stage V
	Retinal detachment


Stages IV and V appear to be more common in individuals with HbSC disease.
Vitreous hemorrhage is a severe complication of PSR360 caused by mechanical stress from trauma or by normal vitreous movement on the delicate neovascular formation growing from the retina into the vitreous chamber.
Spontaneous regression of PSR may occur in about 32 percent of all affected eyes, and lack of progression of sea fans may occur in some people.84  PSR is commonly managed with laser photocoagulation after consultation with an ophthalmologist.  Surgical intervention, including vitrectomy to treat severe vitreous hemorrhage, may be indicated in some people.
[bookmark: _Toc321921091][bookmark: _Toc384200997][bookmark: _Toc393891187]Key Question
	KQ24.	In people with SCD and chronic ophthalmic complications (proliferative sickle retinopathy or vitreous hemorrhage), what are the most effective management strategies (surgery, laser therapy, or conservative management) to improve and preserve vision?


[bookmark: _Toc321921092][bookmark: _Toc384200998][bookmark: _Toc393891188]Summary of the Evidence
Six studies (three RCTs, three observational) and 28 case reports described sickle cell-related acute or chronic ocular complications.  The overall quality of evidence for laser photocoagulation was considered high, while the evidence for surgery in people refractory to medical management was considered low.
The three RCTs included 248 people (with likely overlapping populations, the majority of whom were adults) and assessed PSR and the benefit of laser photocoagulation compared to observation.86,87,361  One study reported more than a 50 percent decrease in the rates of loss of visual acuity, and another found that laser photocoagulation was helpful in inducing lesion regression but only in people younger than 25 years of age.  Two of the RCTs reported a significant decrease in the incidence of vitreous hemorrhage, from 45 percent to 4 percent.  None of the trials had any form of masking, allocation concealment, or differences in baseline characteristics of the participants.
The three observational studies included more than 140 people, mostly adults, and assessed the roles of laser photocoagulation and surgery in treating sickle cell-related retinopathies.362-364  One study found improvement in 83 percent of eyes that received surgery (pars plana vitrectomy) compared to 20 percent spontaneous improvement in the observation arm.  One uncontrolled study found lesion regression in 79 percent of treated eyes, with vitreous hemorrhage occurring in only one patient.  The last study found benefit from photocoagulation only in “class B” retinopathy (elevated sea fan with hemorrhage).  Complications occurred in 13 percent of the untreated people, but not in any treated ones.
	[bookmark: _Toc393891189][bookmark: _Toc321921093][bookmark: _Toc384200999]Recommendations

	1. Refer persons of all ages with PSR to an ophthalmologist for evaluation and possible laser photocoagulation therapy.
(Strong Recommendation, Moderate-Quality Evidence)
1. Refer children and adults with vitreoretinal complications of PSR refractory to medical treatment for evaluation and possible vitrectomy.
(Strong Recommendation, Low-Quality Evidence)


Managing Chronic Complications of Sickle Cell Disease
[bookmark: _Toc188175721]
[bookmark: _Chapter_5:._][bookmark: _Toc384201000][bookmark: _Toc393891190]Chapter 5:  Hydroxyurea Therapy
in the Management of
Sickle Cell Disease
[bookmark: _Toc384201001][bookmark: _Toc393891191]Introduction
This chapter addresses the use of hydroxyurea (also called hydroxycarbamide) in adults and children who have SCD.  Hydroxyurea can reduce the frequency of sickle cell-related pain and the incidence of acute chest syndrome (ACS).  A brief overview of these complications will be presented.  
Pain is the most common symptom of SCD.  Pain can be acute, chronic, or an acute episode superimposed on chronic pain.  Smith and colleagues145 collected daily pain diaries for 232 adults with SCD; pain was reported on 54.5 percent of the more than 30,000 days analyzed.  However, people sought medical care for pain on only 3.5 percent of those days.  These data suggest that many people who have SCD may be undertreated for their pain, may not perceive a benefit of treatment, or may have learned to self-manage their pain.  Understanding of the processes that lead to an acute vaso-occlusive pain crisis and the pathophysiology of the chronic pain syndrome remains limited.  It is known that rigid red blood cells (RBCs) obstruct the microvasculature; however, a full understanding of how these events start and what role other factors play in this process—such as vascular adhesion molecules, leukocytes, reticulocytes, endothelial cells, and platelets—has not been fully elucidated.  With the exception of the joint pain of avascular necrosis, chronic pain syndromes in SCD have not been studied.  In other chronic pain syndromes, central sensitization is thought to play a role.365  Hsieh and his colleagues3 described four people on chronic daily opioid medications for sickle cell pain who were weaned off these medications after successful stem cell transplants.  This approach suggests the possibility that a reversible process may be responsible for the chronic pain that so frequently occurs in SCD.
Pulmonary complications are common in SCD.  One of the most serious problems is ACS, which often follows an acute vaso-occlusive crisis (VOC) and can complicate many surgeries.  The manifestations of ACS include fever, chest pain, hypoxemia, cough and/or dyspnea, and a new infiltrate evident on chest x ray involving at least one lung segment.251  Potential etiologies of ACS include infection, bone marrow fat embolization, and in situ sickling with pulmonary infarction.  ACS causes significant morbidity and is associated with higher risk of death.  (For additional discussion of ACS, refer to page 46 in the “Managing Acute Complications of Sickle Cell Disease” chapter)
	Sickle cell anemia (SCA) refers to the clinically similar disorders HbSS or HbS β 0-thalassemia. Sickle cell disease (SCD) refers to all disease genotypes, including SCA and compound heterozygous disorders, such as HbSC, HbSD, and HbS β+-thalassemia. The carrier state for hemoglobin S (HbAS or sickle cell trait) is not a form of SCD.




Multiple genetic and environmental factors influence the degree of hemolysis and the occurrence of vaso-occlusion in SCD.  One of the best examples is the profoundly favorable effect that high fetal hemoglobin (HbF) levels have on preventing intra-erythrocytic hemoglobin S polymerization and vaso-occlusion.  The beneficial effects of genetically determined, persistent elevations of HbF levels in people who have SCD throughout their lifespan were documented through carefully conducted cohort studies in the 1970s and 1980s.142,366  These observations supported the concept that therapeutic interventions to increase HbF levels could improve clinical outcomes, especially pain and ACS, in people who have SCD.  For example, 5-azacytidine was found to be capable of inducing HbF production in cell cultures, an effect confirmed in an animal model367 and in a few people who had thalassemia or SCD.  Other drugs capable of increasing HbF levels were sought to permit oral administration and more acceptable toxicity profiles.
[bookmark: OLE_LINK8]Hydroxyurea, a ribonucleotide reductase inhibitor, was identified as a promising drug candidate to increase HbF levels in people with SCD.  Prior to its use in SCD, this medication has been in use for several decades to treat people with myeloproliferative disorders.  Hydroxyurea is known to have rapid absorption and near-complete bioavailability and to be therapeutic with once-daily oral dosing.  The initial clinical trial of hydroxyurea for the treatment of SCA involved two people.  The study showed that short-term hydroxyurea therapy increased the number of HbF-containing reticulocytes and was not associated with short-term toxicities.368  This favorable result led to two carefully planned, extended studies testing the effects of hydroxyurea treatment in larger cohorts of people with SCA.  Both of these clinical trials demonstrated that hydroxyurea was well tolerated and increased HbF levels in the majority of people.369,370  The results provided the necessary information to plan a major prospective phase III clinical trial to test the effects of hydroxyurea on clinical outcomes.371  Subsequently, numerous observational studies and three randomized trials in people with SCA were conducted.  Limited data from observational studies are available on hydroxyurea therapy in people with genotypes other than HbSS or HbS β 0-thalassemia.
Although HbF induction is the most powerful effect of hydroxyurea and provides the biggest direct benefit for people who have SCD, additional mechanisms of action and benefits exist.  For example, hydroxyurea lowers the number of circulating leukocytes and reticulocytes and alters the expression of adhesion molecules, all of which contribute to vaso-occlusion.372  Hydroxyurea also raises RBC volume (higher mean corpuscular volume (MCV)) and improves cellular deformability and rheology, which increases blood flow and reduces vaso-occlusion.  In addition, nitric oxide released directly from hydroxyurea metabolism may contribute to local vasodilation.373
[bookmark: _Toc384201002][bookmark: _Toc393891192]Methodology
Complete information about the methodology for these guidelines can be found in the “Introduction and Methodology” chapter (pages 1–9). The following information, specific to this chapter, supplements the standard methodology that was conducted for all clinical chapters of these guidelines.
For this chapter, all human studies in English published from 2007 to May 2010 that addressed the PICOS question were identified.  Studies published prior to 2007 were obtained from the 2008 National Institutes of Health Consensus Conference on Hydroxyurea document, “Hydroxyurea for the Treatment of Sickle Cell Disease,”7 which included a systematic review.  A total of 414 studies were included.[footnoteRef:10]  In some cases in this chapter, a literature search was not conducted, so the panel relied on their cumulative expertise and knowledge to make recommendations; these recommendations are labeled “Consensus–Panel Expertise.” [10:  An updated search was performed to span the time from June 1, 2010 through July 11, 2014.  Two additional RCTs were identified, for a total of 414 studies, and a supplemental table reflecting these additions was added to the evidence table document.] 

Detailed information on the evaluated studies as well as the observational and case studies/series referenced can be found in the Hydroxyurea for Sickle Cell Disease evidence table available at http://www.nhlbi.nih.gov/guidelines/scd/index.htm.  
[bookmark: _Toc188175723][bookmark: _Toc384201003][bookmark: _Toc393891193]Summary of the Evidence
[bookmark: _Toc188175724]A comprehensive systematic review was conducted evaluating the efficacy, effectiveness, harms, and barriers associated with using hydroxyurea in SCD.  Three randomized trials and 54 observational studies describing the use of hydroxyurea in adults (n=21) and children (n=33) were identified.  Exhibit 11 describes participant characteristics for the randomized trials, and exhibit 12 includes the evidence profile of efficacy/effectiveness for hydroxyurea in patients with SCA. 
[bookmark: _Toc188175725][bookmark: _Toc384201004][bookmark: _Toc393891194]Evidence of Efficacy/Effectiveness
[bookmark: _Toc188175726]Summary of Evidence in Adults With SCA
The Multicenter Study of Hydroxyurea in Patients With Sickle Cell Anemia (MSH) was a randomized, double-blind, placebo-controlled trial involving 299 adults with SCA who had experienced three or more VOCs in the previous year.  The clinical end point of three or more documented VOCs was chosen because of earlier data documenting that people who experience pain at that frequency had markedly lower survival rates.142  The MSH trial demonstrated that, compared to placebo, hydroxyurea therapy reduced the frequency of painful episodes and ACS events, as well as the need for RBC transfusions and hospitalizations.373  In 1998, based on the results of this trial, the U.S. Food and Drug Administration approved hydroxyurea for the treatment of clinically severe SCA in adults.
Summary of MSH Findings
Lower annual rates of pain crises (median 2.5 crises per year vs. 4.5 crises per year)
Longer time to a first crisis on study (3.0 months vs. 1.5 months) and longer time to a second crisis (8.8 months vs. 4.6 months)
Lower incidence of ACS (25 patients vs. 51 patients)
Reduced need for blood transfusions (48 patients vs. 73 patients)
Increased total hemoglobin (0.6 g/dL) and HbF (from 5.0 to 8.6 percent in the intervention group), compared with a drop in the placebo group (from 5.2 to 4.7 percent)
Lower costs for hospitalization for pain ($12,160 in the hydroxyurea group versus $17,290 in the placebo group)
Differences in the effect on mortality and stroke outcomes were not statistically significant.
Over 2 years of treatment, the benefit of hydroxyurea on quality of life was limited to people who maintained increased HbF levels.  These restricted benefits occurred in social function, pain recall, and general health perception.  Annualized total costs were similar between the intervention group and the placebo group.  The trial had low risk of bias but was stopped early for benefit, which may exaggerate the observed benefit.  Supporting evidence from 21 observational studies involving 3,378 adults, with followup periods of 24–96 months, was consistent in showing a reduction in pain crises (60–90 percent), hospitalizations (90–100 percent), and an increase in HbF (4–20 percent).
A 9-year followup analysis of MSH participants indicated a reduction in mortality for the group of people who took hydroxyurea compared to those who did not take the medication.374  When the cohort was followed for up to 9 years, people taking hydroxyurea had 40 percent reduced mortality (analysis according to cumulative hydroxyurea exposure, not the original randomization).  Survival was related to HbF levels and frequency of vaso-occlusive crises.  More recently, extension of the followup analysis to 17.5 years for nonrandomized people indicated continued safety and benefit of hydroxyurea, including reduced mortality.375  Results were published from another prospective clinical study of hydroxyurea therapy with 17-year followup analysis.376  This prospective, nonrandomized study was conducted in Greece and enrolled people older than 16 years who had HbSS or HbS β 0-thalassemia, and HbS β+-thalassemia.  Similar to the results of the MSH trial, the results from this study showed that hydroxyurea therapy reduced the frequency of painful episodes and ACS events and the need for RBC transfusions and hospitalizations.  Hydroxyurea therapy also significantly improved survival when compared to conventional therapy.
With randomized trials, both stopping the trial early and imprecision (single trial with <300 events) can affect the quality of the evidence.  However, the overall quality of the evidence is considered high because the supporting observational evidence and the large treatment effect that follows hydroxyurea administration strengthen inference.
[bookmark: _Toc188175727]Summary of Evidence in Children With SCA
For infants, children, and adolescents who have SCA, hydroxyurea treatment results have closely and consistently mirrored those of adults.  The first large, prospective, multicenter phase I/II trial (HUG KIDS) of school-aged children who were treated with hydroxyurea escalated to the maximum tolerated dose demonstrated laboratory efficacy, few short-term toxicities, and lack of toxicity for childhood growth and development.377  Soon after, a prospective phase I/II trial of infants with SCA who were treated with a liquid hydroxyurea formulation at a fixed dose of 20 mg/kg/day generated favorable short-term safety data and evidence suggesting prevention of sickle cell-related organ damage.378  Subsequently, several groups in the United States and Europe published open-label data regarding the laboratory and clinical efficacy of hydroxyurea for young people with SCA, with evidence of sustained laboratory and clinical responses but without apparent long-term toxicities.  Taken together, these trials provide almost 15 years of pediatric data on both the safety and efficacy of hydroxyurea for young people (reviewed in Ware 2010).372  Most recently, the phase III double-blinded, placebo-controlled infant hydroxyurea study “Pediatric Hydroxyurea phase III Clinical Trial”379 had equivocal results for preservation of organ function, but confirmed the improvements in laboratory parameters such as total hemoglobin level and HbF level, and decreased numbers of sickle-related acute clinical events such as pain and ACS.380  Long-term observational studies suggest sustained beneficial effects of hydroxyurea for young people without excessive myelotoxicity, deleterious effects on growth and development, altered fertility, accumulation of mutations, or increased carcinogenicity.381-384  
[bookmark: _Toc347147098][bookmark: _Toc384202501][bookmark: _Toc395019270]Exhibit 11.  Participant Enrollment Criteria for Placebo-Controlled Randomized Controlled Trials of Hydroxyurea Therapy in Sickle Cell Disease
	Publication
	Age Range
	Clinical Characteristics

	Charache et al. 1995 (MSH)373
	>18 yr
	≥3 crises in 12 mo

	Ferster et al. 1996385
	2 yr–22 yr
	>3 crises in 12 mo

	Wang et al. 2011 (BABY HUG)380
	9 mo–18 mo
	No restriction based on clinical severity


[bookmark: _Toc347147099][bookmark: _Toc384202502][bookmark: _Toc395019271]Exhibit 12.  Evidence Profile—Evidence of Efficacy/Effectiveness for Children and Adults With Sickle Cell Anemia (Hydroxyurea Versus Usual Care)
	Outcome
	Quality of the Evidence
	Treatment Effect

	Pain crises
	High
	Statistically significant benefit

	Acute chest syndrome
	Moderate
	Statistically significant benefit

	Hemoglobin level, fetal hemoglobin level, need for blood transfusions
	Moderate
	Statistically significant benefit

	Mortality
	Low
	Imprecise estimate

	Stroke
	Low
	Imprecise estimate


[bookmark: _Toc188175728]Summary of Evidence in People With Genotypes Other Than HbSS or HbS β 0-Thalassemia
There have been no phase III trials of hydroxyurea therapy in people with SCD having genotypes other than HbSS or HbS β 0-thalassemia.  The prospective, nonrandomized study from a major clinical center in Greece referred to earlier enrolled 165 people with HbS β+-thalassemia.376  Only 44 people were receiving hydroxyurea.  Data analysis was based on all subjects enrolled in the study, with the majority receiving hydroxyurea therapy represented by people with SCA.  The overall 10-year survival for the subset of people with HbS β+-thalassemia receiving hydroxyurea was not significantly different from those receiving conventional therapy.  A phase II study of children and adults with HbSC evaluated the effects of hydroxyurea and magnesium pidolate on laboratory parameters.386  The study was closed due to slow enrollment, and only 36 people were evaluable for the primary outcome of proportion of hyperdense cells after 8 weeks; no difference was seen for people receiving hydroxyurea.  In addition, people receiving hydroxyurea had favorable hematological effects with increased HbF and RBC MCV, which were not observed for people receiving only magnesium pidolate.
[bookmark: _Toc188175729][bookmark: _Toc384201005][bookmark: _Toc393891195]Evidence of Side Effects
The evidence for hydroxyurea toxicity in people with SCD is derived from three RCTs that enrolled 517 people and from 47 observational studies that enrolled more than 3,000 people.  In people who do not have SCD, toxicity evidence is derived from 21 RCTs that enrolled more than 4,800 individuals and 35 observational studies that enrolled more than 7,500 individuals (see exhibit 13).  (For more information, see the evidence table at http://www.nhlbi.nih.gov/guidelines/scd/index.htm).  
[bookmark: _Toc347147100][bookmark: _Toc384202503][bookmark: _Toc395019272]Exhibit 13.  Evidence Profile—Evidence of Side Effects in Sickle Cell Anemia
	Potential Toxicity
	Quality of the Evidence
	Treatment Effect

	Bone marrow suppression
	High
	Reversible cytopenias associated with hydroxyurea

	Leukemia
	No supporting evidence in SCD populations/Very low
	The available evidence does not support the association of hydroxyurea treatment with the development of leukemia in adults or children

	Leg ulcers
	Adults:  Moderate
Children:  Low
	The available evidence does not support the association of hydroxyurea treatment with leg ulcers

	Other side effects
	Very low
	Numerous other side effects were reported in the literature with low frequency and none with certain causality

	Reproductive effects 
	Very low
	Minimal human data exist on potential harmful reproductive effects of hydroxyurea in males and females


[bookmark: _Toc188175730][bookmark: _Toc384201006][bookmark: _Toc393891196]Evidence Supporting Use of a Treatment Protocol
Although the literature does not compare different implementation protocols for hydroxyurea, the expert panel was concerned that not using a protocol could lead to inadequate dosing or poor monitoring.  Hence, to maximize the benefits and safety of hydroxyurea treatment, the expert panel strongly recommends adopting a standardized protocol based on the available evidence.  The expert panel developed a suggested protocol based on (1) protocols used in published clinical trials and observational studies, (2) indirect evidence derived from basic science and pharmacokinetics of hydroxyurea, and (3) a consensus process.  Although the protocol contains several technical remarks and recommendations needed to implement hydroxyurea therapy safely and effectively, it should be considered as guidance and modified to fit an individual patient’s clinical situation (see “Consensus Treatment Protocol and Technical Remarks for the Implementation of Hydroxyurea Therapy”).
[bookmark: _Toc188175731][bookmark: _Toc384201007][bookmark: _Toc393891197]Additional Considerations
Guideline developers consider what is known in the literature about people’s values and preferences and make assumptions about values demonstrated by people encountered in clinical practice.  In the area of SCD, the evidence supporting the nature and distribution of people’s values is not strong.  However, the expert panel has considered patients’ values in their decisionmaking process.  In one study of pediatric patients and their caregivers, parents and children indicated a preference for hydroxyurea over other therapies such as routine RBC transfusions or stem cell transplantation.  The benefit/harm balance seems to be the driving determinant of treatment choice in this study.387  In developing these recommendations, the expert panel placed high value on preventing SCD morbidity (specifically, VOCs and ACS) and low value on cost, burden, and the potentially unknown long-term adverse effects of hydroxyurea therapy.
Although the hydroxyurea clinical trials cited in this chapter used very restrictive definitions for chronic, acute, and recurrent pain, the panel has chosen to broaden the definitions by using information from people in observational studies and clinical trials.  For example, for this document, the expert panel defined recurrent SCD-associated pain to include daily pain requiring the use of opioid medication.  In addition, the expert panel also includes those people who have episodes of pain, which, in the view of the patient and provider, significantly affect activities of daily living and quality of life.
It is the nature of most efficacy clinical trials to restrict enrollment to people with substantial clinical severity.  Unfortunately, this limits data on the majority of people who do not fit easily into the restrictive clinical trial definitions—that is, the people who are seen in everyday practice.  Notably, the pediatric phase III trial (BABY HUG)379 did not have specific inclusion criteria based on clinical severity; even infants with no previous clinical VOCs were eligible for enrollment.  This was intentional and designed to allow the findings to be generalized to all infants and toddlers with SCA.380
The panel deliberated extensively on using data from clinical trials alone, which in most cases would limit the use of hydroxyurea to people who have had three or more pain crises in the last year.  However, the panel felt that this would prevent the use of hydroxyurea in some adults who have chronic, acute, and recurrent pain, and for whom observational studies have generally shown a benefit from the medication.  Therefore, in an effort to include the broad range of pain syndromes that affect the ability of people with SCD to participate in their desired daily activities, the panel’s definitions of chronic, acute, and recurrent pain and their recommendations for the use of hydroxyurea have been expanded beyond the eligibility criteria used in the clinical trials.  Thus, the expert panel believes that the use of hydroxyurea is indicated in a broader range of individuals than those described in the inclusion criteria for MSH and hopes to encourage use of the medication in people who have acute and/or chronic pain that regularly interferes with their quality of life.
In addition, when issuing recommendations for adults, the expert panel occasionally used data from the pediatric SCD literature and data from populations without SCD who were treated with hydroxyurea.  In particular, this occurred in the areas of evidence of harm and treatment initiation and monitoring.  The panel acknowledges that this indirect evidence is of lower quality and associated with weaker inferences.
[bookmark: _Toc188175732][bookmark: _Toc384201008][bookmark: _Toc393891198][bookmark: _Toc277250481]Hydroxyurea Treatment Recommendations
	[bookmark: _Toc393891199]Recommendations

	1. Educate all patients with SCA and their family members about hydroxyurea therapy.  (See consensus treatment protocol on page 145).
(Consensus–Panel Expertise) 
In adults with SCA who have three or more sickle cell-associated moderate to severe pain crises in a 12-month period, treat with hydroxyurea.
(Strong Recommendation, High-Quality Evidence)
In adults with SCA who have sickle cell-associated pain that interferes with daily activities and quality of life, treat with hydroxyurea.
(Strong Recommendation, Moderate-Quality Evidence)
In adults with SCA who have a history of severe and/or recurrent ACS, treat with hydroxyurea.* 
(Strong Recommendation, Moderate-Quality Evidence)
In adults with SCA who have severe symptomatic chronic anemia that interferes with daily activities or quality of life, treat with hydroxyurea.
(Strong Recommendation, Moderate-Quality Evidence)
In infants 9 months of age and older, children, and adolescents with SCA, offer treatment with hydroxyurea regardless of clinical severity to reduce SCD-related complications (e.g., pain, dactylitis, ACS, anemia).  
(Strong Recommendation, High-Quality Evidence for ages 9–42 months; 
Moderate Recommendation, Moderate-Quality Evidence for children >42 months and adolescents). 
Note: The panel intentionally used the term “offer” realizing that patients’ values and preferences may differ particularly considering treatment burden (e.g., laboratory monitoring, office visits), availability of drug in a liquid form, and cost.  Therefore, the panel strongly encourages shared decisionmaking and discussion of hydroxyurea therapy with all patients. 
In adults and children with SCD who have chronic kidney disease and are taking erythropoietin, hydroxyurea therapy can be added to improve anemia.
(Weak Recommendation, Low-Quality Evidence)
In females who are pregnant or breastfeeding, discontinue hydroxyurea therapy.
(Moderate Recommendation, Very Low-Quality Evidence)
To ensure proper use of hydroxyurea and maximize benefits and safety, use an established prescribing and monitoring protocol.
(Strong Recommendation, High-Quality Evidence)
In people with HbS β+-thalassemia or HbSC who have recurrent sickle cell-associated pain that interferes with daily activities or quality of life, consult a sickle cell expert for consideration of hydroxyurea therapy.
(Moderate Recommendation, Low-Quality Evidence)
In people not demonstrating a clinical response to appropriate doses and duration of hydroxyurea therapy, consult a sickle cell expert.
(Moderate Recommendation, Very Low-Quality Evidence)
[bookmark: Recommendation4_p77_footnote_1]* For more information, see the ACS section of the “Managing Acute Complications of Sickle Cell Disease” chapter.


[bookmark: _Consensus_Treatment_Protocol]
	[bookmark: _Toc393891200]Consensus Treatment Protocol and Technical Remarks for
the Implementation of Hydroxyurea Therapy

	The following laboratory tests are recommended before starting hydroxyurea:
Complete blood count (CBC) with white blood cell (WBC) differential, reticulocyte count, platelet count, and RBC MCV
Quantitative measurement of HbF if available (e.g., hemoglobin electrophoresis, high-performance liquid chromatography (HPLC))
Comprehensive metabolic profile, including renal and liver function tests
Pregnancy test for women
[bookmark: _Toc277250482][bookmark: _Toc188175734]Initiating and Monitoring Therapy
Baseline elevation of HbF should not affect the decision to initiate hydroxyurea therapy.
Both males and females of reproductive age should be counseled regarding the need for contraception while taking hydroxyurea.
Starting dosage for adults (500 mg capsules):  15 mg/kg/day (round up to the nearest 500 mg); 5–10 mg/kg/day if patient has chronic kidney disease
Starting dosage for infants and children:  20 mg/kg/day
Monitor CBC with WBC differential and reticulocyte count at least every 4 weeks when adjusting dosage.
Aim for a target absolute neutrophil count ≥2,000/uL; however, younger patients with lower baseline counts may safely tolerate absolute neutrophil counts down to 1,250/uL.
Maintain platelet count ≥80,000/uL
If neutropenia or thrombocytopenia occurs:
Hold hydroxyurea dosing
Monitor CBC with WBC differential weekly
When blood counts have recovered, reinstitute hydroxyurea at a dose 5 mg/kg/day lower than the dose given before onset of cytopenias
If dose escalation is warranted based on clinical and laboratory findings, proceed as follows:
Increase by 5 mg/kg/day increments every 8 weeks
Give until mild myelosuppression (absolute neutrophil count 2,000/uL to 4,000/uL) is achieved, up to a maximum of 35 mg/kg/day. 
Once a stable dose is established, laboratory safety monitoring should include: 
CBC with WBC differential, reticulocyte count, and platelet count every 2–3 months
People should be reminded that the effectiveness of hydroxyurea depends on their adherence to daily dosing.  They should be counseled not to double up doses if a dose is missed.
A clinical response to treatment with hydroxyurea may take 3–6 months.  Therefore, a 6- month trial on the maximum tolerated dose is required prior to considering discontinuation due to treatment failure, whether due to lack of adherence or failure to respond to therapy.
Monitor RBC MCV and HbF levels for evidence of consistent or progressive laboratory response.
A lack of increase in MCV and/or HbF is not an indication to discontinue therapy.
For the patient who has a clinical response, long-term hydroxyurea therapy is indicated. 
Hydroxyurea therapy should be continued during hospitalizations or illness.



Hydroxyurea Therapy in the Management of Sickle Cell Disease

[bookmark: _Chapter_6:._][bookmark: _Toc330389292][bookmark: _Toc384201010][bookmark: _Toc393891201]Chapter 6:  Blood Transfusion in the Management of Sickle Cell Disease
[bookmark: _Toc330389293][bookmark: _Toc384201011][bookmark: _Toc393891202]Introduction
Donor erythrocyte (red blood cell, RBC) transfusion was the first therapy used in SCD that targets the pathophysiology of SCD, even though transfusion was used before the basic pathophysiology of SCD was understood.388  Donor erythrocytes contain normal hemoglobin (HbA), and transfusion of these donor RBCs into people with SCD reduces the percentage of circulating erythrocytes with abnormal hemoglobin (HbS).  Although donor erythrocyte transfusion can ameliorate and even prevent SCD manifestations in select circumstances, transfusion of donor erythrocytes is not universally beneficial in SCD.  Many of the recognized hazards of transfusion, such as the risk of alloimmunization, are amplified in SCD389; therefore, decisions to utilize transfusion therapy in SCD must be based on risk-benefit assessments.  The goal of this chapter is to present evidence-based recommendations that summarize the indications, risks, and benefits of erythrocyte transfusion therapy in SCD.
[bookmark: _Toc384201012][bookmark: _Toc393891203]Background
Sickled erythrocytes possess many unfavorable physiologic properties and induce vascular changes that promote vaso-occlusion.  Sickled erythrocytes increase blood viscosity through intrinsic properties of the sickled cells as well as abnormal interactions of these cells with leukocytes, platelets, vascular endothelium, and clotting factors.  Transfusion of donor erythrocytes is used in some situations to mitigate these effects with favorable results.  Over the last three decades, the number of evidence-based indications for erythrocyte transfusion in SCD has been increasing.  Ongoing studies of transfusion in SCD may provide evidence for additional indications for transfusion.  As erythrocyte transfusion becomes more commonplace in the care of people with SCD, it is important to understand the evidence that supports its use in specific clinical situations.
To minimize adverse effects of transfusion, the selection and infusion of erythrocyte units should follow standard blood banking and transfusion practices.  Many institutions provide all people with SCD with erythrocyte units that are sickle negative and leukocyte reduced; to prevent alloimmunization, many institutions also routinely provide units matched for minor Rh and Kell antigens.390-392  The clinical benefits of transfusing sickle-negative RBCs in SCD (as compared to sickle trait RBCs) have not been specifically studied.  Transfusing sickle-negative erythrocytes assists with accurate tracking of percent sickled hemoglobin when specific HbS targets are used and avoids the possibility of the transfused erythrocytes becoming sickled, which has been described in extreme circumstances.393,394  A specific request of the blood bank may be required to obtain sickle-negative erythrocytes. 
	Sickle cell anemia (SCA) refers to the clinically similar disorders HbSS or HbS β 0-thalassemia. Sickle cell disease (SCD) refers to all disease genotypes, including SCA and compound heterozygous disorders, such as HbSC, HbSD, and HbS β+-thalassemia. The carrier state for hemoglobin S (HbAS or sickle cell trait) is not a form of SCD.


Approximately 70 percent of RBC units currently collected in the United States are leukoreduced before storage,395 and, by extension most RBC units given to people with SCD are leukoreduced.  The benefits of transfusing leukoreduced erythrocytes in SCD have not been studied specifically, although previously documented benefits of leukoreduction in other populations include lower incidences of febrile nonhemolytic transfusion reactions,396 cytomegalovirus (CMV) transmission,397 and Human Leukocyte Antigen (HLA) alloimmunization.398  The benefits of using leukocyte-reduced erythrocytes are expected to be applicable to individuals with SCD who require transfusion.
Donor erythrocytes may be administered as a simple transfusion or as an exchange transfusion.  Simple transfusion is the infusion of donor erythrocytes without removal of recipient blood, whereas exchange transfusion involves removal of recipient blood before and/or during donor erythrocyte infusion.  Three benefits of exchange transfusion, related primarily to the removal of recipient sickle erythrocytes, include (1) increasing the percent of normal (donor) hemoglobin (HbA)-containing erythrocytes remaining after transfusion; (2) permitting transfusion of increased volumes of donor blood without increasing the hematocrit to levels that excessively increase blood viscosity; and (3) reducing the net transfused volume, which reduces iron overload.  However, potential risks of exchange transfusion include (1) increased donor unit exposure and subsequent alloimmunization; (2) higher costs; (3) the need for specialized equipment; and (4) the frequent need for permanent venous access.  Exchange transfusion can be accomplished by manual or automated (erythrocytapheresis) methods.  The decision regarding the type of transfusion technique to employ is multifactorial and is guided by patient acuity, institutional expertise, and compatible blood supply.
Erythrocyte transfusion in SCD can be further classified as episodic or chronic.  Episodic transfusion is used either acutely in response to a complication of SCD or prophylactically in preparation for anesthesia or surgery.  Chronic transfusion is used when sustained, low levels of HbS are needed for primary or secondary prophylaxis for SCD complications, most commonly stroke in children.  Chronic transfusion programs may use different blood matching and monitoring strategies, although the themes of avoiding transfusion reactions, minimizing alloimmunization, maintaining low HbS levels, and tracking and treating transfusional iron overload are common among all programs.399
Transfusions can be lifesaving and protect organs from ongoing damage from sickled erythrocytes in the appropriate setting but also can cause serious and occasionally life-threatening complications.  Judicious application of erythrocyte transfusion therapy in SCD requires an understanding of the evidence for erythrocyte transfusion in specific clinical situations and an understanding of the additional risks of transfusion in people with SCD.
There are many potential indications for transfusion in the patient with SCD.  This chapter discusses only the most common indications, including prophylactic perioperative transfusion; transfusion in the setting of acute occurrences such as stroke, multisystem organ failure, and acute chest syndrome (ACS); and transfusion in the setting of chronic occurrences such as primary and secondary prevention of stroke in children.  Common transfusion side effects, including alloimmunization, autoimmunization, iron overload, hyperviscosity, and hemolysis, are also discussed.
[bookmark: _Toc330389294][bookmark: _Toc384201013][bookmark: _Toc393891204]Methodology
Complete information about the methodology for these guidelines can be found in the “Introduction and Methodology” chapter (pages 1–9). The following information, specific to this chapter, supplements the standard methodology that was conducted for all clinical chapters of these guidelines.
A comprehensive study of several databases was conducted, and all human studies in English published from 1970 to July 2010 that addressed each PICOS question were identified.  A total of 300 studies were included. [footnoteRef:11]  In some cases in this chapter, a literature search was not conducted or the search yielded no evidence (e.g., management of hyperviscosity), so the expert panel relied on their cumulative expertise and knowledge to make recommendations; these recommendations are labeled “Consensus–Panel Expertise.”  The key questions for this chapter can be found immediately before the Summary of the Evidence sections for the individual topics. [11:  An updated search was performed to span the time from June 1, 2010 through July 11, 2014.  One additional RCT was identified, for a total of 300 studies, and a supplemental table reflecting this addition was added to the evidence table document.] 

Detailed information on the evaluated studies as well as the observational and case studies/series referenced can be found in the Transfusion in Sickle Cell Disease evidence table available at http://www.nhlbi.nih.gov/guidelines/scd/index.htm.  
[bookmark: _Toc330389296][bookmark: _Toc384201014][bookmark: _Toc393891205]Indications for Transfusion
[bookmark: _Toc330389297][bookmark: _Toc384201015][bookmark: _Toc393891206]Prophylactic Perioperative Transfusion
[bookmark: _Toc330389298]Background
Transfusions are commonly used in the perioperative period to prevent the development of vaso-occlusive crises (VOCs), stroke, or ACS after surgery.  Surgical procedures are associated with significant morbidity for individuals with SCD.  In the Cooperative Study of Sickle Cell Disease (CSSCD), sickle-related complications (e.g., VOC, ACS, and stroke) occurred in 0–18.6 percent of patients with SCA (depending on the surgical procedure) and non-sickle cell-related complications (defined as fever, infection, bleeding, thrombosis, embolism, and death) occurred in 5.7 to 26.2 percent of patients.  There were 12 deaths in 1,079 surgical cases.400  
The Transfusion Alternatives Preoperatively in Sickle Cell Disease (TAPS) study was published in 2013 and thus was not included in the evidence review.  However, the expert panel did want to acknowledge this important study.  TAPS was a multicenter trial in Europe and Canada401 that randomized individuals with SCA to either no preoperative transfusion or preoperative transfusion.  The study enrolled patients undergoing low-risk (e.g., adenoidectomy, inguinal hernia repair) and medium-risk (e.g., cholecystectomy, joint replacement) procedures.  The goal of transfusion was to raise the hemoglobin to 10.0 g/dL.  In patients with preoperative hemoglobin levels of 9.0 g/dL or higher, a partial exchange transfusion was done.  The study was closed early due to significantly more complications in the medium-risk, no preoperative transfusion arm than in the medium-risk transfusion arm (10/33 vs. 1/34).  The unadjusted odds ratio of clinically important complications was 3.8.  As the study was closed early, the estimate observed may be overestimated.  There were too few patients enrolled in the low-risk procedure arms to draw any conclusions.
[bookmark: _Toc330389299][bookmark: _Toc384201016][bookmark: _Toc393891207]Key Question
	KQ25.	In patients with SCD undergoing surgical procedures, does a particular perioperative transfusion approach (simple or exchange transfusion to achieve a predetermined hemoglobin level or percentage of HbS) reduce perioperative mortality and complications?


[bookmark: _Toc330389300][bookmark: _Toc384201017][bookmark: _Toc393891208]Summary of the Evidence
One RCT, four observational studies, and six case series evaluated perioperative transfusion outcomes in SCD.  Overall, the quality of evidence was low due to severe imprecision (small number of events) and lack of controlled comparisons; therefore, the results are inconclusive.
A single randomized trial has been done examining the use of transfusion in the perioperative period.402  This study compared the use of simple transfusion with a hemoglobin (Hb) goal of 10 g/dL preoperatively to the use of exchange transfusion to bring the HbS ≤30 percent.  No statistically significant reduction in the incidence of perioperative complications was seen between the two arms of the study, although complication rates in both arms were high (31 percent in the exchange group and 35 percent in the simple transfusion group), and 10 percent of patients in both arms developed ACS.402  
The four observational studies and six case series reported on various outcomes of transfusion in the perioperative period.  In 717 patients with SCA undergoing surgical procedures in the CSSCD, the combined incidence of all sickle cell-related complications postoperatively was significantly lower in those who had preoperative transfusion compared to those who did not have transfusion.400  Similar results were demonstrated in individuals with sickle hemoglobin C (HbSC) disease.400
[bookmark: _Toc330389301]Al-Samak et al.403 described 46 patients who underwent simple transfusion, exchange transfusion, and no transfusion.  The incidence of sickle cell crisis and ACS was similar in all three groups.  Wali et al.404 studied 14 patients and reported similar perioperative outcomes of conservative versus aggressive transfusion (Hb >10 g/dL and HbS <30 percent).  The remaining seven studies were uncontrolled case series and did not provide additional conclusions. 
	[bookmark: _Toc393891209][bookmark: _Toc330389302][bookmark: _Toc384201018]Recommendations

	1. In adults and children with SCA, transfuse RBCs to bring the hemoglobin level to 10 g/dL prior to undergoing a surgical procedure involving general anesthesia.
(Strong Recommendation, Moderate-Quality Evidence)
In patients with HbSS disease who require surgery and who already have a hemoglobin level higher than 8.5 g/dL without transfusion, are on chronic hydroxyurea therapy, or who require high-risk surgery (e.g., neurosurgery, prolonged anesthesia, cardiac bypass), consult a sickle cell expert for guidance as to the appropriate transfusion method.
(Strong Recommendation, Low-Quality Evidence)
In adults and children with HbSC or HbSB+-thalassemia, consult a sickle cell expert to determine if full or partial exchange transfusion is indicated before a surgical procedure involving general anesthesia.
(Moderate Recommendation, Low-Quality Evidence)


[bookmark: _Toc330389303][bookmark: _Toc384201019]

[bookmark: _Toc393891210]Recommendations for Acute and Chronic Transfusion Therapy
Exhibits 14–19 summarize the expert panel’s recommendations for transfusion therapy in acute and chronic complications.  A more detailed discussion of the indications for transfusion and the evidence to support these recommendations for each disorder can be found in the chapters on health maintenance, acute complications, or chronic complications.  Exhibits 14–19 are designated as either graded or consensus recommendations. 
[bookmark: _Toc330385839][bookmark: _Toc347147101][bookmark: _Toc384202504][bookmark: _Toc395019273]Exhibit 14.  Acute Complications—Graded Recommendations To Transfuse 
	Indication
	How To Transfuse
	Quality of Evidence
	Strength of Recommendation

	Symptomatic acute chest syndrome (ACS) combined with a decreased Hb of 1 g/dL below baseline
	Simple transfusion
	Low
	Weak

	Symptomatic severe ACS (as defined by an oxygen saturation less than 90% despite supplemental oxygen)
	Exchange transfusion
	Low
	Strong

	Acute splenic sequestration plus severe anemia
	Simple transfusion
	Low
	Strong

	Stroke
	Simple or exchange transfusion
	Low
	Moderate


[bookmark: _Toc330385840][bookmark: _Toc347147102][bookmark: _Toc384202505][bookmark: _Toc395019274]Exhibit 15.  Acute Complications—Consensus Recommendations To Transfuse 
	Indication
	How To Transfuse

	Hepatic sequestration
	Exchange or simple transfusion

	Intrahepatic cholestasis
	Exchange or simple transfusion

	Multisystem organ failure (MSOF)
	Exchange or simple transfusion

	Aplastic crisis
	Simple transfusion

	Symptomatic anemia (see page 43 in the “Managing Acute Complications of Sickle Cell Disease” chapter)
	Simple transfusion


[bookmark: _Toc330385841][bookmark: _Toc347147103][bookmark: _Toc384202506][bookmark: _Toc395019275]Exhibit 16.  Acute Complications—Graded Recommendations When Transfusion Is Not Indicated 
	Indication
	Quality of Evidence
	Strength of Recommendation

	Uncomplicated painful crisis
	Low
	Moderate

	Priapism
	Low
	Moderate


[bookmark: _Toc330385842][bookmark: _Toc347147104][bookmark: _Toc384202507][bookmark: _Toc395019276]Exhibit 17.  Acute Complications—Consensus Recommendations When Transfusion Is Not Indicated 
	Indication

	Asymptomatic anemia
Acute kidney injury, unless multisystem organ failure (MSOF)


[bookmark: _Toc330385843][bookmark: _Toc347147105][bookmark: _Toc384202508][bookmark: _Toc395019277]Exhibit 18.  Chronic Complications—Graded Recommendations for When To Initiate a Chronic Transfusion Program
	Indication
	How To Transfuse
	Quality of Evidence
	Strength of Recommendation

	Child with transcranial Doppler (TCD) reading* >200 cm/sec 
	Exchange or simple transfusion
	High
	Strong

	Adults and children with previous clinically overt stroke
	Exchange or simple transfusion
	Low
	Moderate


* TCD reading is the time averaged mean maximal cerebral blood flow velocity.  See section about Screening for Risk of Stroke Using Neuroimaging in the “Health Maintenance for People With Sickle Cell Disease” chapter.
[bookmark: _Toc347147106][bookmark: _Toc384202509][bookmark: _Toc395019278]Exhibit 19.  Chronic Complications—Graded Recommendations for When Transfusion is Not Indicated 
	Indication
	Quality of Evidence
	Strength of Recommendation

	Recurrent splenic sequestration
	Low
	Weak


[bookmark: _Toc330389304][bookmark: _Toc384201020][bookmark: _Toc393891211]Appropriate Management/Monitoring
The administration of RBC transfusions is common in both children and adults with SCD.  In this area, the expert panel reviewed literature to answer questions about phenotype matching, the goals of transfusion therapy, and appropriate monitoring in chronically transfused individuals.  Studies have tried to answer whether giving phenotypically matched red cells decreases the risk of alloimmunization in people with SCD.  In addition, questions have arisen about the appropriate transfusion goals for patients undergoing transfusion both acutely and chronically.  The expert panel was able to make recommendations for goals of chronic transfusion therapy in children, but evidence was insufficient to propose a goal HbS concentration for chronically transfused adults, as it may vary by indication.
This section concludes with a consensus-based protocol on appropriate monitoring of patients who receive chronic transfusions.  The protocol contains several technical remarks and recommendations needed to implement chronic transfusion therapy safely and effectively. The protocol should be considered as guidance and modified to fit an individual patient’s clinical situation.
[bookmark: _Toc330389305][bookmark: _Toc384201021][bookmark: _Toc393891212]Key Question
	KQ26.	In patients with SCA who require RBC transfusion, what are the most effective transfusion protocols that reduce transfusion complications (including a transfusion goal, phenotype-matching monitoring approaches, procedures, or strategies)?


[bookmark: _Toc330389306][bookmark: _Toc384201022][bookmark: _Toc393891213]Summary of the Evidence
[bookmark: _Toc330389307]Phenotype Matching
Four RCTs, 63 longitudinal and cross-sectional studies, and 46 case reports were identified that demonstrated alloimmunization.  In the four RCTs (with >1,100 patients), alloimmunization/autoimmunization development rates ranged between 3 percent and 29 percent.98,402,405,406  In the other 63 studies (involving >6,000 patients), alloimmunization rates ranged between 6 percent and 85 percent, and autoimmunization rates ranged between 4 percent and 10 percent.  Overall, minimal evidence is available to support a particular method to reduce or prevent side effects from RBC transfusion.407
The systematic review did not identify comparative effectiveness studies that explored different cross‑matching approaches.  Two studies (one RCT and one observational study involving 159 patients) that implemented stricter matching criteria had more favorable results (alloimmunization rates <7 percent)408,409  The definition of a “strict cross match” varied among studies, and often included matching for ABO and a number of other RBC antigens, including DCcEe and Kell, and occasionally Kidd and Duffy.409  In the published studies, to prevent alloimmunization or to transfuse patients who were already alloimmunized, investigators most commonly opted to use strictly phenotype-matched RBC units.  
[bookmark: _Toc330389308]Transfusion Goals
The systematic review did not identify evidence supporting the effectiveness of a specific HbS percentage cutoff for transfusion (i.e., there are no comparative studies in which different HbS targets were evaluated).  In the transfusion protocols used in the included randomized trials of patients treated with chronic transfusion, two (both in children) used a cutoff of ≤30 percent (STOP 1 and 2),96,98 while the remaining trial, which studied the use of chronic transfusion in pregnancy, used a cutoff of hemoglobin between 10 g/dL and 11 g/dL405 and a HbS cutoff of ≤35 percent.  The ≤30 percent cutoff was used in roughly 75 percent of the observational studies (a total of 2,648 adults and 4,523 children).  However, it is unclear how the use of these cutoffs correlates with outcomes.  In the two multicenter stroke prevention trials, this cutoff was beneficial in reducing the risk of stroke (compared to no transfusion).  These data may guide the practice of transfusion in SCD and suggest a particular transfusion goal; however, the evidence is indirect and of low quality.
No studies evaluated the effectiveness of different monitoring strategies.
	[bookmark: _Toc393891214][bookmark: _Toc330389309][bookmark: _Toc384201023]Recommendations

	1. RBC units that are to be transfused to individuals with SCD should include matching for C, E, and K antigens.
(Moderate Recommendation, Low-Quality Evidence)
In patients with SCA, who are not chronically transfused and who are therefore at risk for hyperviscosity due to high percentages of circulating HbS-containing erythrocytes, avoid transfusing to a target hemoglobin above 10 g/dL.
(Moderate Recommendation, Low-Quality Evidence)
In chronically transfused children with SCA, the goal of transfusion should be to maintain a HbS level of below 30 percent immediately prior to the next transfusion.
(Moderate Recommendation, Moderate-Quality Evidence)
The expert panel recommends that clinicians prescribing chronic transfusion therapy follow an established monitoring protocol.
(Moderate Recommendation, Low-Quality Evidence)


Although the literature does not offer evidence comparing different implementation protocols for chronic transfusion therapy, the expert panel was concerned about inadequate monitoring if a protocol is not used.  Hence, taking into account the evidence supporting the use of routine monitoring, the expert panel issued a recommendation for adopting a standardized protocol to maximize benefits and safety.  A suggested protocol was developed by the expert panel based on (1) protocols used in the published clinical trials and observational studies, (2) indirect evidence derived from basic science, and (3) a consensus process.  The protocol contains several technical remarks and recommendations needed to implement chronic transfusion therapy safely and effectively, but the protocol should be considered as guidance and modified to fit an individual patient’s clinical situation.
	[bookmark: _Toc393891215]Consensus Protocol for Monitoring Individuals on Chronic Transfusion Therapy

	The following is a consensus protocol for the initiation and monitoring of patients on chronic transfusion therapy.  It is understood that the recommended testing schedule may not be available to patients everywhere; therefore, this protocol should serve only as a helpful guide for transfusion management.
[bookmark: _Toc330389311][bookmark: _Toc384201025]At Initiation
Obtain patient treatment history to include locations where prior transfusions were received and any adverse effects.
Notify the blood bank that the patient being initiated on chronic transfusion therapy has SCD.  Ask the blood bank to contact hospitals where the patient reported receiving previous transfusion therapy to obtain transfusion information.
Obtain a RBC phenotype, type and screen, quantitative measurement of percent HbA and percent HbS, complete blood count (CBC), and reticulocyte count.
Inform the patient if he or she is alloimmunized, so that this information can be communicated as part of the patient’s self-reported medical history.
[bookmark: _Toc330389312][bookmark: _Toc384201026]Suggested Evaluation Before Each Transfusion
CBC and reticulocyte count—This procedure is done to help guide the frequency and volume of transfusions.  It is expected that, with effective chronic transfusion therapy, the patient’s bone marrow will be suppressed and the reticulocyte count should decrease, but the value may rise by the time of the next transfusion.
Quantitative measurement of percent HbA and percent HbS—This procedure is done to confirm the success of chronic transfusion therapy with achieving the target percent of HbS.
Type and screen—This is done to assess whether the patient has developed any new RBC antibodies from the prior transfusion.
[bookmark: _Toc330389313][bookmark: _Toc384201027]Suggested Periodic Evaluations
Liver function tests annually or semiannually—These tests are done to follow liver function in individuals with iron overload.
Serum ferritin (SF) quarterly—This test is done to follow iron stores in individuals with iron overload; it can be helpful in evaluating compliance with chelation.
Screening for hepatitis C, hepatitis B, and HIV annually.
Evaluation for iron overload every 1–2 years by validated liver iron quantification methods such as liver biopsy, MRI R2 or MRI T2* or R2 techniques.


[bookmark: _Toc330389314][bookmark: _Toc384201028][bookmark: _Toc393891216]Complications of Transfusions
[bookmark: _Toc330389315][bookmark: _Toc384201029][bookmark: _Toc393891217]Overview
Although RBC transfusions can help ameliorate many of the acute and chronic complications of SCD—and, at times, can be life-saving—their administration is associated with a wide variety of complications.  Some transfusion-associated events are relatively mild, while others can be severe or even fatal.  Health care providers should become familiar with the range of transfusion complications and learn their signs and symptoms as well as appropriate diagnostic testing, prevention strategies, and therapeutic interventions when warranted.
This section discusses alloimmunization, autoimmunization, iron overload, hemolysis, and hyperviscosity—the most commonly occurring side effects of transfusion.  After a description of the side effects and a summary of the evidence, this section concludes by identifying some areas in which additional research is needed.
[bookmark: _Toc330389316][bookmark: _Toc384201030][bookmark: _Toc393891218]Alloimmunization and Autoimmunization
[bookmark: _Toc330389317][bookmark: _Toc384201031]Background
Human erythrocytes express a large number of surface proteins, glycoproteins, polysaccharides, and glycolipids that are potentially immunogenic.  Following an erythrocyte transfusion, if the donor erythrocytes have a different antigenic profile from those of the recipient’s own erythrocytes, an immunological response by the recipient against the “foreign” antigens can result in a process known as alloimmunization.  Polysaccharide antigens generally elicit only immunoglobulin M (IgM) responses, but other erythrocyte antigens elicit an immune response that begins with production of polyclonal IgM alloantibodies within 3–7 days of antigenic stimulation and then evolves to polyclonal IgG alloantibodies over several weeks.
Immunoglobulin G (IgG) alloantibodies persist for many years, although their titer may wane to low or undetectable levels.  Almost all IgM alloantibodies, and some IgG alloantibodies, can bind to the transfused erythrocytes and fix complement, a set of serum proteins that bind to the erythrocyte and cause direct hemolysis.  The result of alloimmunization is usually destruction of transfused erythrocytes that express the antigen, but the pathophysiology of red blood cell destruction and immune-mediated clearance is complex and depends upon several features including the antibody isotype, titer, and ability to fix complement.  Occasionally, the recipient’s own erythrocytes become immunogenic and stimulate an immune response known as autoimmunization; most autoantibodies are IgG, and some fix complement.  Autoantibody formation can occur at any time but occurs most frequently in patients who have already developed multiple alloantibodies.  Alloimmunization usually limits the ability to find compatible blood for future transfusions and increases the risk for delayed hemolytic transfusion reactions, so efforts to avoid alloantibodies seem warranted.
[bookmark: _Toc330389318][bookmark: _Toc384201032]Key Question
	KQ27.	In patients with SCD requiring transfusion, what are the most effective strategies to reduce the risk of alloimmunization or autoimmunization?


[bookmark: _Toc330389319][bookmark: _Toc384201033]Summary of the Evidence
The systematic review summarized more than 60 longitudinal and cross-sectional studies, involving more than 6,000 participants, in which alloimmunization or autoimmunization was described in adults and children with SCD undergoing transfusion.  Rates of alloantibody formation ranged from 6 percent to 85 percent, while autoantibody formation ranged from 4 percent to 10 percent.  These studies provide incidence and prevalence data only, and none compared the effectiveness of preventive strategies. 
Most alloimmunization developed against erythrocyte antigens in the Rh blood system (D, Cc, Ee) and other minor blood groups (e.g., Kell, Kidd, Duffy).  Phenotype matching of these antigens between transfusion donor and recipient may lower the alloimmunization rate, with a reported rate of 0–7 percent described in studies where strict matching criteria were employed.408-411  
[bookmark: _Toc330389320][bookmark: _Toc384201034][bookmark: _Toc393891219]Iron Overload
[bookmark: _Toc330389321][bookmark: _Toc384201035]Background
Transfused erythrocytes, whether administered through sporadic or repeated procedures, present an iron load to the recipient.  The vast majority of the iron is carried by hemoglobin within the erythrocytes.  As a rough calculation, 1 milliliter of erythrocytes contains approximately 1 milligram of iron, so for every 3–4 units of packed erythrocytes, 1 gram of iron enters the body.  This process is clinically relevant, because adults normally have a total of only 4–5 grams of iron in their entire body, so this amount increases quickly after repeated transfusions.  More importantly, there is no physiologic means to remove excess iron.  Regulation of iron homeostasis normally occurs at the level of absorption through the hormone hepcidin, which inhibits the transport of gastrointestinal iron into the body.  Because transfused blood represents iron that circumvents the normal pathways of iron regulation, this excess iron accumulates in tissues and can become pathological.
Hemosiderosis is a condition that reflects a large iron burden affecting normal organ function.  The liver, pancreas, and heart are particularly vulnerable to iron overload.  Chelation therapy can be used to remove excess iron.  A number of different medications are used for chelation, but a thorough review of chelation dosing and management is beyond the scope of these guidelines.  Deferoxamine is given by subcutaneous or intravenous route and leads to iron excretion through both urine and feces, whereas deferasirox is given orally once a day and removes iron primarily through the gastrointestinal tract.  Deferiprone is taken orally three times a day and requires close monitoring due to the risk of agranulocytosis.  Patients on monthly chronic transfusions typically receive chelation therapy to reduce iron burden, to attempt to normalize iron stores, and to avoid organ damage from hemosiderosis.408,412  
[bookmark: _Toc330389322][bookmark: _Toc384201036]Diagnostic Tools for Assessing Iron Overload
Changes in serum ferritin (SF) roughly correlate with iron loading, but the relationship is too inaccurate to use as a reliable method for evaluating iron status.  Rather, SF is used as a biomarker to track qualitative trends of iron loading and chelation efficacy over time.  Liver biopsy has been the gold standard in the diagnosis of iron overload but carries procedural risks and the possibility of sampling error.  To avoid this invasive procedure, new diagnostic tools using MRI have been developed; these tools image the whole organ to quantify liver iron.  Data are limited on the sensitivity and specificity of these new technologies to quantify liver iron in individuals with SCD.  However, a significant body of literature supports the use of MRI as a substitute for liver biopsy for diagnosing iron overload in individuals with thalassemia.413  There is no reason to believe that the quantification of tissue iron would be different in individuals with SCD, and there is literature where MRI was used as (1) a screening tool for identifying patients eligible to participate in a trial of chelation therapy (80 patients; Cappellini et al. 2010414), (2) a tool to monitor outcomes in a study of chronically transfused SCD patients (15 patients; Hernandez et al. 1988232), or (3) a tool in studies examining different chelation regimens (15 patients; Voskaridou et al. 2005; Cancado et al. 2009;415,416 Levin et al. 1995; Ghoti et al. 2010417,418). Therefore, the expert panel considered the results in thalassemia patients when making recommendations for individuals with SCD.
[bookmark: _Toc330389323][bookmark: _Toc384201037]Key Questions
	KQ28.	In patients with SCD undergoing chronic transfusion therapy, what are the effective strategies to reduce iron overload, and what are the most accurate diagnostic tests to estimate iron overload?


[bookmark: _Toc330389324][bookmark: _Toc384201038]Summary of the Evidence
A total of 50 studies (2 RCTs, 35 observational, and 13 cross-sectional) plus 9 case reports related to transfusion-acquired iron overload were identified.  One RCT419 compared the use of deferasirox (oral) to deferoxamine (subcutaneous injections) in adults and children.  The trial included 195 patients who were all iron overloaded (SF of at least 1,000 ng/mL, along with liver iron content of at least 2 mg iron/g dry weight of liver tissue in patients receiving simple transfusions, and 5 mg iron/g dry weight of liver tissue in patients receiving exchange transfusions) and demonstrated that the two approaches yielded similar results.  The second RCT was the STOP trial,408 which did not evaluate treatments for iron overload; however, enrolled children in this trial received chronic transfusion, which was associated with a rise in SF in the first year of the trial and which necessitated treatment with deferoxamine in several children.  Twenty other observational studies compared different chelation agents, and all have consistently demonstrated reduction of iron overload as measured by several methods.  Data regarding the comparison among the different chelating agents or against alternative approaches such as hydroxyurea and exchange transfusion are unavailable or of very low quality.
Most studies used an SF level >1,000 ng/mL to diagnose patients with possible iron overload (often an inclusion criterion in the study).  However, some studies used cutoffs of 1,500 ng/mL or higher.420,421  SF changes were nonlinear.  Levels less than 1,500 ng/mL indicated mostly acceptable iron overload; levels of 3,000 ng/mL or greater were specific for significant iron overload and were associated with liver injury.  Using a cutoff of 2,500 ng/mL, Karam et al.412 reported that SF had sensitivity of 62.5 percent and specificity of 77.8 percent for identifying liver iron concentrations of 7 mg iron/g dry liver tissue or greater.  One observational study defined iron overload by liver iron concentration of at least 2.2 mg iron/g dry weight of liver tissue.422  Sufficient data were not found to allow the estimation of diagnostic accuracy of MRI, although many chelation studies used MRI findings as inclusion criteria.
[bookmark: _Toc330389325][bookmark: _Toc384201039][bookmark: _Toc393891220]Hemolysis
[bookmark: _Toc330389326][bookmark: _Toc384201040]Background
Hemolysis (the breakdown and destruction of donor erythrocytes) can occur during or after a transfusion.  It is important to note that the mechanism of transfusion-related hemolysis is immunologic, in contrast to the hemolysis of sickled erythrocytes, which is an intrinsic red cell defect.  Most transfusion-associated hemolysis occurs 1 to 4 weeks after red cell transfusion and is called a delayed hemolytic transfusion reaction (DHTR).  DHTR is related to immune-mediated mechanisms.  The most common pathophysiology is preexisting or new IgG alloantibodies that bind to the erythrocytes and lead to accelerated clearance by macrophages in the extravascular compartment within the spleen, liver, marrow, and other parts of the reticuloendothelial system (RES).  If the antibodies also fix complement, then erythrocyte destruction is further accelerated through lysis directly within the intravascular compartment.  Both extravascular and intravascular hemolysis are manifest by shortened red blood cell survival, worsening anemia, and increased titers of antibodies found either on the erythrocytes themselves (positive direct antiglobulin, or “Coombs” test) or in the serum (positive indirect antiglobulin test) after the transfusion.  
DHTRs can be associated with hyperhemolysis or bystander hemolysis.  In this life-threatening complication of transfusion, patients will hemolyze not only the transfused blood but also their own RBCs, causing a profound anemia.  This complication is recognized when the hemoglobin falls below pretransfusion levels and is often associated with reticulocytopenia and a positive direct Coombs test suggesting autoimmune destruction of RBCs.423,424
Clinicians should have a high index of suspicion for hemolysis after transfusions, and they should coordinate diagnostic testing with the appropriate blood bank or transfusion service.  Avoidance of future hemolytic events depends on proper diagnostic testing and avoidance of offending erythrocyte antigens. 
[bookmark: _Toc330389327][bookmark: _Toc384201041]Key Question
	KQ29.	In patients with SCD undergoing transfusion therapy, what are the most effective strategies to reduce the risk of hemolysis?


[bookmark: _Toc330389328][bookmark: _Toc384201042]Summary of the Evidence
Three RCTs, 17 observational studies, and 47 case reports were identified related to hemolysis in association with transfusions.  The RCTs included more than 300 patients.406,425,426  The studies described a prevalence of hemolytic reactions that ranged from 2 percent to 25 percent and an incidence of hyperhemolysis of 6 percent.  There were no studies providing comparative effectiveness data on therapy.  Descriptive studies reported successful management of the DHTR/hyperhemolysis (DHTR/H) syndrome with steroids, erythropoietin, and transfusion of phenotypically matched RBCs.  The quality of evidence for management of these complications in SCD is very low, and data from transfusion in other populations may be indirectly applicable.
[bookmark: _Toc330389329][bookmark: _Toc384201043][bookmark: _Toc393891221]Hyperviscosity
[bookmark: _Toc330389330][bookmark: _Toc384201044]Background
[bookmark: _Toc330389331][bookmark: _Toc384201045]Transfusion of erythrocytes will increase the hematocrit of circulating blood, and increased viscosity could be problematic for patients with SCD.  Avoidance of hyperviscosity is an important goal to prevent triggering a VOC.
Key Question
	KQ30.	In patients with SCD undergoing transfusion therapy, what are the most effective strategies to prevent and treat transfusion-associated hyperviscosity?


[bookmark: _Toc330389332][bookmark: _Toc384201046]Summary of the Evidence
No studies were found that described the effectiveness of a particular preventive or therapeutic approach for hyperviscosity in SCD.  
[bookmark: _Toc330389333][bookmark: _Toc384201047][bookmark: _Toc393891222]Recommendations for the Management and Prevention of Transfusion Complications
Although the literature summarized and described in the evidence table is of very low quality in most of the areas relating to transfusion complications, the expert panel opted to provide several recommendations based on extrapolation from transfusion literature on non-SCD populations, in vitro data, and the clinical expertise of the panel members.  The panel members felt that clinicians in the field needed guidance to manage transfusion complications in patients with SCD and a comprehensive overview of this management. 
	[bookmark: _Toc393891223]Recommendations for Both Children and Adults

	1. Obtain patient transfusion history to include locations of prior transfusions and adverse effects.
(Consensus–Panel Expertise)
Ask the blood bank to contact hospitals where patient reported receiving previous transfusion therapy to obtain transfusion information.
(Consensus–Panel Expertise)
RBC units that are to be transfused to individuals with SCD should include matching for C, E, and K antigens.
(Moderate Recommendation, Low-Quality Evidence)
Consult the blood bank for a workup of a possible DHTR in a patient with any of the following signs or symptoms: acute anemia, pain, or jaundice within 3 weeks after a blood transfusion.
(Strong Recommendation, Moderate-Quality Evidence)
In patients with SCA who are not chronically transfused and who are therefore at risk for hyperviscosity, avoid transfusing to a target hemoglobin above 10 g/dL (unless the patients are already on chronic transfusions or have low percent HbS levels).
(Moderate Recommendation, Low-Quality Evidence)
In patients who receive chronic transfusion therapy, perform serial assessment of iron overload to include validated liver iron quantification methods such as liver biopsy, or MRI R2 or MRI T2* and R2* techniques.  The optimal frequency of assessment has not been established and will be based in part on the individual patient’s characteristics.
(Strong Recommendation, Moderate-Quality Evidence)
Administer iron chelation therapy, in consultation with a hematologist, to patients with SCD and with documented transfusion-acquired iron overload.
(Moderate Recommendation, Moderate-Quality Evidence)



Blood Transfusion in the Management of Sickle Cell Disease
[bookmark: _Toc330389335]
Sickle cell anemia (SCA) refers to the clinically similar disorders HbSS or HbSβ0-thalassemia.  Sickle cell disease (SCD) refers to all disease genotypes, including SCA and compound heterozygous disorders such as HbSC, HbSD, and HbSβ+-thalassemia.  The carrier state for hemoglobin S (HbAS or sickle cell trait) is not a form of SCD.
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[bookmark: _Toc384201049][bookmark: _Toc393891224]Chapter 7:  Looking Forward
The process of developing guidelines for the management of persons with SCD has been challenging, as high-quality evidence is limited in virtually every area related to SCD management.  The systematic review of the literature identified a very small number of RCTs in individuals with SCD (for example, only three evaluating hydroxyurea, one of the most promising treatments), clearly demonstrating the extensive knowledge gaps in SCD and care of individuals with SCD. 
[bookmark: _Toc384201051][bookmark: _Toc393891225]New Research Is Needed
Cure is always the most desirable outcome for any chronic disease.  Therefore, research that increases the evidence for and availability of a cure for SCD is a high priority.  Hematopoietic stem cell transplantation (HSCT, formerly called bone marrow transplantation) is a treatment option for an increasing but still small number of people with SCD.  The procedure involves “conditioning” therapy, utilizing myelosuppressive and/or immune-modifying drugs, followed by infusion of histocompatible stem cells (derived from bone marrow, peripheral blood, or umbilical cord blood).  Substantial risks are involved with the procedure, and it is not yet feasible in the majority of people with SCD.  Although clinical trials have provided promising results, and cure appears to be possible in a large proportion of patients receiving HSCT,427 additional research is still needed that addresses the potential risks of this therapy (e.g., failure of engraftment and chronic graft-versus-host disease) before HSCT can become a widely used therapy.428 
Additional research is also required to address the many other areas with little or no evidence that were identified during the development and writing of these guidelines.  The needed studies include observational work to better describe the utility of screening asymptomatic individuals with SCD for commonly occurring chronic diseases; studies to better describe the clinical course of the occurrence and treatment results of all the acute and chronic complications of SCD; comparative effectiveness studies to provide clear outcomes on best approaches to SCD and its complications; clinical trials for new therapeutic approaches or to improve on current therapeutic approaches such as examining the role of hydroxyurea in people with genotypes and clinical manifestations other than those in the MSH study or transfusion goals in chronic conditions.  A few of the other larger research agenda issues, in addition to the need for an SCD cure, are summarized below.
[bookmark: _Toc384201052][bookmark: _Toc393891226]Data Systems That Meet the Highest Standards of Scientific Rigor Can Be Invaluable Resources
Well-designed databases with linked biorepositories are required to complete observational studies and enable investigators to generate and test specific hypotheses.  The databases must include longitudinal information on patient outcomes, therapies, health care services received, and the health system context in which the services were provided.  The patient cohorts must be well-characterized by genotypic and phenotypic data.  For example, this might be facilitated by mobilizing the Nation’s diverse newborn hemoglobinopathy screening programs to pool and analyze their data.  Some of these State-supported and academic center-based programs already have assembled valuable information on treatment and long-term outcomes of individuals identified as having SCD, which could be leveraged for the longitudinal studies. 
[bookmark: _Toc393891227]Improved Phenotyping Is Needed
The new expanded databases and data systems should enable the development of clinical and perhaps health care resource utilization phenotypes of individuals with SCD.  Phenotyping includes the characterization of specific clinical, laboratory, imaging, and health care utilization features unique to some but not all individuals with SCD.  Phenotypes require development of specific terminology to make such phenotyping as precise as possible.  Phenotyping will require expanded collaboration among specialists in multiple disciplines to aggressively participate in and lead SCD-related research.  
[bookmark: _Toc384201054][bookmark: _Toc393891228]Broad Collaborations for Research and Care
SCD is a chronic condition that impacts every part of a person’s body and most aspects of their daily life.  Research regarding such conditions requires broad-based expertise.  This process has begun to take shape during the past decade, with neurologists, pulmonologists, behavioral scientists, and health services researchers using their unique training and tools to improve SCD management.  The communities of pain specialists, epidemiologists, informatics experts, and basic and translational scientists should come together to develop the framework for future management guidelines for SCD. 
[bookmark: _Toc384201055][bookmark: _Toc393891229]Beyond Efficacy:  From Bench to Bedside and the Community
Perhaps the largest need is to translate the results of research that has been performed in laboratories and academic centers into community-based practice tools and clinical protocols.  Such translational studies should lead to effectiveness trials.  “Efficacy” does not always translate to “effectiveness.”  One of the best examples is hydroxyurea.  Although hydroxyurea has proven efficacious in RCTs, the majority of eligible persons with SCA in the United States do not yet receive this agent.  Well-designed effectiveness and translational studies are needed to overcome the identified barriers that result in underutilization of hydroxyurea.  These barriers include the limited number of physicians with knowledge and experience with the agent, and patients’ misconceptions and fears about side effects.  Studies are also needed to examine the role of hydroxyurea in people with genotypes and clinical manifestations other than those in the MSH study.9  The SCD research community can make a real difference through comparative effectiveness research and other investigative strategies, as well as strengthening clinical and public health SCD collaborative efforts at the State and local levels.  Finally, all of the research addressed in these guidelines cannot be successful for the approximately 70,000 to 100,000 individuals with SCD in the United States until sickle cell centers, practicing hematologists, and primary care providers in particular are fully willing and capable of taking on the challenges of serving these individuals and their families.
The expert panel realizes that these guidelines leave many uncertainties for health professionals caring for or planning to begin caring for individuals with SCD.  However, we hope that these guidelines begin to facilitate improved and more accessible care for all individuals with SCD, and that the discrepancies in the data will trigger new research programs and processes that will provide the evidence necessary to expand upon evidence-based SCD guidelines in the future. 
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[bookmark: _Toc384201057][bookmark: _Toc393891231]Appendix A.	Glossary
Term
Definition
5-azacytidine	An analog of the pyrimidine nucleoside cytidine.  It is used primarily in the treatment of acute myeloid leukemia and myelodysplastic syndrome.  It was also found to raise fetal hemoglobin levels but is not approved for use in the care of individuals with sickle cell disease.
Acute chest syndrome (ACS)	An acute illness characterized by fever and/or respiratory signs and symptoms, accompanied by a new pulmonary infiltrate involving at least one complete lung segment consistent with the presence of alveolar consolidation on a chest x ray.
Acute hepatic sequestration (AHS)	Liver enlargement below the right costal margin of greater than or equal to 3 cm for children and greater than or equal to 5 cm for adults from previous physical exam without other explanation and a 2 g/dL or greater drop in hemoglobin level over a few hours to days.
Acute intrahepatic cholestasis (AIC)	Rapidly developing interruption in the excretion of bile caused by obstruction within the liver associated with severe abnormalities of liver function tests and coagulation parameters.
α-gene deletion	Lack of one or more of the four alpha globin genes on chromosome 16.  
Alloimmunization	An immunological response by the recipient against “foreign” non-self-antigens that may follow an erythrocyte transfusion and result in destruction of transfused erythrocytes.
Anterior chamber of eye	The space between the cornea and the iris containing aqueous fluid.
Autoimmunization	In transfusion medicine, the term refers to the development of an immune response to an individual’s own erythrocytes, which may result in the destruction of erythrocytes. 
Avascular necrosis	Bone death due to compromised blood supply of the bone.
Azotemia	An elevation of blood urea nitrogen (BUN) and serum creatinine above normal levels.
CAR β-haplotype	A variant of the beta chain of the sickle hemoglobin that is prevalent in the Central African Republic (CAR).  Also known as Bantu (Ban) haplotype.
Case fatality rate  	Percentage of persons diagnosed as having a specified disease who die as a result of that illness within a given time period.
Cellular rheology	In the case of erythrocytes, this term refers to the flow dynamics of red blood cells and their ability to negotiate microvasculature due to their elastic and plastic properties.
Central retinal artery occlusion (CRAO)	Blockage of the retinal artery.
Central sensitization	An event that follows repetitive painful stimuli and sensitizes the central nervous system so that it perceives innocuous stimuli as painful. 
Cholangitis	A severe infection of the bile ducts.
Choledocholithiasis	The presence of gallstones in the common bile duct.
Cholestatic jaundice	Jaundice of the skin and/or sclera due to dysfunction of the hepatobiliary system.
Chronic kidney disease (CKD)	Either having a glomerular filtration rate (GFR) of less than 60 mL/min/1.73 m2 for greater than or equal to 3 months with or without kidney damage or having evidence of kidney damage for greater than or equal to 3 months, with or without decreased GFR, manifested by either pathologic abnormalities or markers of kidney damage (i.e., proteinuria) independent of cause.
Chronic sickle cell pain	Pain that does not resolve and lasts for more than 3 months.
Dactylitis	A vaso-occlusive crisis involving one or often multiple small bones, and characterized by swelling and pain in the hands and/or feet, occurring in infants or young children.
Delayed hemolytic transfusion reaction (DHTR)	Hemolysis of donor erythrocytes 1–4 weeks after a transfusion, due to the development of alloantibodies by the recipient toward the donor erythrocyte.
Disease-modifying therapies 	Treatments or drugs that impact the course of a disease by slowing the progression of the disease and decreasing the number of relapses.
Erythrocytapheresis 	Removal of recipient erythrocytes prior to and/or during donor erythrocyte infusion.  This requires the use of an apheresis device.
Exchange transfusion	Removal of recipient blood prior to and/or during donor erythrocyte infusion.  This can be accomplished by erythrocytapheresis or by a manual method.
Fix complement	In transfusion medicine, this term refers to antigen-antibody complexes binding complement, leading to complement-mediated lysis of erythrocytes.
Fluorescein angiography 	An eye test that uses a fluorescein dye and camera to examine the circulation in the retina and choroid.
FEV1 	Forced expiratory volume in 1 second.  The amount of air which can be forcibly exhaled from the lungs in the first second of an exhalation.  Usually reported as both liters and percent predicted comparing to people of the same age, gender, and height.
FVC	Forced vital capacity.  The amount of air which can be forcibly exhaled from the lungs after taking the deepest breath possible.  Usually reported as both liters and percent predicted comparing people to similar age, gender, and height.
FEV1/FVC Percent (%) 	The ratio of FEV1 to FVC, which tells the clinician what percentage of the total amount of air is exhaled from the lungs during the first second of forced exhalation.  This is considered a clinical measure of obstructive lung disease.
Glomerular filtration rate (GFR)	The total of filtration rates of all functional kidney nephrons.  The GFR is estimated by measuring markers such as creatinine and Cystatin C.
Hb	Hemoglobin.
HbA	Hemoglobin A, normal hemoglobin.
HbAS	Hemoglobin A plus sickle hemoglobin; the carrier state for sickle cell anemia, also known as sickle cell trait.
HbF	Fetal hemoglobin.
HbS	Sickle hemoglobin.
[bookmark: OLE_LINK9]HBS α-Thal	Hemoglobin SS + α thalassemia.
HbSC	Sickle cell hemoglobin C disease.
HbSS	Homozygous sickle cell disease.
Hemoglobinopathy	A disorder characterized by an abnormality of the structure or function of hemoglobin.
HLA	Human Leukocyte Antigen system is the name of the major histocompatibility complex (MHC) in humans.
Hydroxyurea	A ribonucleotide reductase inhibitor, initially used to treat patients who had myeloproliferative disorders; also known as hydroxycarbamide.
Hyperhemolysis posttransfusion	A drop in hematocrit (hemoglobin concentration) below pretransfusion levels after transfusion. Often associated with reticulocytopenia and identification of alloantibodies.
Hypersplenism	Enlargement of the spleen associated with reduction in multiple blood cell types.
Hyperviscosity	An increase in the resistance of blood to flow through vessels.  This can occur due to an increase hemoglobin concentration of circulating blood, which could trigger vaso-occlusion.
Hyphema	Blood in the anterior chamber of the eye.
Hyposthenuria	The inability to concentrate urine.
Indirect Coombs test	Blood bank test used to identify alloantibodies in serum produced in response to exposure to foreign non-self red blood cell antigens; also known as indirect antiglobulin test (IAT).
Interconception period	An 18- to 24-month interval between the birth of one child and the conception of the next.
Iontophoresis	The introduction of an ionized substance (as a drug) through intact skin by the application of a direct electric current.
Leukocyte reduced	Donor erythrocytes that are filtered to reduce the number of white blood cells.
Macroalbuminuria 	Urinary excretion of albumin typically greater than 300 milligrams per 24 hours.
Mean corpuscular volume (MCV) 	The average volume of red blood cells measured in femtoliters (fL).  
Microalbuminuria 	Urinary excretion of albumin, typically between 30 and 300 milligrams per 24 hours.  
Moyamoya syndrome	A rare progressive cerebrovascular disorder caused by blocked arteries at the base of the brain in the basal ganglia.
Neuropathic pain	Pain caused by a lesion or disease of the central or peripheral somatosensory system. 
Neuroplasticity 	The ability of the central nervous system to change and adapt to new experiences.
Orbital compression syndrome (OCS)	Marked swelling around the eye associated with pain and visual disturbances resulting from avascular necrosis of the orbital bone.
Pain management protocol	A detailed written plan that provides guidance for dosing of analgesic agents to achieve pain management.  Protocols can be written for an individual patient by the clinician who provides care and best understands analgesic needs during a vaso-occlusive crisis (VOC), or they can be developed as a more generic protocol, specific to patients with SCD, often with higher analgesic doses and more frequent dosing intervals.  Protocols should be based upon the individual’s pain score and analgesic history. 
Partial exchange transfusion	Removal of a volume of recipient blood less than the total blood volume and replacement with donor erythrocytes.  
Patient-controlled analgesia (PCA)	A drug-delivery system that uses an intravenous pump to dispense a preset dose of a narcotic analgesic when the patient pushes a button.  The PCA dose allows the patient to administer a dose up to every 10 minutes if needed.  Additional basal or continuous background infusions may or may not be required based upon the individual, analgesic history, and current needs.  Orders are written to define the PCA dose administered and PCA time interval every time the patient presses the PCA button.  A lock out, or maximum dose per hour, is also written as a part of the PCA orders.
PEFR	Peak expiratory flow rate.  A measurement of how fast a person can exhale.
Posterior chamber of eye	The space behind the iris and in front of the lens filled with aqueous humor.
Preimplantation genetic diagnosis (PGD)	Testing performed on an embryo before it is transferred to the uterus to determine if it also carries a genetic abnormality when one or both genetic parents have a known genetic abnormality.
Priapism	A sustained, unwanted, painful penile erection lasting 4 or more hours.
Primary care provider 	Internist, family physician, pediatrician, nurse practitioner, or physician assistant with a clinical focus on the provision of general health care for the patient.
Proliferative sickle retinopathy (PSR) 	Growth of new vessels that emerge from the retinal vasculature at the interface of perfused and nonperfused retina in response to vascular growth factors produced by retinal ischemia.  Also known as sea fan.
Proteinuria	Any urinary protein excretion greater than normal (less than 300 mg/day).
Pulmonary arterial hypertension (PAH)	An elevation of pulmonary arterial systolic pressure (PASP) (greater than 25 mmHg at rest or greater than 30 mmHg with exercise) determined by right heart catheterization.
Sickle cell anemia	Genotypes HbSS and HbS β 0-thalassemia, which are associated with the most severe clinical manifestations, are commonly referred to as sickle cell anemia.
Sickle cell disease (SCD)	Sickle cell disease (SCD) is caused by inherited mutations involving the beta globin gene that result in the formation of an abnormal hemoglobin (hemoglobin S).  Red blood cells, which contain a predominance of hemoglobin S, undergo shape change when low oxygen concentrations cause polymerization of the sickle hemoglobin.  The damaged red blood cells become rigid and inflexible, occluding blood vessels and inducing tissue ischemia, pain, and organ damage.  This process is accompanied by an inflammatory response and shortened red blood cell survival.  These alterations may result in a wide variety of clinical manifestations. 
	SCD genotypes (exhibit 1) include homozygosity of the sickle hemoglobin gene (HbSS) and the compound heterozygous conditions hemoglobin S  β 0-thalassemia 
(HbS β 0), hemoglobin S β+-thalassemia (HbS  β+), hemoglobin SC disease (HbSC), and other, much less prevalent combinations. HbSS, the most prevalent genotype, and HbS β 0 are commonly referred to as sickle cell anemia (SCA) and are associated with the most severe clinical manifestations.  
Sickle vasculopathy	Multiple biological processes contribute to the pathogenesis of vasculopathy, including red cell sickling, inflammation and adhesion biology, coagulation activation, stasis, deficient bioavailability and excessive consumption of nitric oxide, excessive oxidation, and reperfusion injury physiology.  This leads to abnormal vascular tone and activated, adhesive endothelium.
Simple transfusion	The infusion of donor erythrocytes without removal of recipient blood.
Stuttering priapism 	Multiple self-limited episodes of priapism, each lasting less than 4 hours.
Transcranial Doppler ultrasonography (TCD) 	A noninvasive method of analyzing blood flow velocity in the brain.
Tricuspid valve regurgitant jet velocity (TRV or TRJ)	Transthoracic echocardiographic determination of pulmonary hypertension.  Elevated pulmonary artery pressure results require confirmation by right heart catheterization.
Urobilinogenuria	The presence of urobilinogen (a metabolite of bilirubin) in the urine.
Vaso-occlusive crisis (VOC)	Pain resulting from tissue ischemia as a result of blockage of blood vessels, occurring in a variety of vascular beds, but most commonly in the bone or bone marrow and requiring analgesic medication.  Also known as sickle crisis, acute pain crisis, or vaso-occlusive episodes.
Vital capacity	The volume of air that can be expelled from the lungs from a position of full inspiration, with no limit to duration of inspiration; equal to inspiratory capacity plus expiratory reserve volume.
Vitreous chamber of eye	The vitreous chamber occupies the posterior 4/5ths of the eye.  It consists of the space between the lens and the retina, and is filled with a transparent gel called the vitreous humor.
Vitreoretinal traction forces 	Forces in the vitreous chamber of the eye due to trauma or the proliferation of the new fibrosed vessels that exert negative pressure on the retina, which, if severe, may cause retinal detachment.

[image: ]



[bookmark: _Appendix_B._PICOS][bookmark: _Toc384201058][bookmark: _Toc393891232]Appendix B.	PICOS Questions by Chapter
[bookmark: _Toc384202510][bookmark: _Toc395019279]Exhibit B–1.  PICOS Approach for Health Maintenance Chapter: Antibiotics 
	Patients
	Children With SCD

	Intervention
	Prophylactic antibiotic therapy

	Comparison 
	Placebo, no prophylactic antibiotic therapy

	Outcomes 
	Incidence of relevant infections
Incidence of relevant mortality
Incidence of adverse effects of prophylactic antibiotics

	Study Design
	Randomized or nonrandomized studies with original data


[bookmark: _Toc384202511][bookmark: _Toc395019280]Exhibit B–2.  PICOS Approach for Health Maintenance Chapter: Screening 
	Patients
	Individuals With SCD

	Intervention
	Screening strategies using the following tests:
Electrocardiogram
Echocardiogram
Pulmonary function testing
Renal function testing
Serial eye/retinal examination
Brain imaging
Transcranial Doppler

	Comparison
	Control group in which no screening was provided

	Alternate Study Type
	Studies that compared patients identified by screening in an asymptomatic state; then those with positive screening tests were subjected to treatment vs. no treatment

	Outcomes
	Development of acute and chronic complications

	Study Design
	Randomized or nonrandomized (including noncontrolled studies)


[bookmark: _Toc384202512][bookmark: _Toc395019281]Exhibit B–3a.  PICOS Approach for Health Maintenance Chapter: Blood Pressure (Question 1)
	Patients/Exposure 
	Individuals With SCD

	Comparison
	Age- or sex-matched healthy controls or patients with confirmed AA genotype

	Outcomes
	Diastolic, systolic, and mean blood pressure
Prognosis of hypertension

	Study Design
	Randomized or nonrandomized studies with original data


[bookmark: _Toc395019282][bookmark: _Toc384202513]Exhibit B–3b.  PICOS Approach for Health Maintenance Chapter: Blood Pressure (Question 2)
	Patients
	Individuals With SCD and Hypertension

	Comparison
	Treatment of hypertension (pharmacological or lifestyle-based)

	Outcomes
	Cardiovascular and cerebrovascular outcomes
Blood pressure control

	Study Design
	Randomized or nonrandomized studies with original data


[bookmark: _Toc395019283]Exhibit B–4.  PICOS Approach for Acute and Chronic Complications Chapters
	Patients
	Patients With SCD and Chronic or Acute Complications

	Intervention/
Comparison
	Alternative management and diagnosis strategies

	Outcomes
	Complication-specific outcomes including resolution of complication:
General SCD outcomes if relevant (death, stroke, pain crises, need for transfusion, hemoglobin and hemoglobin F levels)
Outcomes of diagnostic studies: Accuracy of diagnosis if reported

	Study Design
	Randomized or nonrandomized studies include case reports of rare complications


[bookmark: _Toc384202514][bookmark: _Toc395019284]Exhibit B–5.  PICOS Approach for Hydroxyurea Chapter
	Patients
	Patients With SCD (for Hydroxyurea Harms, Studies in Non-SCD Patients Were Included)

	Intervention
	Hydroxyurea

	Comparison
	Usual care without hydroxyurea

	Outcomes
	Benefits of hydroxyurea:
Death
Stroke
Pain crises
Need for transfusion
Hemoglobin
Hemoglobin F levels
Harms of hydroxyurea (adverse effects)
Barriers to implementation of hydroxyurea treatment and interventions to overcome barriers
Treatment protocols and monitoring parameters

	Study Design
	Randomized or nonrandomized design including case reports of rare complications


[bookmark: _Toc384202515][bookmark: _Toc395019285]Exhibit B–6.  PICOS Approach for Transfusion Chapter
	Patients
	Patients With SCD

	Intervention
	Acute or chronic transfusion

	Comparison
	Alternative transfusion strategies or alternative management other than transfusion

	Outcomes
	Complication-specific outcomes including resolution of complication
General SCD outcomes if relevant:
Death
Stroke
Pain crises
Need for transfusion
Hemoglobin and hemoglobin F levels
Hemoglobin S concentration
Outcomes of diagnostic studies: Accuracy of diagnosis if reported

	Study Design
	Randomized or nonrandomized including case reports of rare complications
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