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Objectives of this talk
▪ Understand the genetics and prevalence of Sickle Cell Disease 
▪ Pathophysiology of Sickle Cell Disease 
▪ Clinical manifestations of Sickle Cell Disease 
▪ Management of Sickle cell Disease complications 
▪ Disease modifying agents in Sickle Cell disease 
▪ Newer therapeutics in Sickle cell disease



Sickle Cell Disease
▪ Sickle Cell disease (SCD) is the commonest inherited hematological disorder 
▪ Approximately 100,000 individuals affected by SCD in USA 
▪ SCD gene prevalence is seen in African, Asian, South American, Indian and 

Mediterranean ethnicities 
▪ In USA, African American and Latino American shown to have the gene 

prevalence 
▪ SCD occurs among about 1 out of every 365 Black or African-American births. 
▪ 1 in 385 births in AA has SCD ( HbSS, HbS/Beta thal or HbSC) 
▪ 1 in 13 has AA  has Sickle cell trait* 
▪ 1 in 6173 births has HbSC

*Resource: CDC



Distribution of Sickle Gene- World 
wide



Distribution of SCD in California

Resource: CDC
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Sickle Cell Disease spectrum at Valley 
Children’s Hospital over the past 5 years



Genetics of Sickle cell disease
HBB gene: Chr 11p15.4

HbS is produced by a point mutation in HBB in which the codon GAG is replaced by 
GTG. 
  
This results in the replacement of hydrophilic amino acid glutamic acid with the 
hydrophobic amino acid valine at the sixth position (β6Glu→Val). 

HbC is produced by a point mutation in HBB (β6Glu→Lys)

https://en.wikipedia.org/wiki/Glutamic_acid
https://en.wikipedia.org/wiki/Valine


Haplotypes of Sickle Cell Disease

Powars et al, Am. J. Dis. Child. 147:1197-1202.



Malarial resistance in Sickle cell 
disease

Sickle cell trait, HbSS and HbSC 
individuals have shown resistance to 
Malaria 

This reduction is hypothesized to be 
due to the interference in the red cell 
membrane breakdown in the late 
schizont phase and release of 
merozoites into the peripheral 
circulation  

Blood. 1986;67(4):997-1001. 



Sickle Cell Disease Spectrum
▪ Homozygous Sickle Cell Disease (HbSS) 

▪ Sickle – Hemoglobin C disease (HbSC) 

▪ Sickle- Beta Thalassemia (HbS/ Beta Thal) 

▪ Sickle Cell Trait (HbSA)- Not considered disease (but recent data shows 
some evidence of mild disease pathology) 

▪ Severity (HbSS >/= HbS/Beta Thal> HbSC> HbSA)



Sickle Cell Disease genetics
▪ If both parents have Sickle cell trait (SCT): 
▪ 50% chance (or 1 in 2) that any of their children will have SCT 
▪ 25% chance (or 1 in 4) that any of their children will have SCD  
▪ 25% chance (or 1 in 4) that any of their children will not have SCD or SCT



Sickle Hemoglobin (HbS)

The Indian Journal of Medical Research 134(4):532-7

https://www.researchgate.net/journal/0971-5916_The_Indian_Journal_of_Medical_Research


Pathophysiology of Sickle Cell 
disease
▪ HbS polymerizes makes the red cells become stiff, sticky and sickle shaped 
▪ The deformed cells block blood flow, causes pain, organ damage and stroke 
▪ It also causes hemolysis of abnormal red cells leading to loss of NO and 

complications like Pulmonary HTN, priapism and cutaneous ulcers



Modifiers of severity of Sickle Cell 
disease
▪ Depends on Haplotype (Bantu/ CAR more severe) 
▪ Haplotype Arab- Indian less severe 
▪ Presence of Hemoglobin F 
▪ Co-existent α- thalassemia mutation 
▪ Geographical factors 
▪ Patient related factors 
▪ Socio-economic factors



Pathophysiology of Sickle Cell Disease

Rees et al, Lancet, 2010



Pathophysiology of Sickle Cell 
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Sickle cell disease symptoms
▪Typically start around 4- 5 months of age  
▪When fetal hemoglobin switches to adult hemoglobin 

▪Many complications are acute or chronic 

▪Consists of pain crisis, acute chest syndrome, overt or 
silent stroke, priapism, deep vein thrombosis, 
cutaneous ulcerations, pulmonary HTN, osteonecrosis



Symptoms of SCD

Rees et al, Lancet, 2010



Clinical symptoms in infants



Vaso-occlusive complications
▪ Pain crisis- the commonest symptoms, more pain episodes, associated with 

severe disease  
▪ Acute chest syndrome- Fever, infiltrate in CXR and hypoxemia 
▪ Stroke- Overt and Silent Stroke



Ballas et al, Hemoglobin, 1995 



Pain crisis of SCD
▪ Acute pain associated with occlusion of blood vessels to the bones 
▪ Associated with low Hemoglobin F 
▪ Triggered by hypoxia, temperature changes, high altitude 
▪ Oral NSAIDs (Tylenol, Ibuprofen) 
▪ Oral Opiods, followed by IV Opiodes 
▪ Oral Hydration 
▪ If admitted IV hydration  
▪ Hydroxyurea reduces the pain episodes



Splenic sequestration in SCD
▪ Sequestration of red cells in the spleen 
▪ Vaso-occlusion of the venules of spleen with red cells 
▪ Rapid enlargement of the spleen 
▪ Fall in hemoglobin and anemia 
▪ Circulatory shock 
▪ Treatment includes PRBC transfusion 
▪ Slow transfusion is preferred



Hemolytic complications of SCD
▪ Pulmonary Hypertension- Manifests as hypoxia, right to left shunt and 

increased TR Jet velocity on Echocardiography 
▪ Cutaneous leg ulceration- In older age group 
▪ Priapism- In Teenagers



Hemolytic crisis in sickle cell 
disease
▪ Anemia 
▪ Hyperbilirubinemia 
▪ Reticulocytosis 
▪ Increased LDH



Aplastic crisis in Sickle Cell 
disease
▪Anemia 
▪Reticulocytopenia 
▪No splenomegaly 
▪ Maybe triggered by viral infection



Fever in SCD
▪ Infections are more common in SCD children 
▪ Reduced splenic function, defects in complement pathway, micronutrient 

deficiency, tissue ischemia 
▪ S Pneumoniae, H influenza, and non-Typhi Salmonella species in developed 

countries 
▪ Substantial improvements in prognosis have followed the introduction of 

penicillin prophylaxis 
▪ Immunization with conjugate vaccines directed against S pneumoniae and H 

influenzae type b and Meningococcal required 

  



Acute chest syndrome in SCD

▪ Fever 
▪ Respiratory symptoms- Cough, chest pain breathing difficulty, dyspnea or 

hypoxia 
▪ New infiltrate on Chest X Ray 
▪ Etiology include: Pulmonary infarction, fat embolism, hypoventilation, pul 

edema, infection 
▪ Treatment: Blood cultures, CXR 
▪  IVF (restricted), Antibiotics,  
▪ Incentive spirometry 
▪ Co-existent asthma worsens ACS



Stroke in SCD
▪ SCD one of the commonest cause of stroke in children 
▪ The vasculopathy seems to start in infancy, with a first-stroke incidence of 

1·02 per 100 patient-years between the ages of 2 years and 5 years 
▪ 11% of patients with sickle-cell disease have had a stroke by the age of 20 

years 
▪ Treated by blood transfusion: Simple or exchange transfusion, Goal HbS 

<30% 
▪ Trials have looked into Hydroxyurea in SCD patients with stroke 
▪ HU is found to be non-inferior to transfusion in a subset of patients with 

increased TCD velocities (Twitch trial)

Ware et al, Lancet: 2016



Kidney in Sickle cell disease
▪ Renal damage inevitable in Sickle cell disease 
▪ Glomerular hyperfiltration 
▪ Papillary necrosis- Hematuria 
▪ Microalbuminuria > Macroalbuminuria 
▪ Nephrotic syndrome 
▪ End- Stage renal disease 
▪ Role of Hydroxyurea and ACE inhibitors



Priapism in SCD
▪ Painful prolonged erection in teenagers 
▪ Upto 35% of the patients with SCD gets affected 
▪ May result in penile fibrosis and permanent damage 
▪ IVF, transfusion useful in reducing or preventing episodes 
▪ Alpha adrenergic agonist like pseudoephedrine and phenylephrine is useful 
▪ Shunt surgery in severe cases 
▪ Role of P-Selectin Inhibitor in trials



Hemolysis in Sickle Cell Disease
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Liver complication in Sickle cell 
disease
▪ Acute sickle cell hepatic crisis : Fever, pain, jaundice and enlarged liver 
▪ Rx: Supportive care 

▪ Acute hepatic sequestration: Acute pain, enlarged liver and anemia 
▪ Rx: Supportive care and exchange transfusion 

▪ Acute intrahepatic cholestasis: Fever, Right upper quadrant pain,   
progression to liver failure 
▪ Rx: Supportive care, exchange transfusion and correction of clotting problems 

(severe progressive condition)



Osteonecrosis in SCD



Annual screening Program in SCD
▪ Transcranial Doppler US 
▪ CXR and PFTs 
▪ Echo and EKG 
▪ Vision Screen to r/o proliferative retinopathy and other ocular complications 
▪ Urine analysis 
▪ Renal and Liver function 
▪ Bone health, r/o avascular complications 
▪ Pregnancy screen on HU 
▪ Vit D status 
▪ Neurocognitive testing



New born screening for Sickle 
Cell Disease
▪ 47 states, the District of Columbia, 

    Puerto Rico, and the Virgin Islands currently provide universal neonatal 
screening for SCD



Treatment and Curative therapies 
in Sickle cell Disease
▪ Bindu K Sathi, MD



Time line of advances made in 
Sickle Cell Disease

Thein et al, Pathology, 2017



Improvement in life expectancy in 
SCD

Thein et al, Pathology, 2017



Treatment of SCD
▪ Transfusion therapy 
▪ Hydroxyurea 
▪ Immunization 
▪ Nutrition assessment 
▪ Target organ assessment 
▪ Cognition assessment 
▪ Bone assessment 
▪ Kidney, Lung, Heart assessment 

▪ Cognition assessment

Standard of care



Treatment team for SCD
▪ Trained Hematologist 
▪ RN, trained in SCD 
▪ Psychologist 
▪ Social Worker 
▪ Comprehensive Health care coordinators 
▪ School nurses 
▪ Community Physicians



Indications for transfusion in SCD

British Journal of Haematology, 2017, 176, 192–209



Transfusion therapy in Sickle Cell 
disease

The ASH guideline panel recommends prophylactic red cell antigen matching for Rh (C, 
E or C/c, E/e) and K antigens over only ABO/RhD matching for patients with SCD (all 
genotypes) receiving transfusions 

Extended red cell antigen matching (Jka /Jkb , Fya /Fyb , S/s) may provide further 
protection from alloimmunization



Hydroxycarbamide (hydroxyurea) in 
Sickle cell disease

Pediatric Research volume 75, pages196–204(2014)

https://www.nature.com/pr


Recommendations for the start of 
HU
▪ In adults and children with HbSS/Sb0 who have 3 or more sickle cell-associated moderate 

to severe pain crisis in a 12-month period, treat with hydroxycarbamide (1A) 
▪ In infants with SS/Sb0 aged 9–42 months, offer hydroxycarbamide regardless of clinical 

severity to reduce sickle cell complications (pain, dactylitis, acute chest syndrome (ACS), 
anaemia (1A) 

▪ In children aged >42 months, adolescents and adults with SS/Sb0 , offer treatment with 
hydroxycarbamide in view of the impact on reduction of mortality (1B) 

▪ In adults and children with SS/Sb0 who have sickle cell pain that interferes with daily 
activities and quality of life, treat with hydroxycarbamide (1C) 

▪ In adults and children with SS/Sb0 and a history of severe and/or recurrent ACS treat with 
hydroxycarbamide (1A) 

▪ The benefits of hydroxycarbamide should be discussed with all parents of children, 
adolescents and adults with SS/Sb0 to enable informed joint decision-making. There should 
be on-going discussion between provider and patient (1B)

NIH guidelines, 2014; JAMA. 2014;312(10):1033-1048.



Modifications for HU therapy

British Journal of Haematology, 2018, 181, 460–475



Concerns with HU therapy
▪ Leukemiogenesis (Not proven--- 25 years worth of data!) 
▪ Normal growth and development 
▪ Fertility 
▪  Female fertility is preserved 
▪ Spermatogenesis affected (affects on sperm count, motility and morphology 

▪ Concern for teratogenicity (Need to stop HU prior to pregnancy)

British Journal of Haematology, 2018, 181, 460–475



Penicillin Treatment in SCD

NIH guidelines, 2014; JAMA. 2014;312(10):1033-1048.



Immunization protocol in SCD

NIH guidelines, 2014; JAMA. 2014;312(10):1033-1048.



CDC recommendation in SCD
▪ Hand washing 
▪ Food safety 
▪ Do not eat raw or undercooked meat; use pasteurized products 
▪ Bacteria – Salmonella is especially dangerous in SCD. Do not pet snake, 

lizards or turtle



Newer therapeutics in Sickle cell 
disease



Definitive and symptomatic 
treatment in sickle cell disease



Clinical trials in SCD



FDA approved new therapies in SCD



Stem cell transplantation for 
Sickle cell disease
▪ Matched sibling HSCT 
▪ Matched cord blood transplantation (good cell doses) 
▪ Matched unrelated 8/8 transplantation 

▪ Phase 1 clinical trial 
▪ Haploidentical transplantation 
▪ Mismatched unrelated

Adv Exp Med Biol. 2017 ; 1013: 123–153. doi:10.1007/978-1-4939-7299-9_5.



Transplantation algorithm for 
Sickle cell disease

Adv Exp Med Biol. 2017 ; 1013: 123–153. doi:10.1007/978-1-4939-7299-9_5.



Gene therapy in Sickle cell 
disease

Complete correction of  
Mutated gene sequence

Induction of HbF

Source: American Society of Hematology



Schema

Source: NIH.gov



Gene therapy in SCD

• Inclusion criteria for transplantation 
• Clinically-significant neurologic event: stroke or any central nervous system deficit 

lasting >24 hours. 
• Abnormal head CT or brain MRI demonstrating previous stroke 
• Administration of regular RBC transfusions for equal or longer than 1 year to prevent 

vaso- occlusive crises or other sickle cell disease complications or to maintain Hb >6. 
• Pulmonary arterial hypertension with tricuspid regurgitant jet velocity > 2.5 m/sec 

within 1 year prior to enrollment 
• At least one episode of acute chest syndrome that required hospitalization, within the 2 

years prior to enrollment 
• At least 2 acute sickle pain crises requiring hospitalization within the 2 years prior to 

enrollment 
• Severe osteonecrosis 
• History of acute dactylitis during childhood 
• Recurrent priapism (2 or more episodes) 



FIRST PATIENT TO BE TREATED WITH 
CRISPR…
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