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Diagnosis of SCD‐I

• IEF, CE, HPLC, mass spectrometry 

• Molecular analysis 

Hb HPLCHb Electrophoresis



Diagnosis‐ II
Mass-spectrometric analysis: electro-spray coupled to tandem MS/MS 

• 2.4/10.000 newborns-> costs: 3.00 euro MS/MS vs 3.58 euro CE

• Time consuming set-up compared to CE or HPLC- Advantages-> removing operator 
depending variability 

Lobitz S et al Ann Hematol 98: 47, 2019; Daniel Y et al Int J Neon Screening 4: 35, 2018



Diagnosis‐III

Rapid point of care (POC) test for SCD 
diagnosis: SickleSCAN® or HemotypeSCTM



Segbene AY et al BMC Hematol 18: 26, 2018



Heavenlight C et al Int J Lab Hematol 44:959, 2022; Kuznik A et al BMC Health Services Research 304, 2016. 

Costs:
• HemotypeSC®: 1.4 $
• SickleSCAN™: 4.75 $
• IEF: 9.90 $



SCD and EU‐UK 
Trends in at risk populations 
(%population: 1988-2006)

Prevalence of SCD showed 
fivefold increased in Danish 

population(2000-2015)

Modell et al Scand J Clin Lab Invest 67: 39, 2007; Hansen DL et al Clin Epidemiol 12: 485, 2020



SCD in Italy

De Franceschi L et al  J Clin Med 12: 117, 2023; Leleu H et al PlosOne 16: e0253986, 2021



Identification of patients with SCD

European SCD population:

• Endogenous: Italy, Greece, 
Albania, Portugal

• Exogenous:  voluntary migration 
(Afriacan Sub-sharan countries, 
South Amerca, Carabian areas, 
Middle East, Indian Sub-
continent)

Identification strategies:

• Neonatal screening-> not 
established in all EU countries

• Antenatal screening-> offered 
to couples

• Screening of refugees -> not 
established in all EU countries

De Franceschi L et al Blood doi 10.1182/bloo-2018-09-876508



Access to emergency departments for acute events and 
identification of sickle cell disease in refugees

De Franceschi L et al Blood  133: 2100, 2019 



De Franceschi L et al Blood  133: 2100, 2019 
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SCD is Monogenic disorder but multiorgan 
diseases



Genetic and Non‐Genetic Modifiers of SCD Phenotype

Kato, G. J. et al. (2018) Sickle cell disease
Nat. Rev. Dis. Primers doi:10.1038/nrdp.2018.10



Therapeutic interventions in adult with SCD

Prevention

Patient and 
family education

Vaccination
Program

Infection(s)

Acute
events

Acute VOCs

ACS

Acute anemia

Chronic
complications

Cardiovascular
disease and PH

Cerebrovascular
disease

Osteonecrosis

Retinopathy

Kidney Disease

Liver Disease

Iron-overload



Observe, Listen and Learn from Patients with 
Sickle Cell Disease (SCD)

Pain



with established or                   

RED CODE:
- Failure of at least one of the 

vital functions (respiratory system, cardio-
vascular system or state of consciousness)

- Acute cephalalgy with 
associated neurological symptoms

- Acute psychotic crisis
- Acute              symptoms 

(< 2gr/dl compared to the steady state or
marked paleness)

- with         > 8/10
(or pain resistant to the analgesic 

therapy at home)
- Severe jaundice

YELLOW CODE:
- Cases of                                           

(also induced by minor traumas)
- >38° fever or persistent 

for at least 2 days
- Cases of infection

- Modest non-traumatical cephalalgical
symptomatology

- Reported virus alterations
- Intense jaundice in apparent wellness 

without anemia

GREEN CODE:
- Mino; r skin diseases
- Minor ORL diseases
- Modest anxiety state
- Minor skin wounds

- Excoriations and abrasions
- First-degree burns

WHITE FLAG:
- Certificate issues

- Medical-legal issues
-Diagnostical-therapeutical 

prescriptions
- Non-urgent advice requests

- Pregnancy assessment requests 

It is essential that all patients receive at 
least a yellow code

Administration of the first dose of appropriate 
analgesic within 30 minutes from access to the 

hospital

Patient with surgical framework
(e.g. acute abdomen)

TRIAGE
SCD patient suspected

anemia 

Painful symptomatology VAS 

painful symptomatology with VAS 5-7

ADULT management CHILD management

ADULT management CHILD management
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Forni GL et al Orphanet J Rare Dis 9: 91, 2014- www.site-italia.org



Management of sickle cell related pain in EU

Bolo ev: TRAMADOL 50 mg (1/2 vial ev)
↓

Saline 0,9% 500 ml
KETOROLAC 30 mg-3 vials (if IRA or IRC substitute with Paracetamol 500 mg ev for 2/die for max. 3 days)

TRAMADOL 100 mg-3 vials (if IRA or IRC 2 vials) 
METOCLOPRAMIDE 10 mg-3 vials (if IRA or IRC 2 vials)

First analgesic dose administration within 30 minutes from access, including triage3,4

After 30 minutes: OBTAINED ANALGESIA?
↓

NO
Continue the infusion and add

↓
FANTANYL citrate buccal cp (100 mcg) repeatable in concomitance with 

the balanced analgesic therapy after 30-60 min if pain is still present

YES
Continue the infusion

After 1 hour: OBTAINED ANALGESIA?

YES
Continue the infusion

NO
Stop infusion for 1 hour, then infuse:

↓
Bolo ev MORPHINE 5 mg (1/2 vial)

↓
Saline solution 0.9% 500 mL
MORPHINE 10 mg-5 vials

METOCLOPRAMIDE 10 mg-3 vials
Parentheral hydratation (saline solution 0.9% 1000 cc + glucose 5% 1000 cc); saline solution

0.9% 1000 cc before an eventual herytrocyte exchange
PPIs: PANTOPRAZOL 40 mg 1vial/die – OMEPRAZOL 20 mg 1 vial/die

LMME at anticoagulant dose (within 6-8 hours) IIB Category

Triage
Falcemic patient

details
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Monitor life parameters and sedation state
If BF <= 12/min: WARNING! Over sedation or coma:

SUSPEND therapy until normalization / NALOXONE vial 0,4 mg/ml

Clinic Evolution

Monitor life parameters and sedation state
If BF <= 12/min: WARNING! Over sedation or coma: SUSPEND therapy until normalization / NALOXONE vial 0,4 mg/ml

Forni GL et al Orph J Rare Dis 9: 91, 2014; De Franceschi L et al Pain Practice 
16: 680, 2016; Telfer P et al BJH 166: 157, 2014



Multimodal therapy for pain control related to SCD 

• Based on the administration of drugs with different pharmacological 
mechanisms of action

• Multimodal modal therapy controls pain of different origins (vascular, 
somatic and neuropathic)

• Maximizes analgesia and minimizes adverse side effects

• Prevents the opioid induces post-synaptic morphological changes

Basbaum P, 1995; Kehlet H, 1993; Dellemijn PL 1997; Rowbotham MC, 2003; Forni GL et al Orph J 
Rare Dis 9: 91, 2014; De Franceschi L et al Pain Practice 16: 680, 2016



Balance Analgesia in SCD

• Tramadol + Ketorolac in adult SCD patients (continous infusion-max 72 hrs)

• Tramadol 0.3 mg/Kg/hr
• Ketorolac 0.86 mg/Kg/day (not more than 72 hours)/Praacetamol
• Metoclopramide 0.57 mg/Kg/day

• Tramadol + paracetamol or ketorolac in children with SCD (continous
infusion)

• Tramadol 0.25 mg/Kg/hr
• Paracetamol 40-60 mg/Kg/day/ Ketorolac 0.5-1 mg/Kg/day (not more than 72 hours)

De Franceschi L, 2004; Erhan E 2007; Rees DC. Br J Haematol 120: 744, 2003; Forni GL 
et al Orph J Rare Dis 9: 91, 2014; De Franceschi L et al Pain Practice 16: 680, 2016

Buccal or nasal formulation for 
Fentanyl as pain breaking drug



Forni GL et al Orphanet J Rare Dis 9: 91, 2014; De Franceschi L et al Pain Practice 16: 680, 2016; De Franceschi L et al Haematologica 89: 1389, 2004; 
Ankisola B et al AJH doi 10.1002/ajh.25144, 2018; Kelly GS Am J Emerg Med 7:S0735, 2017; Anikasola B et al. AJH doi 10.1002/ajh.25144.2018; Payne 
J et al. Pediatr Blood Cancer 65: e27420, 2018

Rapid-onset Fentanyl Formulations 

Intranasal Fentanyl in 
children with SCD 



Carroll CP et al. Am J Hematol 2009;84:666–670; Brousseau DC et al. JAMA 2010;303:1288–1294; van Such M et al. Qual Saf
Health Care 2006;15:414–417; Ballas SK, Lusardi M. Am J Hematol 2005;79:17–25

• The SCD population is more exposed to the risk of rehospitalization after acute events:
• 14 days to assess the quality of care related to hospitalization
• 30 days to assess the quality and accessibility to ambulatory care 

• Young adults (18–30 years) are particularly at risk
• Their disease worsens and the transition from paediatric to adult care may be complex

Re‐hospitalization of SCD patients within 14–30 days 
of an acute event

Pneumonia Asthma Heart failure



Therapeutic interventions in adult with SCD
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Risk factors and Cardiovascular Disease in SCD Patients

• Tricuspidal regurgitant jet velocity (TRV)> 2.5 m/s by echo: 
independent risk factor for early mortality in adult with SCD

• Diastolic dysfunction (DD)

• Increased NT-proBNP, used as marker of myocardial wall stress and 
cardiac dysfunction

• Additional factors: LDH, Retics, % dense red blood cells
Bakeer N et al PNAS E5182-191, 2016; Damy T et al. Eur Heart J 37: 1158, 2016;  Rai P et al Pediatr Blood Cancer 64: e26607, 2017; 

Niss O et al Blood cell Mol Dis 67: 126, 2017; Gladwin MT Lancet 387: 2565, 2016 Niss O et al Blood 130: 205, 2017.  



MRI and SCD: Extracellular Volume Fraction (ECV) a marker of 
Heart Fibrosis

Rai P et al Pediatr Blood Cancer 64: e26607, 2017; Niss O et al Blood cell Mol Dis 67: 126, 2017; 



In SCD,  Increased ECV is Associated with 2 Markers of Early 
Mortality: Diastolic Dysfunction and NT‐proBNP

Niss O et al Blood 130: 205, 2017. 



Early initiation of disease‐modifying therapy can impede or 
prevent diffuse myocardial fibrosis in sickle cell anemia

Niss O et al Blood 140: 1322, 2022. 



Available Treatment for SCD in EU

• Hydroxyurea

• Disease modifing agents: crizanlizumab, voxelotor

• Transfusion strategies: acute or chronic regimens

• Bone marrow transplantation



Endothelial cells 

Free 
Heme Free Hb 

ROS 

Neutrophils  

P-Selectin  E-Selectin  

Imbalance in vascular tone  

NO 

HbS/HbF 

Abnormal Endothelial   Activation 

Reduction of  
Inflammation 

Reduction of  
Chronic 

 Hemolysis 

HU is a Multimodal Therapy 

Platt OS NEJM 358: 1362, 2008; Saleh AW et al. 102: 31, 1999; Charache S et al. 34: 15, 1997; Yarbro JW et 
al. 19: 1-10, 1992 ; Maier ER et al Pediatric Res doi 10/1038, 2016; 

HU



HU and SCD in EU

UK

After age 9 mo, regardless of clinical 
severity 

de Montalembert M et al Hematology 490, 2019



Adherence to HU is a Challenge in SCD

• 35-50% SCD patients achieve high adherence to HU therapy;

• Multiple factors:
• Chronic medication
• Socio-economic reasons
• Adhesion barriers related to adolescence and transition from pediatric care 

to adult care. 

Inoue S et al. Int J Hematol 104: 2000, 2016; Han J et al Pharmacotherapy doi 10.1002/phar.1834, 2016; Cerary S et al. JMIR Res 
Protoc 5: e193, 2016; Green S et al Pediatr. Blood Cancer 63: 2146, 2146; 2016;  Green NS et al ASH poster #1310, 2016



CONCLUSIONS

• The high biocomplexity of SCD requires reference centers 
with dedicated multidisciplinary medical teams 

• One of the mission of these teams is also to keep up to date 
the physicians and nurses of the ED in order to ensure the 
rapid identification of acute related events and intensive 
treatment of pain and of acute/chronic sickle cell related
organ damage. 

Roberts I et al Haematologica 92: 865, 2007; De Montalembert M et al Haematologica 95: 4, 2010
McCavit TL et al. Am J Hematol 86: 377, 2011


