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Pathophysiology







The sickle red blood cell (SS RBC) as source of multiple pathophysiologic pathways. 

Marilyn J. Telen Blood 2016;127:810-819

©2016 by American Society of Hematology



Sub-Phenotypes of SCD



Multicellular and multistep model of sickle cell vaso-occlusion. 

Dachuan Zhang et al. Blood 2016;127:801-809

©2016 by American Society of Hematology



Inflammation in SCD 

Dachuan Zhang et al. Blood 2016;127:801-809

©2016 by American Society of Hematology



Morbidity in SCD



Polymerization of deoxy-HbS Endothelial dysfunction

Age (years)

Bacteraemia

Pain       

ACS

ASS

Stroke

Chronic organ damage ?

1 2 43 65 7 13 14 158 129 10 11

highly variable

Complications of SCD in children

Gill FM, et al. Blood. 1995;86:776-83.
Ohene-Frempong K, et al. Blood. 1998;91:288-94.

Castro O, et al. Blood. 1994;84:643-9.
ACS = acute chest syndrome;

ASS = acute splenic sequestration.



Booth et al. Int J Inf Dis 2010,14:e2-e12



Acute Chronic

Painful crises Avascular necrosis

ACS Pulmonary hypertension

Infections Leg ulcer

Acute anaemia Microalbuminuria       renal failure

Priapism Retinopathy

Stroke Cholelithiasis

Iron overload

Complications of SCD in adults



The Spleen: Structure and 
Histology



The Spleen

• Appears in yolk sac by 2nd week of conception

• At 12 weeks, along with liver, constitutes site of 

hemopoiesis 

• Weight: 50-250g (average 150)

• Length: 8 - 13 cm (becomes palpable >14cm)

• Width: 4.5 - 7 cm



Structure of the Spleen

• Highly vascularized, receiving 5% of cardiac 

output - 300 ml/min

• Covered with fibrous capsule, connecting 

with intrasplenic fibrous trabeculae, which 

form the supporting structure of the spleen



Splenic Ultrastructure 

Red Pulp White Pulp







Cellular Composition of the Splenic Parenchyma

• Red Pulp
– Cords (Macrophages, Reticular cells)

– Sinuses (Lymphocytes, interendothelial cells)

• White Pulp
– PALS (T & B lymphocytes)

– Follicles (macrophages, B cells etc)

– Marginal zone (B cells, MZ macrophages)



Structure of Spleen

Splenic artery enters the spleen, divides into 4 
segmental arteries

Trabecular arteries (in the fibrous trabeculae)

Central arteries



Nat Rev Immunol, Mebius, R. E., Kraal, G. Structure and 

function of the spleen. 5, 606–616, ©2005



Nat Rev Immunol, Mebius, R. E., Kraal, G. Structure and 

function of the spleen. 5, 606–616, ©2005



Functions of the Spleen



Functions of the Spleen

• Filtration and Phagocytosis
– RBC - culling, pitting 

– Bacteria and other particles

• Storage - blood cells, iron

• Hematopoiesis
– erythropoiesis, granulopoiesis, megakaryopoiesis

– lymphocyte and macrophage production



Functions of the Spleen
• Immunological

– clearance & processing of blood-borne antigens
– response to antigens
– immune clearance
– opsonized pathogens
– ab-coated blood cells
– immune complexes

– Immune regulation (T & B cell production)
• cytokine production
• ?control of autoimmunity



Functions of the Spleen  

Immune surveillance and response 

performed by lymphocytes and 

macrophages

Slow transit time of blood allows exposure 

of foreign antigens, self antigens, bacteria 

to cells of the immune system 



Tests of Spleen Function

• Howell Jolly bodies

• RBC pit counts

• Radionuclide scintigraphy

• Flow cytometry



Copyright © 2020 American Society of Hematology.  Copyright restrictions may apply.

Howell-Jolly bodies 



Pitted (Pocked) RBCs as a Test of Spleen Function

In a normal individual pitted RBCs <3%



Spleen/Liver Colloid Scans

• Within 20-30s of injection the colloidal particles 

appear in the macrophages of the red pulp, 

venous sinuses and marginal zone

• In some studies no colloid  gets to the white 

pulp except at the periphery

• In others, there is slow movement over several 

days to the PALS and germinal centers

• Latter important  in immune-mediated clearance



Heat-Denatured RBC Scan

• Two-Stage process:
– rapid removal in the spleen

– slower, prolonged removal by other macrophages 

in other parts of the body

• Splenic uptake depends on:
– splenic blood flow to the venous sinuses

– degree of damage to the cells

– total amount of damaged cells injected



HdRBC Scan

▪ ~80% of patients aged 2 

to 16 years have viable 

splenic tissue

▪ Alpha thal trait is 

associated with good 

function

Adekile et al Am J Hematol 2002



Spleen in SCD



Spleen in Sickle Cell Disease

• Splenomegaly

• Autosplenectomy

• Acute splenic sequestration

• Functional hyposplenia/asplenia

• Hypersplenism

• Splenic rupture

• Splenic calcification



• Splenomegaly in SCD
• Extramedullary hemopoiesis
• Congestion
• Sequestration
• Infections

• Bacterial
• Viral
• Malaria 



Splenomegaly

• Very common among SCD patients

– Congestion in the sinusoids with blockage 
from sickled cells and infiltration of 
inflammatory cells

– Infections

• Malaria

• Viruses

• Others

– Acute splenic sequestration



Frequency of Splenomegaly

• Very common in early childhood and 

tapers off because of recurrent infarction

• Size determined by palpation or U/S

• In the US and Europe, the spleen is no 

longer palpable by 8 – 10 years

• Studies from Africa reveal splenomegaly in 

4 – >40% in children/adolescents and up to 

30% in adults



Acute splenic sequestration crisis

• Characterized by

– Sudden splenic enlargement

– Worsening anemia

– Thrombocytopenia

– Requires immediate transfusion

– Tends to be recurrent

– Splenectomy may be indicated

– Teach parents to palpate the spleen



Functional Asplenia
Pearson et al. NEJM  1969;281(17):923-926

• Studied 12 children with SCA, aged 8 months to 14 years

• All but 1 had enlarged spleens

• All had Howell-Jolly bodies on peripheral smear

• 25 controls with HbAS and HbAA, HbSB, HbSC, thal major 

• 99mTc Sulfur colloid scintigraphy was done

• None of the patients had visualized spleen, except 1

• All the control subjects had visualized spleens



HdRBC Scan

▪ ~80% of patients aged 2 

to 16 years have viable 

splenic tissue

▪ Alpha thal trait is 

associated with good 

function

Adekile et al Am J Hematol 2002



Hypersplenism

• Subacute to chronic deterioration in 

anemia in a child with a large spleen (at 

least 5 cm)

• No other cause for the anemia

• There’s reticulocytosis

• Thrombocytopenia

• More common in S𝛃0-thal patients





Persistent Gross Splenomegaly (PGS) in 

Nigerian SCD Patients

• Several investigators had reported 

persistent splenomegaly in African SCD 

patients

• Esan (1975) reported a spleen rate of 15% 

in adult SCD patients in Ibadan

• We defined PGS as:

– Spleen size of ≥ 10 cm BCM

– Child aged ≥ 8 years



Tropical Splenomegaly Syndrome

• Also called hyper-reactivity malaria splenomegaly 
(HMS)

• Chronic gross splenomegaly in the absence of 
definable etiology

• Lymphocytosis mainly in hepatic sinusoids, spleen, 
bone marrow and peripheral blood

• Elevated serum IgM and very high malarial antibody 
titers

• Remission on prolonged antimalarial (proguanil) 
therapy

• Hypothesis: PGS is related to TSS



PGS vs TSS

• Designed a study to prospectively identify a group of SCD 
patients with PGS and carry out the following:

• Serum IgM levels

• Liver histopathology

• Response to proguanil therapy

• Serum anti-malaria antibody titers

• Compare to age-matched AA and SS (without 
splenomegaly) controls



Results

• We recruited 139 SS patients,15 of whom fulfilled the 
criteria for PGS

• Serum IgM was significantly higher in PGS patients

• There was prompt response to proguanil in most PGS 
patients

• Liver biopsy showed sinusoidal dilatation, lymphocytic 
infiltration, Kupffer cell hyperplasia, but no evidence of 
cirrhosis









Conclusion

• There is abundant indirect evidence that 

PGS is related to malaria; similar to TSS

• However we did not have facilities to 

measure serum malaria antibody titers

• We did not have control SCD patients who 

had never been exposed to malaria





Study Design

• Collected data and blood samples on >300 Nigerian SS 
patients from 7 centers

• Ife, Benin, Enugu, Calabar, Zaria, Maiduguri and 
Sokoto

• Studied 100 SS patients from MCG

• Documented spleen rate

• CBC, serum immunoglobulins, C3, C4, malaria antibody 
titers, RBC pit counts



Results

• Spleen rate in Nigerian patients was 22.3% and 
only 5% in Americans

• Spleen rate in southern Nigerian patients was 
31.9%, while among northerners it was 8.6%

• Hb fell sequentially with spleen size

• IgM, IgG and IgA were significantly higher among 
Nigerian patients

• Significant correlation with spleen size

• Ig-specific malaria antibody titer correlated well 
with spleen size in Nigerian patients



Splenomegaly Rate (%) in Nigerian and 

American SS Patients

Age Group 

(years)

Nigerian

(n=302)

American 

(n=100)

<5  20.3 5

6 - 10 25.7 1

11 – 15 23.7 1

>15 17.9 1

Total 22.3 8

Adekile et al 1993









Malaria interaction with SCD



Iris Wai Sum Li, Louis Chin Pang Cheung 



Asexual Life Cycle of Blood Stage  of P. falciparum Parasites

Fairhurst et al. Microb Infect 2012





Protection against severe manifestations of P. falciparum malaria



Cytoadherence of P. falciparum-infected RBCs to 
microvascular endothelial cells









Findings

• 5-year study of parasitemia, clinical malaria 
and severe malaria

• 1,808 SCA patients and 679 without

• Prevalence of parasitemia was lower in 
patients with SCA

• Patients with SCA had higher rates of malaria 
during hospitalization than in clinic

– Higher rates of clinical and severe malaria

– More associated with severe anemia and 
death 





Malaria Chemoprophylaxis





Findings

• 3 groups of 90 SCD patients each

• Randomized to receive:

– Bimonthly mefloquine + artesunate 
(MQAS)

– Bimonthly sulfadoxine-pyrimethamine 
plus amodiaquine (SPAQ)

– Daily proguanil

• MQAS outperformed the others in efficacy 
and less adverse effects



Conclusions
• The spleen is one of the first organs to bear 

the brunt of SCD

• Functional hyposplenia within the first 2 years 
of life

• Autosplenectomy occurs between 8 and 10 
years

• The spleen remains palpable to adult life in 
many patients in the tropics, probably because 
of the effects of malaria

• Malaria contributes to morbidity and mortality 
in SCD


