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CHAPTER

Introduction

Prevalence and incidence of children with sickle cell 
disease

Sickle cell disease (SCD) is a hereditary autosomal recessive disorder of haemoglobin 

resulting in chronic anaemia and vaso-occlusion and mainly affects the black 

population. 

In Western Europe 0.02% of the children born are affected by SCD (1). Worldwide 

this number reaches up to 0.2% of the newborns with the highest incidence (1.7%) 

in Western Africa (1). In the United Kingdom the estimated number of SCD patients is 

approximately 12000 (2) and it is presently the most common genetic disorder. At this 

moment the exact incidence and prevalence of SCD in the Netherlands is unknown. 

Assuming that 0.02% of the 200.000 babies that are born in the Netherlands yearly 

would be affected by SCD, 40 children with SCD would be born in this country every 

year. In the past decades the black population in The Netherlands has increased due to 

immigration from Western Africa, Surinam and the Dutch Antilles, combined with the 

relatively high birth rates among the black population (3). As a result the incidence and 

prevalence of haemoglobinopathies in the Netherlands has increased as well. In 1984 

the total number of children with SCD was reported to be 67 (4). This number increased 

to 128 children in 1992 and is estimated to be 350 in the last decade (5;6). These 

numbers may underestimate the true number of patients, as the surveys that reported 

those patients used data from a single source (doctors’ practices or laboratory data) and 

no verification for underreporting was performed. 

Mortality

The World Health Organisation (WHO) estimates that haemoglobinopathies cause 3.4% 

percent of deaths worldwide in children younger than five years old (1). Several studies 

have been published on the survival of children with SCD. A study performed in the 

United States involving children diagnosed by neonatal screening showed an overall death 

rate among subjects with HbSS/HbS-β0-thalassaemia and HbSC/HbS-β+-thalassaemia 

of respectively 0.59/100 patient-years and 0.21/100 patient-years (7). A more recent 

English study, also including patients diagnosed by neonatal screening, published lower 

mortality rates in children with HbSS namely 0.13/100 patient-years (8). The estimated 

survival in this same study for HbSS patients at 10 and 20 years of age was 99% (95% CI 

93.2-99.9). The differences in mortality rate can partly be explained by a free and easily 

accessible comprehensive SCD program in the United Kingdom. In The Netherlands, the 

health care system is comparable to the health care system in the United Kingdom. A 

neonatal screening program testing for SCD has been launched on January 1st 2007. 

Until this date only a few patients have been followed from birth. Therefore, no reliable 

death rates for the Dutch SCD population are known. 
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Genetics

Haemoglobin is a protein consisting of two pairs of polypeptide chains, each folded 

around a haem molecule. Before birth two types of polypeptide chains are synthesized, 

i.e. α, and γ chains, resulting in foetal haemoglobin (HbF). After birth HbF is replaced 

by HbA1 (α2, β2) and HbA2 (α2, δ2) and by the age of six months HbF will be fully 

replaced by HbA in healthy individuals. The gene for α globin is located on the short 

arm of chromosome 16 and the β, γ, and δ genes are positioned on the short arm of 

chromosome 11.

Due to defects in the haemoglobin gene two groups of diseases, called haemo-

globinopathies are known. First, SCD is a qualitative disorder of haemoglobin. Second, 

thalassaemia is a quantitative disorder of haemoglobin. In SCD a single nucleotide 

mutation (GAG for GTG) in the sixth codon of the gene encoding β-globin results 

in a substitution of the amino acid glutamic acid for valine (9). This mutation in the 

haemoglobin molecule leads to the formation of haemoglobin S instead of the normal 

haemoglobin A. The inheritance of one sickle gene (βs-globin) results in carriership for 

SCD (haemoglobin AS), whereas the inheritance of two abnormal βs-globin genes leads 

to SCD (HbSS). In haemoglobin C the same codon is changed from GAG to AAG. In 

thalassaemia there is a decreased or absent production of α or β-globin due to deletion 

in the gene encoding these proteins, leading to α or β-thalassaemia respectively. As a 

result of a reduced or absent production of haemoglobin patients with thalassaemia will 

have mild or severe anaemia. 

Sickle cell disease can be classified into four major genotypes of which homozygous SCD 

(HbSS) is the most common type. Other genotypes are compound heterozygous SCD 

(HbSC, HbS-β0-thalassaemia and HbS-β+-thalassaemia).

Pathophysiology 

The main clinical features of SCD in all four genotypes are chronic haemolytic anaemia 

and microvascular obstruction resulting in acute and chronic ischemia, and subsequent 

organ damage due to infarction and fibrosis (10). As a result of lower haemoglobin HbSS 

and HbS-β0-thalassaemia disease usually have a (moderately) severe phenotype and are 

almost indistinguishable, whereas HbSC and HbS-β+-thalassaemia tend to have higher 

haemoglobin levels and a milder phenotype. Higher haemoglobin levels in the latter 

group are caused by less polymerisation of HbS as a result of HbC in HbSC disease and 

higher levels of HbA in HbS-β+-thalassaemia.

Polymerisation of HbS within the erythrocyte during deoxygenations is the core 

pathophysiological event in SCD. As a result of the altered gene for β-globin, HbS can 

polymerise within the erythrocyte during deoxygenation. Polymerisation depends on 



13

1
CHAPTER

Introduction

intra-erythrocytic HbS concentration, pH and the intracellular concentration of HbF. Due 

to local microcirculatory conditions the transit time of the erythrocyte in the microvessels 

may be prolonged, causing lower oxygen tensions (11). As a result polymerisation and 

dehydration of the red blood cell the shape of the erythrocyte changes from biconcave 

into the shape of a sickle. This may occur within 2-4 minutes after deoxygenation. 

Repeated cycles of HbS polymerisation and thereby sickling and unsickling can cause 

severe erythrocyte membrane injury (12). This process may lead to abnormal cation 

haemostasis by opening the so-called Gardos channels inducing potassium and H2O loss. 

This results in further dehydration and the development of dense cells and irreversibly 

sickled cells. Sickled cells supposedly exacerbate the haemolytic anaemia and vaso-

occusion by adhering to endothelium of postcapillairy venules and leucocytes (11). In 

Figure 1 the pathophysiology of vaso-occlusion is shown.

Figure 1 (A) Single nucleotide substitution (GAG for GTG). (B) HbS polymerisation. (C) Cell shape changes 
of HbS-polymer-containing erythrocyte. (D) Cross-section of microvascular bifurcation. EC=endothelium Cells. 
R=reticulocyte. ISC=irreversibly sickled cell. N=leucocyte. N=O*=NO bioavailability. RBC=red blood cell. Luminal 
obstruction has been initiated by attachment of proadhesive reticulocyte to endothelium with secondary 
trapping of irreversible sickled cells. Leucocytes participate in formation of heterocellular aggregates, and NO 
bioavailability crucial to vasodilation is impaired. Figure copied from reference 11 by permission of M. Stuart 
and the Lancet.

Haemolysis and vaso-occlusion

The morphological changes of the sickle cell result in haemolytic anaemia due to a more 

rapid breakdown of sickle cells compared to normal red blood cells. This breakdown 

mainly takes place in the spleen. The subsequent haemolysis contributes to complications 
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of SCD by releasing free haemoglobin in the blood plasma. As shown in Figure 2 this 

plasma haemoglobin consumes nitric oxide (NO) (13). Under normal circumstances NO 

causes relaxation of smooth muscle cells and vasodilation. When the freed haemoglobin 

consumes this NO, the normal balance between vasodilation and vasoconstriction is 

skewed towards vasoconstriction. Reduced endothelial NO availability also impairs 

downstream homeostatic functions of NO, where it inhibits platelet activation and 

aggregation of cell adhesion molecules. Low NO levels are thought to contribute 

especially to pulmonary hypertension, priapism, stroke and leg ulcers. 

Figure 2 Intravascular haemolysis reduces nitric oxide bioactivity. Nitric oxide is produced by isoforms of 
nitric oxide (NO) synthase, using the substrate L-arginine. Intravascular haemolysis simultaneously releases 
haemoglobin, arginase, and lactate dehydrogenase (LDH) from red cells into blood plasma. Cell-free plasma 
haemoglobin stochiometrically inactivates NO, generating methaemoglobin and inert nitrate (A). Plasma 
arginase consumes plasma L-arginine to ornithine, depleting its availability for NO production (B). LDH also 
released from the red cell into blood serum serves as a surrogate marker for the magnitude of haemoglobin 
and arginase release. NO is also consumed by reactions with reactive oxygen species (O2-) produced by the high 
levels of xanthine oxidase activity and NADPH oxidase activity in vascular endothelium seen in SCD, producing 
oxygen radicals like peroxynitrite (ONOO -)(C). Figure copied from reference 13 by permission of G.J. Kato.

Besides haemolysis SCD is also characterized by vaso-occlusive complications such as 

acute painful episodes, splenic infarction, osteonecrosis and acute chest syndrome. 

Vaso-occlusion in SCD is a complex process not only caused by adhesion of sickle 

erythrocytes to the endothelium, but also by adhesion of leukocytes and platelets 

along with coagulative factors to the endothelial cells (14-17). The endothelium plays 

an important role in the regulation of the vascular tone, blood fluidity and coagulation 

(18). Besides occluding microvessels directly by adhesion to the endothelium, sickle cells 

may indirectly alter endothelial functions such as endothelium-dependent vasodilation. 

It has been suggested that sickle cell patients with higher haemoglobin levels have a 
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higher frequency of vaso-occlusive complications strongly related to polymerisation of 

sickle haemoglobin, resulting in erythrocyte sickling and adhesion. Most patients have 

a combination of vaso-occlusive complications and haemolysis-endothelial dysfunction. 

Patients with the co-presence of α-thalassaemia have a less severe phenotype as it 

reduces intracellular HbS concentration and thereby reduces haemolysis and the number 

of dense cells (10;13).

Consequences of haemolysis and vaso-occlusion for 
organ function

SCD affects all organs throughout the body. The most important pathological features, 

complications, and current knowledge gaps in sickle cell research will be described in the 

following organ descriptions.

Spleen

In some patients the spleen undergoes acute enlargement by trapping of red blood 

cells within the spleen, resulting in a rapid decrease of haemoglobin level. This so-called 

splenic sequestration is a life-threatening complication, occurs mainly in childhood, and 

is an important cause of death (10) due to anaemic shock. 

Furthermore, as a result of ischemic infarcts due to vaso-occlusion, the spleen becomes 

progressively fibrotic and will eventually loose its function. Due to functional hyposplenia 

patients have an increased susceptibility for infections from the age of six months 

with encapsulated bacteria such as Streptococcus pneumoniae. Infections caused by 

hyposplenia can be prevented by penicillin prophylaxis in combination with immunisation 

(19;20). 

Neonatal screening allows the installation of preventive measures before serious 

infections by Streptococcus pneumoniae have occurred. In January 2007, a neonatal 

screening program was launched in the Netherlands to detect SCD at an early age. 

Newborn screening leads to a decreased morbidity and mortality when coupled with 

prophylactic penicillin therapy, immunization to prevent pneumococcal infections, 

parental education and long term follow-up (20-26). However, not all children with SCD 

in The Netherlands are detected by newborn screening. Children born before January 

1st 2007 and children who moved to The Netherlands at an older age and were born in 

countries without newborn screening will still be missed. It is presently unknown how 

many children do not benefit from neonatal screening for these reasons.
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Brain

Symptomatic (overt) and asymptomatic (silent) cerebral infarcts are common and 

debilitating complications of SCD. 

Symptoms of overt infarcts consist of hemiparesis and focal seizures. In these patients 

blood flow to the brain may be reduced by stenosis of the large supplying arteries, ie the 

internal carotid arteries and the arteries in the circle of Willis, causing overt infarcts. The 

incidence of overt infarcts is the highest among children with HbSS disease, namely 0.61 

per 100 patient-years, with a peak incidence between the ages of 2 and 9 years (27). 

The prevalence of overt infarcts with hemiparesis reaches up to 11% (28;29).

Children with silent infarcts have been recognized to have diminished neurocognitive 

functioning (30;31) and may have an increased risk of developing overt infarcts (32). 

Silent infarcts are thought to result from small vessel disease (microvasculopathy). 

Affected vessels may cause a lack of hemodynamic reserve capacity in the cerebral 

vasculature (33). In patients with anaemia, adequate oxygenation of the brain tissue is 

presumably preserved by vasodilation of the cerebral vasculature. When reductions in 

arterial pressure arise or metabolic demands increase, there is limited reserve for further 

vasodilation to assure adequate oxygen supply to the brain. The ensuing ischemia 

predisposes to cerebral infarctions. The percentage of the children who will suffer from 

silent infarcts is 11-35% (34-38), occurring already at young age (34;39). 

Various diagnostic tests are available to detect parenchymal abnormalities of the brain 

and cerebral vasculopathy. Magnetic Resonance Imaging (MRI) and Magnetic Resonance 

Angiography (MRA), visualise respectively the brain parenchym (overt and silent infarcts) 

and cerebral vasculopathy (stenosis, occlusion or formation of collateral vessels). Blood 

flow velocity in the anterior and middle cerebral artery and in the internal carotid artery, 

measured by Transcranial Duplex Ultrasound (TCD), can be used to detect children 

with SCD who are at risk for developing symptomatic cerebral infarcts (40). Patients 

with an increased flow (TCD > 200 cm/s) are at the highest risk (40%) of developing a 

cerebrovascular accident in the future (40). However, there are limitations to the current 

available diagnostic tests. TCD and MRA do not visualise microvasculopathy and do not 

contribute to the assessment of  the risk of developing silent infarcts (35). 

Bones

An acute painful episode, mostly referred to as bone crisis, is the most common symptom 

and cause of pain in patients with SCD. Vaso-occlusive events are caused by avascular 

necrosis of the bone marrow in the bones of the extremities, back, chest, hands and 

feet. These events may be elicited by cold, fever and dehydration. Adequate pain control 

and hyperhydration will reduce the pain. The femoral and humerus head are the most 
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common areas of bone destruction in patients who have SCD. Progressive occlusion of 

microcirculation within the femoral head may lead to increased intraosseous pressure 

and subsequent cell death (41), causing osteonecrosis. This complication is very painful 

and may lead to growth disturbances. Risk factors for osteonecrosis are frequent painful 

crises, a high haematocrit level and a low foetal haemoglobin level (42;43).

The incidence of bone crises is higher in patients with HbSS disease and HbS-β0-

thalassaemia (0.8 and 1.0 episode per patient-year respectively) than in patients with 

HbSC or HbS-β+-thalassaemia (0.4 episodes per patient-year) and peaks at the end of the 

second decade of life (42). The overall prevalence of femoral head necrosis is 10% (43).

Lungs

The acute chest syndrome (ACS) in SCD is defined as a new infiltrate on chest radiograph 

associated with one or more symptoms, such as fever, cough, sputum production, 

tachypnea, dyspnoea or new-onset hypoxia (44). Causes of ACS are microbial infection 

(most common Chlamydia, Mycoplasma and viral infections), pulmonary vaso-occlusion, 

fat embolism from ischaemic/necrotic bone marrow or thromboembolism (44;45). 

Clinically and radiographically ACS resembles bacterial pneumonia: patients may have 

fever, cough, tachypnea, dyspnoea, leucocytosis, pleural chest pain and chest radiographic 

fndings may include segmental, lobar or multilobar consolidation. Is has been shown 

that chest radiograph can underestimate the degree of pulmonary involvement, for 

example perfusion lung scans have shown defects in areas which appeared normal on 

chest radiograph. 

ACS is a frequent cause of hospitalisation in SCD and repeated ACS events may lead 

to chronic lung disease, abnormal pulmonary function tests, symptomatic hypoxia, 

pulmonary hypertension and death (46). Pulmonary hypertension, defined as a tricuspid 

regurgitation velocity of greater than 2.5 m/s, is a complication that is more common in 

adults (prevalence 32% at the mean age of 36 years) and is associated with an increased 

risk of death (47). As described previously, pulmonary hypertension is a complication 

that is particularly associated with higher rates of chronic haemolysis in SCD (48).

Incidence of ACS is highest in patients with HbSS and HbS-β0-thalassaemia and in 2-4 

year old children (25.3/100 patient-years in HbSS). Incidence rates are lower in adults 

(8.8/100 patient-years) (49), which is believed to be related to excess mortality in the 

group that had ACS before and to fewer viral episodes in adults because of the adaptive 

immunity acquired at that age. 
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Liver and gallbladder

Hepatomegaly occurs in almost every patient with SCD as a result of congestion of 

red cells, prone to sickling, in the hepatic sinusoids. Hepatic sequestration ranges from 

modest to severe and can result in acute hepatic enlargement with a fall in haemoglobin 

level and well as in impaired hepatic function. High levels of bilirubin excretion due to 

haemolysis frequently result in the formation of gallstones (10). The risk of gallstone 

development increased with increasing mean cell volume (P < 0.002) and with decreasing 

foetal haemoglobin (P < 0.01) (50). 

In a Jamaican cohort study from birth the prevalence of gall stones in 187 patients 

HbSS and 123 HbSC patients was respectively 52.7 events per 100 patient-years (95% CI 

33.6 - 82.7) at age 25 years and 20.0 events per 100 patient-years (95% CI 9.0 - 44.5) by 

the age of 23 years (50). Nine percent of the HbSS patients with gallstones developed a 

cholecystitis in this study.

Kidney

Sickle cell nephropathy consists of a variety of renal abnormalities, i.e. tubular changes 

and glomerulopathy. Conditions in the renal medulla (low oxygen tension, acid pH and 

hypertonicity) are conducive of sickling, making the vasa recta system prone for vaso-

occlusion, causing the vessels of the vasa rectae to become spiral, dilated and appearing 

to end blindly. This vascular disorganisation results in tubular changes (10;51). A frequent 

manifestation of glomerular injury is proteinuria. Other manifestations of nephropathy in 

SCD are hyposthenuria, haematuria and hypertension. Manifestations of hypertension, 

proteinuria, and increasingly severe anaemia predict end-stage renal failure in patients 

with sickle cell disease (52).

In a prospective study, the median age of disease onset for patients with HbSS or HbSC 

disease was respectively 23.1 and 49.9 years (52). Renal insufficiency is reported to 

occur in 4-18% of the SCD patients (51). 

Penis

Priapism is a sustained, painful, and unwanted erection of the penis that is the result of 

either increased arterial inflow (ie, high flow) or, more commonly, the failure of venous 

outflow (i.e. low flow), resulting in blood trapping within the erectile bodies (53). 

Priapism has been associated with haemolysis. A relationship has been shown between 

pulmonary hypertension and priapism (OR 5.0 [95% CI 1.5-17.0]) (47). 

The incidence of priapism in male patients is 35%; 21% of these patients reports erectile 

dysfunction (54). 
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Eyes

Proliferative sickle cell retinopathy (PSR) is the main contributor to visual loss in sickle 

cell anaemia. This complication is more common in patients with HbSC disease than in 

patients with HbSS disease. High haemoglobin levels and a low HbF are associated with 

PSR (10). 

Incidence of proliferative PSR increases with age in both genotypes (55;56). The risk of 

developing PSR in patients with HbSC disease is highest in males between 15 and 24 

years, in females the incidence is highest between 20 and 39 years. Patients with HbSS 

disease have the highest incidence between 25 and 39 years, both in males and females 

(55).

Heart

Cardiovascular changes are described in sickle cell disease. The cause of these changes 

has not yet been elucidated. Chronic anaemia leads to left ventricle dilation. Compared 

to healthy subjects, patients with SCD have left ventricle dilation in both systole and 

diasystole, leading to an increased stroke volume but with a preserved left ventricle 

ejection fraction (57). 

Most children with HbSS disease develop cardiomegaly in the first 5 years of life 

apparently without any major dysfunction. In adults left ventricular hypertrophy occurs 

in most patients and right ventricular hypertrophy is common. Myocardial infarction, 

coronary thrombosis and arteritis are rare in SCD (58). 

Prevention of complications in sickle cell disease

Prevention of infections

Due to functional hyposplenia patients have an increased susceptibility for infections 

with encapsulated bacteria such as Streptococcus pneumoniae. Infections caused by 

hyposplenia can be prevented by penicillin prophylaxis in combination with immunisation 

(19;20).

Blood transfusions and iron chelation

Simple blood transfusions, reducing the HbS concentration by haemodilution, are used 

in acute situations (i.e. acute splenic and hepatic sequestration), prior to surgery or 

anaesthesia and as part of a chronic blood transfusion scheme. Chronic blood transfusions 

are mainly used in patients as primary (TCD > 200 cm/s) or secondary stroke prevention. 

Exchange transfusion reduces the concentration of HbS while limiting the volume 
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administered and is indicated in acute stroke and acute chest syndrome. Important 

medical complications are alloantibody formation, transfusion related infections and iron 

overload. Patients who receive regular blood transfusions are treated with iron chelation 

therapy. Two types of chelation therapy are often subscribed: Deferoxamine (Desferal®) 

and Deferasirox (Exjade®). Deferoxamine requires a continuous infusion, often by a 

subcutaneous pump, for at least 8 hours a day for 5 days a week. Deferasirox is a 

relatively new iron chelation therapy and is taken orally in the morning. Without therapy 

patients receiving regular blood transfusions will develop iron overload leading to heart 

and liver damage. Although complications by iron damage will be reduced by these 

therapies, compliance remains to be an issue.

Hydroxyurea therapy

Hydroxyurea (HU) induces foetal haemoglobin (HbF) synthesis, which cannot polymerise 

with HbS, and causes a reduction in neutrophil and reticulocyte counts (59). Adult patients 

taking hydroxyurea for frequent painful sickle cell episodes have a reduced mortality and 

a decreased frequency of vaso-occlusive events (60;61). In children hydroxyurea is not 

approved. A recent systematic review for efficacy and toxicity of hydroxyurea in children 

with SCD concluded that hydroxyurea reduces hospitalisation and the frequency of pain 

crises (62). A prospective study showed that hydroxyurea also lowers TCD velocities in 

children with SCD (63). A randomized, double-blind, placebo-controlled trail (BABY HUG 

study) is currently performed in the USA to determine if hydroxyurea can prevent the 

onset of chronic end organ damage in young children with SCD. Adverse events were 

reversible mild-to-moderate neutropenia, mild thrombocytopenia, severe anaemia, rash 

or nail changes and headache (62). Potential toxic effects include teratogenicity and 

carcinogenesis, although in several studies these side effects could not be confirmed 

(62;64). 

Transplantation

Haematopoietic stem cell transplantation is the only curative therapy for SCD. In The 

Netherlands this therapy is rarely used currently, since there is no consensus on the 

indication for transplantation. In a French study the overall cumulative incidence of 

rejection after related myeloablative stem cell transplantation was 7.0% at 5 years and 

the estimated 5-year transplantation-related mortality rate was 6.9%, with all events 

occurring before the first 12 months after transplantation (65). The main complication of 

cord blood stem cell transplantation is graft rejection and graft versus host disease (66). 

In the French study no death was observed after the 40th transplantation or after cord 

blood transplantation (65). Unravelling predictors of a severe course in SCD might make 

it easier to make a decision which patients should undergo transplantation.
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New therapies

Presently new off-label drugs in SCD are studied. Therapeutic interventions that might 

improve vasculopathy are, amongst others, agents that restore normal NO bioavailability 

or compensate for its deficiency and agents reducing haemolysis and oxidative stress. 

As NO is produced in the endothelium from its substrate L-arginine, increasing plasma 

arginine concentration is an important substrate of investigation. Oral L-arginine, direct 

administration of inhaled NO and Silfanedil (Viagra®) increase NO bioavailability. 

Hemolysis and oxidative stress are reduced by Arginine and Glutamine, which orally 

ingested is metabolised to citrulline and subsequently synthesised to arginine in the 

kidneys (source: ASH annual meeting, December 2008). Gardos-potassium channel 

inhibitors are being studied as anti-sickling agents. However, a recent definitive Phase III 

trial showed negative results (67).

Scope of the thesis

In the past decades the black population in the Netherlands has increased and 

consequently the population at risk of SCD has increased as well. At present the number 

of children with SCD in this country is based on a rough estimation. Applying a capture-

recapture study design using both data acquired from paediatricians and laboratories, 

we obtained an accurate estimate of the prevalence of children with SCD in The 

Netherlands, as reported in Chapter 2.

In Chapter 3 we have documented the age of diagnosis and presenting symptoms in 

children with SCD in a population not subject to neonatal screening. From January 1st 

2007 a neonatal screening program for SCD has been launched in The Netherlands. As 

children born before this date and children born outside The Netherlands are likely to 

be missed by this screening, it is important to identify presenting symptoms of these 

patients in a European country. We evaluated the presenting symptoms and age at 

diagnosis in a historical cohort of 88 unscreened children with SCD. The results of this 

study may aid in early recognition of symptoms by health care workers.

One of the challenges in SCD is the highly variable clinical picture. The determinants of a 

severe clinical course are largely unknown. It is important to increase our knowledge on 

determinants of a severe course, thereby unravelling the pathophysiological mechanisms 

underlying the disease process. This may provide targets for novel therapeutic inter-

ventions. Unfortunately, research aimed at finding determinants for a ‘severe sickle cell 

phenotype’ is hampered by the fact that there is no international consensus on the 

definition of a ‘severe phenotype’. Moreover, it is presently unclear which indices or 

instruments provide a valid measure of disease severity. A valid index should distinguish 
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patients according to their severity status, covering all items that are important. In 

Chapter 4 we systematically review all existing severity indices for SCD and we evaluate 

their content and methodological quality. Because this review reveals that there is no 

generally accepted severity index for SCD the aim of the study, as described in Chapter 
5, was to develop and validate a severity assessment instrument for SCD. Item selection 

for this instrument was based on the systematic review. We investigated the construct 

validity of this instrument.

Silent infarcts are a devastating complication of SCD causing decreased neurocognitive 

functioning. Silent infarcts are thought to be the result of inadequate oxygen supply 

to the brain when metabolic demands increase or arterial pressure drops. The ensuing 

ischemia predisposes to cerebral infarctions. We need diagnostic methods to predict 

which children are at risk for silent infarcts. A new technique to measure Cerebral Blood 

Flow (CBF) is Continuous Arterial Spin Labeling MRI (CASL-MRI), which needs further 

evaluation. This non-invasive method quantifies CBF without the use of radiation or 

contrast. So far, data on CBF obtained by CASL-MRI in children with SCD are sparse. 

Chapter 6 describes CBF measurement by CASL-MRI in 24 children with SCD compared 

to 12 healthy control subjects matched for race, gender and age.

Taking care of a child with SCD places heavy strains on these caregivers. Previous 

studies have addressed the psychological effects of parenting children with SCD and 

reported symptoms of psychological distress (68-71). Effects of caregiving for a child 

with SCD may influence more aspects of life than mental health alone. Quality of life is 

a multidimensional concept that includes social, physical, psychological and emotional 

aspects. Studies in caregivers of children with various chronic illnesses have shown that 

these caregivers report an impaired quality of life compared to caregivers of healthy 

children (72-76). Chapter 7 is an assessment of the quality of life of caregivers of children 

with SCD. We hypothesised that caregivers of children with SCD have a lower quality of 

life compared to the healthy Dutch population and caregivers of healthy children with 

the same socio-economic status. 
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ABSTRACT

In 2007 a national neonatal screening program for sickle cell disease (SCD) was launched 

in The Netherlands as the population at risk has increased over the last two decades. 

The aim of this study was to estimate the prevalence, the number of newly diagnosed 

children with SCD as well as the proportion of cases that evades neonatal screening.

Cross-sectional survey of three data sources were used to estimate the prevalence and 

incidence of SCD in The Netherlands: the Dutch Paediatric Surveillance Unit (DPSU), a 

survey among laboratories and a survey among Dutch paediatric practices. To correct for 

potential underreporting by the paediatricians we used the capture-recapture method. 

Children with SCD aged <18 years, either born before 2003 or newly diagnosed children 

in the period 2003-2007 were included in the study.

The prevalence of SCD in children living in the Netherlands at January 1st 2003 was 

1:5152 (95%CI 1:4513 - 1:6015). In the 4 years thereafter, the yearly incidence was 1:2011 

(95%CI 1:1743 - 1:2376). Nearly one third (27%) of the newly diagnosed cases was born 

outside the Netherlands and thus evaded neonatal screening. Approximately 60% of the 

newly diagnosed SCD children were not reported by paediatricians.

The number of children with SCD in the Netherlands is much higher than previously 

estimated. A considerable number of children is born abroad and does not benefit from 

neonatal screening. As these children are at risk of serious infant morbidity physicians 

and health planners should be aware of the risk of disparities in the care for these 

children and adequate measures to approach this should be considered.
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INTRODUCTION

In 2007 a national neonatal screening program for sickle cell disease (SCD) was launched 

in The Netherlands, prompted by the increase of the population at risk from 0.5 to 1.7 

million people over the last two decades (1). SCD is an inherited disorder of haemoglobin 

with its highest incidence in people of African ancestry and an increasing prevalence in 

Europe (2). Presently, it is one of the most common genetic disorders in the United 

Kingdom (3;4). SCD is characterised by chronic haemolytic anaemia and vascular 

occlusion, causing painful crises and irreversible damage to vital organs at an early age 

(2). Auto-infarction of the spleen leads to life-threatening infections with encapsulated 

bacteria in 7-10% of the cases (5;6). With daily prophylactic penicillin administration and 

immunization, the risk of serious infections has been substantially reduced (6;7). Children 

with SCD benefit from neonatal screening because this enables administration of these 

preventive measures before patients suffer from any symptoms. It is recommended that 

children with SCD are cared for by specialised clinicians and receive periodic evaluation 

by a multidisciplinary team in a comprehensive medical care setting (8-11). Therefore 

all children diagnosed with SCD by neonatal screening are referred to a paediatric 

haematologist. As the screening program is performed in the first week of life, children 

with SCD that are born abroad and immigrate to The Netherlands at a later age will 

evade the screening and only be identified when they become symptomatic. 

The aim of the present study was to estimate the prevalence of paediatric SCD and 

the number of newly diagnosed SCD children in The Netherlands. Furthermore, we 

aimed to estimate the proportion of children with SCD receiving paediatric care in a 

comprehensive care setting. 

METHODS

In order to estimate the number of newly diagnosed children (age < 18 years) with SCD, 

we first tracked the children in whom the diagnosis was already established at January 

1st 2003. Secondly, we estimated the number of newly diagnosed children in the four 

years after January 2003. 

Estimation of prevalence of SCD in children < 18 years in 2003

The estimation of prevalence of SCD in children in The Netherlands at January 1st 2003 

was based on two national surveys: a survey among paediatric practices and a survey 

among laboratories. In March 2004 all 107 Dutch paediatric practices (including 8 

university hospitals) were requested information on SCD patients (<18 years of age) 

who were under their care in January 2003. For non-responding practices, data were 
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collected by a site visit. Data collection included initials, date of birth, date of diagnosis, 

final diagnosis and country of parental origin.

In December 2006, a confidential enquiry was sent to all 37 Dutch laboratories (including 

8 university hospitals) that perform haemoglobinopathy testing (by High Performance 

Liquid Chromatography or Haemoglobin electrophoresis). For all patients born after 

January 1st 1985 (<18 years of age in January 2003) with HbS > 40%, the following data 

were collected: initials, date of birth, postal code of home address, date of test and final 

diagnosis. If more then one diagnostic test was available, data from the initial test were 

used, as the diagnosis was presumed to have been established by this test. Children who 

had their first diagnostic test performed before January 1st 2003 were used to validate 

prevalent cases. The total population of children< 18 years of age in The Netherlands in 

2003 was 3.2 million (12).

Estimate of newly diagnosed children (incidence) in the period 1-1-2003 
to 1-1-2007

This estimate was also based on two datasets: one dataset was collected by the Dutch 

Paediatric Surveillance Unit (DPSU) and the other was the laboratory dataset described 

above. The DPSU collected data on newly diagnosed patients with SCD through 

surveillance using a monthly electronic card sent to all Dutch practising paediatricians 

(13). The following data were collected from the cases: initials, date of birth, date of 

diagnosis, final diagnosis and the country of birth of mother and child. Children diagnosed 

after January 1st 2003 were used to validate the estimation of newly diagnosed cases 

after 2003.

No ethical approval was required. The datasets were filed at the Dutch Data Protection 

Authority (www.cpbweb.nl) with number m1339945. 

Capture-recapture method

To correct for potential underreporting by the paediatricians we used the capture-

recapture method (14;15). With this method the total number of cases in the population 

(n) is estimated using the number of cases identified by two independent sources. 

Independency of the sources implies that cases have the same probability of being 

recorded in each database. The first source was the combined paediatric survey and 

DSPU set and the second source the laboratory survey. Duplicate entries were removed 

from each database by computer sorting and visual inspection and data were then 

merged using date of birth and initials. Children that were already present in one of the 

databases were excluded from the database of newly diagnosed cases after 2003.
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The estimate of the prevalence of children with SCD in 2003 and the number of newly 

diagnosed cases thereafter were both calculated as follows. The number of cases 

reported separately by two sources and the number of cases common to both sources 

were entered into the following formula: 

Where    is the estimated total number of cases, c1 and c2 are the number of diagnosed 

SCD cases in the first (paediatric surveys) and the second (laboratory survey) source 

respectively, and m is the number of diagnosed SCD identified in both sources 

(matches). 

The following formula was then used to calculate the standard deviation (sd) for   : 

A simple approximate (1- α) 100% confidence interval is given by where

where          is the (1-α/2) quantile from a normal distribution. 

RESULTS

Prevalence of children with SCD in 2003

The survey among paediatric practices had a response rate of 91% and identified 258 

children age <18 years with SCD living in The Netherlands on January 1st 2003. The 

majority of these children originated from West Africa (48%) or from Surinam/ Dutch 

Antilles (31%). For the laboratories, the response rate was 100% in eight laboratories of 

university hospitals and the national referral laboratory and 40% for laboratories of local 

hospitals. Non-responding laboratories were all situated in areas where prevalence is 

known to be low. The laboratory survey identified 190 cases, with 79 cases overlapping 

the paediatric practices survey. The estimate for prevalence of children with SCD in The 

Netherlands at January 1st 2003 was 621 (95% CI 532-709), based on these datasets 

(Table 1). 

Newly diagnosed children 2003-2007

The response rate of the DPSU surveillance was 95%. Between 2003 and 2007 the 

number of reported newly diagnosed SCD patients was 120 with an annual range of 21 

to 41 children. 

Thirty two newly diagnosed cases (27%) were born outside The Netherlands. The 

laboratory survey identified 173 cases, with 58 cases overlapping the survey among 

paediatricians. The capture-recapture method yielded an estimate of 358 (95% CI 303- 
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413) newly diagnosed SCD children in The Netherlands over the 4 year period (mean 

94/year; 95% CI 61-127) (Table 1). Of this estimated number only 120 cases (34%) were 

reported by paediatricians.

DISCUSSION

This study showed that the estimated number of children in the Netherlands that have 

SCD is much higher than expected with a total number of 621 children in 2003, and 

an average of 94 newly diagnosed children each year since then. It also revealed that 

not all SCD patients received optimal care. Our study revealed that less than half of the 

paediatric SCD patients are reported by paediatricians. Nearly one third (27%) of the 

newly diagnosed children is born outside the Netherlands and therefore evades the 

neonatal screening program.

The number of affected children is estimated using a capture-recapture method with 

two independent sources. The first source is the paediatric practices and the second 

source is the laboratories. These sources are independent as laboratory tests may be 

requested not only by paediatricians but by general practitioners and other specialists 

as well. 

In 2003, the estimated total number of children with SCD living in The Netherlands is 

621, which is five-fold higher compared to estimations a decade earlier (16). This may 

be explained by the effect of demographic changes and by underestimation in previous 

studies, as these used a single data source (16;17). 

The estimated number of total and newly diagnosed children with SCD from 2003 (621 

and 358 respectively) is more than twice the number of cases identified by paediatricians 

258 and 120 respectively). This difference cannot solely be explained by underreporting 

Table 1 Estimates for the total number and newly diagnosed children with SCD using capture – recapture 
method in the Netherlands.

Group Paediatricians 
n

Laboratories
n

Both
n

Estimated 
number

n (95% CI)

Incidence/
Prevalence 

(95% CI)

Cases <18 years
at 1-1-2003

258 190 79 621
(532-709)

Prevalence
1:5,152

(6,015 - 4,513)

Newly 
diagnosed cases 
2003 -2007

120 173 58 358
(303-413)

Incidence
1:2,011

(2,376 - 1,743)

Incidence: Newly diagnosed cases per live births per year 
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within the paediatric practices and suggests that not all children with SCD are under the 

care of a paediatrician. This is disquieting, as regular paediatric follow up of SCD patients 

in a specialized comprehensive care setting is necessary for an adequate quality of care 

(11;13;14).

Most newly diagnosed children live in urban parts of The Netherlands in newly 

immigrated families, originating from Central- or West Africa. As their parents have 

a limited knowledge of the Dutch language, culture and health care system, special 

efforts are needed to ensure that these children have sufficient access to the health care 

system.

We demonstrated that almost one third of the newly diagnosed patients is not born in 

The Netherlands. These children, unidentified by neonatal screening, are at increased 

risk for serious infection or other life-threatening complications of SCD prior to diagnosis 

and subsequent installation of preventive measures. This finding implies that disparities 

in the care of these children may occur and therefore the initiation of other screening 

programmes should be considered (e.g. directed at children that are adopted or children 

of immigrant families). We are not aware of any data on this issue from other countries 

that perform neonatal screening for SCD and it would be interesting to study whether 

this problem is more widespread.

Moreover, despite the availability of a neonatal screening program, clinicians need to 

remain alert for yet undiagnosed children presenting with symptoms that may suggest 

SCD (5).  
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Sickle cell disease (SCD) is a heterogeneous disease and children may present with a 

variety of symptoms at different ages (1-3). Signs which are indicative of SCD are chronic 

haemolytic anaemia, vaso-occlusion and an increased susceptibility to infections by 

encapsulated bacteria.  

Most European countries do not have a neonatal screening program and in the majority 

of the cases the diagnosis is made when medical care is sought for symptoms. Yet, 

most European general practitioners and paediatricians are not familiar with the clinical 

presentation of this disease. Early diagnosis of SCD is important as preventive measures 

started at an early age can reduce morbidity and mortality. Pneumococcal infections 

can be prevented by penicillin prophylaxis and pneumococcal vaccination (4;5). Also, 

parental education may aid in timely recognition and treatment of complications (6).

 

At present, the presenting signs and symptoms of SCD in European countries are 

unknown. The main objective of this study was to describe the age at diagnosis and the 

nature of the presenting symptoms in a non-screened population of children with SCD. 

The Sickle Cell Clinic at the Emma Children’s Hospital in Amsterdam provides care to 

more than 40% of all paediatric SCD patients in the Netherlands. Patients from this 

hospital were included in the study if they were born and diagnosed in the Netherlands. 

The study population (n=88) was classified according to genotype into two groups: 

HbSS/HbS-β0-thalassaemia and HbSC/HbS-β+-thalassaemia. Presenting symptoms were 

classified as either SCD specific symptoms (i.e. attributable to SCD), or non-specific 

symptoms, when the diagnosis of SCD had been made during the process of clinical 

work-up. In the latter case the ethnic background of the patient prompted laboratory 

testing for SCD.

Age and presenting symptoms in HbSS/HbS-β0-thalassaemia and HbSC/HbS-β+-

thalassaemia are shown in Table 1. 

The majority of these cases (72%) were detected because they presented with 

symptoms specific for SCD. Five children (6%) presented with a life-threatening event 

(pneumococcal septicaemia/meningitis (n=3) and acute splenic sequestration (n=2)). In 

28% the diagnosis was made on non-specific symptoms. 

The median age at diagnosis in the total patient group was 25 months. In the group 

of children who had been diagnosed by specific symptoms, those with HbSS/HbS-β0-

thalassaemia were diagnosed at a younger age (median 24 months) than those with 

HbSC/HbS-β+-thalassaemia (median 45 months) (P=0.07).
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The number of undiagnosed cases that did not come to our attention, either because 

of an early fatal course or a very mild course, is unknown. The proportion of children 

diagnosed by non-specific symptoms is influenced by the diagnostic suspicion of the 

paediatricians. We observed a broad age range at diagnosis in this study (7 months-14 

years). 

Six percent of the children in this study presented with life-threatening events that might 

have been prevented if SCD had been diagnosed earlier (e.g. by neonatal screening). 

This illustrates the importance of adequate and early recognition of signs of SCD by 

health care workers. 

Table 1. Age at diagnosis and presenting symptoms in children with homozygous sickle cell disease or HbS-
β0-thalassaemia (n=67) and children with HbSC or HbS-β+-thalassaemia (n=21).

HbSS/
HbS-β0-

thalassaemia

HbSC/
HbS-β+-

thalassaemia Total

N Age 
(median) 
months

N Age 
(median) 
months

N % Age 
(median) 
months

Range
(minimum- 

maximum) months

Specific symptoms

Painful crisis 20 20 7 53 27 43 26 7-159

Anaemia 12 18 4 34 16 26 22 7-172

Jaundice 8 40 1 54 9 14 41 9-69

Anaemia and jaundice 4 23 - - 4 6 23 18-66

Pneumococcal infection 2 14 2 17 4 6 17 9-19

Acute splenic sequestration 1 27 1 11 2 3 19 11-27

Aplastic crisis 1 54 - - 1 2 54 54

Total specific 48 24 15 45 63 100 26 7-172

Non-specific symptoms

Non-sickle cell related 
infection

12 17 4 26 16 64 21 6-53

Others 7 35 2 17 9 36 30 6-86

Total non-specific 19 21 6 22 25 100 22 6-86

Total 67 23 21 30 88 100 25 6-172
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ABSTRACT

Sickle cell disease (SCD) is a heterogeneous disease influenced by genetic and 

environmental factors. The aim of this study was to identify all indices used to measure 

disease severity in SCD and to evaluate their methodological foundations and utility for 

clinical research.

Studies containing a composite severity index to measure SCD severity were retrieved 

from MEDLINE up to October 2008 and from reference lists of relevant articles. Articles 

in which an index of sickle cell disease was used to distinguish patients according to their 

overall severity status were eligible for inclusion. The indices were analysed descriptively 

and their validity was assessed by modern clinimetric standards.

The full text of 118 articles was evaluated and 29 articles (28 in English), containing 30 

indices, were included in the review. Of 30 identified indices, containing a total of 51 

component items, 26 indices (87%) were not validated. In only five articles a definition 

of SCD severity was presented, and all definitions were different. 

There is an urgent need for a comprehensive and rigorously validated instrument to 

measure disease severity in SCD. Such an instrument is essential for etiological research 

that will enable the construction of prognostic models.
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INTRODUCTION

The heterogeneous phenotype in patients with sickle cell disease (SCD) is determined by 

the interaction of genetic and environmental factors, of which some have been identified 

(1-5). It is essential to know which determinants are associated with severe disease, 

so that prognostic models can be constructed. These prognostic models may help to 

identify patients who are at increased risk for a severe disease course before irreversible 

organ damage has occurred. These patients may benefit from early treatment with 

disease modifying therapies. 

Unfortunately, prognostic models are not fully developed yet and more etiological 

research is needed. However, there is a critical barrier to the performance of etiological 

research in SCD as there is no established definition of “a severe phenotype”. This makes 

it difficult to define a valid outcome measure that can be quantified (6). As different 

investigators use different outcomes, it is very difficult to compare results across studies. 

Adverse outcomes like death and stroke have been used as outcomes in the past, but 

nowadays they are increasingly rare, especially in children. We require a contemporary 

definition of the severity of SCD (6). 

Composite indices, capturing clinical events, laboratory tests and treatment data, have 

been used to measure overall disease severity. The content and methodological quality 

of these indices appears to be variable. We performed a systematic review to identify all 

existing severity indices for SCD and to evaluate the content and methodological quality 

of these indices.

A valid index in this field should distinguish patients according to their severity status, 

cumulative up to the time point when outcome is evaluated, covering all items that are 

apparently important, and demonstrate a high correlation with similar measurements of 

severity. The severity measured by such an index can then be used as an outcome measure 

in etiological research when determinants of “a severe phenotype” are studied. 

METHODS

We searched Medline (1966- October 2008) combining the search term “exp anaemia, 

sickle cell/ [MeSH]” with “exp health status indicators/ [MeSH]” and with “severity OR 

severe OR clinical spectrum”. Reference lists were used to identify additional articles. 

The search was not limited by publication date or language. Two reviewers (XT and KF) 

independently reviewed all abstracts to establish eligibility. 



44

Chapter 4

Articles in which an index of SCD, capturing overall disease severity, was used to 

distinguish patients according to their current severity status were eligible for inclusion.

An index was defined as a list of items to which numerical values were attached (e.g. 

CVA absent = 0, CVA present =1). If a severity index was described in more than one 

article, we included the article in which most information on the development of the 

index was given. 

Information on the type of study, the aim and description of the index, item definition 

and confounding, scoring and summarizing the items and the validity of the index was 

extracted independently in pairs by four reviewers (XT, HL, JH, KF) and discrepancies 

were resolved by discussion. Items were considered to be confounded when factors 

beyond the sickle cell disease process importantly influenced their occurrence. Reviewers 

assessed the clinimetric validity of the indices evaluating content validity, concurrent 

validity, construct validity and reproducibility (7), using established quality criteria (8). 

Content validity, defined as the extent to which the disease severity was comprehensively 

sampled by the items (9), was considered adequate for indices that ensured a wide 

coverage of relevant items by examining the literature and consulting experts (8;10). 

Criterion validity was defined as the extent to which scores on a particular instrument 

relate to the “gold standard”, the best measurement instrument available (8). Since there 

is no “gold standard” for severity of SCD, we assessed whether the index demonstrated 

high agreement with another severity index that was used at the same time (concurrent 

validity) (7). Construct validity is the consistency of scores on a particular index with other 

measurements, based on hypotheses concerning the concepts that are being measured 

(7;11). E.g. in the case of SCD severity would be hypothesized to be associated with low 

haemoglobin levels or high LDH levels. Construct validity was considered adequate for 

indices for which < 25% of postulated hypotheses could be refuted (8). 

The results of any reported tests for (intrarater, interrater and test-retest) reproducibility 

were recorded. Reproducibility was considered adequate when two measurements in 

time (between 1 and 4 weeks apart for test-retest reliability) showed high agreement 

(ICC > 0.8 for test-retest reliability and ICC > 0.7 for inter-observer reliability). 

RESULTS

The Medline search yielded 1618 abstracts from which we selected 98 articles (Figure 

1), as it was clear from the abstract that the article did not contain an index measuring 

severity in SCD disease in the remaining 1520 articles. Reference tracking resulted in 20 

additional articles. After evaluation of the full text of these 118 articles, 29 articles (28 
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in English) were included in the review (Table 1). A frequently cited prognostic study 

by Miller did not meet our inclusion criteria, since this study used four separate events 

as proxies for severe sickle cell disease (death, stroke, 2 or more painful vaso-occlusive 

events/year and one or more acute chest syndromes/year). As the purpose of our review 

was to identify and evaluate composite severity indices that measure overall SCD severity, 

studies using separate events as an outcome were not eligible for inclusion (2).
Figure 1. Flow diagram of data extraction

Index types

In two articles the main objective of the study was to develop and evaluate a severity 

index for SCD (12;13). The other studies investigated the association between various 

determinants, e.g. laboratory values or geographic region of origin, and SCD severity. 

In those articles the severity indices were used as an outcome measure (Table 1). The 

concept that the severity index was intended to measure was defined by five authors 

(17%) (14-18) (Table 2) and only one article explicitly reported its measurement goal, 

which was classification of disease severity (13). None of the studies specified the target 

population for which the index was intended. 

Items used in the indices

The five most frequently used items were painful vaso-occlusive crises (87% of the 

indices), central nervous system abnormalities, i.e. CVA, cerebral vasculopathy, seizures, 

encephalopathy (67% of the indices), aseptic/avascular necrosis of the bone (53% of the 

indices), acute chest syndrome (43% of the indices) and blood transfusions (40% of the 

indices). The characteristics of the included indices are given in Table 3 (see appendix 

page 105). The items were clearly defined in six indices (20%) (13;14;17-20). 
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Table 1. Description of the included studies: main objective and number of patients

Author Main objective*
No of 

patients

Jackson  (21) To evaluate the effect of persistence of significant amounts of HbF on the 
clinical severity of the manifestations of SCD

61

Steinberg  (19) A report of clinical and laboratory findings of patients with mild SCD 21

Hebbel (14) To assess whether red cell adherence to endothelium is related to clinical 
manifestations of SCD

33

Cameron (12) To compare the qualitative perception of severity in SCD with quantitative 
indices using objective criteria

24

Odenheimer (28) To evaluate the relationship between haematological variables and disease 
severity

140

Roberts (29) To examine HbF level and MCV in patients with HbSS from different 
regions of Saudi Arabia and to relate these findings to clinical and other 
haematological features

81

El-Hazmi (30) To determine the features of SCD in children from the south-western region 
of Saudi Arabia, and to investigate the influence of other associated genetic 
abnormalities on the nature of SCD in this population

137

Phillips (15) To correlate the frequency of painful events and the extent of end organ 
failure in SCD with rheologic properties of packed suspensions of sickle cells

16

Phillips (16) To evaluate the relationship of plasma levels of tocopherol to disease severity 
in SCD

27

El-Hazmi (31) To compare the populations with SCD of the eastern providence and the 
south-western providence of Saudi Arabia and to see if severity was different 
in the two populations and if a reason could be found for this

94

Hedo (32) To correlate acute phase reactants with severity of homozygous SCD 73

Olatunji (33) To compare clinical severity in patients with SCD having persistent 
hepatomegaly and those without hepatomegaly

80

Al-Momen (34) To estimate vitamin B12 levels in patients with severe SCD 85

Houston (35) To compare homocysteine levels in different subgroups of patients with SCD 99

Anyaegbu (36) To study how the severity of SCD relates to neutrophil count and function 64

Moore (37) To determine whether the measurement of HLA-1 heterodimers would offer 
further support for the presence of chronic inflammation in patients with SCD 
in steady state and after a recent crisis

50

Diop (38) Evaluation of the clinical severity of sickle cell anaemia patients living in 
Senegal

60

Jardin (39) To establish the clinical phenotype for Senegal, to link it to haplotype, level of 
HbF and age

40

Grant (40) To investigate depression and health care use in patients with SCD 43

Schnog (17) To determine whether Duffy phenotype influences the severity of SCD 51

Lee (18) To investigate whether CD36 expression on reticulocytes and red blood cells 
modulates the clinical course of SCD

Wali (41) To correlate splenic function in Omani children with SCD to clinical severity 
and other parameters (haematological parameters, alpha-thalassaemia trait 
etc.)

72
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Table 1. (cont)

Author Main objective*
No of 

patients

Inati (20) To examine the correlation between the clinical manifestation of SCD and the 
beta-globin gene haplotypes

50

Day (13) To develop and evaluate a SCD assessment instrument 3

Panepinto (42) To determine the validity of child health questionnaire as a measure of health 
related quality of life (HRQL) in SCD by examining the relationship between 
HRQL and disease severity

95

Pearson (22) To examine the associations among autonomic reactivity, clinical severity, 
family stressors and mental health symptoms in children with homozygous 
SCD

19

Oparinde (43) To determine a possible role for hepatic enzymes as biochemical indices of 
severity

75

Sibenga (44) To identify complementary and alternative therapies that are currently used 
by families for children with SCD and to investigate SCD families’ interest in 
complementary and alternative therapies 

57

Afenyi-Annan (45) To examine whether the Duffy-negative genotype leading to the Fy(a-b-) 
phenotype was associated with clinical disease severity and organ damage in 
patients with SCD

249

*As stated in the Introduction of the article.

Table 2. Concept of severity measured, as reported in 5 out of 29 articles

Author Concept of severity

Hebbel (14) Clinical manifestations of SCD due to micro vascular occlusions

Phillips (15) End organ failure score

Phillips (16) Important vaso-occlusive manifestations 

Schnog (17) Vaso-occlusive score 

Lee (18) Complications of SCD classically related to vascular occlusions

Some items were only applicable to a proportion of the patient population (e.g. priapism, 

pregnancy terminating in live birth). 

Many items were influenced by factors beyond the sickle cell disease process (confounded). 

Vaso-occlusive crises were generally scored when they led to hospitalisation and treatment 

with analgesics. Hospitalisation, however, may depend on many factors beyond the 

severity concept, such as physician experience and preference, family situation, coping 

skills and socio-economic background. Likewise, transfusion history reflects available 

resources and physician preferences. 

The items were scored either as incidence during a certain time period (mostly one 

or two years) or as cumulative incidence over life time. In 19 of 24 (79%) indices that 
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included diagnostic tests, it was unclear whether diagnostic tests (i.e. cardiac ultrasound, 

cerebral MRI) had been performed in all patients or only in those with clinical symptoms. 

For 8 of 11 (72%) indices that included the results of laboratory tests, it was not stated 

whether blood sampling had taken place in a stable clinical situation.

The number of items varied from three to 20 (21;22) per index. Taken together, the 

indices contained 51 items. In 11 indices (37%) all constituent items were contributing 

equally to the total sum score. In 19 indices (63%) items were scored differentially, by 

allocating more weight to specific items in comparison to others. However, the rationale 

for weighting of the items was not explained. Eight scores (27%) did not have an upper 

limit since their calculation incorporated the cumulative number of certain events e.g. 

transfusions or hospitalisations.

Validity

Four indices (13%) had been validated (12;13;22). Although these four indices performed 

well on specific validity criteria, none of the indices met all generally accepted validity 

criteria. Content validity was adequate for two indices, ensured by consultation 

of respectively five and 15 clinicians and scientists (13;22). Construct validity proved 

adequate for two indices when the scores of 24 patients were compared to a subjective 

ranking by four professionals (12). Reproducibility was tested for one index and proved 

adequate (12). 

DISCUSSION

In this systematic review we found 30 composite severity indices for SCD, containing 51 

different items ranging from haematological parameters to socio-economic consequences 

of the disease. The large number of indices reflects the lack of consensus on the concept 

of SCD severity and the best way to measure this concept. None of the indices was 

fully validated. For etiological research there is an urgent need for a comprehensive and 

rigorously validated instrument to measure disease severity in SCD that can be used as 

an outcome measure.  

A definition of the concept of severity to be measured was lacking in most articles (n=25, 

86%). A severity index needs readily identifiable and conceptually strong underpinnings 

(23). Although some might challenge a global severity concept, “most observers would 

share a ‘gut feeling’ about a severely affected patient”, as Serjeant states (24). As is 

evident from the results of this review, many researchers have tried to assemble a 

severity score that reflects this ‘gut feeling’. The lack of consensus on a definition of 

severity should be solved before an instrument that can measure it can be developed. 
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Selection of the items to be included in the index follows from the definition of the 

concept to be measured. For validity of the index, all relevant items reflecting the 

concept should be incorporated, and defined clearly. In 24 indices (80%) from this 

review the component items were not clearly defined, which leads to misclassification 

and imprecise measurements. Many of the items that are used in the indices of this 

review are confounded by factors beyond the severity of SCD, especially by health care 

interventions. Neonatal screening programs influence the average age at diagnosis, 

penicillin prophylaxis reduces the incidence of pneumococcal infections, blood 

transfusion schemes prevent CVAs, and the use of hydroxyurea decreases the incidence 

of vaso-occlusive pain crises. Items that are confounded will reduce the power of the 

index to distinguish patients from each other, and the influence of confounders should 

preferably be minimized. Since the influence of the health care system is substantial, this 

implies that scores obtained by a severity index should be used with great caution when 

comparing populations with different health care systems.

Any index will be subject to the effect of age because of floor/ceiling effects; items that 

are absent in the majority of patients from one age group may well serve to discriminate 

between patients in another age group. As patients grow older and progress from the 

neonatal period through childhood and adolescence into adulthood, they will all suffer 

from painful vaso-occlusive crises, but different complications occur. Before the age of 5 

years spleen infarction, increased susceptibility to infection, acute splenic sequestration, 

dactylitis and vaso-occlusive crises, acute chest syndrome (ACS) and renal concentration 

deficits are the most striking features of SCD (25-27). In late adolescence and early 

adulthood, patients may experience leg ulceration and priapism, whereas kidney failure 

and irreversible organ damage of the lungs, eyes and other organs takes its toll in patient 

over the age of 30. This implies that a severity index may need to be targeted for age 

groups to perform/discriminate best.

In order to increase our understanding of SCD and develop prognostic models, we need 

to identify the determinants of a severe phenotype. Many research groups are working 

hard to find these determinants, using different outcome measures. It would be far 

more effective if results of these studies could be compared quantitatively and pooled. 

For this purpose, consensus on the concept of severity in SCD and an instrument or index 

to measure it is necessary. Efforts should be made to reach international consensus on 

a definition of SCD severity and a core set of items to measure this concept should be 

developed. As a starting point we propose to define the concept of severity as “the 

rate and extent of reversible and irreversible damage to organs brought on by the sickle 

cell disease process, resulting in impairment requiring medical intervention”. The index 

measuring this should contain well defined objectively measurable clinical variables, with 

minimal confounding by factors beyond the SCD process. Only the results of robust 

diagnostic tests, including laboratory tests, evaluating organ damage qualify to meet 
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these criteria. To capture the age-dynamics we propose to incorporate additional items 

concerning the frequency or “rate” of reversible symptoms in the index when it is used 

for paediatric patients.

This review reveals the urgent need to reach international consensus on a definition 

of SCD severity and a comprehensive and rigorously validated instrument to measure 

disease severity in SCD. 
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ABSTRACT

There is no instrument to measure severity of sickle cell disease (SCD) in paediatric 

patients that is generally accepted. The aim of this study was to develop and validate a 

severity index for SCD in children. 

Item selection was based on a systematic literature review of measures of SCD severity. 

We developed an index consisting of 20 items and tested its validity of the index using 

data from 92 children. We tested whether different scores were obtained for patients 

classified by severity both subjectively and objectively by a partially validated existing 

index. Furthermore, we tested whether the index could differentiate patients classified 

according to genotype or the number of alpha-gene deletions and evaluated whether 

the score on the index was correlated with age and a risk of death score.

We explored the effect of three different weighting systems (score A, B and C) to 

summarize these items. All weightings demonstrated a significant difference between 

the scores of mild, moderate and severely affected patients, as classified by a subjective 

rating or with an existing index (P<0.01). The index clearly differentiated patients by 

genotype (P<0.01) or alpha-gene deletions (P<0.01). The correlation with age and with 

the risk of death score was weak. 

This is the first paediatric SCD severity index that was developed and validated using 

modern clinimetric methodology. The validity and reliability of this index should be 

further evaluated in a prospective study including a larger cohort, preferably diagnosed 

at birth.
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INTRODUCTION

Although sickle cell disease (SCD) is caused by a single missense mutation in the β-globin 

gene, the clinical picture in patients with this disease is heterogeneous. Patients with 

a severe clinical course suffer from recurrent painful vaso-occlusive crises, develop 

irreversible organ damage at an early age and may die prematurely (1). At the other end 

of the spectrum, there are patients who have normal life expectancy with relatively few 

complications (2;3). The phenotype in patients with SCD is determined by the interaction 

of both genetic and environmental factors, of which some have been identified (1;4-6). It 

is important to increase our understanding of factors that contribute to a severe clinical 

course. Knowledge of these determinants may help to unravel the pathophysiological 

mechanisms underlying the disease process, identify novel targets for therapeutic 

interventions, and enhance patient care. Studies of determinants of disease severity may 

be performed efficiently if patients can already be classified as having mild or severe 

disease during childhood, thereby limiting follow-up time. Early classification is based on 

the assumption that disease severity is a characteristic of the individual that is relatively 

constant over time. Since children rarely manifest irreversible organ damage, a severity 

index that is specifically aimed at this population is needed. At present such an index 

does not exist.

A systematic literature review of all disease severity assessment instruments (indices) for 

SCD revealed that only four of the 30 identified indices were partially validated (7-9). No 

fully validated indices for a paediatric age range were found. 

The aim of this study was to develop and validate a severity assessment instrument 

for SCD in children. We define the concept of severity as “the rate and extent of 

reversible and irreversible damage to organs brought on by the SCD process, resulting 

in impairment requiring medical intervention”. The ultimate goal is to develop and reach 

international consensus on an instrument which will serve as an outcome measure in 

etiological studies of SCD severity in children.

METHODS

Development of a severity score

Item selection was based on a pool of 51 items retrieved from a systematic review of 

all disease severity assessment instruments for SCD (unpublished work). Items from this 

pool were rejected in case the item was not applicable to children, non-specific for SCD 

or confounded. An example of a confounded item is the age at diagnosis, which is 

determined by several other factors beside the disease severity, such as the presence of 
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a neonatal screening program and accessibility of medical care. The final index consists 

of 20 items, with 11 items regarding cumulative lifetime incidence of organ damage, 

four items concerning the number of recurrences of SCD related complications over a 

period of two years and five laboratory items (Table 1). 

Table 1. The items of the severity index with different weighting systems

Items Classification Score A Score B Score C

Points
(max 20)

Points
(max 47)

Points
(max 285)

Lifetime cumulative incidence

1.Bone necrosis (avascular) if present 1 1 10

2.Cerebral infarcts or vasculopathy if present 1 10 50

3.Enuresis nocturna/ if present 1 1 5

renal concentration problems

4.Failure to thrive (5, 10, 15 years) absent; present; ≥ 2 
abnormal observations

0; 1 0; 1 0; 5; 10

5.Symptomatic gall stones if present 1 1 5

6.Hepatic sequestration (acute) if present 1 10 50

7.Leg ulcers if present 1 1 5

8.Pneumococcal meningitis/septicaemia if present 1 1 5

9.Priapism if present 1 1 10

10.Retinopathy if present 1 1 10

11.Splenic sequestration (acute) if present 1 10 50

Number of recurrences over past two years

12.Acute chest syndrome absent; present OR ≥ 2 
over a period of 2 years

0; 1 0; 1 0; 10; 20

13.Aplastic crisis absent; present OR ≥ 2 
over a period of 2 years

0; 1 0; 1 0; 5; 10

14.Haemolytic crisis absent; present OR ≥ 2 
over a period of 2 years

0; 1 0; 1 0; 5; 10

15.Painful crisis absent; present OR ≥ 2 
over a period of 2 years

0; 1 0; 1 0; 5; 10

Laboratory values

16.Haemoglobin (mmol/l) If ≤ 4.1 mmol/l 1 1 5

17.HbF (%) If ≤ 3.0 % 1 1 5

18.Bilirubin (µmol/l) If ≥ 87 µmol/l 1 1 5

19.Leucocytes (10E9/l) If ≥ 15.2 x 10E9/l 1 1 5

20. Reticulocytes (%) If ≥ 17.1 % 1 1 5
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Definition of the items

Cumulative lifetime incidence
 1.  Bone necrosis (avascular) of the hip and/or shoulder: Pain in hip and/or shoulder and 

abnormalities of the hip and/or shoulder confirmed by X-ray or MRI.

 2.  Cerebral infarcts: Acute reduction or cessation of the cerebral blood flow, observed by 
MRI or CT-scan, resulting in focal neurological impairment lasting more than 24 hours or 
without overt clinical signs  (so-called “silent infarcts”).

  Cerebral vasculopathy: Stenosis or occlusion of the cerebral arteries documented by MRA. 
MRA was performed in children with a velocity of > 200 cm/s measured by transcranial 
duplex ultrasound (TCD).

 3.  Enuresis nocturna:  Secondary bed wetting in children older than 6 years, at least two 
times per month after a period of 6 months of dry nights.

 4.  Failure to thrive: Length (for age) in centimetres below or equal to -2 standard deviations 
on the growth chart of Caucasian children.

 5.  Gall stones: Symptomatic gall stones confirmed by ultrasound.

 6.  Hepatic sequestration (acute): Acute reduction of haemoglobin > 2 mmol/l compared to 
haemoglobin values in the stable situation, combined with acute enlargement of the liver. 

 7.  Leg ulcer: Defect of the skin of the lower leg, reaching into the sub cutis or deeper, with 
little ability to heal.

 8.  Pneumococcal septicaemia and/or meningitis: Pneumococcal septicaemia and/or 
meningitis confirmed by respectively culture of blood and/or cerebral spinal fluid.

 9.  Priapism: Sustained, painful, and unwanted erection of the penis that is the result of either 
increased arterial inflow (ie, high flow) or, more commonly, the failure of venous outflow (ie, 
low flow), resulting in blood trapping within the erectile bodies (10) for which intervention 
in the hospital was necessary.

 10.  Retinopathy: Damage of the retina confirmed by ophthalmologic investigation and 
attributable to SCD.

 11. Splenic sequestration (acute): Acute reduction of haemoglobin > 2 mmol/l compared 
to haemoglobin values in the stable situation, combined with acute enlargement of the 
spleen. 

Cumulative incidence over a period of two years
 12.  Acute chest syndrome: Presence of a new pulmonary infiltrate on chest X-ray film and/or 

a defect on radionuclide imaging of the chest or abnormalities on spiral CT-scan, combined 
with acute respiratory illness.(8) 

 13.  Aplastic crisis: Reduction of haemoglobin > 2 mmol/l combined with a large decrease in 
reticulocyte percentage compared to values in the stable situation.

 14.  Haemolytic crisis: Reduction of haemoglobin of > 2 mmol/l combined with an increase in 
reticulocyte percentage compared to values in the stable situation.

 15.  Painful crisis: Pain in the arms and legs, back, abdomen, chest or skull that lasts for at least 
two hours, leading to hospital admission and attributable to SCD (8).
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Weighting of the items

Three different weighting systems to summarize the items of the severity index were 

used (Table 1). First, all items were summed with an equal weight of 1, leading to score 

A. Secondly, acute life-threatening events and neurological complications were assigned 

more weight, receiving a score of 10, with all other items assigned a score of 1 (score 

B). Finally, items were weighted according to the severity of the different complications 

and the frequency of occurrence, ranging from 5-50 points (score C). Both scores B and 

C attributed the highest score (respectively 10 and 50 points) to acute life threatening 

events or complications associated with major sequelae (i.e. acute hepatic sequestration, 

acute splenic sequestration, cerebral infarction or vasculopathy). Although avascular 

bone necrosis, priapism and retinopathy are considered to be severe complications as 

well, they do not lead immediately to acute life threatening events. We therefore did 

not assign the maximum score of 10 for the presence of each of these items. Five points 

were attributed to complications which could have been prevented (i.e. pneumococcal 

meningitis/septicaemia by administration of penicillin prophylaxis and immunization), 

complications which are considered less severe (i.e enuresis nocturna, symptomatic gall 

stones, leg ulcers) and laboratory values. In score C the frequency was taken into account 

by attributing a higher score to episodes of acute chest syndrome, haemolytic crisis, 

aplastic crisis and painful crisis that occurred more than once over a period of two years. 

As recurrent episodes of acute chest syndrome are associated with sickle cell chronic 

lung disease and increased mortality (11;12), a larger weight was attributed to this 

complication. Cut-off values to define abnormal laboratory parameters were obtained 

by using the upper tenth percentile (bilirubin, leucocytes, reticulocytes) or lower tenth 

percentile (haemoglobin, HbF) of the values obtained in this study population. 

Study population, management and data collection

The data used to validate the index were derived from patients aged 0-18 years who were 

born and diagnosed with SCD (HbSS, HbSC or HbS-β-thalassaemia) in The Netherlands, 

were seen at least twice a year at the outpatient clinic of the study centre (tertiary 

referral hospital) and had been followed for a period of more than two years. Patients 

born outside The Netherlands were excluded to reduce potential information bias. 

Information on “lifetime cumulative incidence” is more likely to be missing in this group. 

In the study centre all patients receive penicillin prophylaxis until the age of 12 years in 

combination with five-yearly pneumococcal vaccination. Transcranial duplex ultrasound 

(TCD) is performed twice a year in children with HbSS/HbS-β0-thalassaemia and HbS-

β+-thalassaemia from the age of 4 to 12 years and once every year in older children. 

From the age of 15 years onwards all patients are screened by cardiac ultrasound and 

ophthalmologic examination. 
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Data on the cumulative incidence of organ damage and the number of recurrences 

of SCD related complications were retrieved from patient records over life-time and 

entered into a database. The number of recurrences of SCD related complications was 

documented over the last two observation years or over a period of two years before 

the start of hydroxyurea therapy or regular blood transfusions. For failure to thrive we 

used growth data routinely collected at the age of 5, 10 or 15 years. Laboratory values 

were taken from the outpatient clinic, when patients were in a stable phase, not using 

hydroxyurea and at least four months after the last blood transfusion. The percentage of 

foetal haemoglobin was assessed after the age of two years. If more than one laboratory 

value was available during a stable phase over a period of one year, the average of these 

values was taken. 

All patients in the study were classified according to severity by a subjective expert 

classification and by the “SCD Assessment Instrument” (SCDAI) described by Day (8) and 

we calculated the risk of death score published by Sebastiani (13). 

The subjective expert classification was performed by two experienced paediatric 

haematologists (HH and MP), who independently classified all patients into three 

categories (mild, moderate, severe) based on their experience with these patients and 

information from the patient files before the current index was made. Any disagreement 

between the two experts was discussed and consensus was reached on final classification 

of the patient.

The “SCD Assessment Instrument” (SCDAI) consists of the number of painful episodes 

and the number of acute chest syndrome episodes over a period of two years. Its content 

validity, inter-rater reliability and test-retest reliability were found to be sufficient (8). 

The risk of death score consists of 16 items (both clinical events and laboratory tests) 

predicting the risk of death within 5 years. The predictive value of the death risk score 

was validated in two unrelated sets of patients (13).

Score validity 

We assessed the validity of our index according to generally accepted criteria (14). In 

order to assess if the scores A, B and C relate to other measures of the same concept, 

we formulated six hypotheses. First, we expected the scores to be incrementally different 

for the three patient groups (mild, moderate and severe) that were identified by the 

experts, with the highest score for the severe patient group. Secondly, we expected the 

scores to be incrementally different in accordance with the SCDAI score (8). The third 

and fourth hypothesis specified that the scores would distinguish disease severity based 

on genotype (patients with HbSS/HbS-β0-thalassaemia having higher scores than those 

with HbSC/HbS-β+-thalassaemia) and/or number of alpha-gene deletions (lower scores 



62

Chapter 5

in patients with one or more alpha-gene deletions), respectively. For all hypotheses, a 

probability-value <0.01 was expected. The fifth and sixth hypotheses stated that there 

would be a positive correlation between the scores and age and between the scores and 

the risk of death score (Spearman’s ρ > 0.4). 

Statistics

The inter-rater agreement of the experts was assessed by weighted kappa (K). The higher 

the K value, the stronger the agreement of the experts (15). The Kruskal-Wallis test was 

used to test differences between the scores of the groups as classified by the experts. 

The Mann-Whitney-U test was used for differences between the scores for groups 

as classified by the SCDAI, distinction between genotype and number of alpha-gene 

deletions, respectively. The fifth and sixth hypothesis (higher scores in older children and 

Table 2. Occurrence of complications in 92 patients

No of 
patients

No of 
complications

HbSS/HbS-β0-thalassaemia  (n=68) HbSC/HbS-β+-thalassaemia (n=24)

No of 
complications

% of patients with 
complication

No of 
complications

% of patients with 
complication

Number of organ damage complications 
(lifetime cumulative incidence)

Bone necrosis (avascular) 1 0 0 1 4

Cerebral infarction (asymptomatic) 3 3 4 0 0

Cerebral infarction (symptomatic) 2 2 3 0 0

Cerebral vasculopathy (stenosis/occlusion) 6 6 9 0 0

Enuresis nocturna/  renal concentration problems 9 6 9 3 13

Failure to thrive 20 16 24 4 17

Symptomatic gall stones 4 4 6 0 0

Hepatic sequestration (acute) 2 2 3 0 0

Leg ulcers 0 0 0 0 0

Pneumococcal meningitis/septicaemia 4 3 4 1 4

Priapism 1 1 2 0 0

Retinopathy 0 0 0 0 0

Splenic sequestration (acute) 5 5 7 0 0

Patients with ≥ 1 organ damage complications 36 57 28 41 8 33

Number of other SCD related complications 
(cumulative incidence over the last 2 years)

Acute chest syndrome 8 11 8 12 0 0

Aplastic crisis 2 2 2 3 0 0

Haemolytic crisis 3 3 3 4 0 0

Painful crisis 24 35 20 29 4 17

Patients with ≥ 1 other SCD related complications 32 51 28 41 4 17

Patients with ≥ 1 organ damage and/or other SCD related 
complications

56 108 45 66 11 46
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higher scores in children with a greater risk of death within 5 years, respectively) was 

tested by Spearman’s correlation coefficient.

RESULTS

Patient characteristics

This study population consisted of 92 patients (68 HbSS/HbS-β0-thalassaemia, 24 HbSC/

HbS-β+-thalassaemia). The median age at the time of data assembly was 9.7 years (range 

2.7-18.6 years); 58% was male. 

Twenty-nine (32%) patients scored “0” on all three severity indices. There was no 

difference in age between this group (mean age 9.1 ± 3.5 years) and the patients who 

Table 2. Occurrence of complications in 92 patients

No of 
patients

No of 
complications

HbSS/HbS-β0-thalassaemia  (n=68) HbSC/HbS-β+-thalassaemia (n=24)

No of 
complications

% of patients with 
complication

No of 
complications

% of patients with 
complication

Number of organ damage complications 
(lifetime cumulative incidence)

Bone necrosis (avascular) 1 0 0 1 4

Cerebral infarction (asymptomatic) 3 3 4 0 0

Cerebral infarction (symptomatic) 2 2 3 0 0

Cerebral vasculopathy (stenosis/occlusion) 6 6 9 0 0

Enuresis nocturna/  renal concentration problems 9 6 9 3 13

Failure to thrive 20 16 24 4 17

Symptomatic gall stones 4 4 6 0 0

Hepatic sequestration (acute) 2 2 3 0 0

Leg ulcers 0 0 0 0 0

Pneumococcal meningitis/septicaemia 4 3 4 1 4

Priapism 1 1 2 0 0

Retinopathy 0 0 0 0 0

Splenic sequestration (acute) 5 5 7 0 0

Patients with ≥ 1 organ damage complications 36 57 28 41 8 33

Number of other SCD related complications 
(cumulative incidence over the last 2 years)

Acute chest syndrome 8 11 8 12 0 0

Aplastic crisis 2 2 2 3 0 0

Haemolytic crisis 3 3 3 4 0 0

Painful crisis 24 35 20 29 4 17

Patients with ≥ 1 other SCD related complications 32 51 28 41 4 17

Patients with ≥ 1 organ damage and/or other SCD related 
complications

56 108 45 66 11 46
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scored 1 or higher on the severity indices (mean age 10.4 ± 4.7 years). Altogether, 108 

complications had occurred in 56 (60%) patients (Table 2). Seven (8%) patients only 

scored on laboratory values. Painful crisis, failure to thrive and enuresis nocturna were 

the most common complications. Retinopathy and leg ulcers had not occurred in our 

patients. 

The following complications occurred only in HbSS/HbS-β0-thalassaemia patients: acute 

hepatic and splenic sequestration, central nervous system abnormalities, priapism, 

symptomatic gall stones, acute chest syndrome, aplastic and haemolytic crisis. 

Table 3. Scores of indices A, B and C for patients classified in four ways: 1) according to severity by experts, 
2) according to severity by an existing score (SCDAI), 3) by genotype (β-globin gene mutation) and 4) by the 
presence or absence of an alpha-gene deletion

Number 
of 

patients

Score A
Median score 

(range)

Score B
Median score 

(range)

Score C
Median score 

(range)

P

Total group 92 1 (0-7) 1 (0-23) 5 (0-130)

Median IQR Median IQR Median IQR

Classification according to 
severity by experts*

<0.01

- mild 58 1 0-1 1 0-1 5 0-6

- moderate 22 2 1-3 3 1-3 15 10-23

- severe 12 2 1-4 11 1-13 60 8-70

Classification according to 
severity by SCDAI†

<0.01

- mild/moderate 87 1 0-2 1 0-2 5 0-15

- severe 5 4 3-6 13 7-20 70 50-108

Classification according to 
genotype†

<0.01

- HbSS/HbS-β0-thalassaemia 68 1 1-3 1 1-3 10 5-20

- HbSC/HbS-β+-thalassaemia 24 0 0-1 0 0-1 0 0-5

Classification according 
to presence of alpha-
thalassaemia†

<0.01

- No alpha-gene deletion 56 1 1-3 1 1-3 10 5-20

- ≥ 1 alpha-gene deletion 28 0 0-1 0 0-1 0 0-5

- missing data 8 2 1-3 2 1-3 10 3-15

Patients were classified according to severity by experts, an existing score (SCDAI), genotype (β-globin gene 
mutation or alpha-gene deletion) as described in the Methods section. For each subgroup of patients we 
calculated the median severity score and interquartile range for index A, B and C for each subgroup. We then 
tested for all three indices (A, B and C) whether there were differences in scores of the three severity subgroups 
identified by experts and whether patients classified as mild/moderate by the SCDAI had scores that were 
different from patients classified as severe by the SCDAI. Similarly differences in scores between patient groups 
classified by genotype (β-globin gene mutation or alpha-gene deletion) were tested. 

*Kruskal-Wallis test, † Mann-Whitney U test
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Validity 

Table 3 shows the scores A, B and C for the entire study population and for different 

subgroups classified in four ways. The patients were classified according to severity by 

experts and according to the SCDAI. The weighted K value for inter-rater reliability of the 

severity classification by the two experts (paediatric haematologists) was 0.52, which 

indicates moderate agreement (15). Furthermore, patients were classified based on their 

genotype and on the deletion of alpha-genes. 

Figure 1. Results of index A, B and C for patients of three severity categories classified by experts (Hypothesis 1)

Each boxplot shows the median, interquartile range (box length) and extreme values within a category. Circles: 
Cases with values between 1.5 and 3 box lengths from upper or lower edge of the box. Stars: Cases with 
values more than 3 box lengths from upper or lower edge of the box. 

The scores A, B and C were significantly different for the three severity categories 

classified by the experts (P<0.01, Figure 1) and for the two severity categories of the 

SCDAI (P<0.01). There was a significant difference in scores A, B and C for subgroups 

of patients classified according to genotype (P<0.01). Patients with the severe genotype 

(HbSS/HbS-β0-thalassaemia) scored higher than patients with the mild genotype (HbSC/

HbS-β+-thalassaemia) on scores A, B and C (Figure 2). Patients with one or two alpha-

Each boxplot shows the median, interquartile range (box length) and extreme values within a category. Circles: 
Cases with values between 1.5 and 3 box lengths from upper or lower edge of the box. Stars: Cases with 
values more than 3 box lengths from upper or lower edge of the box.

Figure 2. Association between Scores A, B and C and genotype (Hypothesis 3)
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gene deletions scored lower than those without alpha-gene deletions on scores A, B and 

C. There was no significant correlation between scores A, B and C and age (Spearman’s 

correlation coefficient of 0.16, 0.18 and 0.19, respectively). The correlation between 

scores A, B and C and the risk of death score was significant but weak (Spearman’s 

correlation coefficient of 0.31 (P<0.01), 0.29 (P<0.01) and 0.26 (P<0.05), respectively) 

(Figure 3). Of the 3 different weighting systems, score C distinguished best among 

patient groups, as is evident from Figure 1 and 2. 

DISCUSSION

This is the first SCD severity index, exclusively aimed at children, that was developed 

using a transparent methodology. The index adequately differentiated between patient 

groups classified for severity by experts and by an existing index (SCDAI). Moreover, the 

index differentiated between patients classified by genotype (HbSS/HbS-β0-thalassaemia 

versus HbSC/HbS-β+-thalassaemia) or by the number of alpha-gene deletions. There was 

no significant correlation between the scores from the index and age and the correlation 

with the risk of death score was very weak. Score C, calculated with the most refined 

weighting system differentiating between items according to severity and the frequency 

of occurrence of complications, discriminated best between patient groups. 

Contrary to our expectation we did not find a higher severity score in older children. This 

lack of association between age and severity has also been observed by Cameron et al., 

who reported no correlation between their severity index and age in a cross-sectional 

study (7). This should be interpreted as an indication of the heterogeneity in phenotype. 

Only a longitudinal study, following patients from early youth into adolescence can 

investigate an increase in severity with age. Our severity index did not correlate well 

with the risk of death score by Sebastiani et al. This may be due to several reasons. First, 

our severity index was not intended to predict death but to measure clinical disease 

severity. Since death rates in children with SCD are much lower than in adults, even 

Figure 3. Correlation between Scores A, B and C and the death risk score (Hypothesis 6)
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severely affected children may not have a high risk of death within 5 years. Secondly, 

the observation period for acute chest syndrome and painful crisis in our study was 

restricted to a period of two years in contrast to the dataset used in the model predicting 

death, which assessed these complications over an undefined, probably longer period. 

Therefore, our patients may score lower on the death risk score. Third, in the death risk 

score sepsis was an important predictor of death. Our index attributed few points to 

sepsis, as the most important causes of sepsis in children with SCD can be prevented 

with penicillin prophylaxis and vaccination. Four of the patients in our dataset were 

scored as “severe” by the death risk score. All four patients had a history of sepsis. 

One of these patients died as result of pneumococcal sepsis due to non-compliance of 

penicillin prophylaxis.

There are some limitations in the selection of the sample of patients that was used for 

validation of our index. At the time this study was performed there was no neonatal 

screening program in the area of our centre. Children with a severe course leading to 

mortality at an early age may well have been missed, resulting in selection of patients 

with a milder phenotype. Although every effort has been made to obtain information 

on previous treatment at other hospitals, missing information on the period preceding 

treatment at the study centre cannot be completely ruled out. A history of e.g. 

symptomatic gall stones or priapism could therefore be missed, which could lead to an 

underestimation of these complications. 

Central nervous system abnormalities may be underestimated in the HbSC group, since 

patients with HbSS and HbS-β-thalassaemia are frequently screened for elevated cerebral 

blood flow by TCD in contrast to children with HbSC. This may introduce information 

bias concerning asymptomatic cerebral infarction. Since MRI/MRA is only performed in 

children with abnormal TCDs (>200 cm/s), children with HbSC will not undergo MRI/

MRA unless they are symptomatic. 

In conclusion, we developed a SCD severity index by a transparent and rigorous process. 

Further validation is of this index is needed, e.g. in a large prospective cohort study 

of patients diagnosed by neonatal screening. After further refinement and adaptation 

of this index, it may form a base from which international consensus can be reached 

on outcome assessment in etiological studies of paediatric patients. It is important to 

use uniform outcome measures since this enhances the comparability of results across 

studies and enables statistical pooling in meta-analyses.
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ABSTRACT

Cerebral infarction is an important complication of sickle cell disease and occurs in one 

third of the sickle cell disease patients. The risk of infarction is commonly attributed 

to the hyperaemia that is associated with anaemia and reduces the cerebral vascular 

reserve. We measured regional cerebral blood flow (rCBF) by continuous arterial spin 

labeling MRI, which is a noninvasive method that does not require ionizing radiation. 

The purpose of this study was to examine rCBF in children with SCD and compare it to 

rCBF in healthy children.

rCBF was measured at 3-T continuous arterial spin labeling MRI in 24 neurological 

normal SCD patients and in 12 healthy children, matched for ethnicity and age (mean 

age in both groups 13 years). rCBF was calculated for 6 vascular territories (left and 

right anterior, middle and posterior cerebral artery). Asymmetry in rCBF was evaluated 

by measuring differences in flow between left and right hemispheres. The definition 

of asymmetry (>11.7 ml/100g/min) was based on a repeatability study performed in 6 

healthy adults.

The rCBF was of similar magnitude in sickle cell disease patients and controls in the 

frontal, middle and posterior territories. The majority of sickle cell disease patients (58%) 

demonstrated a left-right asymmetry of rCBF in one or more vascular territories, whereas 

none of the controls did. 

In contrast to previous studies we found no difference in CBF between patients and 

controls. We did observe an asymmetry in rCBF in the majority of patients with sickle cell 

disease that was not present in healthy controls. 
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INTRODUCTION

Sickle cell disease (SCD) is a hereditary anaemia that is characterized by chronic haemolytic 

anaemia and vascular occlusion, causing irreversible organ damage. Cerebral infarction 

is the most devastating complication of SCD. At the age of 18 years cerebral infarcts are 

present on MRI scans in one third of SCD patients (1-5), yet most of these infarcts are 

not accompanied by focal neurological deficits. These so-called silent infarcts appear to 

be associated with diminished neurocognitive functioning and an increased risk of new 

infarcts (6;7). 

Despite SCD being one of the most common causes of paediatric stroke, the 

pathophysiology of cerebral infarction in these patients is poorly understood. In patients 

with SCD the blood flow to the brain may be reduced by stenosis of the large supplying 

arteries or by increased viscosity of the blood. Furthermore, the hemodynamics of the 

cerebral vasculature are compromised by chronic anaemia and may be further challenged 

during acute medical events (8).

In patients with anaemia adequate oxygenation of the brain tissue is presumably 

preserved by vasodilatation of the cerebral vasculature. When reductions in arterial 

pressure arise or metabolic demands increase, there is limited reserve for further 

vasodilatation to assure adequate oxygen supply to the brain. The ensuing ischemia 

predisposes to cerebral infarctions. 

Silent infarcts in SCD are usually confined to the deep white matter. This pattern of 

infarction supports a hemodynamic mechanism, rather than a thromboembolic 

pathophysiology, since the penetrating arterioles reaching into the deep regions have 

few anastomoses, thus limiting the hemodynamic reserve capacity in situations of 

increased demand (9). This hypothesis about the mechanism of deep (and often silent) 

infarcts in SCD is supported by experimental studies measuring increased rCBF in patients 

with SCD. CBF was measured in patients with SCD using techniques such as ([15O] H2O) 

Positron Emission Tomography (PET) (10;11), Dynamic Susceptibility Contrast MRI (DSC-

MRI) (12;13), Xenon-133 inhalation MRI (14-17) or CT flow mapping (17). Disadvantages 

of these techniques are radiation exposure and/or injection or inhalation of exogenous 

contrast agents, making them less suitable for diagnostic testing in children. The more 

recently developed continuous arterial spin labeling (CASL) MRI allows non-invasive 

quantification of rCBF by using magnetically labeled arterial blood. Proximal to entry 

in the brain, protons in the arterial blood are labeled using a radiofrequency pulse and 

quantified in terms of tissue perfusion on distal images in the brain (18). 

So far, data on rCBF obtained by CASL-MRI in children with SCD are sparse. Only one 

study compared rCBF in SCD patients to control subjects. Using 1.5 -T MRI an increase 
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of rCBF was measured in fourteen patients in major cerebral arterial territories that 

appeared unaffected on conventional MRI (19). Presently, higher resolution MRI (3-T) is 

available. We performed a study to evaluate whether CASL MRI could detect differences 

in rCBF when these regions appear unaffected on conventional 3-T MRI. The purpose of 

this study was to examine rCBF in children with SCD and compare it to rCBF in healthy 

children. 

METHODS

Study Population

Patients with sickle cell disease (HbSS or HbS-β0-thalassaemia) aged between 8 and 

19 years were recruited for the study at the Emma Children’s Hospital, Amsterdam, 

The Netherlands. Patients with normal flow on Transcranial Doppler Ultrasonography 

(TCD) and no history of neurological events were eligible for participation. Patients with 

abnormal TCD (< 40 cm/sec or >200 cm/sec) or a history of neurological events were 

excluded because they are treated in our study centre with regular blood transfusions, 

which may influence CBF. Healthy family members (HbAA) of patients and healthy 

children, matched for ethnicity and age, were recruited as controls. MRI examination 

in patients was performed in a stable clinical situation without fever or vaso-occlusive 

crisis.

Study Protocol

The study protocol was approved by the Institutional Review Board of the study centre 

and informed consent was obtained from all parents and from children aged 12 years 

or older.  All patients and controls underwent an extensive standardized neurological 

examination, performed by a paediatric neurologist (LW) who was blinded for clinical 

data and MRI results. The neurological examination and the blood test for haematocrit 

were performed within three months of the MRI/MRA examination of the brain. All 

children underwent MRI and MRA at 3-T without sedation. 

Magnetic Resonance Imaging Protocol

All MR examinations were performed on a 3-T system (Philips Intera, Philips Medical 

Systems, Best, The Netherlands) between August 2006 and June 2007 in unsedated 

children using a 6 channel phased array head coil. All patients underwent the same 

MR imaging protocol including axial T2-weighted fast spin echo, axial Fluid-Attenuated 

Inversion Recovery (FLAIR) and Multiple Overlapping Thin Slab Acquisition (MOTSA) 3D 

Time of Flight (TOF) MR angiography sequences. 
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Imaging parameters for the FLAIR sequence were 11000/2600/100 TR/TI/TE, 224x224 

matrix (reconstructed to 512x512), 230-mm field of view, 90% rectangular field of view, 

3-mm thick sections with a 1-mm gap. Parameters for the T2-weighted fast-spin echo 

sequence were 3000/80 (TR/TE), 400x400 matrix (reconstructed to 512x512), 230-mm 

field of view, 90% rectangular field of view, 3-mm thick sections with a 1-mm gap. The 

volume of the MOTSA 3D-TOF MRA was localized on a sagittal 2D phase-contrast scout 

image. A presaturation band was applied above the imaging volume in order to saturate 

incoming venous blood. For the MOTSA 3D-TOF MR sequence the parameters were as 

follows: 3D fast field echo T1-weighted sequence, 21/4.1 (TR/TE), flip angle 20º, 512x512 

matrix (reconstructed to 1024x1024), 200-mm field of view, 85% rectangular field of 

view, 1.0-mm thick sections, interpolated to 0.5 mm, 160 slices acquired in 8 chunks. 

The measured voxel size of the MOTSA 3D-TOF MR sequence was 0.39x0.61x1-mm 

and the reconstructed voxel size 0.2x0.2x0.5-mm. Imaging time of the high-resolution 

MOTSA 3D TOF sequence was reduced by parallel imaging. 

CASL imaging was performed by using the amplitude modulated CASL approach 

originally described by Alsop and Detre (20) using a post-labeling delay of 1.2 

seconds. This method is implemented at 3-T using a transmit-receive head coil without 

compromising clinical specific absorption rate (SAR) levels. The position of the labeling 

plane was planned using a MRA scan perpendicular to the posterior ascending portion 

of the internal carotid artery. Single-shot spin-echo EPI images (TR/TE = 4500/32 ms) 

were acquired of 11 slices of 7 mm with 1 mm slice gap (imaging matrix of 64 x 64, 

field of view 210 x 210 mm). Acquisition of 50 pairs of labeled and control volumes 

took approximately 8 min. CASL sequence parameters were chosen identical to Oguz 

et al (19). For calculating absolute CBF values the model as presented by Alsop and 

Detre was used. The following model parameters were used: T1 of tissue: 1.33 s, T1 in 

the presence of off resonance radiation 0.994 s, T1 of blood 1.5 s, transit time: 1.2 s, 

labeling efficiency: 0.68, tissue to blood partition coefficient: 0.98. Subtraction and 2D 

motion correction was performed offline using the FMRIB software library (21).

For studying interscan reproducibility, we obtained CASL data from six healthy adult 

volunteers who were scanned on three different occasions within a period of three 

weeks. Reproducibility was expressed in terms of the Coefficient of Repeatability, defined 

as 1.96 SD of the difference between repeated measurements. Whole brain repeatability 

is 11.7 ml/100g/min(22), which is comparable to previously published data (20;23;24). 

Mean whole brain CBF in the group of volunteers was 47.1 ± 8.1 ml/100g/minute.

Magnetic Resonance Image Analysis

Conventional MRI (T2-weighted and FLAIR) and MRA (MOTSA 3D TOF) images were 

assessed by a standardized evaluation protocol by two independent observers (MW and 
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CM) who were blinded to the clinical data. Cerebral infarcts, leukoareosis and vasculopathy 

were scored. An infarct was defined as an area of hyperintensity on T2-weighted pulse 

sequences of the MRI and classified by size and anatomic location (cerebrum, cerebellum, 

thalamus or basal ganglia). Vasculopathy was classified according to the severity of 

intracranial vascular stenoses or vascular occlusion. In case of disagreement between 

the two observers, consensus was reached by discussion. For calculation of the CBF the 

vascular territories in the cortical grey matter of the anterior cerebral artery, the middle 

cerebral artery and the posterior cerebral artery were manually drawn as defined by Tatu 

et al (25) using dedicated delineation software (Volumetool, UMC Utrecht, Utrecht, The 

Netherlands).

Statistical Analysis

The Statistical Package for Social Sciences (SPSS), Windows version 12.0, was used for 

the analysis. Mean differences and 95% confidence intervals were calculated between 

patients and controls. Differences between the groups were considered significant if the 

probability value was < 0.05. In addition, we evaluated the left-right asymmetry in rCBF 

for the anterior, middle and posterior vascular territories by measuring differences in 

flow between both hemispheres. Asymmetry was defined as a difference in CBF > 11.7 

ml/100g/min. Proportions and 95% CI of patients and controls with rCBF asymmetry 

in each territory were calculated using the computer program Confidence Interval 

Analysis© version 2.0.0 according to the method described by Altman et al (26). Fisher’s 

exact test was performed to test whether the differences in these proportions were 

statistically significant.

RESULTS

We enrolled 24 SCD patients and 12 controls. The mean age was 13.4 (SD 3.0) years for 

patients and 13.4 (SD 3.5) years for the controls. In both groups sexes were represented 

equally. Mean haematocrit was lower in patients (0.25 l/l; SD 0.03) compared to 

controls (0.37 l/l; SD 0.03). Three patients had subtle pyramidal deficits by neurological 

examination and one control subject demonstrated mild coordination abnormalities by 

neurological examination.

Magnetic Resonance Imaging and Magnetic Resonance Angiography 

In 16 patients (67%) abnormalities were seen on T2-weighted MRI, MRA or both. Seven 

patients (29%) had infarcts in the deep white matter and a normal MRA; four patients 

(17%) had stenosis (< 25% in 3; 25-50% in 1) of one or more cerebral arteries and a 

normal MRI and five (21%) had both infarcts and stenosis (< 25% in 3; 25-50% in 2). In 3 
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out of 9 patients with cerebral arterial stenosis, the infarcts were located in the territory 

supplied by the stenotic artery. 

Of the 3 patients with subtle pyramidal tract deficits, all located on the left side, one had 

two small frontal infarcts and leukoaraiosis in both parietal lobes. The second patient had 

mild stenosis (<25%) of both middle cerebral arteries and the left anterior cerebral artery 

and the third patient had no abnormalities on MRI and MRA. No infarcts were detected 

in the control group. Two children in the control group, including the one with mild 

coordination abnormalities had a mild stenosis (<25%) of one or more cerebral arteries. 

Regional Cerebral Blood Flow by Continuous Arterial Spin Labeling MRI 

The rCBF of the patients and controls, as calculated by CASL-MRI, is given in Table 1 

for the six major arterial territories corresponding to left and right anterior, middle and 

posterior cerebral artery. There was no significant difference in CBF between patients 

and controls. 

Table 1. rCBF (ml/100g/min) values of patients and healthy control subjects

Territories

Patients
n=24

Healthy control 
subjects  n=12 Mean 

difference 95% CIMean SD Mean SD

Anterior cerebral artery 73.2 17.4 71.5 14.4 -1.7 (-13.6 – 10.1)

Middle cerebral artery 77.1 19.9 76.1 16.4 -1.0 (-14.5 – 12.5)

Posterior cerebral artery 89.6 16.4 84.5 16.6 -5.1 (-17.0 – 6.7)

Right hemisphere 77.6 19.2 76.3 15.3 -1.3 (-14.3 – 11.5)

Left hemisphere 77.5 17.7 76.6 16.1 -0.9 (-13.3 – 11.4)

Total 77.6 17.4 76.4 15.6 -1.2 (-13.4 – 11.0)

In addition, we evaluated left-right asymmetry in rCBF for the anterior, middle and 

posterior territories. All controls had symmetric rCBF in the corresponding vascular 

territories, whereas 14 patients (58%) demonstrated lack of symmetry in 22 separate 

territories, in particular in the MCA territory (Table 2 and Figure 1). The difference in 

proportions of patients and controls with left-right asymmetry was statistically significant 

for the MCA and PCA territory (Fisher’s exact test, P=0.006 and P=0.070, respectively).

Table 2. Asymmetry in rCBF (ie, rCBF difference > 11.7 ml/100g/min) for the ACA, MCA and PCA territories 
between the 2 hemispheres

Territories

Patients (n=24) Control subjects (n=12)

n % 95% CI n % 95 % CI

Anterior cerebral artery 4 17 7-36 % 0 0 0-24 %

Middle cerebral artery 11 46 28-65 % 0 0 0-24 %

Posterior cerebral artery 7 29 15-49 % 0 0 0-24 %



76

Chapter 6

In six patients asymmetry was found in more than one arterial territory, in two of them 

asymmetry was present in three vascular territories. In these 6 patients with asymmetry 

in two or three territories, the decreased CBF was consistently on the same side. There 

was no association between ipsilateral CBF and flow measured by TCD. 

Asymmetry in rCBF was not associated with stenoses in the corresponding supplying 

arteries since six out of nine patients with stenosis did not have asymmetry in the 

corresponding vascular territory. There was no association between asymmetric rCBF 

and infarcts on MRI either. Twelve of the 14 patients with asymmetric rCBF did not have 

deep infarcts in the corresponding territory. 

As CBF did not differ between patients and controls, both groups were taken together 

to evaluate the association of CBF with age. There was a weak correlation between age 

and CBF (r= -0.378, P<0.05; Figure 2). The correlation between CBF and haematocrit in 

patients was r= – 0.394 (P=0.057) and for healthy controls r= -0.178 (P=0.581).

A. represents CBF maps of a control subject with no asymmetry; B. shows the CBF maps of a patient with 
asymmetry between the two hemispheres in ACA and MCA territory.

Figure 1. rCBF maps for a control subject and a patient with SCD

Figure 2. Correlation between total CBF and age
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DISCUSSION

The main finding of this study was that we could not confirm an increased rCBF in 

paediatric sickle cell patients compared to healthy controls reported in an earlier study 

(19).

The CBF measured in the present study is relatively low in comparison to previous 

studies that measured CBF in SCD patients using different techniques, reporting CBF 

varying from 65 to 153 ml/100g/min (11;14;15;19;27). Variation in measured CBF may 

be caused by differences in perfusion imaging techniques. Since estimation of CBF is not 

standardized to an absolute measure, values obtained by different techniques cannot 

be compared. Three studies compared CBF in patients with SCD to controls (11;15;19). 

Oguz measured CBF by CASL-MRI at 1.5-T in 14 asymptomatic SCD paediatric patients 

and 7 controls and found an increased CBF in patients compared to control subjects 

(CBF of 153 ± 43 ml/100g/min in patients and 98 ± 10 ml/100g/min in controls) (19). 

The other two studies included adult patients. An increased CBF was measured in 27 

asymptomatic patients (123 ± 27 ml/100g/min) in comparison to 31 healthy controls (73 

± 12 ml/100g/min) using inhalation of a mixture of Xenon gas (15). Using PET-CT, Herold 

quantified a CBF of 65 ± 12 ml/100g/min in 6 asymptomatic patients with SCD which 

was higher than CBF of the control group of 14 subjects (44 ± 5 ml/100g/min) (11). 

The different results of our study may be explained by characteristics of the patient 

group, e.g. disease severity or age, matching of the control group, and parameters used 

for the calculation model.

In our study, 50% of the patients has silent infarcts, whereas in the other paediatric 

study performed by Oguz et al., only one out of 12 patients had hyperintensities on 

conventional MR imaging. The advanced stage of disease in our patient group could 

provide disturbances in cerebral autoregulation that are not big enough to cause necrotic 

tissue, but might reduce CBF. However, in the subpopulation of eight patients without 

MRI and MRA abnormalities, the mean CBF was 76.2 ml/100mg/min, which is almost the 

same as the CBF in the complete patient group. Therefore, the fact that our patient group 

had a more advanced disease stage in comparison to the patients in the study of Oguz 

cannot explain the lower rCBF values we found in comparison to the study of Oguz.

On the other hand, the higher proportion of patients with silent infarcts in our study could 

contribute to a lower CBF in our patient group, as perfusion deficits have been detected 

at the site of silent infarcts (14;15). However, this effect will not be very prominent, since 

the infarcts detected in this study were smaller than 5 mm in most patients. 

In the Oguz study, patients were 2 years younger than controls (respectively 8.7 years 

versus 11.0 years) (19). This may partly explain the higher CBF that was found in these 
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patients, since age is negatively correlated with CBF (28) as we confirmed in our study. 

Differences that have been reported between patients and controls in the adult studies 

may be attributed to the further progressed vascular pathology in adult patients. 

Differences in CBF between patients and controls may also be influenced by parameters 

used for the calculation model, e.g. haematocrit and labeling efficiency. Lower haematocrit 

levels result in higher T1 values for arterial blood (29) thereby increasing the labeling 

efficiency at measurement time. When CBF values are corrected for haematocrit, CBF in 

SCD patients decreases (27). This is illustrated by the study of Strouse, who evaluated 24 

children with SCD, including patients from the previous study by Oguz. After correction 

of CBF for haematocrit, a lower CBF was found in comparison to values earlier reported 

by Oguz (110 ± 40 ml/100g/min and 152.8 ± 42.5 ml/100g/min, respectively) (27).  

We did find an asymmetry in rCBF between the left and right hemisphere in the majority 

of patients (58%) whereas asymmetry was not present in healthy controls. Asymmetry 

in rCBF was not associated with the presence of infarcts, stenoses or asymmetries in 

blood flow measured by TCD. This asymmetry in rCBF is an intriguing observation. 

In principle, the pathophysiological model of infarcts in SCD is symmetric. However, 

infarcts do not occur in a symmetrical pattern. Lack of symmetry in rCBF may be an early 

indication of subclinical pathological changes in the microvasculature or hemodynamics. 

A longitudinal study would be required to investigate this, and to establish a relation 

with subsequent ipsilateral infarctions. 

The resolution in our study is limited by the large size of the territories in which rCBF is 

measured. Decreased rCBF in smaller territories (voxels), which might be an early indicator 

of cerebral ischemia, may be missed due to averaging rCBF over a larger volume. Voxel 

by voxel based analysis could overcome this problem, but is hampered by the sensitivity 

of the ASL technique and the complexity of accurate alignment of low resolution CBF 

maps to paediatric standard brains for different age groups. 

Since this is a cross-sectional study we could not examine whether changes in rCBF 

predict the development of infarcts. This will be addressed in a longitudinal study in the 

future.

In our series we found no difference in rCBF between SCD patients and controls. We did 

find a left-right asymmetry in rCBF in the majority of patients. The latter may be a risk 

factor for development of cerebral infarcts and should be studied further in longitudinal 

studies. 
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ABSTRACT 

Caring for a child with sickle cell disease poses extra demands on parents, both practically 

and psychologically, which may influence their quality of life. Since families of children 

with sickle cell disease in The Netherlands usually belong to immigrant communities with 

a low socio-economic status, this may pose an additional strain on caregivers. The aim 

of the present study is to evaluate the quality of life of caregivers of children with sickle 

cell disease.

The quality of life of female caregivers of sickle cell disease patients, measured with the 

TNO-AZL Adult Quality of Life questionnaire was compared to the norm data of healthy 

Dutch females (n=700) and female caregivers of healthy children with the same socio-

economic status and ethnic background (socio-economic status control group). Groups 

were compared by the Mann-Whitney-U test. Point estimates and 95% confidence 

intervals of the median difference were presented.

 

The results of the questionnaires of 54 caregivers of children with sickle cell disease 

and 28 caregivers of a control group of the same socio-economic status were analyzed. 

Caregivers of sickle cell disease patients had a significantly lower quality of life on all 

subscales compared to the Dutch norm population. Compared to the control group of 

the same socio-economic status, the quality of life of caregivers of patients with sickle 

cell disease was significantly lower on the subscales depressive moods, daily activities 

and vitality. 

In this first study reporting on quality of life of caregivers of children with sickle cell 

disease, we demonstrate a reduced quality of life in these caregivers compared to the 

healthy Dutch female population and caregivers of healthy children with the same socio-

economic status.



83

7
CHAPTER

Quality of life of sickle cell disease caregivers

INTRODUCTION

Parenting children with chronic diseases is highly demanding and has practical and 

emotional consequences (1;2). Young children with a chronic condition are dependent 

on their caregivers for additional care and monitoring of their health. The quality of care 

they receive may be affected by the caregivers’ well-being. It is important to address the 

caregivers’ well-being and to identify needs for additional support, both for the health 

and well-being of caregiver and child (3;4). In this study we address the well-being of 

caregivers who care for a child with sickle cell disease (SCD). 

Growing up with SCD is characterized by chronic anaemia and recurrent acute painful 

vaso-occlusive crises, which occur unpredictably and require immediate management. 

Many patients eventually develop irreversible organ damage such as a cerebral vascular 

accident or end-stage renal disease. The unpredictable course of this disease in 

combination with the lower socio-economic status (SES) of most caregivers places a 

heavy strain on the caregivers of these children.

The challenge of parenting a child with SCD has been described by Sales as burden 

(5). This concept can be classified as objective and subjective burden. The objective 

burden includes day-to-day management of the illness, the effect on other aspects of 

life and financial consequences. Caregivers of children with SCD have to administer daily 

medication (i.e. antibiotics prophylaxis and folic acid), promote behaviour that minimizes 

pain episodes and act appropriately when symptoms arise by giving scheduled analgesics 

and plenty of fluids in case of a painful crisis (6;7). Vaso-occlusive crises and hospital visits 

interfere with the work commitments and planned (leisure) activities of caregivers and 

other family members. Financial consequences may arise as a result of travel expenses 

for trips to the hospital (8) and a poor health status of a child has been associated 

with reduced maternal or paternal employment (9). The emotional distress caregivers 

experience when dealing with their ill child can be classified as subjective burden. 

Confrontation with the pain of their child during vaso-occlusive crises is emotionally 

upsetting for parents (6): as one of the mothers in our cohort stated “I cannot get 

ever used to my child experiencing pain. I feel helpless when I cannot stop the pain”. 

Caregivers may have difficulty accepting the child’s diagnosis and prognosis, and may 

experience anxiety about the child’s future well-being, both in the short and long term. 

Previous studies have addressed the psychological effects of parenting children with 

SCD. Several studies found that 30-40% of the caregivers had symptoms of psychological 

distress (10-13). These studies were descriptive and did not compare caregivers of SCD 

patients to a control group of parents with healthy children. In order to conclude that 

psychological distress is related to caregiving for children with SCD, a well matched 

control group is essential. In The Netherlands, many patients with SCD come from 
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immigrant families who often have a lower SES compared to the population with 

Dutch ancestors (14;15). As lower SES is associated with more stress and psychological 

problems (15-17), matching on SES is a prerequisite. Two studies using a well matched 

SES control group had conflicting results. The increase in depressive symptoms of SCD 

caregivers compared to caregivers of healthy controls found in one study (7) could not 

be confirmed by the other (3). These differences could be explained by differences in 

study design and instruments used to evaluate depressive symptoms.

As the effects of caring for a child with SCD may influence more aspects of life besides 

mental health, the aim of the present study was to address Quality of Life (QoL) of 

caregivers of children with SCD. QoL is a multidimensional concept that includes social, 

physical, psychological and emotional aspects. Studies in caregivers of children with 

various chronic illnesses have shown that these caregivers report an impaired QoL 

compared to caregivers of healthy children (18-22). We hypothesized that caregivers of 

children with SCD have a lower QoL compared to the healthy Dutch female population 

and caregivers of healthy children with the same SES.

METHODS

Participants

All mothers or female caregivers of children with SCD who visited the outpatient clinic 

of the study centre at least once a year were invited to participate in this study. The 

following exclusion criteria were applied: the inability of caregivers to read and write 

in Dutch or English, children living in foster care and children who had been diagnosed 

less than one year ago, since the impact of having a chronically ill child on parents is not 

yet clear in newly diagnosed patients. Caregivers who had a chronic disease themselves 

were also excluded, as this may influence their QoL. We included only female caregivers 

because QoL data are gender specific and most patients are cared for by their mothers. 

Female caregivers of healthy children (SES control group) in two primary schools located 

in the lower income neighbourhoods, where most of the included SCD patients live, 

were recruited for the control group in the study. Both biological mothers and caregivers 

(e.g. adoptive parents) of the patients or controls will be named caregivers. 

Questionnaire

A questionnaire on the social and financial consequences of caring for children with 

a chronic illness was developed as part of a larger study (Care project), which will 

be reported separately. The original Dutch questionnaire, which was translated into 

English by a professional translator according to scientific standards, contains four 
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different sections. The first section consists of 68 questions regarding demographics, 

family relations, rearing children, additional burden in the family (e.g. chronic illness of 

parents) and use of health care services; the second section contains 15 questions about 

satisfaction in daily life; the third section contains 87 specific questions about social 

and financial consequences of taking care of a child with a chronic illness and the last 

section is a quality of life questionnaire, the TNO-AZL Adult Quality of Life questionnaire 

(TAAQoL). The control group received a shortened version of the questionnaire that did 

not contain the third section. The burden of filling in the questionnaire was addressed in 

the invitational letter. Generally it took one hour to complete the whole questionnaire. 

Parents were allowed to take short breaks while completing the questionnaire. 

Instrument

We used the TAAQoL questionnaire for 16 years and older developed by the Dutch 

Institute of Prevention and Health and the Leiden University Hospital (TNO-AZL) (23). 

This validated questionnaire is a generic Dutch instrument that measures health status 

problems or limitations weighted by the impact of these problems on well-being. It offers 

the respondent the possibility to differentiate between their functioning and the way they 

feel about it. The items are clustered into 12 multi-item scales: gross motor functioning 

(e.g. difficulty walking), fine motor functioning (e.g. difficulty opening a can), cognitive 

functioning (e.g. difficulty with memory and attention), sleep (e.g. sleeping restlessly), 

pain (e.g. pain in neck-shoulders), social functioning (e.g. the possibility to talk to others; 

visit friends), limitations of daily activities (e.g. difficulties with work), sexual functioning 

(e.g. had less sex), vitality (e.g. feeling energetic or tired), happiness (e.g. feeling joyful), 

depressive moods (e.g. feeling sad or worried) and aggressiveness (e.g. feeling angry). 

All scales consist of four questions, except for the scales concerning sexual functioning 

(2 questions) and aggressiveness (3 questions). The scale scores are obtained by adding 

item scores within scales and transforming raw scale scores to a 0-100 scale, with higher 

scores indicating a higher QoL. It takes approximately 10 minutes to fill in the TAAQoL 

questionnaire. 

The questionnaire has been validated in two samples of the general population (23). 

Several steps were undertaken to validate the questionnaire. Cronbach’s alfa in the 

general population varies between 0.72 and 0.90 for the different domains, which 

justifies the use of the TAAQoL for studies on groups of patients. Furthermore the 

convergent validity was assessed by calculating correlation coefficients with the results 

from the Dutch versions of the SF-36 and with the “Psychological complaints-scale” of 

the Hopkins Symptom Checklist. The expected relationships between TAAQoL and SF36/

HSCL domains measuring the same concepts (e.g. pain (.65), daily functioning (.65), 

vitality (.81) and depressiveness (.70)) were in general higher than other correlations 
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(<.59), indicating convergent validity. Based on these results it was concluded that the 

instrument measures health related QoL on group level in a reliable and valid way. 

Procedure

Data were collection between May and October 2006. The Care-questionnaire was sent 

to all eligible caregivers of children with SCD with an accompanying information letter 

and a reminder after four weeks. They were asked to return the completed questionnaire 

together with an informed consent form by mail (no stamp necessary). In case parents did 

not master the Dutch language, they received an English translation of the questionnaire 

and/or help with completing the questionnaire at the outpatients’ clinic. Anonymity of 

the data was guaranteed. Questionnaires for the SES control group were distributed 

among school children at two local primary schools. A collective reminder was placed in 

the school paper after one month.

Norm data for the TAAQoL from a Dutch reference population above the age of 15 years 

(4410 respondents) were available. For this study we selected a sample (n=700) from the 

reference population of similar gender and age as the caregivers of the children with 

SCD. In this reference population information on country of birth was limited to “born in 

the Netherlands”, “born in a western country” and “born in a non-western country”.

Statistics

QoL results from the study population were compared to the Dutch norm population 

(n=700 females) and a control group matched for SES and ethnicity consisting of 28 

caregivers of healthy children. The Statistical Package for Social Sciences (SPSS), Windows 

version 12.0, was used for the analysis. Normally distributed data (age of caregiver) 

were tested with the independent T-test. Data that were not normally distributed were 

tested with the Mann-Whitney-U test. Differences between the groups were considered 

significant if the p-value was < 0.05. Because the Mann-Whitney-U-test does not yield 

an effect size, the median differences and 95% confidence intervals between data from 

the SCD caregivers and the SES control group were also calculated using the computer 

program Confidence Interval Analysis© version 2.0.0 according to the method described 

by Altman et al (24). 

RESULTS

Of the 99 caregivers who were asked to participate 54 caregivers of 60 children with SCD 

(49 HbSS/HbS-β0-thalassaemia, 11 HbSC/HbS-β0-thalassaemia) returned a completed 

questionnaire. Median duration of illness of the children was 7.0 years (range 1-17 years). 

The caregivers in the participants group had been living in the Netherlands for (median) 
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16 years (range 3.7-32.6 years). Thirty seven caregivers filled in the questionnaire in 

Dutch, 17 in English. The demographic characteristics of the participants and non-

participants of the SCD group were similar (P>0.05) (Table 1). 

Table 1. Demographic Characteristics of the SCD Caregivers: Participants and Non-Participants

Participants
N=54

Non-participants
N= 45

Age caregiver, mean ± SD (years)* 37.3 ± 7.3 37.1 ± 8.2

Age child with SCD, mean ± SD (years)* 9.2 ± 4.2 10.2 ± 4.7

N % N %

Country of birth *

Netherlands 5 9 1 2

Surinam 17 32 16 36

Netherlands Antilles 2 4 5 11

West/Central Africa 24 44 21 47

Other 6 11 2 4

Marital status *

Married/ living together    22 41 21 47

Single 30 55 22 49

Not specified 2 4 2 4

Highest education* †

Lower 29 54 18 40

Intermediate 20 37 14 31

Higher 5 9 2 5

Not specified 11 24

Paid job*

Yes 25 43 14 31

No 27 50 21 47

Not specified 2 7 10 22

* P>0.05, † Education: Lower: elementary education, MAVO (general secondary education-junior level), 
VBO (lower vocational education); intermediate: HAVO/VWO (general secondary education-senior level) and 
MBO (vocational education-junior level); higher: HBO (vocational education-senior level) and WO (university 
education).

The majority of the SCD caregivers who originated from non-western countries was 

single parent and had a low educational level (Table 2). No statistically significant 

difference was found between the caregivers of children with SCD and the SES control 

group for age (P=0.105), marital status (P=0.492) and educational level (P=0.843). The 

SCD group was well matched to the SES control group for income and country of birth. 

As expected, caregivers of patients with SCD differed significantly from the Dutch norm 

population for marital status and education level (P<0.01). Data on income were not 

available for the Dutch norm population. 
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Caregivers of SCD patients had a lower QoL on the subscales depressive moods, daily 

activities, vitality, sleeping, happiness and cognitive functioning when the point estimates 

of the median difference were compared (Table 3). The differences between the scores 

for SCD caregivers and SES controls on the subscales depressive moods, daily activities 

and vitality were statistically significant (P<0.05) when tested by the Mann-Whitney-U 

test (Table 3).

Caregivers of SCD patients had a lower score on all QoL subscales compared to the 

Dutch norm population (P<0.005 on all subscales) (Table 3).

Table 2. Demographic Characteristics on the SCD Caregivers, the SES Control Group and the Dutch Norm 
Population

SCD Caregivers
N=54

SES Control Group
N=28

Dutch Norm 
Population

N=700

Age, mean ± SD (years) 37.4 ± 7.2 40 ± 6.7 35.6 ± 8.7

Net income mean ± SD (euro) 1341 ± 720 1422 ± 720

Number % Number % Number %

Country of birth 

Netherlands 5 9 3 11 261 37

Western country - - - - 5 1

Non-western country 49 23 3 0

Surinam 18 33 13 46 - -

Netherlands Antilles 2 4 3 11 - -

West/Central Africa 23 43 5 18 - -

Other 6 11 2 7 - -

Not specified - - 2 7 431 62

Marital status*

Married 14 26 8 30 425 61

Living together (not married) 7 13 - - 127 18

Single 31 57 19 70 129 19

Other - - 1 0 17 2

Not specified 2 4 - - 2 0

Highest education *†

Lower 29 54 16 57 266 38

Intermediate 20 37 9 32 218 31

Higher 5 9 3 11 188 27

Other - - - 28 4

* P<0.01 caregivers of sickle cell patients compared the Dutch norm population. †Education: Lower: elementary 
education, MAVO (general secondary education-junior level), VBO (lower vocational education); intermediate: 
HAVO/VWO (general secondary education-senior level) and MBO (vocational education-junior level); higher: 
HBO (vocational education-senior level) and WO (university education).
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DISCUSSION

This first study reporting on QoL in caregivers of children with SCD demonstrates that 

caregivers of SCD patients have, in comparison to the Dutch norm population, a lower 

QoL on all subscales. These differences may be due to demographic differences, such as 

a lower SES and more single parenthood. 

Compared to the control group matched for SES, caregivers of children with SCD have 

significantly lower QoL scores on the subscales depressive moods, daily activities and 

vitality. Sleeping, happiness and cognitive functioning were negatively affected as well. 

These differences can probably be attributed to caring for a child with SCD. The effect of 

carriership for sickle cell disease in caregivers could contribute to lower scores on depressive 

moods and happiness. Feelings of guilt about the illness of their child and the risk of having 

another child with sickle cell disease could have a negative effect on mood. 

This is not the first study demonstrating that depressive moods occur more frequently in 

caregivers of children with SCD than in caregivers of healthy children. In a recent American  

study half of the caregivers of children with SCD were at risk for clinical depression, 

compared to 19% of the control group as measured by Center of Epidemiologic Studies 

Depression Scale (CES-D) (7). The psychological adaptation of caregivers of children with 

SCD is not influenced by the child’s disease severity (12;25). Mood disturbances may 

result from lack of sleep due to night-time caregiving duties and worries related to the 

child’s health (26). Sleep deprivation is also associated with limited day-time functioning, 

decreased cognitive performance and decreased motor function (27;28). This could 

contribute to lower vitality and happiness scores in caregivers of children with SCD. 

Similar problems have also been described in caregivers of children with other chronic 

diseases, e.g. leukaemia and cerebral palsy (21;29). Limitations in daily activities (i.e. 

working or studying) could be caused by frequent hospital visits, acute painful crises and 

all other tasks associated with the responsibility of caring for a chronically ill child. 

Compared to the Dutch norm population both caregivers of children with SCD and 

caregivers from the SES control group had lower scores on gross motor function and 

pain. The higher proportion of single parents and lower educational level in these 

groups may explain these findings. Both single parenthood and a lower educational 

level are associated with worse subjective health perception. Single parents are more 

likely to experience stress due to increased caregiving burden in comparison to other 

parents, which can manifest itself in e.g. limitations in gross motor function and more 

limitations in daily activities due to pain (15). Furthermore, obesity is more common 

in a population with a low education (prevalence 66%) compared to a high educated 

individuals (prevalence 43%) (15) and can lead to impaired physical functioning and 

increased incidence of pain as well.
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Certain limitations of the current study should be taken into account. The population of 

SCD caregivers that we studied has a low SES. This could be different in other countries, 

which limits generalization of the results of this study to SCD caregivers in other parts of 

the world. Having identified a lower QoL in the group of SCD caregivers, it is important 

to predict which caregivers are at the highest risk for a low QoL. This group has the 

potential to benefit most from supportive interventions. Our cross-sectional study design 

does not allow analysis of such predictors. The measurement of QoL that we employed 

was validated in a Dutch reference population. In other cultural groups the interpretation 

of the questions, and the meaning attributed to the words may be influenced by cultural 

background and difficulties with the Dutch or English language (30). We addressed the 

cultural diversity in our sample by including a control group with the same ethnic and 

socio-economic background. 

Studying QoL in caregivers of chronically ill children is extremely important, since 

adequate functioning of the mother is important for the social, emotional and cognitive 

functioning of a child (31). In order to accomplish appropriate care, help from various 

health care providers is essential. When they were asked about their unmet needs, issues 

such as financial support and personal guidance about available services were mentioned 

both by the caregivers in our study and by the caregivers in a study by Chamba et al 

(32). In the latter study the need for support was much higher in caregivers of ethnic 

Table 3. Differences between Caregivers of Patients with SCD, the SES Control Group and the Dutch Norm 
Population on the Subscales of the TAAQOL

SCD Group SES Control Group Dutch Norm Population SCD group compared to SES Control 
Group

Median IQR Median IQR Median IQR Point estimate of median 
difference (95% CI)

P value MW

Depressive moods * 58 33-66 67 50-88 83 75-92 -17 (-25 ; 0) 0.020

Daily activities * 81 43-97 97 75-100 100 88-100 -6 (-25 ; 0) 0.033

Vitality * 42 31-58 58 38-75 75 58-83 -8 (-25 ; 0) 0.043

Sleeping 50 25-69 72 31-88 88 63-100 -13 (-31 ; 0) 0.072

Happiness 54 33-67 58 46-71 67 67-83 -8 (-17 ; 0) 0.090

Cognitive Functioning 75 41-100 91 70-100 100 81-100 -6 (-25 ; 0) 0.122

Fine Motor 100 100-100 100 100-100 100 100-100 0 (0 ; 0) 0.182

Sexual functioning 75 50-100 88 75-100 100 88-100 0 (-25 ; 0) 0.465

Pain 63 38-88 63 25-81 88 69-97 6 (-13 ; +19) 0.556

Aggressiveness 78 56-100 89 56-100 89 89-100 0 (-11 ; +11) 0.791

Gross Motor 75 39-100 81 28-100 100 100-100 0 (-13 ; +13) 0.817

Social Functioning 75 63-88 75 53-85 100 81-100 0 (-13 ; +13) 0.969

Higher scores indicate a higher QOL (scale 0-100). * P < 0.05 of the Mann-Whitney-U test; SCD group compared 
to the SES control group. For all subscales p<0.005 of the Mann-Whitney-U test; SCD group compared to the 
Dutch norm population
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minority groups of disabled children compared to white caregivers. This might be due 

to, for instance, lower levels of employment, low access to financial benefits and low 

levels of support from extended family (32). A social worker could help parents to gain 

access to financial benefits and appropriate housing. Furthermore, employers should be 

stimulated to offer care-related leave of absence from work to stimulate employment 

of caregivers of chronically ill children. Promoting good health of the caregivers, stress 

management and a social support network are important (33). As disrupted sleep 

patterns have influence on mood, motor and cognitive functioning (26), improving 

sleep quality in caregivers of sickle cell patients is a potentially useful intervention. The 

effectiveness of behavioural sleep intervention has been demonstrated in caregivers of 

persons with cancer (34).

This first study reporting on the QoL of caregivers of children with SCD demonstrates 

that caregivers have a significantly lower QoL on the subscales compared to the control 

group matched for SES: depressive moods, daily activities and vitality. Lower QoL was 

also found on the subscales sleeping, happiness and cognitive functioning. Doctors 

and other health care workers should be aware of the emotional and functional needs 

of these caregivers. Improved support may be needed to ameliorate the QoL of both 

children with SCD and their caregivers. 

Table 3. Differences between Caregivers of Patients with SCD, the SES Control Group and the Dutch Norm 
Population on the Subscales of the TAAQOL

SCD Group SES Control Group Dutch Norm Population SCD group compared to SES Control 
Group

Median IQR Median IQR Median IQR Point estimate of median 
difference (95% CI)

P value MW

Depressive moods * 58 33-66 67 50-88 83 75-92 -17 (-25 ; 0) 0.020

Daily activities * 81 43-97 97 75-100 100 88-100 -6 (-25 ; 0) 0.033

Vitality * 42 31-58 58 38-75 75 58-83 -8 (-25 ; 0) 0.043

Sleeping 50 25-69 72 31-88 88 63-100 -13 (-31 ; 0) 0.072

Happiness 54 33-67 58 46-71 67 67-83 -8 (-17 ; 0) 0.090

Cognitive Functioning 75 41-100 91 70-100 100 81-100 -6 (-25 ; 0) 0.122

Fine Motor 100 100-100 100 100-100 100 100-100 0 (0 ; 0) 0.182

Sexual functioning 75 50-100 88 75-100 100 88-100 0 (-25 ; 0) 0.465

Pain 63 38-88 63 25-81 88 69-97 6 (-13 ; +19) 0.556

Aggressiveness 78 56-100 89 56-100 89 89-100 0 (-11 ; +11) 0.791

Gross Motor 75 39-100 81 28-100 100 100-100 0 (-13 ; +13) 0.817

Social Functioning 75 63-88 75 53-85 100 81-100 0 (-13 ; +13) 0.969

Higher scores indicate a higher QOL (scale 0-100). * P < 0.05 of the Mann-Whitney-U test; SCD group compared 
to the SES control group. For all subscales p<0.005 of the Mann-Whitney-U test; SCD group compared to the 
Dutch norm population
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SUMMARY

Sickle cell disease (SCD) is an autosomal recessive inheritable disorder that predominantly 

affects the black population. In The Netherlands it mainly affects immigrants from 

Surinam and from Central and Western Africa. SCD is caused by a single nucleotide 

mutation (GAG for GTG) in the sixth codon of the gene encoding β-globin and is 

characterized by chronic haemolysis and vaso-occlusion throughout all organs. 

SCD is a heterogeneous disorder leading to a variety of acute and chronic complications. 

Some patients experience only mild complications, whereas others suffer from severe 

life threatening complications. 

This thesis describes the incidence and prevalence, mortality, presenting symptoms, the 

application of modern clinimetrics in measuring disease severity, cerebral blood flow 

measurement, and the implications on daily life of caretakers of children with SCD.

Chapter 1 is an introduction to SCD. Since this thesis mainly involves paediatric patients, 

the introduction starts with information about the incidence and prevalence of SCD 

disease in children in The Netherlands, followed by mortality and a pathophysiological 

description of the disorder. Subsequently, the morbidity and the consequences of chronic 

haemolysis and vaso-occlusion for various different end-organs are described. Finally, 

the current challenges in clinical management of patients with SCD are reviewed. The 

scope of this thesis is defined.

In Chapter 2 the prevalence and incidence of children with SCD in The Netherlands are 

estimated using the capture-recapture method. Also the proportion of children who have 

no access to the highest quality of care in relation to neonatal screening is evaluated. 

Cross-sectional survey of three data sources were used to estimate the prevalence and 

incidence of SCD in The Netherlands: the Dutch Paediatric Surveillance Unit, a survey 

among laboratories and a survey among Dutch paediatric practices. Children with SCD 

aged <18 years on January 1st 2003 and newly diagnosed children from January 1st 2003 

onwards were included in the study. 

The prevalence of children with SCD in 2003 was 1:5152 (95%CI 1:4513 - 1:6015). In the 

four years period thereafter, the yearly incidence was 1:2011 (95%CI 1:1743 - 1:2376). 

About 60% of the newly diagnosed SCD children were not reported by paediatricians. 

Nearly one third (27%) of the newly diagnosed cases were born outside The Netherlands 

and thus evaded neonatal screening. 

This study demonstrates that prevalence and incidence of SCD in children in The 

Netherlands is higher than previously estimated and it demonstrates that not all children 
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receive comprehensive care. Most newly diagnosed children live in urban parts of the 

Netherlands, are of different ethnic backgrounds or are born in countries without a 

neonatal screening program. Furthermore, it is important to realise that a considerable 

number of children, who are at risk of serious infant morbidity, does not benefit from 

optimal care commencing at birth. One of the remaining questions is whether adjuvant 

screening programs should be initiated, e.g. programs directed at children that are 

adopted or children of immigrant families. Although neonatal screening on SCD is an 

important step towards improvement of quality of care, physicians and health planners 

should be aware of the current dichotomy in the care of these children with a serious 

chronic illness.

In Chapter 3 the presenting symptoms of SCD at diagnosis and the age at diagnosis 

are described. Over the past decades the prevalence of SCD in Europe has increased 

significantly due to immigration of families with SCD from many countries around the 

world. Still, many European physicians are not familiar with the presenting symptoms of 

this disease. As there is no neonatal screening program in most European countries, the 

diagnosis is usually made when medical care is sought for symptoms. Early recognition 

of the specific symptoms is important, because the prescription of adequate antibiotic 

prophylaxis combined with parental education, can reduce disease-related morbidity. In 

contrast, children detected by neonatal screening can start with penicillin prophylaxis at 

an early age, which decreases the complications of feared pneumococcal septicaemia 

that occurs in patients with SCD as a result of functional hyposplenia. 

We evaluated the presenting symptoms and the age of diagnosis in 88 consecutive 

patients in the paediatric department of the Academic Medical Center in Amsterdam. 

The group comprised 67 patients with HbSS/HbS-β0-thalassaemia and 21 patients with 

HbSC/HbS-β+-thalassaemia, both groups diagnosed after the occurrence of symptoms. 

In the majority of the patients (72%) the diagnosis was based on SCD specific symptoms, 

such as painful crises, jaundice, anaemia and pneumococcal septicaemia/meningitis. 

Painful crisis was the most common presenting symptom. The median age at diagnosis 

in the total patient group was 25 months. However, in the group of children who were 

diagnosed by SCD specific symptoms (n=63) those with HbSS/HbS-β0-thalassaemia were 

diagnosed at a younger age (24 months) than those with HbSC/HbS-β+-thalassaemia (45 

months). 

An ongoing longitudinal study, including only patients diagnosed by neonatal screening, 

will give a more accurate estimate of the frequency of presenting symptoms in SCD 

such as dactylitis and painful crisis because bias will be minimal (i.e. reduced chance 

of fatalities before diagnosis in children diagnosed by neonatal screening). However, 

children diagnosed in the neonatal period will be less likely to present with pneumococcal 

infections. 
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Chapter 4 and 5 discuss the application of modern clinimetrics to measure the severity 

of a complex disease. To increase our knowledge of the determinants of severity of SCD 

we need studies with a clear outcome. Knowledge of these determinants will help to 

unravel the pathophysiological mechanisms underlying the disease process, to identify 

novel targets for therapeutic or prophylactic interventions, and to improve patient care. 

In Chapter 4 we systematically review the literature to identify all indices used to 

classify SCD patients according to disease severity and we evaluate the content and 

methodological quality of these indices. A large number of studies, containing a 

composite severity index, was identified but none of these indices was fully validated. 

This is a major problem in SCD research due to the fact that there is no generally 

accepted index. To compare and to pool the results of different research groups, efforts 

should be made to reach international consensus on a definition of SCD severity. A 

severity index should contain a core set of items to measure this concept. The systematic 

review contributes to the development of a validated severity index by providing 

recommendations for its clinimetric prerequisites. It also contains generic lessons on 

the application of modern clinimetrics to the measurement of disease severity in any 

complex disorder.

Chapter 5 describes the development and validation of a paediatric severity index for 

sickle cell patients. Since most children with SCD have not yet developed irreversible 

organ damage that occurs in adults such as pulmonary hypertension, retinopathy or 

cardiomyopathy, we developed a severity index incorporating items applicable to 

children. We defined the concept of severity as “the rate and extent of reversible and 

irreversible damage to organs related to SCD, resulting in impairments that require 

medical intervention”. The final index consists of 20 items, with 11 items concerning the 

cumulative lifetime incidence of organ damage (e.g. avascular bone necrosis, cerebral 

infarcts), four items concerning the number of recurrences of SCD-related complications 

over a period of two years (e.g. acute chest syndrome, painful crises) and five items 

concerning the outcome of laboratory tests (e.g. Hb). 

Three different weighing systems to summarize the items were used (score A, B and C). 

First, all items were summed with an equal weight of 1, leading to score A. Secondly, 

acute life-threatening events and neurological complications were assigned more weight, 

receiving a score of 10, with all other items assigned a score of 1 (score B). Finally, 

items were weighted according to the severity of the different complications and the 

frequency of occurrence, ranging from 5-50 points (score C).

The index adequately differentiates between patient groups classified for severity by 

experts and by an existing index (Sickle Cell Disease Assessment Instrument: SCDAI). 

Moreover, the index differentiates between patients classified by genotype (HbSS/HbS-
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β0-thalassaemia versus HbSC/HbS-β+-thalassaemia) or by the number of alpha-gene 

deletions. There was no significant correlation between the scores and current age and 

a weak correlation with an existing death risk score (1). 

Score C, calculated with the most refined weighting system, i.e. differentiating 

between items according to severity and the frequency of occurrence of complications, 

discriminates best between the patient groups when classified by the experts, the 

SCDAI, genotype or alpha-gene deletions. Contrary to our expectation we did not find a 

higher severity score in older children. This lack of association between age and severity 

has also been observed by Cameron et al., who reported a lack of correlation between 

their severity index and age in a cross-sectional study (2). This should be interpreted as 

an indication of the heterogeneity in the clinical phenotype of SCD.

Further validation of this index is needed, e.g. in a large prospective cohort study of 

patients diagnosed early by neonatal screening. After further refinement and adaptation 

of this index, it may form a base from which international consensus can be reached 

on outcome assessment in studies of paediatric patients. It will be crucial to develop 

consensus on uniform outcome measures using widely accepted scales, since this 

enhances the comparability of results across studies and enables statistical pooling in 

future meta-analyses.

In Chapter 6 we evaluated cerebral blood flow (CBF) by Continuous Arterial Spin 

Labeling (CASL) at 3.0 Tesla MRI in children with SCD. Cerebral infarction is the most 

devastating complication of SCD, affecting approximately 30% of SCD patients by the 

age of 18 years (3-7). Most of these infarcts are not accompanied by focal neurological 

deficits and are therefore often called silent infarcts. In fact, this is a misnomer since 

they have been associated with diminished neurocognitive functioning and an increased 

risk of recurrent (overt) infarcts (8;9). 

The theoretical concept behind cerebral infarction is as follows: in patients with anaemia 

adequate oxygenation of the brain tissue is presumably preserved by vasodilation of the 

cerebral vasculature. When reductions in arterial pressure arise or metabolic demands 

increase, there is limited reserve for further vasodilation to assure adequate oxygen 

supply to the brain. The ensuing ischemia predisposes to cerebral infarctions. Cerebral 

blood flow (CBF) and the Oxygen Extraction Fraction (i.e. the fraction of oxygen 

removed by the brain as the blood passes by) indicate the metabolic demands of the 

brain. Areas with a decreased CBF (compared to the opposite hemisphere) could be at 

risk of developing cerebral infarcts, as the metabolic demand of the brain can only be 

satisfied when the Oxygen Extraction Fraction increases. 
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We investigated CBF in 24 children with SCD and compared the CBF to 12 healthy children 

using CASL-MRI at 3.0 Tesla. Using this technique we could not confirm a higher CBF in 

SCD patients, but we did find hemispheric asymmetry in 58% of the patients compared 

to no asymmetry in the control subjects. 

A longitudinal study should be performed to evaluate the clinical significance of this 

anatomical asymmetry in CBF in SCD children. CBF in combination with the Oxygen 

Extraction Fraction could be even more specific in predicting which children are at the 

highest risk of developing infarcts. Eventually the role of regular blood transfusions, 

hydroxyurea treatment and haematopoietic stem cell transplantation in patients with 

hemispheric asymmetry in CBF and thereby in the prevention of “silent” cerebral infarcts, 

should be evaluated in future studies. 

Chapter 7 addresses the quality of life of caregivers of children with SCD. Taking care 

of children with chronic diseases is highly demanding and has practical and emotional 

consequences for the parents or other caregivers (10;11). Young children with a chronic 

condition are dependent on their caregivers for additional care and monitoring of their 

health. The quality of care they receive may be affected by the caregivers’ well-being. It 

is important to address the caregivers’ well-being and to identify the needs for additional 

support, both for the health and well-being of caregiver and child (12;13). 

In this study we evaluated the quality of life of 54 caregivers of 60 children with SCD 

and of 28 controls from the same socio-economic status (SES) and ethnicity. To measure 

quality of life we used the TAAQoL questionnaire (14) for persons 16 years and older. 

Quality of life data of the SCD caregivers were also compared to the Dutch norm 

population (n=700). 

Caregivers of SCD patients had a lower score on all QoL subscales compared to the 

Dutch norm population (P<0.005 on all subscales). These differences may be due to 

demographic differences, such as a lower SES and more single parenthood. Compared 

to the SES control group, caregivers of SCD patients had a lower QoL on the subscales 

depressive moods, daily activities, vitality, sleeping, happiness and cognitive functioning. 

Feelings of guilt, lack of sleep, limitations of daily activities due to caregiving of a 

chronically ill child could attribute to these lower scores. 

Studying QoL in caregivers of chronically ill children is extremely important, since 

adequate functioning of the mother is important for the social, emotional and cognitive 

functioning of a child (15). In order to accomplish appropriate care, help from various 

health care providers is essential. Doctors and other health care workers should be 

aware of the emotional and functional needs of these caregivers. Improved support may 

be needed to ameliorate the QoL of SCD caregivers by decreasing caregiving burden. 
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Interventions aimed at helping parents to gain access to financial benefits, appropriate 

housing, stimulate employment of caregivers of chronically ill children, promoting good 

health of the caregivers and stress management might aid to reducing this burden.

FUTURE PERSPECTIVES

In the past decades life expectancy of patients with SCD has increased. Comprehensive 

care at specialised sickle cell clinics has further reduced morbidity and mortality. Moreover 

as a result of neonatal screening and early interventions there is a lower proportion of 

episodes of serious illness and hospital admissions (16). Because of these developments 

the median survival of patients with SCD has increased to over 50 years (17). 

As a result of improved survival, doctors will be increasingly confronted with chronic 

complications that can lead to invalidity and a reduced quality of life. It is a challenge to 

detect patients at risk of severe progression of the disease and to discover new therapies 

that can decrease morbidity and mortality in this group.

The question remains which patients qualify for aggressive therapies such as 

haematopoietic stem cell transplantation and chronic blood transfusions. Ideally, an 

international consensus on a definition of SCD severity would help to select patients 

for therapeutic and prophylactic interventions. A severity index will also be helpful to 

unravel the pathophysiological mechanisms underlying the disease process. However, 

as SCD is a heterogeneous disease, an overall severity index for all age groups will be 

difficult to compose. 

Detecting patients who are at risk of developing severe complications later in life is 

another aspect of intensive research. An important complication in children with SCD is 

cerebral infarction. Technologies should be explored to detect children at risk of silent 

infarcts. Hemispheric asymmetry could be an early indicator of inadequate oxygen 

supply to certain parts of the brain. In this thesis we have evaluated CASL-MRI, which 

is a relatively new technique to detect these asymmetries and this technique might be 

suitable for detecting children at risk of silent infarcts.

Overall, sickle cell disease is a complex, heterogeneous disease. As many aspects of SCD 

are still unexplored, the field of sickle cell disease research is extensive and challenging.
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Table 3. Description of the measurement instrument 

Author
Name of
index

No of 
items Items Classification Score Range

Definition
of the items*

Jackson
21

pathologic 
index rating

20 History of jaundice
Each occasion requiring transfusion(s) for anaemia
Each hospitalisation for disability related to SCA
History of repeated bouts of abdominal pain
History of bouts of arthralgia or pain in extremities
Characteristic habitus
Icterus on examination
Clinical cardiac enlargement
Congestive heart failure
Leg ulcers
Osteomyelitis
Splenomegaly
X-ray evidence of cardiomegaly
Striated skull
Generalized coarsening of bony trabecular pattern
Bone infarcts
Aseptic necrosis of bone
Hb < 3.7 mmol/L
Pregnancy terminating in live birth
Hb > 6.2 mmol/L

absent; present 0;1
0;1 each
0;1 each
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;-1
0;-1

-2 - ≥16 Not clear 

Steinberg
19

scoring 
system

8 Crises (visceral, bone or muscle)
Bacterial infections
Transfusions
Neurological signs (seizures, pareses, encephalopathy)
Orthopaedic defects
Leg ulcers
Age
Employment or activity

rare or none; 1-2/year; >2/year;
rare or none; infrequent or mild; frequent or severe 
rare or none; 1-2/year;>2/yearly
absent; present
absent; present
absent; present
<20; 20-40; >40 years
employed or active; unemployed or inactive

0;1;2
0;1;2
0;1;2
0;2
0;2
0;2
2;1;0
0;2

0-16 Clear 

Hebbel
14

clinical
severity 
score

5 Pain crises requiring hospitalisation and narcotic analgesia
Skin ulceration

Retinal lesions
CNS abnormalities (stroke or convulsive disorder)
Bone lesions (infarcts or aseptic necrosis)

<1; 1-5; 6-10; 11-15/year
no history; ulcerations within past 12 months; ulceration more 
than 12 months ago
absent; present
absent; present
absent; present

0;1;2;3
0;2;2

0;1
0;2
0;2 each lesion

0≥10 Clear

Cameron
12

clinical 
classification 
criteria

6 Age at diagnosis
Number of hospitalisations
Crisis

Pneumococcal sepsis
Major organ involvement

Failure to thrive

>5 yrs; 25 months-5 yrs; 12-24 months; <12 months 
1;2-4; ≥5
thrombotic (requiring hospitalisation); aplastic; sequestration;

pneumonia, renal or bone involvement, priapism, leg ulcer or 
congestive cardiac failure; CVA, pulmonary infarct or retinopathy
height en weight <25%; <10%; <3%

0;1;2;3
1;2;3
1;2;3

3
2;3

1;2;3

1-18 Moderate
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Table 3. Description of the measurement instrument 

Author
Name of
index

No of 
items Items Classification Score Range

Definition
of the items*

Jackson
21

pathologic 
index rating

20 History of jaundice
Each occasion requiring transfusion(s) for anaemia
Each hospitalisation for disability related to SCA
History of repeated bouts of abdominal pain
History of bouts of arthralgia or pain in extremities
Characteristic habitus
Icterus on examination
Clinical cardiac enlargement
Congestive heart failure
Leg ulcers
Osteomyelitis
Splenomegaly
X-ray evidence of cardiomegaly
Striated skull
Generalized coarsening of bony trabecular pattern
Bone infarcts
Aseptic necrosis of bone
Hb < 3.7 mmol/L
Pregnancy terminating in live birth
Hb > 6.2 mmol/L

absent; present 0;1
0;1 each
0;1 each
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;-1
0;-1

-2 - ≥16 Not clear 

Steinberg
19

scoring 
system

8 Crises (visceral, bone or muscle)
Bacterial infections
Transfusions
Neurological signs (seizures, pareses, encephalopathy)
Orthopaedic defects
Leg ulcers
Age
Employment or activity

rare or none; 1-2/year; >2/year;
rare or none; infrequent or mild; frequent or severe 
rare or none; 1-2/year;>2/yearly
absent; present
absent; present
absent; present
<20; 20-40; >40 years
employed or active; unemployed or inactive

0;1;2
0;1;2
0;1;2
0;2
0;2
0;2
2;1;0
0;2

0-16 Clear 

Hebbel
14

clinical
severity 
score

5 Pain crises requiring hospitalisation and narcotic analgesia
Skin ulceration

Retinal lesions
CNS abnormalities (stroke or convulsive disorder)
Bone lesions (infarcts or aseptic necrosis)

<1; 1-5; 6-10; 11-15/year
no history; ulcerations within past 12 months; ulceration more 
than 12 months ago
absent; present
absent; present
absent; present

0;1;2;3
0;2;2

0;1
0;2
0;2 each lesion

0≥10 Clear

Cameron
12

clinical 
classification 
criteria

6 Age at diagnosis
Number of hospitalisations
Crisis

Pneumococcal sepsis
Major organ involvement

Failure to thrive

>5 yrs; 25 months-5 yrs; 12-24 months; <12 months 
1;2-4; ≥5
thrombotic (requiring hospitalisation); aplastic; sequestration;

pneumonia, renal or bone involvement, priapism, leg ulcer or 
congestive cardiac failure; CVA, pulmonary infarct or retinopathy
height en weight <25%; <10%; <3%

0;1;2;3
1;2;3
1;2;3

3
2;3

1;2;3

1-18 Moderate
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Table 3. (Continued)

Author
Name of
index

No of 
items Items Classification Score Range

Definition
of the items*

Cameron
12

clinical 
classification 
criteria

3 Number of days of hospitalisation over past year
Number of ER visits
Number of units of transfused blood

0-∞
0-∞
0-∞

0-∞ Moderate

Odenheimer
28

severity 
classes

3 Number of hospitalisations
Number of transfusions
Number of pain crises of duration > 24 hours 
that occurred since the last routine clinic visit

For all three: no event at either evaluation (before enrolment to 
the study centre or during at least one occasion during follow-
up); one event at initial or during follow-up; one event at both 
evaluations

0;1;2 0-6 Moderate

Roberts
29

severity 
index

9 Bone pain
Joint pain
Jaundice
Splenomegaly
Osteomyelitis
Aseptic necrosis of bone
Hand-foot syndrome
Anaemia (Hb mmol/L)

absent; present

>6.2; 5-6.1; 3.7-4.9; <3.7 

0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1;2;3

0-11 Not clear 

El-Hazmi
30

severity 
index

6 Number of attacks per year
Number of hospitalisations per year
Number of crises per year
Number of transfusions per year
Number of symptoms or signs per year
Anaemia (Hb mmol/L)

each attack
each hospitalisation
each crisis
each transfusion
each symptom or sign
>6.2; 5-6.1; 3.7-4.9; <3.7

1
1
1
1
1
0;1;2;3

0-∞ Not clear 

Phillips
15

organ 
failure 
score

7 CNS, stroke
Avascular necrosis of the femoral or humeral head
Nephropathy
Retinopathy
ACS with resting hypoxemia
Leg ulcers
Priapism with impotence

absent; present 0;1
0;1
0;1
0;1
0;1
0;1
0;1

0-7 Moderate

Phillips
16

index of 
clinical 
events score

9 ACS in last 2 years
Episode of splenic and/or hepatic sequestration in the past 2 years
History of stroke or subarachnoid haemorrhage
Aseptic necrosis of bones
Leg ulcers
Proliferative retinopathy
Number of hospitalisations for painful episodes in the last year
Number of painful episodes treated at home in the last year
Number of ER visits or physician office visits for painful episodes in 
the last year

0;1-2;>2
0;1-2;>2
no; yes
no; yes
no; yes
no; yes
0;1-2;3-4;>4
0;1-3;>3
0;1-3;>3

0;1;2
0;1;2
0;2
0;2
0;2
0;2
0;1;2;3
0;1;2
0;1;2

0-19 Moderate
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Table 3. (Continued)

Author
Name of
index

No of 
items Items Classification Score Range

Definition
of the items*

Cameron
12

clinical 
classification 
criteria

3 Number of days of hospitalisation over past year
Number of ER visits
Number of units of transfused blood

0-∞
0-∞
0-∞

0-∞ Moderate

Odenheimer
28

severity 
classes

3 Number of hospitalisations
Number of transfusions
Number of pain crises of duration > 24 hours 
that occurred since the last routine clinic visit

For all three: no event at either evaluation (before enrolment to 
the study centre or during at least one occasion during follow-
up); one event at initial or during follow-up; one event at both 
evaluations

0;1;2 0-6 Moderate

Roberts
29

severity 
index

9 Bone pain
Joint pain
Jaundice
Splenomegaly
Osteomyelitis
Aseptic necrosis of bone
Hand-foot syndrome
Anaemia (Hb mmol/L)

absent; present

>6.2; 5-6.1; 3.7-4.9; <3.7 

0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1;2;3

0-11 Not clear 

El-Hazmi
30

severity 
index

6 Number of attacks per year
Number of hospitalisations per year
Number of crises per year
Number of transfusions per year
Number of symptoms or signs per year
Anaemia (Hb mmol/L)

each attack
each hospitalisation
each crisis
each transfusion
each symptom or sign
>6.2; 5-6.1; 3.7-4.9; <3.7

1
1
1
1
1
0;1;2;3

0-∞ Not clear 

Phillips
15

organ 
failure 
score

7 CNS, stroke
Avascular necrosis of the femoral or humeral head
Nephropathy
Retinopathy
ACS with resting hypoxemia
Leg ulcers
Priapism with impotence

absent; present 0;1
0;1
0;1
0;1
0;1
0;1
0;1

0-7 Moderate

Phillips
16

index of 
clinical 
events score

9 ACS in last 2 years
Episode of splenic and/or hepatic sequestration in the past 2 years
History of stroke or subarachnoid haemorrhage
Aseptic necrosis of bones
Leg ulcers
Proliferative retinopathy
Number of hospitalisations for painful episodes in the last year
Number of painful episodes treated at home in the last year
Number of ER visits or physician office visits for painful episodes in 
the last year

0;1-2;>2
0;1-2;>2
no; yes
no; yes
no; yes
no; yes
0;1-2;3-4;>4
0;1-3;>3
0;1-3;>3

0;1;2
0;1;2
0;2
0;2
0;2
0;2
0;1;2;3
0;1;2
0;1;2

0-19 Moderate
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Table 3. (Continued)

Author
Name of
index

No of 
items Items Classification Score Range

Definition
of the items*

El-Hazmi
31

severity 
index

18 Severity of anaemia (Hb mmol/L)
Chronic pain (bone, abdominal, headache, joints)
Bilirubin level
Painful crisis per year
Aseptic necrosis (head of femur or humerus)
Osteomyelitis
Leg ulcers
Gallstone
Hyposplenism
Polyurea/ isosthenuria
Priapism
Chest infection
Hypoxia
Retinopathy
CVA
DVT
Blood transfusion per year
Hospitalisation per year

>6.8; 5.6-6.8; 4.3-5.5; <4.3
absent; present
> 35 µmol/l
number
absent; present
absent; present
absent; present
absent; present
absent; present
absent; present
absent; present
absent; present
absent; present
absent; present
absent; present
absent; present
number
number

0;1;2;3
0;1
1
0-12
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0-12
0-12

0-53 Moderate

Hedo
32

severity 
score

3 Complication score (anaemic heart failure, osteomyelitis, avascular 
necrosis femoral head, lobar pneumonia, pigment gall stones, growth 
retardation, liver failure, renal failure, recurrent seizures after CVA)
Mean number of crises experienced by each patient/year
Hb (mmol/L)

each

number
>6.2; 5.0-6.2; 3.7-5.0; 2.5-3.7; <2.5

1

0-∞
0;1;2;3;4

0-∞

mild
mod
severe

Not clear

Olatunji
33

severity 
score

3 Ht (% average steady state)
Number of transfusions per year (in units of blood)
Number of crises per year

<15; 16-19; 20-24; 25-29; >30
0; 1; 1-2; 3-4; 5
1-2; 3-4; >4

5;4;3;2;1
0;1;2;3;4
2;3;4

0-13 Moderate

Al-Momen
34

SCD
severity
index

17 Severe anaemia (Hb mmol/L)
Hyperbilirubinemia
Elevated LDH
Number of painful crisis per year
Number of transfusions per year
Growth retardation
Thromboembolic disease
Retinopathy
Hypoxia (low PO2)
Cardiac disease
Hyposplenism
Gall stones
Papillary necrosis (kidneys)
Avascular necrosis of bones
Impotence
Osteomyelitis
Leg ulcers

<5.0
>2 times normal
>2 times normal
each
each
absent; present
absent; present
absent; present
absent; present
absent; present
absent; present
absent; present
absent; present
absent; present
absent; present
absent; present
absent; present

1
1
1
1
1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1

0-17
 
≥ 6 
severe
 

Not clear
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Table 3. (Continued)

Author
Name of
index

No of 
items Items Classification Score Range

Definition
of the items*

El-Hazmi
31

severity 
index

18 Severity of anaemia (Hb mmol/L)
Chronic pain (bone, abdominal, headache, joints)
Bilirubin level
Painful crisis per year
Aseptic necrosis (head of femur or humerus)
Osteomyelitis
Leg ulcers
Gallstone
Hyposplenism
Polyurea/ isosthenuria
Priapism
Chest infection
Hypoxia
Retinopathy
CVA
DVT
Blood transfusion per year
Hospitalisation per year

>6.8; 5.6-6.8; 4.3-5.5; <4.3
absent; present
> 35 µmol/l
number
absent; present
absent; present
absent; present
absent; present
absent; present
absent; present
absent; present
absent; present
absent; present
absent; present
absent; present
absent; present
number
number

0;1;2;3
0;1
1
0-12
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0-12
0-12

0-53 Moderate

Hedo
32

severity 
score

3 Complication score (anaemic heart failure, osteomyelitis, avascular 
necrosis femoral head, lobar pneumonia, pigment gall stones, growth 
retardation, liver failure, renal failure, recurrent seizures after CVA)
Mean number of crises experienced by each patient/year
Hb (mmol/L)

each

number
>6.2; 5.0-6.2; 3.7-5.0; 2.5-3.7; <2.5

1

0-∞
0;1;2;3;4

0-∞

mild
mod
severe

Not clear

Olatunji
33

severity 
score

3 Ht (% average steady state)
Number of transfusions per year (in units of blood)
Number of crises per year

<15; 16-19; 20-24; 25-29; >30
0; 1; 1-2; 3-4; 5
1-2; 3-4; >4

5;4;3;2;1
0;1;2;3;4
2;3;4

0-13 Moderate

Al-Momen
34

SCD
severity
index

17 Severe anaemia (Hb mmol/L)
Hyperbilirubinemia
Elevated LDH
Number of painful crisis per year
Number of transfusions per year
Growth retardation
Thromboembolic disease
Retinopathy
Hypoxia (low PO2)
Cardiac disease
Hyposplenism
Gall stones
Papillary necrosis (kidneys)
Avascular necrosis of bones
Impotence
Osteomyelitis
Leg ulcers

<5.0
>2 times normal
>2 times normal
each
each
absent; present
absent; present
absent; present
absent; present
absent; present
absent; present
absent; present
absent; present
absent; present
absent; present
absent; present
absent; present

1
1
1
1
1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1

0-17
 
≥ 6 
severe
 

Not clear
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Table 3. (Continued) 

Author
Name of
index

No of 
items Items Classification Score Range

Definition
of the items*

Houston
35

disease 
severity 
score

6 Stroke
Leg ulcers
Each hospital admission in the past 2 years for respectively painful 
crisis, priapism, ACS or sequestration crisis

present
single episode; chronic

4
1;2
2;2;3;2 each

0-∞

≥ 8 
severe

Moderate

Anyaegbu
36

total 
severity 
score

3 Hb (mmol/L)
Crisis experienced by a patient for a minimum 
period of 3 years (mean number of crises per year)
Sum of complications of SCA which occurred  in each patient 
(anaemic heart failure, liver failure, renal failure, growth retardation, 
osteomyelitis, avascular bone necrosis, gall stones, lobar pneumonia, 
CVA)

>6.2; 5.0-6.2; 3.7-5.0; 2.5-3.7; < 2.5 0;1;2;3;4
0-∞

0-∞

0-∞ Not clear

Moore
37

total 
severity 
score

4 Crisis score (number of hospitalisations for crises during the previous 
year)
Complication score (splenic sequestration, ACS, CVA, priapism)
Anaemia score (Hb mmol/L)
Transfusion score (total lifetime number of transfusions)

number

absent; each complication
>6.2; 5.0-6.2; 3.7-5.0; 2.5-3.7; < 2.5
no transfusions;<5; 5-10; >10 transfusions

0-∞

0;1 
0;1;2;3;4
0;1;2;3

0-∞

<5 mild
≥ 9 
severe

Moderate

Diop
38

severity 
index

6 Age (years)
Number of VOC’s  >48 hours (painful crisis)
Number of infectious episodes diagnosed by clinical and/or 
bacteriological signs
Antecedents of transfusion
Chronic complications (retinopathy, aseptic necrosis, priapism, CVA, 
DVT, heart failure, gall stones, leg ulcers)
Repercussion on the activity of the patient (disturbances of 
scholarship or professional activity)

<20; 20-40; >40
absent; 1-2; > 2
absent; 1-2; > 2

absent; 1-2; > 2
absent; present

normal activity; activity disturbed

2;1;0
0;1;2
0;1;2

0;1;2
0;2

0;2

0-12 Moderate

Jardin
39

severity 
score

12 Infection
Cutaneous ulceration or after-effects of ulcer 
Neurological signs (motor or sensible deficits)
Leucocytosis, > 15 giga/l
Hb < 3.7 mmol/L
Abnormalities on X-ray of the skeleton
Abnormal ultrasound of the heart
Gall stones or history of cholecystecomy
Abnormal spleen by ultrasound
Hepatomegaly
Transfusion during hospitalisation
Death

absent; present 0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1

0-12 Moderate

Grant
40

disease 
severity

1 Total number of complications (e.g. leg ulcers, renal complications, 
aseptic necrosis, ocular complications, right upper quadrant 
syndrome, skeletal and joint pain, swelling of hands/feet, acute 
anaemia, sepsis/febrile, seizures, strokes, ACS, priapism)

absent; present 0;1 0-∞ Not clear
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Table 3. (Continued) 

Author
Name of
index

No of 
items Items Classification Score Range

Definition
of the items*

Houston
35

disease 
severity 
score

6 Stroke
Leg ulcers
Each hospital admission in the past 2 years for respectively painful 
crisis, priapism, ACS or sequestration crisis

present
single episode; chronic

4
1;2
2;2;3;2 each

0-∞

≥ 8 
severe

Moderate

Anyaegbu
36

total 
severity 
score

3 Hb (mmol/L)
Crisis experienced by a patient for a minimum 
period of 3 years (mean number of crises per year)
Sum of complications of SCA which occurred  in each patient 
(anaemic heart failure, liver failure, renal failure, growth retardation, 
osteomyelitis, avascular bone necrosis, gall stones, lobar pneumonia, 
CVA)

>6.2; 5.0-6.2; 3.7-5.0; 2.5-3.7; < 2.5 0;1;2;3;4
0-∞

0-∞

0-∞ Not clear

Moore
37

total 
severity 
score

4 Crisis score (number of hospitalisations for crises during the previous 
year)
Complication score (splenic sequestration, ACS, CVA, priapism)
Anaemia score (Hb mmol/L)
Transfusion score (total lifetime number of transfusions)

number

absent; each complication
>6.2; 5.0-6.2; 3.7-5.0; 2.5-3.7; < 2.5
no transfusions;<5; 5-10; >10 transfusions

0-∞

0;1 
0;1;2;3;4
0;1;2;3

0-∞

<5 mild
≥ 9 
severe

Moderate

Diop
38

severity 
index

6 Age (years)
Number of VOC’s  >48 hours (painful crisis)
Number of infectious episodes diagnosed by clinical and/or 
bacteriological signs
Antecedents of transfusion
Chronic complications (retinopathy, aseptic necrosis, priapism, CVA, 
DVT, heart failure, gall stones, leg ulcers)
Repercussion on the activity of the patient (disturbances of 
scholarship or professional activity)

<20; 20-40; >40
absent; 1-2; > 2
absent; 1-2; > 2

absent; 1-2; > 2
absent; present

normal activity; activity disturbed

2;1;0
0;1;2
0;1;2

0;1;2
0;2

0;2

0-12 Moderate

Jardin
39

severity 
score

12 Infection
Cutaneous ulceration or after-effects of ulcer 
Neurological signs (motor or sensible deficits)
Leucocytosis, > 15 giga/l
Hb < 3.7 mmol/L
Abnormalities on X-ray of the skeleton
Abnormal ultrasound of the heart
Gall stones or history of cholecystecomy
Abnormal spleen by ultrasound
Hepatomegaly
Transfusion during hospitalisation
Death

absent; present 0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1
0;1

0-12 Moderate

Grant
40

disease 
severity

1 Total number of complications (e.g. leg ulcers, renal complications, 
aseptic necrosis, ocular complications, right upper quadrant 
syndrome, skeletal and joint pain, swelling of hands/feet, acute 
anaemia, sepsis/febrile, seizures, strokes, ACS, priapism)

absent; present 0;1 0-∞ Not clear
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Table 3. (Continued)

Author
Name of
index

No of 
items Items Classification Score Range

Definition
of the items*

Schnog
17

vaso-occlusive 
score

4 Admittance for treatment of painful crisis (total no of admissions/
exact age of patient)
Non-healing leg ulcers
Clinically confirmed neurological deficits and abnormal clinical tests 
which could be attributed to CVD
ACS

0-0,1; 0,1-0,5; 0,5-1; 1-3; >3/year

absent; present
absent; present

never; ones; >2 episodes

1;2;3;4;6

0;2
0;2

0;2;3

1-13 Clear 

Lee
18

clinical 
severity 
scoring 
system

8 Severe painful crisis 
CNS damage documented by MRI/MRA 
Proliferative retinopathy
Leg ulceration
Aseptic necrosis of bones
Renal haemorrhage secondary to papillary necrosis
ACS
Priapism

<1; 1-2; 3-5; >5 per year
no lesion; overt stroke, silent stroke, cerebral vasculopathy
no lesion; current or previous lesion
no lesion; current or previous history of leg ulceration
no bone lesion; aseptic lesion
no episode; history of renal haemorrhage
no episode; history of documented ACS
no history of priapism; history of stuttering or acute priapism

0;1;2;3
0;2
0;1
0;2
0;2 per lesion
0;1
1;2 per episode
0;1

0-∞ Clear

Wali
41

severity 
index

4 Crises per year
ACS
Splenic sequestration
Chronic complication (i.e. avascular necrosis of the hip, CVA, 
cardiomyopathy, multiorgan dysfunction)

<1;1;2-5;>5 per year
0;1;>1
0;1;>1
0;1;>1

0;1;2;3
0;2;3
0;2;3
0;2;3

0-12 Not clear 

Inati
20

no name 4 Death related to SCD
Stroke
Severe painful crisis
ACS

absent; present 0;1 0= mild; 
1= mod; 
≥2=
severe

Clear 

Day
13

SCD 
assessment 
instrument

4 2 or > ACS in past 24 months
1 ACS in past 12 months
3 or > pain episodes in past 12 months
2 pain episodes in past 12 months

no; yes
no; yes
no; yes
no; yes

0;2
0;1
0;2
0;1

0-4
≥2= 
severe 
disease

Clear 

Panepinto
42

no name 4 Stroke or ACS or > 3 hospitalisations for VOC in the prior 3 years or 
recurrent priapism requiring hospitalisation

absent; present 0;1 0-4 Moderate
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Table 3. (Continued)

Author
Name of
index

No of 
items Items Classification Score Range

Definition
of the items*

Schnog
17

vaso-occlusive 
score

4 Admittance for treatment of painful crisis (total no of admissions/
exact age of patient)
Non-healing leg ulcers
Clinically confirmed neurological deficits and abnormal clinical tests 
which could be attributed to CVD
ACS

0-0,1; 0,1-0,5; 0,5-1; 1-3; >3/year

absent; present
absent; present

never; ones; >2 episodes

1;2;3;4;6

0;2
0;2

0;2;3

1-13 Clear 

Lee
18

clinical 
severity 
scoring 
system

8 Severe painful crisis 
CNS damage documented by MRI/MRA 
Proliferative retinopathy
Leg ulceration
Aseptic necrosis of bones
Renal haemorrhage secondary to papillary necrosis
ACS
Priapism

<1; 1-2; 3-5; >5 per year
no lesion; overt stroke, silent stroke, cerebral vasculopathy
no lesion; current or previous lesion
no lesion; current or previous history of leg ulceration
no bone lesion; aseptic lesion
no episode; history of renal haemorrhage
no episode; history of documented ACS
no history of priapism; history of stuttering or acute priapism

0;1;2;3
0;2
0;1
0;2
0;2 per lesion
0;1
1;2 per episode
0;1

0-∞ Clear

Wali
41

severity 
index

4 Crises per year
ACS
Splenic sequestration
Chronic complication (i.e. avascular necrosis of the hip, CVA, 
cardiomyopathy, multiorgan dysfunction)

<1;1;2-5;>5 per year
0;1;>1
0;1;>1
0;1;>1

0;1;2;3
0;2;3
0;2;3
0;2;3

0-12 Not clear 

Inati
20

no name 4 Death related to SCD
Stroke
Severe painful crisis
ACS

absent; present 0;1 0= mild; 
1= mod; 
≥2=
severe

Clear 

Day
13

SCD 
assessment 
instrument

4 2 or > ACS in past 24 months
1 ACS in past 12 months
3 or > pain episodes in past 12 months
2 pain episodes in past 12 months

no; yes
no; yes
no; yes
no; yes

0;2
0;1
0;2
0;1

0-4
≥2= 
severe 
disease

Clear 

Panepinto
42

no name 4 Stroke or ACS or > 3 hospitalisations for VOC in the prior 3 years or 
recurrent priapism requiring hospitalisation

absent; present 0;1 0-4 Moderate
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Table 3. (Continued) 

Author
Name of
index

No of 
items Items Classification Score Range

Definition
of the items*

Pearson
22

clinical 
severity

19 ACS
Aplastic episode
Meningitis
Sepsis
Splenic sequestration
Stroke
Any complication requiring chronic transfusions
Surgery

Osteomyelitis
Pneumonia
Priapism
Major psychiatric diagnosis requiring medical treatment
pyelonephritis
Seizure 
Pain
Urinary tract infection
Fever
Secondary illness requiring medical treatment
Otitis media

requiring transfusion; not requiring transfusion

for potential life threatening complications; 
minor surgery requiring general anaesthesia; 
minor surgery requiring local anaesthesia

unremitting priapism; priapism

pain; pain treated at home

requiring hospitalisation; treated as an outpatient

5;4
5
5
5
5
5
5
5;4;3

4
4
4;3
4
4
4
3;1
3
3;2
3
2

0-78

5=most 
severe
4=severe
3=mod 
severe
2=less 
severe
1=least 
severe

Moderate

Oparinde 
43

Severity score 4 Average steady state hematocrit level (%)
Number of transfusions per year (in units of blood)
Number of crises per year
HbF%

≥ 30; 25-29; 20-25;15-19; < 15 
0;1;2;3;≥ 4
0;1;2;3;≥ 4
>20;16-20;11-20;6-10;≤ 5

0;1;2;3;4
0;1;2;3;4
0;1;2;3;4
0;1;2;3;4

0-16 Not clear

Sibenga
44

sickle cell 
disease severity 
scale

5 Number of pain crisis in last 12 months
Number of hospitalisations in last 12 months
Reported SCD impact on child’s life
Overall SCD rating

0;1;2-3;>3
0-1;>1
no impact-tremendous impact
mild; moderate; severe

1-5 5-20 Moderate

Afenyi
Annan
45

multiorgan 
chronic disease 
score

5 Pulmonary dysfunction
Avascular necrosis of the hip or shoulder
Central nervous system
Kidney dysfunction
History of leg ulcers

absent; present 0;1 05 Moderate

*Definition of items: Clear; Mod=Moderate; Not clear from article: see text for taxonomy. 



117

Appendix Chapter 4

Table 3. (Continued) 

Author
Name of
index

No of 
items Items Classification Score Range

Definition
of the items*

Pearson
22

clinical 
severity

19 ACS
Aplastic episode
Meningitis
Sepsis
Splenic sequestration
Stroke
Any complication requiring chronic transfusions
Surgery

Osteomyelitis
Pneumonia
Priapism
Major psychiatric diagnosis requiring medical treatment
pyelonephritis
Seizure 
Pain
Urinary tract infection
Fever
Secondary illness requiring medical treatment
Otitis media

requiring transfusion; not requiring transfusion

for potential life threatening complications; 
minor surgery requiring general anaesthesia; 
minor surgery requiring local anaesthesia

unremitting priapism; priapism

pain; pain treated at home

requiring hospitalisation; treated as an outpatient

5;4
5
5
5
5
5
5
5;4;3

4
4
4;3
4
4
4
3;1
3
3;2
3
2

0-78

5=most 
severe
4=severe
3=mod 
severe
2=less 
severe
1=least 
severe

Moderate

Oparinde 
43

Severity score 4 Average steady state hematocrit level (%)
Number of transfusions per year (in units of blood)
Number of crises per year
HbF%

≥ 30; 25-29; 20-25;15-19; < 15 
0;1;2;3;≥ 4
0;1;2;3;≥ 4
>20;16-20;11-20;6-10;≤ 5

0;1;2;3;4
0;1;2;3;4
0;1;2;3;4
0;1;2;3;4

0-16 Not clear

Sibenga
44

sickle cell 
disease severity 
scale

5 Number of pain crisis in last 12 months
Number of hospitalisations in last 12 months
Reported SCD impact on child’s life
Overall SCD rating

0;1;2-3;>3
0-1;>1
no impact-tremendous impact
mild; moderate; severe

1-5 5-20 Moderate

Afenyi
Annan
45

multiorgan 
chronic disease 
score

5 Pulmonary dysfunction
Avascular necrosis of the hip or shoulder
Central nervous system
Kidney dysfunction
History of leg ulcers

absent; present 0;1 05 Moderate

*Definition of items: Clear; Mod=Moderate; Not clear from article: see text for taxonomy. 
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NEDERLANDSE SAMENVATTING 

Hoofdstuk 1 is de inleiding op het proefschrift. Hierin wordt de incidentie en prevalentie 

van patiënten met sikkelcelziekte in Nederland beschreven. Ongeveer 0.02% van alle 

kinderen die in West Europa geboren worden heeft sikkelcelziekte. Voor Nederland, 

waar elk jaar circa 200.000 geboorten plaatsvinden, zou dat betekenen dat er jaarlijks 

40 kinderen met sikkelcelziekte geboren worden. Het totaal aantal patiënten met 

sikkelcelziekte in Nederland werd in het verleden geschat op 350. Ten gevolge van 

geboorte en immigratie is het aantal patiënten met sikkelcelziekte in Nederland de laatste 

jaren sterk toegenomen: het aantal patiënten met sikkelcelziekte wordt momenteel 

geschat op ongeveer 700. Sinds 1 januari 2007 worden alle kinderen die in Nederland 

worden geboren getest op sikkelcelziekte met behulp van de hielprik. 

Sikkelcelziekte is een erfelijke aandoening, welke vooral voorkomt bij de negroïde 

populatie. Het is een autosomaal recessieve aandoening waarbij een kind alleen de ziekte 

krijgt als beide ouders drager zijn van de afwijking. Sikkelcelziekte wordt veroorzaakt 

door een defect in het gen dat codeert voor hemoglobine. Hemoglobine is een eiwit 

molecuul dat aanwezig is in de rode bloedcel. Dit molecuul bindt zuurstof in de longen 

en transporteert zuurstof vervolgens naar de weefsels. 

Bij sikkelcelziekte heeft hemoglobine een afwijkende opbouw. Hierdoor verandert de 

rode bloedcel, bijvoorbeeld bij uitdroging, van een enigszins ronde vorm naar de vorm 

van een sikkelcel. Deze sikkelcellen worden veel sneller afgebroken dan normale rode 

bloedcellen, waardoor patiënten chronische bloedarmoede hebben. Ook kunnen deze 

sikkelcellen vast lopen in kleine vaatjes, waardoor verstopping (vaso-occlusie) in deze 

vaatjes ontstaat. Deze verstoppingen veroorzaken infarcten in verschillende organen, 

voornamelijk in de botten, hersenen, longen, nieren, milt, lever en de ogen. Dit leidt tot 

respectievelijk heftige botpijnen, herseninfarcten (ook wel beroerte of CVA genoemd), 

chronische longschade, nierfunctiestoornissen, verhoogd risico op infecties doordat 

de milt niet goed functioneert als gevolg van miltinfarcten, leverfunctiestoornissen 

en slechtziendheid. Deze complicaties kunnen al optreden vanaf de leeftijd van 6 

maanden. 

De enige behandeling waarmee sikkelcelziekte genezen kan worden is een beenmerg-

transplantatie. Deze behandeling kent echter veel complicaties en wordt in Nederland 

bij deze patiëntenpopulatie nog niet veel toegepast. Wel zijn er verschillende therapieën 

waarmee het risico op bepaalde complicaties kunnen worden verkleind. Zo krijgen 

kinderen met sikkelcelziekte vanaf de leeftijd van 4 maanden dagelijks antibiotica 

profylaxe om te voorkomen dat zij een ernstige infectie of bloedvergiftiging oplopen. 

Verder krijgen kinderen met een verhoogd risico op herseninfarcten elke 3-4 weken een 

bloedtransfusie. 
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In Hoofdstuk 2 is geïnventariseerd hoeveel kinderen met sikkelcelziekte er in Nederland 

wonen. Het doel van de studie was om een inschatting te maken van het aantal nieuw 

gediagnosticeerde kinderen met sikkelcelziekte en van het aantal kinderen dat in 

Nederland geen toegang heeft tot gespecialiseerde zorg. Dit werd gedaan met behulp 

van de capture-recapture methode, waarbij twee of meer overlappende bronnen worden 

gebruikt voor het schatten van het aantal individuen in een bepaalde populatie, in dit 

geval het schatten van het aantal kinderen met sikkelcelziekte in Nederland.

Alle patiënten jonger dan 18 jaar op 1 januari 2003 en alle nieuw gediagnosticeerde 

kinderen vanaf 1 januari 2003 werden geïncludeerd in de studie. Deze kinderen werden 

uit 2 bronnen geïdentificeerd: databestanden van laboratoria en patiëntenbestanden 

van kinderartsen. 

Het totaal aantal kinderen met sikkelcelziekte in Nederland per 1 januari 2003 werd met 

de capture-recapture methode geschat op 621. Het aantal nieuw gediagnosticeerde 

patiënten in de periode 2003-2007 werd geschat op 358. Ongeveer 27% van de nieuw 

gediagnosticeerde kinderen is niet in Nederland geboren. Ruim de helft van de nieuw 

gediagnosticeerde kinderen (60%) werd niet door de kinderartsen gerapporteerd. 

Deze studie liet zien dat het aantal kinderen met sikkelcelziekte in Nederland veel hoger 

is dan tot op heden gedacht werd. Tevens blijkt dat een groot deel van de kinderen niet 

de optimale zorg krijgt die zij nodig hebben doordat zij niet bij een kinderarts onder 

controle zijn.

Hoofdstuk 3 beschrijft de symptomen en de leeftijd waarop de diagnose sikkelcelziekte 

bij kinderen in Nederland wordt gesteld. In de afgelopen decennia is de prevalentie van 

sikkelcelziekte in Europa toegenomen, onder andere als gevolg van de immigratie uit 

Centraal en West Afrika. Ondanks het feit dat het aantal patiënten met sikkelcelziekte 

in Europa is toegenomen, zijn veel Europese artsen niet bekend met de symptomen 

waarmee kinderen met sikkelcelziekte zich presenteren. En aangezien in de meeste 

Europese landen sikkelcelziekte nog niet in de hielprikscreening is opgenomen, wordt de 

diagnose dan ook meestal pas gesteld naar aanleiding van symptomen. Het is belangrijk 

om de diagnose sikkelcelziekte zo vroeg mogelijk te stellen, aangezien adequate 

antibioticaprofylaxe gecombineerd met voorlichting aan ouders, het aantal complicaties 

(zoals infecties) sterk doet afnemen. 

Deze studie beschrijft de eerste symptomen en de leeftijd waarop de diagnose is gesteld 

bij 88 kinderen met sikkelcelziekte die onder controle zijn in het AMC. De diagnose 

werd bij 72% van de patiënten gesteld naar aanleiding van symptomen zoals botpijnen, 

geelzucht, bloedarmoede, of een infectie veroorzaakt door pneumococcen (bacteriën). 

De mediane leeftijd waarop de diagnose werd gesteld was 25 maanden. 
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Sinds januari 2007 is sikkelcelziekte in Nederland in de hielprikscreening opgenomen, 

waardoor er nu preciezere data verzameld kunnen worden met betrekking tot de eerste 

symptomen van sikkelziekte en de leeftijd waarop deze symptomen zich voor het eerst 

manifesteren. 

Hoofdstuk 4 en 5 gaan over een index waarmee men de ernst van de ziekte kan 

vastleggen. Sikkelcelziekte is een klinisch zeer heterogene ziekte, waarbij sommige 

patiënten weinig klachten hebben en andere patiënten vaak worden opgenomen met 

ernstige complicaties. Om de factoren te kunnen onderzoeken die invloed hebben op de 

ernst van de ziekte is er een duidelijke gradering van de ernst van de ziekte (ernst index) 

nodig welke indicatief is voor de ernst van de ziekte.

Hoofdstuk 4 geeft een overzicht van alle publicaties waarbij een ernst index (severity 

index) van sikkelcelziekte wordt gebruikt. Het blijkt dat de uitkomstmaten die tot nu toe 

zijn gebruikt niet zijn gevalideerd zijn volgens moderne methodologische standaarden. 

De validiteit en bruikbaarheid van de meeste indexen is dan ook twijfelachtig.

Hoofdstuk 5 is een vervolg op hoofdstuk 4. In dit hoofdstuk wordt de ontwikkeling en 

het validering van een ernst index voor kinderen met sikkelcelziekte beschreven. Omdat 

kinderen met sikkelcelziekte meestal nog geen chronische complicaties hebben, hebben 

wij een index ontwikkeld die speciaal voor kinderen bedoeld is en die in staat is om 

ook op de kinderleeftijd onderscheid te maken tussen kinderen met een mild of een 

ernstig klinisch beeld. Deze index zal verder moeten worden gevalideerd in een grote 

prospectieve cohortstudie, liefst met  gegevens van kinderen die direct na de geboorte 

gediagnosticeerd zijn. 

In Hoofdstuk 6 wordt een onderzoek naar de bloeddoorstroming in de hersenen 

van kinderen met sikkelcelziekte beschreven. De bloeddoorstroming is gemeten met 

behulp van een speciaal MRI onderzoek (Continuous Arterial Spin Labeling MRI). Van de 

kinderen met sikkelcelziekte maakt ongeveer 30% een herseninfarct door voor de leeftijd 

van 18 jaar. Een klein deel van de herseninfarcten veroorzaakt uitval van bijvoorbeeld 

een arm of been, dit zijn de zogenaamde klinische infarcten. Echter, bij het grootste 

gedeelte van de patiënten gaat het om kleine herseninfarcten die vooral concentratie- 

en gedragstoornissen veroorzaken, de zogenaamde “stille” herseninfarcten. 

Om vroegtijdig op te sporen welke kinderen een verhoogd risico hebben op het 

ontwikkelen van deze stille herseninfarcten, hebben wij de bloeddoorstroming in de 

hersenen gemeten bij 24 kinderen met sikkelcelziekte en de gegevens vergeleken met 

die van 12 gezonde kinderen. 
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Wij vonden geen verschil in de gemiddelde snelheid van de bloeddoorstroming in 

de hersenen. Wel bleek bij 58% van de patiënten een groot verschil te bestaan in 

de bloeddoorstroming tussen de linker en de rechter hersenhelft, terwijl hiervan bij 

geen enkel kind uit de controlegroep sprake was. Dit links-rechts verschil zou op een 

verhoogde kans op het ontwikkelen van een herseninfarct kunnen duiden. In een 

longitudinale studie waarbij de patiënten met een links-rechts verschil gevolgd gaan 

worden, zal de betekenis van deze asymmetrie tussen de linker en rechter hersenhelft 

verder onderzocht worden. 

Hoofdstuk 7 gaat over de kwaliteit van leven van ouders/verzorgers van kinderen met 

sikkelcelziekte. De dagelijkse verzorging van een kind met een chronische ziekte vereist 

veel aandacht en heeft emotionele consequenties voor de directe omgeving. Jonge 

kinderen met een chronische ziekte zijn afhankelijk van hun ouders/verzorgers voor hulp 

en zorg bij hun ziekte. De kwaliteit van deze zorg wordt beïnvloed door het welzijn en 

de kwaliteit van leven van deze ouders/verzorgers. 

In dit onderzoek hebben we de kwaliteit van leven van 54 ouders/verzorgers van 

kinderen met sikkelcelziekte geëvalueerd en deze vergeleken met die van 28 controle 

ouders uit dezelfde sociaal-economische groep en van dezelfde etniciteit. Tevens werden 

de gegevens van de ouders/verzorgers van kinderen met sikkelcelziekte vergeleken met 

de gegevens van 700 gezonde autochtone Nederlanders. 

Het blijkt dat de kwaliteit van leven van de ouders/verzorgers van kinderen met 

sikkelcelziekte op alle gebieden slechter is dan die van de Nederlandse normpopulatie. 

Dit verschil kan deels worden verklaard door de lagere economische status en het 

grotere percentage eenoudergezinnen in de allochtone groep. Vergeleken met een 

controlegroep met dezelfde sociaal-economische status, hadden ouders/verzorgers 

van kinderen met sikkelcelziekte meer depressieve gevoelens, waren zij minder vitaal, 

sliepen zij slechter, waren zij minder gelukkigen en ondernamen zij minder dagelijkse 

activiteiten. Schuldgevoelens, te weinig slaap en beperkingen in de dagelijkse activiteiten 

door de verzorging van een chronisch ziek kind zouden de oorzaak kunnen zijn van deze 

verminderde kwaliteit van leven. 
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Sikkelcelziekte een klinisch heterogene ziekte, waarbij sommige patiënten weinig 

complicaties hebben en anderen op jonge leeftijd overlijden als gevolg van deze 

ziekte. In de afgelopen jaren is de levensverwachting van patiënten met sikkelcelziekte 

gestegen. Gespecialiseerde zorg heeft de morbiditeit en de mortaliteit verlaagd. Als 

gevolg van neonatale screening en vroege interventies zoals antibiotica profylaxe is het 

aantal ziekenhuisopnames en ernstige complicaties gedaald. Echter, ondanks het feit dat 

alle kinderen sinds 1 januari 2007 met behulp van de hielprikscreening worden getest op 

sikkelcelziekte, zijn er nog steeds kinderen die niet onder controle zijn bij een kinderarts 

en daarom niet de specialistische zorg krijgen die zij nodig hebben. 

Als gevolg van de betere overleving, worden artsen steeds vaker geconfronteerd met 

chronische complicaties die leiden tot invaliditeit en een verminderde kwaliteit van leven. 

Het is een uitdaging om patiënten te identificeren die een verhoogd risico lopen op het 

ontwikkelen van ernstige complicaties en om nieuwe therapieën te ontwikkelen die de 

morbiditeit en mortaliteit in deze patiëntengroep kunnen verlagen.

Het blijft de vraag welke patiënten in aanmerking komen voor agressieve therapieën 

zoals beenmergtransplantatie en chronische bloedtransfusies. Het zou ideaal zijn als 

er een internationale ziekte-ernst-index zou bestaan waarmee patiënten geselecteerd 

kunnen worden voor therapeutische of profylactische interventies. Een ziekte-ernst-index 

is ook nodig om factoren te onderzoeken die invloed hebben op de ziekte (bv genetische 

factoren). Het samenstellen van zo’n index is moeilijk aangezien sikkelcelziekte een erg 

heterogene ziekte is.

Het detecteren van patiënten die het risico lopen op het ontwikkelen van ernstige 

complicaties is een belangrijk onderzoeksgebied. Een van de meest invaliderende 

complicaties is het herseninfarct. Op dit moment bestaan er methodes om kinderen op te 

sporen die een verhoogd risico lopen op het ontwikkelen van een klinisch herseninfarct. 

Er is nog geen gangbare methode beschikbaar om in te schatten welke kinderen een 

verhoogd risico hebben op het ontwikkelen van zogenaamd stille herseninfarcten. 

Met behulp van een relatief nieuwe en non-invasieve MRI methode (CASL-MRI) kan 

de bloeddoorstroming in de hersenen worden gemeten. Bij meer dan de helft van de 

kinderen met sikkelcelziekte in ons onderzoek bleek er een verschil in bloeddoorstroming 

te zijn tussen de linker en de rechter hersenhelft. Dit zou de ontwikkeling van stille 

herseninfarcten kunnen voorspellen. 

Samengevat is sikkelcelziekte een complexe, heterogene ziekte. Aangezien veel aspecten 

van deze ziekte zijn nog niet onderzocht, is het onderzoek naar sikkelcelziekte erg breed 

en uitdagend.
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DANKWOORD

Hierbij wil ik graag iedereen bedanken die heeft bijgedragen aan dit proefschrift en wil 

ik graag het woord richten tot een aantal mensen in het bijzonder.

In de eerste instantie wil ik graag alle ouders en kinderen bedanken die mee hebben 

gedaan aan de verschillende onderzoeken, met name voor de tijd die zij hebben genomen 

om de vragenlijsten in te vullen en/of om ’s ochtends vroeg, soms in het weekend, of 

’s avonds laat naar het AMC te komen voor het MRI of echo onderzoek. Zonder de 

hulp van al deze ouders en kinderen had ik een aantal onderzoeken onmogelijk kunnen 

uitvoeren. 

Daarnaast wil ik graag degenen bedanken met wie ik in de afgelopen jaren intensief heb 

samengewerkt.

Mijn co-promotor, dr. C.J. Fijnvandraat, beste Karin, dankzij jouw aanstekelijke 

enthousiasme, support en plannen voor nieuwe onderzoeken ligt hiervoor je het 

resultaat. Jouw heldere en kritische commentaar op de manuscripten had regelmatig 

als gevolg dat ik mijn stukken weer kon gaan herschrijven, maar ze werden er altijd een 

stuk beter van! Bovendien kwam jouw epidemiologische kennis vaak zeer goed te pas. 

Buiten het werken was er ook tijd voor ontspanning, zoals tijdens ons congrestripje naar 

San Francisco. Naast het presenteren van onderzoek en het bijwonen van lectures vond 

ik het ook erg leuk om samen te fietsen over de Golden Gate bridge, te hangen aan de 

Cable Car en cocktails te drinken bij een stunning view. Ik heb in de afgelopen jaren veel 

van je geleerd. Hopelijk mag ik in de toekomst nog vaak met jou samenwerken en wie 

weet congressen bezoeken! 

Mijn promotoren, Prof. Dr. T.W. Kuijpers en Prof. Dr. M. Offringa, beste Taco en Martin, 

veel dank voor de goede begeleiding, de prettige samenwerking, de handige tips en de 

leerzame bijeenkomsten. 

De leden van mijn promotiecommissie: Special thanks to Prof. dr. S.C. Davies for coming 

over from London to participate in the reviewing committee. Dr. B.J. Biemond, Prof. 

dr. H.S.A. Heymans, Prof. dr. B.F. Last en Prof. dr. K. Stronks: hartelijk dank voor de 

bereidheid dit proefschrift op zijn wetenschappelijke waarde te beoordelen en zitting te 

nemen in deze promotiecommissie.

Marjolein Peters, als 3e jaars student gaf jij mij klinisch lijn onderwijs en klopte ik bij jou 

aan met de vraag of ik onderzoek kon doen bij de afdeling kindergeneeskunde. Door 

jouw hulp kwam ik terecht in het sikkelcelonderzoek. Dankzij al jouw inspanningen en 
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netwerken heb jij subsidies weten te bemachtigen waardoor mijn promotieonderzoek 

gefinancierd kon worden, waar ik je erg dankbaar voor ben. 

Harriët Heijboer, jij was degene die mij als eerste begeleidde tijdens het doen van 

wetenschappelijk onderzoek. Dank dat je mij de kneepjes van het vak hebt geleerd 

zowel tijdens het onderzoek als in de kliniek. 

Beste Marjolein en Harriët, jullie hebben mij weten te enthousiasmeren voor het onderzoek 

naar sikkelcelziekte. Tevens hebben jullie inspanningen er toe geleid dat in de loop der 

jaren een grote patiëntenpopulatie met sikkelcelziekte in het Emma Kinderziekenhuis 

is opgebouwd. Zonder deze patiënten was dit proefschrift er niet geweest. Veel dank 

daarvoor!

Hanneke van der Lee, ik leerde jou kennen tijdens het onderwijs voor onderzoekers 

binnen de kindergeneeskunde. Jij introduceerde mij in de werelden van de epidemiologie 

en methodologie, die zo essentieel zijn binnen elk onderzoek. Als ik ergens niet uit 

kwam, stond jij altijd klaar om de statistiek uit te leggen of te helpen met berekeningen. 

Ik ben dan ook erg dankbaar voor jouw bijdrage aan dit proefschrift. 

Zonder samenwerking met andere disciplines waren een aantal onderzoeken niet van de 

grond gekomen. Daarom dank aan Aart Nederveen en Charles Majoie voor hun kennis 

en hulp bij het (ASL)MRI onderzoek en Sandra en Rachel voor het maken van MRI’s op 

de meest onmogelijke tijdstippen. Mijn dank gaat ook uit naar Janneke Hatzmann en 

Martha Grootenhuis voor hun hulp bij het kwaliteit van leven onderzoek en naar Paula 

Dingen van basisschool de Schakel en Eugenie te Pas van basisschool de Polsstok, die zo 

vriendelijk zijn geweest om de kwaliteit van leven vragenlijsten onder hun leerlingen en 

ouders te verspreiden.

En zonder hulp is het doen van onderzoek een stuk lastiger. Daarom wil ik ook graag 

bedanken: Katenka Geitz voor alle secretariële ondersteuning en het maken van de vele 

PDF’jes, Marit van Oirschot voor de goede begeleiding van de patiënten, de dames 

van de sikkelcelpoli (Janny, Pearl en Sabine) voor de interesse en hulp bij het inplannen 

van onderzoeken en Ineke van de Paverd voor het begeleiden van de patiënten bij de 

onderzoeken.

Daarnaast wil ik graag alle studenten bedanken die mij geholpen hebben bij het 

verzamelen en invoeren van gegevens, met name Elske Ensink en Cynthia Vincent.

Ook dank aan Wilfried Hack, mijn opleider in het MCA, voor de tijd die ik heb gekregen 

om mijn proefschrift af te ronden. En aan alle collega’s in Alkmaar voor de leuke en zeer 

leerzame tijd!
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En natuurlijk dank aan mijn kamergenoten over de jaren heen voor alle kopjes thee, 

handige tips, kennis over Excel en andere computerzaken, in het bijzonder Heleen Bunker, 

Hanneke van Santen, Josanne Cox- Brinkman en Job Calis. En verder aan alle collega’s 

uit het onderzoek en uit de kliniek voor de gezelligheid, leuke etentjes: Annemarie, 

Henriëtte, Jeanine, Lotje, Madeleine en Valerie, en de fijne samenwerking.

Lieve Jessica, op dag 1 dat ik ging studeren in Amsterdam heb ik jou leren kennen. De 

eerste jaren hebben wij samen op de Anna’s hoeve doorgebracht om daarna beiden 

geneeskunde te gaan studeren. Als studiegenoot, jaargenoot en oud huisgenoot 

doorkruis jij al bij 15 jaar mijn leven. Lieve Eileen, mijn grote zus, jij doorkruist al 33 jaar 

mijn leven en bent mij in bijna alles voorgegaan. Als grote voorbeeld hoefde ik jou alleen 

maar te volgen. Lieve Jessica en Eileen, dank voor jullie vriendschap. Wat fijn dat jullie 

mijn paranimfen willen zijn!

Lieve papa en mama, graag draag ik dit boekje op aan jullie!! Van jongs af aan hebben 

jullie mij gestimuleerd om het maximale uit jezelf te halen en vooral te geloven in jezelf. 

Het motto “Waar een wil is, is een weg” is er een om altijd te onthouden. Veel dank 

voor jullie onvoorwaardelijke support en goede adviezen op alle vlakken. Ik had het niet 

beter kunnen treffen! 

Lieve Wouter, veel dank voor jouw steun tijdens de afronding van mijn proefschrift, een 

periode waarin ik klinisch werk en onderzoek moest combineren. Jouw geduld, begrip, 

liefde en vooral goede gevoel voor humor hebben hier zeker aan bijgedragen! 
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