
 

 

 

SICKLE CELL DISEASE 

 

“Man Proposes, God Disposes”, oil on canvas, 1864, Sir Edwin Henry Landseer. 

 

Polar bears are one of Evolution’s finest examples of adaptation to an environment. 

Hugh Montefiore, Bishop of Birmingham, who found the theory of natural selection 

impossible to believe in, disputed this point, however. In his book, “The Probability of 

God” (1985) he wrote: 

 

“As for camouflage, this is not always easily explicable on neo-Darwinian premises. If 

polar bears are dominant in the Arctic, then there would seem to have been no need for 

them to evolve a white coloured form of camouflage.” 

 

Biologist Richard Dawkins calls this type of reasoning, “the Argument from Personal 

Incredulity”. In response to the Bishop he wrote in his book, “The Blind Watchmaker” 

(1986):  

 

“This should be translated: 

 

I personally, off the top of my head sitting in my study, never having visited the Arctic, 

never having seen a polar bear in the wild and having been educated in classical 

literature and theology, have not so far managed to think of a reason why polar bears 

might benefit from being white. 

 

In this particular case the assumption being made is that only animals being preyed upon 

need camouflage. What is overlooked is that predators also benefit from being concealed 

from their prey. Polar Bears stalk seals resting on the ice. If the seal sees the Bear 

coming from far enough away, it can escape.  I suspect that if he imagines a dark Grizzly 

Bear trying to stalk seals over the snow, the Bishop will immediately see the answer to 

his problem” 



 

Charles Darwin published his great work, “On the Origin of Species”, in 1859. For the 

first time in history there was a rational explanation of how life evolved on planet Earth. 

When it was published fierce debate arose between the authorities of science on one hand 

and those of religion on the other. The two world views seemed irrevocably at odds. Over 

the ensuing century and a half, the debate continued to rage and does so even today. 

Many have tried to reconcile the two. Most educated religious authorities today happily 

accept Darwin’s theory and have moved onto to other matters, content in their own 

minds that the theory does not invalidate their own religious beliefs. They incorporate the 

scientific world into their own of religion. The magisterial paleontologist Stephen Jay 

Gould, however had his doubts that this type of mental gymnastics was possible. He 

termed the dilemma “NOMA”, non-overlapping magisteria. In other words both world 

views are valid, (in a sense), however one should not impinge on the other, the two 

“magisteria” or teachings are largely mutually exclusive, or non-overlapping. One field 

of expertise should not impinge on the other in areas that are the domain of that other. 

The world of science explains the natural physical world we live in, yet it says nothing of 

how we should or ought to live in it – that more correctly applies to the realm of the 

religious faiths. In fact it could be said that one without the other makes for an 

impoverished view of the existence we have.    

 

Landseer’s classic and haunting work, “Man proposes, God Disposes” was a poignant 

image for most of the Victorian age. For many it expressed the dichotomy of the two 

world views. It depicts nature, as Darwin described it, “red in tooth and claw”. Two 

ferocious polar bears pick over the bones of Franklin and his crew, lost in 1845 during a 

final epic search for the fabled Northwest Passage. The Church authorities, and 

Landseer himself, saw the tragic loss of all hands of the Franklin expedition as the 

inexplicable “will of God”. To the 1864 Victorians of cutting edge science however, 

Landseer’s image was held up as a masterpiece of a very different world view – “survival 

of the fittest”. 

 

Evolution is never idle; it works to a logical plan, even though that plan may not be 

readily apparent. The plan to some may be God’s, as the “divine watchmaker”, but to 

modern scientific authorities, whose domain evolution more correctly belongs, the 

watchmaker is blind rather than divine! We now know why polar bears are white!  

 

In the modern field of medicine, evolution has seemingly come up with another pointless 

trait, that of Hb S. Rather than “off the top of our heads” declare this trait 

incomprehensible, it is fascinating to note that evolutionary geneticists have determined 

that this trait did indeed develop to an evolutionary plan of some purpose – the trait 

arose in Africa long ago as a protective measure against endemic malaria. Sickled cells 

rapidly hemolyse thus killing the parasite and allowing the infected person to clear it 

from their bodies! Unfortunately however the trait has undesirable effects for those not 

particularly at risk of malaria – the evolutionary cut and thrust of battle continues, with 

survival of the fittest deciding the outcome. When confronted with a patient with Sickle 

Cell Crisis it is important to remember the great evolutionary debates and defer to the 

most appropriate authority to guide our management in an unfamiliar situation. In these 

cases we must always consult our colleagues trained in the magisteria of Hematology!              

 



SICKLE CELL DISEASE 

 

Introduction 

 

Sickle cell disease is caused by a structurally abnormal haemoglobin (Hb S) 

 

It is diagnosed by a range of biochemical and genetic testing. Some countries (USA and 

UK) have universal neonatal screening programs.  

 

Sickle cell disease results in a rigid and distorted red blood cell (ie a “sickle cell”), which 

leads to:  

 

● Vaso-occlusive complications  

 

● Hemolysis. 

 

Acute sickle cell crisis crises may occur spontaneously or be precipitated by:  

 

● Infection 

 

● Dehydration 

 

● Hypoxia 

 

● Drugs: sedatives and local anaesthetics in particular 

 

● Increased temperature or acidosis, (ie a right shift of the O2
 
dissociation curve). 

 

A number of important complications in patients with sickle cell disease may be 

responsible for presentation to the Emergency Department, including: 

 

● Sepsis   

 

● Painful vaso-occlusive Crisis 

 

● Acute chest syndrome 

 

● Acute splenic sequestration 

 

● Aplastic crisis 

 

● Stroke  

 

● Priapism  

 

● Pulmonary hypertension 
 

It is important to realise that vaso-occlusive complications are due to vascular 

congestion due to sickled red blood cells and not due to clot formed from the usual 



coagulation cascades. This means that the usual treatments for clot formation 

(clexane and thrombolysis) do not apply, and in fact may prove detrimental to the 

patient (due to bleeding risk). 

 

These cases must therefore be urgently discussed with Haematology to determine 

the most appropriate treatment, which will usually mean transfusion. 

 

Epidemiology 

 

Although a fairly uncommon disease in Australia, worldwide Sickle Cell disease is a 

major health issue.  

 

It is particularly prevalent in: 

 

● Africa 

 

● Southern Mediterranean communities: 

 

♥ Sickle cell/ beta thalassemia compound heterozygous patients. Compound 

heterozygosity in medical genetics is the condition of having two 

heterogeneous recessive alleles at a particular locus that can cause genetic 

disease in a heterozygous state. 

 

Pathology 

 

 

 

 

 

 

 

 

 

 

 

 

 

Peripheral blood smear with sickled cells (at 1000 times magnification). 

 

Molecular pathophysiology  

 

Hb S due to a point mutation in  chain designated as:  

 

   22 
6GluVal

 

 

In deO2 state, Hb S results in reduced solubility and polymerization of the Hb. 

 

These long polymers are less soluble and result in distortion of the red blood cell into a 

rigid sickle shape. Sickled cells are distorted and rigid and lead to the vaso-occlusive 



complications seen in sickle cell disease, as well as premature red blood cell 

destruction, (due to hemolysis). Sickle cell disease is a form of hemolytic anemia with a 

red cell survival of around 10-20 days only. Normal cell survival is of the order of 120 

days.  

 

Other Hb types can influence the sickling process:  

 

Polymerization is retarded by the presence of:  

 

● Hb A 

 

● Hb F,     (Hb F % inversely correlates with % of Hb S) 

  

● Hb A2  

 

These Hb types are therefore “protective” to a degree. 

 

Sickling is enhanced by:  

 

● Hb C 

 

● Hb D-Punjab 

 

● Hb O-Arab.  

 

These Hb types therefore aggravate the condition. 

 

Phenotypic expression 

 

Sickle cell disease denotes all genotypes containing at least one sickle gene, in which 

hemoglobin S (HbS) makes up at least half the hemoglobin present. 

 

Sickle cell trait (or the carrier state) is the heterozygous form characterized by the 

presence of around 40% HbS, absence of anemia, inability to concentrate urine, and 

hematuria. Under conditions leading to hypoxia, pathology may occur. 

 

There are number of different types of sickle cell disease, but the three common types 

include: 

 

● Sickle cell anaemia (SS disease), (this is the most common type). 

 

● Sickle ß Thalassemia 

 

● Sickle haemoglobin C disease 

 

Clinical precipitators of the sickling process  

 

Acute sickle cell crisis crises may occur spontaneously or be precipitated by a number of 

clinical conditions, including: 



 

● Infection 

 

● Dehydration 

 

● Hypoxia 

 

● Drugs: sedatives and local anaesthetics in particular 

 

● Increased temperature or acidosis, (ie a right shift of the O2
 
dissociation curve). 

 

Complications of sickle cell disease: 

 

1. Sepsis:  

 

● At some stage in early childhood, patients become functionally asplenic 

and thus at risk for infection particularly by encapsulated organisms (e.g. 

pneumococcus). 

 

● Some patients may be taking hydroxyurea, which may predispose to 

neutropenia, and hance place the patient at increased risk of sepsis. 

 

2. Painful Vaso-occlusive Crisis: 

 

● A vaso-occlusive crisis occurs when the microcirculation is obstructed by 

sickled red blood cells.  

 

● This causes ischemic injury to the organ supplied and is clinically 

translated as pain.  

 

● Pain crises constitute the most distinguishing clinical feature of sickle cell 

disease and are the most common cause of Emergency Department visits 

as well as hospitalizations.  

 

● Pain crisis can involve the abdomen, bones, joints, and soft tissues. 

 

3. Acute chest syndrome: 

 

● Sickle cell disease can produce an acute illness related to infarction of 

lung tissue.  

 

● It is usually associated with lower respiratory tract type symptoms such as 

hypoxaemia and chest pain  

 

● There may be a new infiltrate on CXR. 

 

● Note that this is a life threatening illness and patients may deteriorate 

quickly 

 



4. Acute splenic sequestration: 

 

● This is defined as an acute haemoglobin drop of at least 20gm/l below 

patient’s baseline level with an acutely enlarged spleen.  

 

● Mild to moderate thrombocytopenia is often present.  

 

● Reticulocyte count is equal to or greater than patient’s usual baseline.  

 

● Consider co-existent aplastic anaemia if reticulocyte counts is low. 

 

● This complication is most common in infants and young children.  

 

● It has a high mortality rate 

 

5. Aplastic crisis: 

 

● This is an acute illness associated with a Hb below the baseline for that 

patient and associated with a substantially decreased reticulocyte count 

(usually <1%).  

 

● Usually it is associated with acute infection, in particular parvovirus. 

 

● It may be associated with enlarged spleen as well 

 

6. Stroke:  

 

● Acute neurological events (strokes, seizures, altered conscious states) can 

occur in about 10% of patients with Hb SS. 

 

● It is usually ischemic in children and hemorrhagic in adults 

 

7. Priapism:  
 

● This is a well-described complication of sickle cell disease and may lead 

to impotence and is difficult to manage. 

 

● It may occur in two forms:  

 

 Stuttering episodes, which last 2-4 hrs but are often recurrent and 

may precede a severe episode  

 

 Severe attacks lasting longer than 4 hrs and can result in 

impotence. 

 

8. Pulmonary hypertension: 

 

 ● This complication is associated with high mortality 

 



● It is a complication of chronic intravascular hemolysis. 

 

Clinical assessment 

 

Sickle cell disease is phenotypically a highly variable disease. Some individuals have 

very severe disease with frequent vaso-occlusive complications and early morbidity and 

death at a young age, whereas, in others, the disease can go virtually unnoticed until 

adulthood. 

 

Important aspects of the clinical assessment of patients with sickle cell disease who 

present to he ED include: 

 

Important points of History: 

 

1. Medications: 

 

● In particular check if the patient is taking hydroxyurea 

 

● Other drugs known to precipitate sickle cell crisis 

 

2. Pain: 

 

● Acute vaso-occlusive crisis usually presents as bone pain (e.g. arm or leg 

pain) but may also be as back or abdominal pain. 

 

3. Type of Sickle Cell Disease: 

 

● Does the patient know which particular type of sickle cell disease he/she 

has? 

 

4. Treating specialist unit: 

 

● It is important to establish who the patient’s usual treating specialist 

Haematologist is. 
 

● Presentation to the ED should prompt discussion with the patient’s 

usual treating unit where possible, and/ or the hospital’s 

Haematologist   

 

 ● In the city of Melbourne: 

 

♥ The majority of adult Sickle Cell Disease patients are treated at the 

RMH 

 

♥ The majority of paediatric Sickle Cell Disease patients are treated 

at the RCH. 

 

 

 



Important points of Examination: 

 

1. Vital signs: 

 

Fever: 

 

● Check for any obvious source 

 

Respiratory rate, oximetry: 

 

● Tachypnea suggests possible acute chest syndrome, pulmonary embolism 

or pneumonia. 

 

● Hypoventilation is also common due to pain, in acute chest syndromes. 

 

Hypotension: 

 

● Consider dehydration and/ or septic shock. 

 

2. Check for splenomegaly 

 

● Possible Acute Splenic Sequestration. 

 

3. Check for signs of dehydration 

 

4. Check for signs of anemia 

 

5. Check for jaundice, (hemolysis) 

 

6. Tenderness: 

 

● Palpate for local bony tenderness 

 

Investigations 

 

Investigation undertaken in the ED will of course depend on the index of clinical 

suspicion for any given complication of sickle cell disease, or possible differential 

diagnoses. 

 

In general terms the following will need to be considered: 

 

Blood tests: 

 

1. FBE: 

 

 ● Assess the degree of anaemia. 

 

 

♥ Hb level in adults most often around 60-100g/l.  



 

♥ Higher Hbs tend to be seen in patients with higher HbF levels  

 

♥ Hb level is of some overall prognostic significance. 

 

 ● Reticulocyte count 

 

♥ This is important, as it is very helpful in determining the presence 

of aplastic crisis, where it will be very low for the degree of 

anaemia.  

 

  ♥ High reticulocyte counts suggest hemolysis 

 

♥ In many laboratories, this test is not routine and so the lab should 

be rung directly to request it on an urgent basis. 

 

● Platelet count 

 

♥ To check for acute splenic sequestration 

 

 ● WCC 

 

♥ This may be elevated (monocytosis, lymphocytosis).  

 

2. Haemoglobin assessment: 

 

 There are two Hb tests that are very useful: 

 

 HbEPG, (ie Hb electrophoresis gel test): 

 

● Hb electrophoresis studies can provide a direct Hb S level, which gives 

an indication of the risk of sickling, and helps differentiate the trait 

versus homozygote state  
 

 HbF:  

 

 ● This is protective 

 

● It also provides a measure of hyroxyurea effect 

 

Neither of these tests above are routine ones and so again the laboratory will need 

to be rung directly to request these as urgent. 

 

 Sickle solubility test: 

 

Hb S has reduced solubility. The Sickle solubility test is a quick qualitative test 

only, does not quantitate. It is a rough screen only as it has a number of false 

positives and false negatives. 

 



3. CRP: 

 

● An elevated level suggests an underlying infection 

 

4. U&Es 

 

5. Glucose: 

 

 ● Especially for any altered conscious state. 

 

6. LFTS and LDH: 

 

LDH is a useful marker for hemolysis and/ or tissue infarction. 

 

♥ High bilirubin, normal LFTs, high LDH, and high reticulocyte count 

suggests hemolysis  

 

♥ Normal bilirubin, normal LFTs, high LDH, and normal reticulocyte count 

suggests tissue infarction. 

 

7. Cross match blood:  

 

● For possible exchange or simple transfusion 

 

8. Blood cultures: 

 

● Where sepsis is suspected. 

 

Urine for micro and culture: 

 

This should be done as part of a septic workup, in those with fever 

 

ECG: 

 

This should be done for any case presenting with chest pain 

 

It may also show evidence of pulmonary hypertension. 

 

CXR: 

 

Particularly in: 

 

● Cases of fever, looking for evidence of pneumonia 

  

● Suspected acute chest syndrome 

 

Others tests are done as clinically indicated. 

 



Management 

 

Medications in patients with Sickle Cell Disease 

 

1. All patients with Sickle Cell Disease should be taking: 

 

● Folic acid supplements (5mg daily) 

 

● Penicillin prophylaxis 

 

2. Additionally all patients should have pneumococcal polysaccharide vaccine in 

view of their impaired splenic function. 

 

3. Some patients take hydroxyurea to prevent sickling crises. 

 

Consultation with a Haematologist should occur with all acute crisis presentations 

of patients with Sickle Cell disease. 

 

Important scenarios/ considerations include: 

 

Presenting syndromes in patients with Sickle Cell Disease 

 

Fever in patients with sickle cell disease: 

 

Patients with sickle cell disease may be immunosuppressed due to: 

 

● Functional asplenism 

 

● Hydroxyurea induced neutropenia. 

 

Some patients take hydroxyurea to prevent sickling crises. This drug may induce 

neutropenia, and hence patients will be at increased risk of sepsis.   

 

A high index of suspicion for serious bacterial sepsis must be maintained at all times for 

any patient who present with a fever 

 

Patients who are taking hydroxyurea should be assumed to have neutropenia in the first 

instance and managed accordingly. 

 

Septic workup should be done as clinically indicated.  

 

Painful Vaso-Occlusive Crisis: 

 

1. Analgesia: 

 

● Prompt analgesia should be given, as clinically required. 

 

● This is an important and often under appreciated aspect of 

management.  



 

 ● Patients will often require a lot more opioid than is commonly supposed. 

 

2. Rehydration: 

 

● Oral or IV fluids as required 

 

3. Oxygenation: 

 

● Give high flow oxygen 

 

4. Blood transfusion: 

 

● Some patients may need a blood transfusion using WBC filtered blood, 

(this should be discussed with the Hematology unit). 

 

● Note that all blood in Australia is now routinely leukodepleted at 

production, so there is no requirement for WBC filtration, (delays in 

searching for unnecessary WBC filters can be detrimental to the patient).    

 

Acute Chest Syndrome: 

 

Chest pain should be treated as an acute chest crisis syndrome until proven otherwise. 

 

1. Assess and treat any immediate ABC issues 

 

2. Oxygenation: 

 

● Give high flow oxygen 

 

3. Maintain hydration: 

 

● Orally or IV as required 

 

4. Analgesia: 

 

● Adequate analgesia is an important and often overlooked aspect of 

management in cases of acute chest crisis   

  

● Good analgesia allows for improved ventilation with consequent increased 

expansion of lung and recruitment of alveoli which in turn prevents further 

sickling and cascade effect.    

 

● Morphine infusions via PCA devices can be extremely beneficial in these 

cases.  

 

5. Investigations: 

 



In addition to the blood tests listed above, all patients with acute chest syndrome 

should have: 

 

● CXR 

 

● ECG 

 

 ● Consider cardiac enzymes 

 

6. Broad-spectrum antibiotics 

 

 ● These are usually given empirically in cases of acute chest crisis. 

 

7. All patients with chest pain should be admitted, (irrespective of CXR 

findings). 

 

8. Consult Haematology urgently (and especially prior to transfusions or 

admission). 
 

● Note that patients with chest pain should be considered as “acute chest 

crisis” till proven otherwise. 

 

● RBC sludgeing within the pulmonary circulation can present clinically 

with a picture that is similar to pulmonary embolism. V/Q scans and 

CTPA may show perfusion defects, however will they will not be able to 

distinguish RBC sludgeing from clot.  

 

● Clexane will not affect RBC sludgeing and if given for this will simply put 

the patient at risk of bleeding.  

 

● The appropriate treatment will be transfusion, however the decision to 

initiate this will depend on a number of complex factors, and so must be 

guided by Hematology consultation. Consultation should ideally take 

place before any V/Q or CTPA scanning, which will delay this definitive 

treatment.  

 

Acute Splenic Sequestration: 

 

1. Commence IV fluid rehydration 

 

2. Analgesia as required 

 

3. Treat with antibiotics if febrile. 

 

4. Transfusions: 

 

● This should only be after discussion with the hematologist 

 



● In general terms initial transfusion of 10 ml/kg of packed red cells for 

patients with haemoglobin <50gm/l or signs of shock 

 

Do not raise Hb above baseline, since the spleen will shrink and 

autotransfusion will occur. This will then result in an increase in the 

percentage of HbS and risk of stroke (due to hyperviscosity)  

 

Aplastic crisis: 

 

1. Assess and treat any immediate ABC issues 

 

2. Oxygenation: 

 

● Give high flow oxygen 

 

3. Maintain hydration, (orally or IV as required) 

 

4. Analgesia as required. 

 

5. Take urgent blood tests, as described above. 

 

6. Transfusion: 

 

● This should only be after discussion with the hematologist 

 

● Transfuse patient if symptomatic anaemia or Hb < 50gm/l (usually 5ml/kg 

over 4 hrs).  

 

● Irradiated blood is often recommended.  

 

 Note however that irradiation is a relative concern, and in no case should 

necessary transfusion be delayed while awaiting specially irradiated blood 

products.   

 

Irradiation is to prevent transfusion associated graft versus host reactions. 

It kills/ inactivates the very small numbers of stem cells in blood products. 

These reactions are rare and mainly only a concern for the heavily 

immunosuppressed patients such as allogenic transplant patients. 

Hydroxyurea medication is insufficient to cause concern in this regard, 

especially now with routine leukodepleted blood.   

 

● Close observation for fluid overload. 

 

● Transfusion may need to be repeated. 

 

Stroke: 

 

1. Assess and treat any immediate ABC issues 

 



2. Oxygenation: 

 

● Give high flow oxygen 

 

3. Maintain hydration. 

 

4. Urgent CT scan brain 

 

5. Consultation: 

 

● Notify on-call Haematologist urgently.  

 

 ● Notify Neurology Stroke Unit. 

 

Similar to the situation with acute chest crisis, stroke may be due to sickled cell 

sludgeing rather than clot. Thrombolytic agents should be avoided. 

 

6. Patients may need admission to ICU for immediate exchange transfusion  

 

● Patients should not be over transfused (e.g. Hb < 100gm/l) 

 

Priapism: 
 

1. Give analgesia as required 

 

2. Give IV fluids 

 

3. Consult Urology and Haematology if priapism has lasted more than 3-4 hrs (may 

require aspiration and drainage) 

 

4. If there is no response to treatment, a partial exchange transfusion may be 

required 

 

Patient Information/ Education  

 

● www.sicklecelldisease.org 
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