
 

 

Review Article 
 

Crisis in sickle cell disease 

 

Abstract – 

Sickle cell disease is a very common inherited disorder of the hemoglobin. It is inherited in an 

autosomal recessive manner. Most affected are the people of African, Indian and Arabian origin. It 

occurs due to change in the single base pair gene wherein thymine replaces adenine in the 6
th

 codon 

of the beta-globin gene. This result in the sickling shape of the red blood cells. Sickle cell disease 

includes a variety of phenotypes like the SS, AS, Sickle-thal, SC patterns, etc. Sickle cell- SS 

pattern also termed as sickle cell anemia is the most common of the lot and also the cause the most 

mortality, morbidity and decrease in the quality of life. The sickling pattern of the red blood cells 

occludes the blood vessels and leads to a wide range of complication in the affected individuals. 

These complications can be seen in number of different systems of the body and also multiple 

systems at the same time. These complications are termed as crisis, which then include the vaso-

occlusive crisis, acute chest syndrome, splenic sequestration crisis, etc. These crises can negatively 

affect the quality of life to a large effect, but are also largely controllable or rather delayed and 

effectively managed as far as possible with reduced effect in the normal well being. Hence the 

knowledge about these crisis and their treatment is an important aspect of medical practice, 

especially in the countries where this disorder is commonly seen. Here in this review article we aim 

to highlight the major crises seen in sickle cell disease and their treatment in brief.  

Introduction – 

Sickle cell disease (SCD) is a group of inherited disorder of the red blood cell. It is commonly seen 

in the population of the Indian, African and Arabic regions. (1) Sickle cell disease can lead to 

anemia and various crisis associated with it known as the sickle cell crisis. Acute painful crisis also 

known as the vasocclusive crisis is the clinical feature that often leads to hospitalization of the 

affected. The various forms of sickle cell crises include the vaso-occlusive crisis (VOC) , splenic 

sequestration crisis, aplastic crisis, hepatic crisis, hemolytic crisis, acute chest syndrome and 

dactylitis. Some other complications of sickle cell disease include venous thromboembolism, 

priapism, stroke, avascular necrosis, osteomyelitis, pneumonia, meningitis and sepsis. In this article 

we review the evaluation and treatment of sickle cell crisis and also will discuss the role of the 

multidisciplinary approach in evaluating and treating this condition.(2) 

Etiology- 

An autosomal recessive disorder resuting due to gene mutation is the sickle cell disease.A 

nucleotide mutation on chromosome 11 causes glutamic acid to be replaced with valine at 6
th

 

position of the beta-globin unit. The physical characteristics of globin chain are thereby changed. 

The co-factors that incite this change in red blood cells include dehydration, hypoxia, stress, 

infections and cold weathers.(2) 

Pathophysiology- 

The sickling of the red blood cells in the homozygous form of sickle cell occurs due to the 

polymerization of the hemoglobin caused by the risk factors mentioned above. The rigidity of the 

erythrocytes increases. The sickled red cells then interact endothelium by the virtue of release of the 



 

 

adhesion molecules.(3) The heterocellular aggregates are then formed which then causes the 

occlusion of the small vessels and thus then result in hypoxia. By virtue of this pathophysiology a 

vicious cycle is the triggered which leads to increased formation of hemoglobin S and then also the 

release of free radicals and inflammatory mediators which then promote the reperfusion injury. 

Oxygen is then released by virtue of hemoglobin binding to nitric oxide (NO), which is a potent 

vasodilator. The pathophysiology is also associated with increased adhesiveness of neutrophil, 

increased activation of platelets, hypercoagubility and nitric oxide binding. The activated 

neutrophils then causes occlusion of the microvasculature. The inflammatory mediators released 

lead to a pro inflammatory state that further adds on to the complications of vaso-occlusion. The 

microbiome of intestine is also postulated to a potential trigger for the VOC.(4) While few of the 

triggers for pain like dehydration, cold temperatures etc are identifiable, the triggers for many 

episodes go unnoticed.(5) 

 

 

 Clinical features- 

Sickle cell disease in many countries of North America and Europe by virtue of multiple studies, 

has been identified by chronic and prolonged anemia, hemolysis, sepsis and recurrent episodes of 

VOC. The last of which presents with pain and a systemic inflammatory response. 

 

Vaso-occlusive crisis and bone disease- 

 

The most common cause of hospitalisation of a sickle cell patient is the painful condition known as 

vaso occlusive crisis. Some children might present with bony infarction of digits or dactylitis, 

swelling of toes and fingers with or without irritability. The infarction may also act like 

osteomyelitis and can affect any joint or bone.(7) The infarction of the long bones along their 

articular surfaces and heads can result into avascular necrosis, as a consequence of repeated 



 

 

episodes of vaso-occlusive crisis.(8) The avascular necrosis can also be associated with 

hemoconcentration and a suoer added presence of alpha-thalassaemia.(9) A total incidence of 12 

percent of septic arthritis and osteomyelitis, was noted by a cohort study in the metropolitan, 

France, which were mainly caused by Salmonella spp, Gram negative enteric bacilli and 

Staph.aureus and Gram negative enteric bacilli.(10) Osteoporosis and osteopenia are commonly 

seen  patients in of sickle cell by virtue of their vertebral collapse.(11) 

 

 

Acute chest syndrome – 

The 2
nd

 most common reason for hospitalisation of a patient of sickle cell disease is the Acute chest 

syndrome (ACS). Its features include systemic hypoxia, intrapulmonary ischemia and infarction. 

The chest xray will reveal pulmonary infiltrates.(12) Its pathogenesis may also include fat embolism 

caused by fat embolism and community acquired pneumonias. 50% of sickle cell children according 

to a recent study were reported with recent pulmonary events when they were studied under follow 

up over a mean period of 21 months. It was also seen that the ACS was twice as common in 

children suffering with a super-added asthma.(13) The other risk factors that promoted ACS include 

a raised tricuspid regurgitant jet velocity (TRV) and a high total leukocyte count.(14) Raised TRVs 

have not been reported to increase the chances of morbidity in children as the contrary in adults, but 

in of the studies done recently, having raised TRVs did result in having a lesser tolerance to 

exercise, which eventually meant that the valve condition might as well progress during childhood 

(15)(16). 

 

Septicemia- 
Early in the age there are evidence of a decreased functioning of the spleen. Usually there is a 

functional asplenia by around six months to three years of life. This also renders them to have an 

increased chance of having infections, with the cause most likely being malaria and the 

encapsulated bacteria.(17) In countries with high income, the deaths due to sepsis were significantly 

decreased once screening of newborn along with the vaccination with prophylactic penicillin were 

introduced. The morbidity and mortality were further reduced following the introduction of 

vaccination against Streptococcus pneumoniae and Haemophilus influenzae.(18) None the less, 

there still is are high chances of contacting with  bacterial infections and increased risks for 

morbidity and morbidity in certain sections of world due to development of resistance to penicillin 

and poor compliance to these vaccinations and newborn screening along with hyposplenism.(19) 

 

Sequestration crisis – 

 

It can be defined as the acute increase in the size of spleen with a reduction in the hemoglobin 

concentration by at-least 2 gm% from baseline with a raised or normal retic count.(19) Splenic 

sequestration can also lead to hypovolemic shock followed by death within a short span of time. It 

may present between 3 months to 6 years of age, but rarely noticed beyond six years of age with a 

chance of recurrence seen in around 50 percent of them.(20) Early transfusing of blood can act as a 

life saviour.(21) Another sequestration that can be life threatening is the hepatic sequestration. It 

can be caused by the blocking of the blood flow of the sinusoids of the liver due to the sickled 

RBCs. These patients usually present with a tender and enlarged liver along with reduced 

hemoglobin count and reticulocytosis.(22) The mainstay of the treatment though is supportive care, 

administration of analgesia and along with/without blood transfusion can relieve pain and 

symptoms and reduce danger to life.(23) 

 

Aplastic Crisis 

Aplastic crisis in sickle cell patients may present with a sudden fall in hemoglobin levels along with 

sudden onset of weakness along with reticulocytopenia. It is seen to occur following an infection by 



 

 

the viruses like parvovirus B19 and few others, which supress the production of RBCs by 

supressing the bone marrow functioning. The infection usually last for seven to ten days and is 

usually self limiting.(18) 

Hemolytic Crisis 

An sudden fall in the hemoglobin concentration present the hemolytic crises, commonly seen in the 

patients suffering from a super-added deficiency of G-6-PD enzyme.(24)  

Others 

Some other presentations of the VOC include the avascular necrosis of the head of femur, priapism, 

renal complications and proliferative retinopathy. 

 

Evaluation – 

Evaluation of a patient having sickle cell crisis includes routine investigations such as complete 

blood count, differential blood count with peripheral smear, reticulocyte count to check ongoing 

hemolysis, metabolic panel like LFT (liver function test), etc. Inflammatory markers like C-reactive 

protein, serum ferritin, procalcitonin and Cultures such as blood and urine cultures can also be sent 

to identify and the source for fever and infection. The diagnosis of ACS can be done and supported 

by a chest x-ray. In case cholelithiasis is suspected an abdominal ultrasound can be done.  Arterial 

blood gas can be evaluated in case of impending respiratory failure and hypoxemia.(25) In the case 

that a stroke is suspected neuroimaging should be done. 

Treatment – 

Vaso-occlusive Crisis Management  

Early assessment of pain along with the initiation of pain-killers like analgesics offers relief of 

symptoms. The analgesics can be administered either orally, intravenously (IV), intramuscularly or 

even intranasally, etc. depending upon the clinical condition of patient. Many of the protocols prefer 

administration of parenteral opioid pain killer, like the morphine at a dose of 0.1 mg per kg per iv or 

subcutaneous (SC) every twenty minutes, followed by maintaining its effect by dose of 0.05-0.1 mg 

per kg every two to four hourly, either intravenous or subcutaneous or per oral. In case the pain 

persist even PCA pump can be used. The general vitals of the patient which will also include the 

oxygen saturation levels of the patient should be closed monitored along with increase or decrease 

in the pain sensation.(25) If the general condition has improved and the patient has no signs of 

infectivity along with reduction in the pain intensity the patient can be discharged from 

hospital.(26) But if there is no resolution of the intensity of pain or there are signs of infection, the 

patient requires a prolonged hospital stay along with increased or stronger  dosage of analgesics. At 

times he/she may even require exchange transfusion. Tinzaparin, in a randomized control study, 

was found to reduce the duration of pain with its effect being attributed to its effect on the cellular 

factors. It has been also seen to have very less side effects along with reduced need to do close 

monitoring. The other adjuvant therapies include the use of hydroxyurea, anxiolytics, anti-emetics 

and anti- histaminics.(27) But, despite all these measures, maintaining hydration and also 

identifying other cause of pain remain of utmost importance. 

The other crisis like sequestration crisis and ACS, supportive management with judicious use of 

fluid, oxygen and transfusing of blood products may be needed. The monitoring of the patient will 

be needed along with also preventing excessive sedative effect of the drugs.(28)ACS may need the 

administration of antibiotics empirically along with analgesics with/without exchange transfusion. 

Incentive spirometry will also help in the cause. 



 

 

Splenic sequestration and aplastic crisis will require aggressive management with hydration and 

transfusion of blood products along with other supportive therapy.(25)  

Hemoglobin F Production 

Hydroxyurea 

The patients of the Arab-Indian origin had high levels of Hemoglobin F (HbF) with a mild clinical 

form of the disease. While those heterozygotes who had high levels of Hb F by virtue of their 

hereditary persistence also had mild forms of the disease. Hence, it was interpreted that the 

induction of HbF in patients who’s HbF production had been reduced naturally might as well 

benefit these patients and reduce the severity of the disease.(29) 

This drug, hydroxyurea is seen to induce the HbF production which then reduces the polymerisation 

of the HbS and with the ultimate result being the reduced sickling. Hydroxyurea were well in use by 

the early 1990s. It also causes the reduced expression of the adhesion molecules on the RBCs and 

reduction in the numbers of monocyte, neutrophil, platelets and reticulocyte counts which may 

result in reduced viscosity of blood, with lesser damaging cell to cell interactions along with lesser 

hemolysis. All this ultimately leads to the reduction in the episodes of vaso-occlusive crisis or ACS, 

which till then reduce the need of hospitalizations and blood transfusions. (30) 

noted in a discussion of hydroxyurea use in sickle cell disease, “true effectiveness [of any 

drug] is dependent upon utilization in real clinical practice.” In one study, conducted by Brandow 

and Panepinto, they noted that only 30 percent of the individuals eligible to take the drug were 

actually receiving it. This decreased use of the drug was attributed to the fear of its side effects like 

bone marrow suppression, effects on fertility, increased risk of malignancy and teratogenesis.(31)  

The criteria for starting of hydroxyurea is as follows : (32) 

 

Differential diagnosis- 

Since the Vaso-occlusive crisis will present with severe pain and a relative paucity of objective 

clinical signs. Its Differential diagnosis will include clinical conditions specific to the site of the 

pain like for example a patient presenting with abdominal pain can mimic acute abdomen and other 

conditions like that of acute pancreatitis, acute appendicitis, pyelonephritis, hepatobiliary diseases 

and pelvic inflammatory disease. Persistent local bone pain may also mimic the Avascular necrosis 

and acute osteomyelitis. 

Conclusion: 

This review article thus interprets how the recent knowledge of the disease’s pathophysiology and 

its treatment methods intersect. Even though the research on sickle cell has blossomed heaps and 

bounds, but there still is lots of scope for clinical trials to be conducted and subjected to more 

strenuous examination and analysis than have been used in the past. 
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