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ABSTRACT 

Introduction: 

Current evidence does not provide a clear risk stratification strategy for sickle cell disease 

patients in the emergency department (ED). The goal of this study was to develop a better 

understanding of the clinical features among patients with sickle cell disease and to 

determine the risk factors for short term adverse events. 

Methods: 

We conducted a prospective cohort study of sickle cell disease patients presenting to a 

tertiary care ED over six consecutive months. All patients were assessed by emergency 

physicians during the ED visit. All the patients had a 2 week structured telephone follow-

up or a chart review if they had a repeat ED visit within 2 weeks or admitted. The 

adverse outcomes were classified as a clinically significant outcome (death, 

cerebrovascular accidents, acute chest syndrome, sepsis, hyper-hemolytic crisis and 

exchange blood transfusion) or not. We also classified patients as having acute chest 

syndrome or not. We analyzed the predictors of adverse outcomes using descriptive 

statistics and multiple logistic regression. 

Results: 

Over six consecutive months, we enrolled 732 patients. Seventy-five patients had a 

clinically significant outcome and 42 had acute chest syndrome. Using multivariate 

analysis, we found nine statistically significant predictors of a clinically significant 

adverse outcome: a prolonged painful episode (OR 10.1; 95%CI 5.3-19.3), age less than 

8 years (OR 2.4; 95%CI 1.001 -5.9), oxygen saturation less than 96% (OR 3.9; 95%CI 

1.6-10.9), patient appearing toxic (OR 7.8; 95%CI 2.2-27.2), presence of chest crackles 
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(OR 6.5; 95%CI 2.3-18.6), splenomegaly (OR 2.6; 95%CI 1.2-5.5), local limb tenderness 

(OR 0.2; 95%CI 0.08-0.7), hemoglobin less than 7 g/dL (OR 3.6; 95%CI 1.1-11.6), 

reticulocyte count more than 15% (OR 4.0; 95%CI 1.4-11.5). Using multivariate analysis, 

we found seven statistically significant predictors of acute chest syndrome: a prolonged 

painful episode (OR 22.0; 95%CI 8.7-55.3), oxygen saturation less than 92% (OR 17.7; 

95%CI 1.7-184.9), history of cough (OR 4.5; 95%CI 1.7-12.0), history of pneumococcal 

vaccine (OR 0.33; 95%CI 0.11-0.98), presence of chest crackles (OR 9.5; 95%CI 2.6-

34.7), local limb tenderness (OR 0.20; 95%CI 0.05-0.80), and reticulocyte count more 

than 15% (OR 4.9; 95%CI 1.2-19.7). 

Conclusion: 

Our study of a tertiary hospital emergency department found nine identifiable variables 

which can help to predict the possibility of developing a clinically significant outcome. 

We also found seven identifiable variables which can help to predict the possibility of 

developing acute chest syndrome. This might be used in the future to risk stratify the 

sickle cell disease patients who presents to the emergency department and develop 

strategies to prevent those adverse outcomes. 
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Chapter 1: Background and Review of Literature 

Sickle cell anemia is an inherited disorder transmitted as an autosomal recessive 

trait that causes an abnormality of the globin genes in hemoglobin. When both parental 

genes carry the same defect, the person is homozygous for hemoglobin S, i.e., HbSS, and 

manifests the disorder. When exposed to a decrease in oxygen, hemoglobin S becomes 

viscous. This causes the red cells to become crescent-shaped (sickling), rigid, sticky, and 

fragile. When they clump together, circulation through the capillaries is impeded; causing 

obstruction, tissue hypoxia, and further sickling.1 This leads to various clinical 

presentations and could causes serious complications (e.g. organ failure). 

Patients with sickle cell disease presents with multiple complaints at the 

emergency department. On admission, they undergo extensive laboratory and radiologic 

testing. After discharge, there is potential for deterioration that may lead to serious 

adverse outcomes. Current evidence does not provide a clear risk stratification strategy 

for those likely to have adverse outcomes. Hence we conducted a prospective cohort 

study in tertiary center emergency department to develop a better understanding of the 

clinical features among patients with sickle cell disease and to determine the risk factors 

for short term adverse events in order to contribute to future management strategies. 

1.1.1 Introduction to Sickle Cell Disease 

1.1.2 Pathogenesis of Sickle Cell Disease and Epidemiology: -

Hemoglobin S (HbS) results from the substitution of a valine for glutamic acid as 

the sixth amino acid of the beta globin chain. This results in hemoglobin which is poorly 

soluble under certain stressors like low oxygenation tension. Deoxy HbS 

polymerization in conjunction with changes in red cell membrane structure and function, 
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disordered cell volume control, and increased adherence to vascular endothelium leads to 

vaso-occlusive process. This is the whole mark of sickle cell disease. This results in 

tissue ischemia which leads to acute and chronic organ dysfunction. 

The geographic distribution of Sickle cell disease genes includes all of Africa, 

the Mediterranean, Middle East, and India and the Caribbean and parts of Central and 

South America. Approximately 2000 affected infants are born in the United States each 

year which makes it the most prevalent disorder identified by neonatal blood screening.4 

Sickle cell disease has significant morbidity which could be insidious, as with sickle 

nephropathy, cardiomyopathy, pulmonary hypertension and splenic infarction or acute 

episodes or crises, as stroke, sepsis, hyper-hemolytic crisis, acute chest syndrome and 

acute painful crisis. Patients with sickle cell disease have also reduced survival. Quinn et 

al reported an overall survival of 86% and a death rate of 0.59 per 100 patient-years for 

children who had SS by the age of 18 years.5 

1.1.2 Historical Background of Sickle Cell Disease:-

In 1910, Herrick described the first patient with sickle cell disease.6 Thirty-six 

years later; Beet discovered that sickle cell disease patients have an increased resistance 

to malaria. Linus Pauling and coworkers showed sickle cell disease to be the first genetic 

disease linked to a mutation of a specific protein. It was originally thought that the 

Arabian Peninsula (subsequently spreading to Asia and Africa) was the origin of the 

mutation that led to the sickle cell gene. Independent mutations have been postulated as 

leading to various types of sickle cell hemoglobins7, and occurring approximately 

between 70000 to 150000 years ago. 
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1.1.3 Sickle Cell Disease Genetics:-

Sickle-cell disease is a group of genetic disorders caused by sickle hemoglobin 

(Hgb S or Hb S). The sickle cell diseases are inherited in an autosomal co dominant 

manner. The sickle cell trait results from inheritance of Hb S from one parent and Hb A 

(normal Hb) from the other parent. Sickle cell anemia (Hb SS) results from inheritance of 

Hb S genes from both parents. A subtype of Hb SS disease involves coinheritance of the 

a-thalassemia gene. Another variant of sickle cell disease is Hb SC disease. In this 

variant, the child inherits one Hb S gene from one parent and one Hb C gene from the 

other parent. Sickle cell P-thalassemia involves inheritance of one Hb S from one parent 

and the thalassemia gene (P-thal gene) from the other parent.8 Figure 1 shows the genetic 

variables in sickle cell disease. 

1.1.4 Diagnosis of Sickle Cell Disease:-

Hemoglobin electrophoresis is used to establish and confirm the diagnosis of 

sickle cell disease. It can also differentiate subgroups of the disease. The 5-minute 

solubility test, Sickledex, is a screening tool that can exclude sickle cell at infants aged 

older than 6 months who do not have severe anemia or high levels of Hb F.77 The test 

yields positive results if the Hb S level is greater than 10%. However, it does not 

differentiate among Hb SS, Hb SA, Hb SC, and Hb S(3thal. It also cannot detect carriers 

of Hb C Hb D or thalassemias.9 

1.1.5 Clinical Features of Sickle Cell Disease:-

1.1.5.1 Age of Onset: In most patients, the clinical features of sickle cell disease 

first appear during the initial 8 years of life. This is best illustrated in a study of 305 

children in whom the disease was diagnosed at birth.5 Specific symptoms were present by 
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age 6 months in 6% of the cohort and developed by the end of the first year of life in 

32%. By the age of 8 years, 96% of the patients developed symptoms related to sickle 

cell disease. Dactylitis, defined as painful swelling of the feet and hands during the first 

several years of life in children with sickle cell anemia, was the most common initial 

symptom and was noted in 40% of the group overall and in 50% during the first 2 years.10 

1.1.5.2 Acute Painful Episodes: The clinical manifestations of sickle cell disease 

are summarized in Table 1. Acute painful episodes (previously known as sickle cell 

crisis) are the most common clinical presentation. These episodes are also the most 

common cause for admission to the hospital and account for 80% of all acute 

admissions.11 Pain can affect different parts of the body, either in isolation or in 

combination with other presentations. There is considerable variability in the severity and 

frequency of the painful episodes. Uncomplicated acute pain is self-limited and generally 

lasts several hours to a few days; however, it can persist or recur and can migrate from 

one site to another. The "pain rate" (episodes per year) is also a measure of clinical 

severity of the disease and correlates with early death in patients older than 20 years of 

age with sickle cell anemia.12 

1.1.6 Life-threatening Complications of Sickle Cell Disease in the Emergency 

Department: -

While painful crisis is the most common presentation, infection is the most 

common cause of death in patients with sickle cell anemia. Specifically, pneumococcal 

sepsis is a leading cause of death among infants with sickle cell anemia. Other potential 

causes for death in sickle cell disease patients include: osteomyelitis, cerebrovascular 

accidents, splenic sequestration crisis, hyperhemolytic crisis, acute chest syndrome and 
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acute myocardial infarction. The overall rate of stroke was 0.85/100 patient-years.31 The 

incidence rate for splenic sequestration crisis is 11.3 per 100 whereas the incidence of 

acute chest syndrome was 12.8/100 patient-years.60 

1.1.6.1 Infections: Sickle cell disease patients are immunocompromised owing to 

functional asplenia. The spleen cannot filter the invasive organisms beginning as early as 

4 months of age; eventually, the spleen becomes nonfunctional as the result of repeated 

infarctions. Dysfunctional IgG and IgM antibody response, a lack of splenic clearance, 

defects in alternative pathway fixation of complement, and opsonophagocytic 

dysfunction play a role in the predisposition to invasive infection from polysaccharide-

encapsulated organisms. Patients with sickle cell disease present to the emergency 

department with fever, which could be the result of minor infections or sepsis. 

Establishing which patients are likely to develop sepsis is difficult. Appendix B shows 

the infection and its associated micro-organisms. 

1.1.6.2 Bacteremia and Sepsis: Streptococcus pneumonia is the most important 

cause of death in sickle cell disease patients.14'15 It is associated with a mortality rate of 

20% to 50%.16 Haemophilus influenzae type b has been the second most-common 

organism responsible for bacteremia in children with sickle cell disease (10%-25% of 

episodes).17 The incidence of both infections has declined since the introduction of 

vaccination and prophylactic antibiotics. 

1.1.6.3 Bacterial Pneumonia: In one study, bacterial pneumonia was associated 

with acute chest syndrome in 30% of the patients. Of the isolated organisms, 30% were 

due to C. pneumoniae, 21% to Mycoplasma pneumoniae, 10% to Respiratory Syncytial 

Virus(RSV), 4% to Staphylococcus aureus, and 3% to Streptococcus pneumonia. 
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1.1.6.4 Meningitis: Meningitis in sickle cell disease patients is most commonly 

caused by Streptococcus pneumonia followed by Haemophilus influenzae type b. 

Neisseria meningitidis, classically infects individuals with poor or absent splenic function 

but is not a common pathogen in sickle cell disease. 

1.1.6.5 Osteomyelitis: Patients with sickle cell disease have recurrent bone 

infarction. This predisposes them to osteomyelitis. The most common offending 

organisms are Salmonella species followed by infections stemming from Staphylococcus 

aureus. Because the clinical features overlap, distinguishing osteomyelitis from a simple 

painful crisis could be difficult during the acute phase. 

1.1.6.6 Cerebrovascular Events: Cerebrovascular accident (CVA) is a major 

complication of sickle cell disease. The incidence of CVA was 0.61 per 100 patient-

years. The incidence of infarctive CVA was lowest in sickle cell SS patients 20 to 29 

years of age and higher in children and older patients. Risk factors for infarctive stroke 

included prior transient ischemic attack, low steady-state hemoglobin concentration and 

rate of and recent episode of acute chest syndrome, and elevated systolic blood pressure. 

Hemorrhagic stroke was associated with low steady-state hemoglobin and high leukocyte 

19 

count. 

1.1.6.7 Splenic Sequestration Crisis: A vaso-occlusive crisis in the spleen 

results in pooling of blood in the spleen, which results in massive spleen enlargement and 

hypovolemic shock. This could lead to death if aggressive fluid resuscitation is not done 

quickly. Splenic sequestration crisis is associated with a 10% mortality rate. Recurrences 

occur in 49% of survivors of first attacks; this led to adoption of doing a routine 

splenectomy after the first or second attack. 

6 



1.1.6.8 Aplastic Crisis: A transit arrest in the synthesis of red blood cells occurs 

in some patients with sickle cell disease, which could lead to severe anemia and death. 

The patients usually presents with increased weakness and malaise. Skin rash and fever 

associated with parvovirus B19 might develop but commonly absent. This leads to low 

Hb and inappropriately low reticulocyte (the newly synthesized red blood cells) counts. 

Parvovirus B19 infection has been found in most patients having an aplastic crisis.21"22 

1.1.6.9 Hyperhemolytic Crisis: Accelerated hemolysis leads to drop in Hb and 

acute anemia. These patients usually need a blood transfusion. Multiple causes have been 

identified including viruses, drugs and previous blood transfusions. 

1.1.6.10 Acute Chest Syndrome: Acute chest syndrome is a clinical entity that 

can lead to respiratory failure and death. It is the second leading cause of death in sickle 

cell disease patients. Acute chest syndrome can result from infection (pneumonia), vaso-

occlusive crisis in the lungs, or fat pulmonary emboli. The clinical diagnosis is 

established by the following criteria: a new pulmonary infiltrate detected by chest 

radiograph involving at least 1 complete lung segment not consistent with the appearance 

of atelectasis and 1 or more of the following signs or symptoms: chest pain, temperature 

> 38.5°C , tachypnea, wheezing, cough, or the appearance of increased work of 

breathing.24 

1.1.6.11 Acute Myocardial Infarction: Acute myocardial infarction without 

atherosclerosis has been documented in case reports and in the autopsies of sickle cell 

disease patients. Gross and microscopic findings consistent with acute and healed 
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myocardial infarction were found in 7 of 72 consecutive hearts (9.7%) from patients with 

sickle cell disease studied after autopsy between 1950 and 1982.25 

1.1.7 Treatment of Patients with Sickle Cell Disease:-

Management of patients with sickle cell disease requires a multidisciplinary 

approach. Management could be divided into treatment of the acute episodes and 

continuous management. We will focus on acute management as it relates to emergency 

department patients. 

1.1.7.1 Management of the Painful Episodes: Patients presenting with pain to 

the emergency department should be managed with optimal hydration using oral or 

intravenous fluid resuscitation (particularly in children); and aggressive pain relief using 

opioids, other analgesics, or other modalities. Optimal pain management is crucial. An 

opioid analgesic is the treatment of choice for pain. It should be titrated to response. 

Adjuvant treatment includes nonsteroidal anti-inflammatory drugs, steroids, and inhaled 

nitric oxide. Some experts recommend small-dose ketamine for patients resistant to 

opioid analgesics. The usual starting dose for opioid analgesia is shown in Appendix A. 

1.1.7.2 Management of Febrile patients: Fever is most commonly caused by 

infections. Sickle cell disease patients with fever should have a complete evaluation 

including a complete blood count, blood cultures, and radiologic investigations. Specific 

infections should be treated with antibiotics as recommended. Febrile episodes without a 

definitive cause are challenging. One study categorized patients as high-risk and low-risk 

patients. Low-risk patients were managed as outpatients with antibiotics. None of these 
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patients developed sepsis. This allowed the discharge of a subgroup of patients with fever 

without causing sepsis. 

1.1.7.3 Management of Anemia Episodes: Patients with sickle cell disease have 

a low baseline Hb. Acute anemic episodes should be managed with blood transfusions as 

indicated. Little evidence exists on the indications for blood transfusion. Acute 

transfusion is indicated in severe acute anemia or hypovolemia secondary to splenic 

sequestration crisis. Exchange transfusion is indicated in patients with CVAs and some 

episodes of acute chest syndrome. 

1.1.7.4. Other Treatment Modalities: : Prophylactic penicillin is indicated to 

prevent streptococcal infection in children aged younger than 5 years.28'29 Vaccination 

against Haemophilus influenzae type b, Streptococcus pneumonia, hepatitis B virus, and 

influenza should be routinely administered to sickle cell disease patients.30 Hydroxyurea 

is a medication given to increase fetal Hb level and reduce the sickle Hb. One randomized 

controlled trial in adults found that hydroxyurea reduced the incidence of a painful crisis, 

acute chest syndrome, and the need for blood transfusion over a mean of 21 months 

compared with placebo. It found no significant difference in the rates of stroke, hepatic 

sequestration, and mortality between hydroxyurea and placebo. Other randomized 

controlled trials in children found that hydroxyurea reduced the duration of hospital stay 

compared with placebo. ' ' A randomized control trial found that taking hydroxyurea 

was associated with a 40% reduction in mortality {P = 0.04).34 

1.1.8 Statement of the Problem in the Emergency Department:-

Sickle cell disease patients present to the emergency department with various 

clinical problems. The most common presentations are painful vaso-occlusive crises. The 

9 



painful episodes vary from one patient to another. A large prospective study followed 

3578 patients and found that the average rate was 0.8 episode per patient-year in sickle 

cell anemia, 1.0 episode per patient-year in sickle beta 0-thalassemia, and 0.4 episode per 

patient-year in hemoglobin SC disease and sickle beta(+)-thalassemia. There is 

considerable variability in the severity and frequency of acute episodes. One third of 

patients rarely have pain, one third have more than 2 to 6 pain crises per year and one 

third have more than 6 hospitalizations per year. It is difficult to predict which patients 

are likely to have one episode and which patients are likely to have multiple episodes. 

Patients with fever are a challenging problem in the emergency department. There 

is potential for these patients to develop sepsis. There is no available data on the 

frequency of patients presenting with fever to the emergency department. Small studies 

categorized patients with fever into low risk of developing sepsis and high risk based on 

clinical and laboratory criteria. Antibiotics were still recommended for the low risk 

patients. Overall survival of patients with sickle cell disease is reduced with a median 

survival of 42 years for men and 48 years for women36. Death is a potential adverse 

outcome in patients with SCD patients. Long terms studies were able to find predictors 

for death in such patients.37 However, there are no studies to find predictors of death in 

patients presented to the emergency department. There is also no available data regarding 

death at the study site. Emergency physicians also find themselves in dilemma regarding 

the best and safe management and disposition for those patients. Patients who presents 

with painful episodes could potentially die or develop adverse outcomes. Patients with 

fever could be having sepsis which might lead to death. The risk of sepsis or meningitis is 

12.5% from these infections for each individual, and the case fatality ratios were 35% and 

10 



10%, respectively. Finding a safe stratification strategy for such patients is out most 

important. Sickle cell patients are frequent visitors to the emergency department at the 

study site (the Sultan Qaboos University Hospital) with 3600 visits annually. Frequent 

and prolonged hospitalizations are a risk factor for early mortality in patients with sickle 

cell disease. However; it is also impractical to admit all patients with frequent visits to 

the emergency department to prevent adverse outcomes. 

1.1.9 Statement of the Problem at the Study Site:-

Oman is a Middle Eastern country in the east of Arabia on the Indian Ocean with 

a population of two and a half million people. The estimated prevalence of sickle cell 

disease is of 11.7 cases per 10000. The estimated carrier rate for the sickle cell gene is 

5.8% of the population. In comparison, there are approximately 1 in 600 carrier cases of 

sickle disease gene among the black population in the United States .31 There is 25% 

repeat emergency department visits within 2 weeks at the study site mostly related to 

painful episodes. There are no readily available data on emergency department visits of 

these patients nor are there data on repeat visits in patients with problems related to sickle 

cell disease. Problems related to sickle cell disease are frequently encountered in the 

emergency department at the Sultan Qaboos University Hospital, with 3600 patient visits 

per year. There are no previous studies that estimate return visits or potential adverse 

outcomes after discharge from the emergency department. 

1.2 Prediction of Adverse Outcomes and Review of the Literature:-

Sickle cell disease patients pose a challenge to physicians. It is a chronic lifelong 

disease with no available cure. Physicians are likely to encounter those patients and 

should be aware of the complications. Predictive models of the patients who are likely to 

11 



develop adverse outcomes have been studied for some of the adverse outcomes. 

However, all of the studies are either office based or in-hospital. All the studies are long 

term follow-up and none addressed the emergency patients specifically. The predictive 

models for mortality, CVA, acute chest syndrome, and sepsis are discussed below. 

1.2.1 Predictive Variables for Mortality:-

Quinn et a I followed a cohort of sickle cell disease patients from the neonatal 

period until the age of 18 years.5 They included 711 subjects. Twenty-five subjects died; 

mean age at death was 5.6 years. Five patients died from infection. The overall rates of 

death were 0.59/100 patient-years. They also found that childhood mortality from sickle 

cell disease was decreasing, the mean age at death was increasing, and a smaller 

proportion of deaths were from infection. A health record review following the clinical 

course of 392 children with sickle cell disease from infancy to approximately age 10 

identified 3 previously identified significant predictors of long-term adverse outcomes: 

dactylitis (RR=2.6), hemoglobin less than 7 g/dL (RR=2.5), and leukocytosis in the 

absence of infection (RR=1.8).41 Another, larger study followed 3764 patients and 

revealed that acute chest syndrome, renal failure, seizures, a baseline white cell count 

above 15 000 cells/mm3, and a low level of fetal hemoglobin were associated with an 

increased risk of early death.42 The causes of death were revealed in an autopsy study of 

306 patients. The most common cause of death for all sickle variants and for all age 

groups was infection (48%). Other causes of death included stroke (9.8%), therapy 

complications (7.0%), splenic sequestration (6.6%), pulmonary emboli/thrombi (4.9%), 

renal failure (4.1%), pulmonary hypertension (2.9%), hepatic failure (0.8%), massive 

hemolysis/red cell aplasia (0.4%), and left ventricular failure (0.4%). Death was 
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frequently sudden and unexpected (40.8%) or occurred within 24 hours after presentation 

(28.4%) and was usually associated with acute events (63.3%).43 There are no studies 

describing predictor variables for patients presenting to emergency departments. 

1.2.2 Cerebrovascular Accident (CVA) Predictor Variables:-

The risk of a CVA varies with the genotype. The highest rates of prevalence of 

CVA (4.01%o) and incidence (0.61 per 100 patient-years) were in sickle cell anemia (SS) 

patients, but CVA occurred in all common genotypes. Five risk factors of having 

infarctive stroke were identified: prior transient ischemic attack (RR=56.0), low steady 

state hemoglobin (RR=1.9 per 1 g/dL decrease), an episode of acute chest syndrome 

within the previous 2 weeks (RR=7.0), rate of acute chest syndrome (RR=per event per 

year), and elevated systolic blood pressure (RR 1.3 per 10 mg increase).14 

Transfusion greatly reduces the risk of a first stroke in children with sickle cell 

anemia who have abnormal results on transcranial Doppler ultrasonography. A 

prophylactic chronic transfusion program with a goal HbS of less than 30% of total 

hemoglobin reduces the risk of stroke by 92%. 44 It is unknown whether fluid therapy 

reduces the risk of stroke. There are no known data regarding which patients are likely to 

develop stroke after discharge from the emergency department. 

1.2.3 Predictors for Bacteremia and Sepsis:-

Febrile patients without a source ; no cause for the fever could be found from the 

history, physical examination ,and basic investigations; are a major challenge to 

emergency department physicians. Patients could develop overwhelming sepsis and die. 

Admitting all patients with fever is not a practical solution for these patients, especially if 

there is high prevalence of sickle cell disease in the community. Two studies have shown 
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a safe strategy for managing a subset of patients. Febrile patients were divided into those 

with a low risk and those with a high risk of developing sepsis. Low risk patients 

included those with sickle cell anemia or sickle cell-beta (0) thalassemia with 

temperatures less than 40°C who were taking prophylactic penicillin and those with 

HbSC disease or sickle cell-beta (+) thalassemia with temperatures greater than 38.5°C. 

These patients were managed with intramuscular ceftriaxone and close follow-up.27'45 

1.2.3 Acute Chest Syndrome (ACS):-

Acute chest syndrome is defined by a new pulmonary infiltrate on radiograph. It 

has a higher incidence in patients with homozygous sickle cell disease (SS; 12.8/100 

patient-years) and in patients with sickle cell-beta(O) -thalassemic (9.4/100 patient-years), 

and a lower incidence in patients with hemoglobin (Hb) SC disease (5.2/100 patient-

years) and patients with sickle cell-beta(+) thalassemia (3.9/100 patient-years). The 

incidence was strongly but inversely related to age, being highest in children 2 to 4 years 

of age (25.3/100 patient-years in SS) and decreasing gradually to its lowest value in 

adults (8.8/100 patient-years in SS).46The National Acute Chest Syndrome Study Group 

demonstrated that nearly half the patients were initially admitted for another reason, 

mainly pain. Pain is the most common presenting syndrome, which makes it difficult to 

determine whether they are likely to develop acute chest syndrome or not. 

1.2.4 Prolonged and Recurrent Painful Episodes:-

Pain is the most frequent presentation at the emergency department for patients 

with sickle cell disease. It is a marker for severity and a predictor for mortality. One study 

revealed that there was an increase in painful crises in male patients with hemoglobin 

levels above 8.5 g/dL (greater than 85 g/L). There are no studies that examine predictor 
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variables for prolonged painful episodes or other variables that predict recurrent episodes 

in patients presenting at the emergency department. 

1.3.1 Rationale for the Study:-

Sickle cell disease is a complex syndrome that can have progressively poorer 

adverse outcomes leading ultimately to death if patients are managed poorly in the 

emergency department. Sickle cell disease patients die early with mean age at death of 

5.8 years. Predictors for mortality include dactylitis (RR=2.6), hemoglobin less than 7 

g/dl (RR=2.5), and leukocytosis (RR=1.8). Previous CVA or TIA, and history of acute 

chest syndrome are the strongest predictors of CVA. None of the previous studies 

focused on emergency department patients. The variables included in the model did not 

reflect the follow-up time until the patient developed the adverse outcomes. A better 

predictive model is needed to reflect the emergency presentations and the variables 

included should reflect the time until the patient develops adverse outcome. Prevention of 

these adverse outcomes is the ultimate goal of the clinician. To better prevent these 

adverse outcomes, a better understanding of the presentation of the disease and predictors 

of adverse outcomes is crucial. However, the current state of knowledge about the disease 

in the context of the emergency department is very limited. The goal of the current study 

was to improve upon this knowledge gap. 
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CHAPTER 2: GOALS AND OBJECTIVES 

2.1 Overall Goal: Our overall goal was to develop a better understanding of the 

clinical features and presentation; historical, clinical examination and laboratory 

variables; among patients with sickle cell disease in the emergency department and to 

determine the risk factors for short-term adverse events in order to contribute to future 

management strategies. We accomplished this by conducting a prospective cohort study 

in the emergency department. 

2.2 Specific objectives: The specific objectives of the study were the following: 

1. To describe the clinical presentation of patients presenting at the emergency 

department with sickle cell disease. This includes their symptoms and related physical 

signs. It also includes various laboratory parameters. 

2. To describe the proportion of patients with adverse outcomes and describe their 

historical features and physical examination findings 

3. To characterize the association between patient characteristics and the short term 

adverse outcomes for clinically significant outcomes 

4. To characterize the association between patient characteristics and the short term 

adverse outcomes for acute chest syndrome 

5. To use multivariate techniques to determine the clinical predictors of clinically 

significant outcomes and acute chest syndrome. 

6. To establish baseline values for hematological parameters in sickle cell disease 

patients at the study site. These include hemoglobin, leukocyte count, platelets count, 

and reticulocyte count. 
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7. To establish baseline values for blood pressure, heart rate, respiratory rate and 

oxygen saturation in these patients. 

8. To establish a database for the various clinical features and laboratory values for 

future studies for sickle cell disease patients. 
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Chapter 3: Methods 

We conducted a prospective cohort study of patients at the emergency department 

of a large tertiary hospital. The study population included a cohort of sickle cell disease 

patients presenting during the study period. We collected various clinical and laboratory 

predictor variables, which we used to establish the predictors for repeat emergency visits 

or adverse outcomes after discharge from the emergency department. We collected the 

data prospectively using a piloted data collection sheet and followed the patients 

prospectively using a structured telephone follow-up and review of emergency follow-up 

visits and review of hospital admissions. We entered the data in a previously designed 

database and analyzed the data using SAS software (SAS Institute Inc, Cary, NC). 

3.1 Study Design:-

This was a prospective analytic cohort study conducted at a large emergency 

department in Muscat (Oman). Patients who did not develop adverse outcomes were 

compared with those who developed adverse outcomes. The unit of analysis was patients 

with sickle cell disease who were seen in the emergency department. The outcome 

measure was short-term adverse outcomes. Because the emergency department visit and 

all the predictor variables preceded the outcomes in all cases, it was possible to suggest a 

true association between the predictor variables and the outcomes. 

3.2 Study Period:-

The study was conducted during 6 months, from January 1, 2007 until July 15, 

2007. The study was interrupted for 2 weeks between June 3, 2007 and June 17, 2007 

owing to unexpected emergency weather conditions that caused damage to 

communications at the study site. 
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3.3 Setting:-

The study was conducted at the emergency department of the Sultan Qaboos 

University Hospital in Muscat-Oman. Sultan Qaboos University Hospital is a tertiary 

teaching hospital with 55 000 emergency department visits each year. All age groups are 

seen in this emergency department. The emergency department is staffed with 12 

emergency specialists as well as rotating emergency residents. There are 3600 visits 

related to sickle cell disease each year at this emergency department. The study was 

approved by the emergency department at Sultan Qaboos University Hospital. Ethics 

approval was obtained from the ethics review board at the study site and by the Ottawa 

Hospital Research Ethics Board. 

3.4 Study Population 

3.4.1 Inclusion Criteria:-

All patients with "complaints related to sickle cell disease" who presented to the 

emergency department were eligible A sickle-cell-related complaint included all clinical 

presentations caused by sickle cell disease status. This included clinical features which 

are considered to be more serious in such patients due to the fact that sickle cell disease 

patients are immunocompromised (e.g. fever). Sickle cell disease is a multi-organ 

disease and can present with diverse symptoms and signs. The following signs and 

symptoms are caused directly by sickle cell disease status: pain, acute chest syndrome, 

anemia, hyperhemolytic crisis, meningitis, bacteremia, pneumonia, arthritis, leg ulcers, 

priapism, myocardial infarction, acute hepatitis, acute cholecystitis, splenic sequestration, 

and CVA. Fever is a typical example of a potential for an adverse outcome that is not 

caused directly by being a sickle cell disease patient. Patient eligibility as a "sickle-cell-
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related complaint" case was determined by the emergency department physician and 

based on the patient having any of the above-mentioned presentations; the following 

inclusion criteria at the time of arrival to the emergency department were used as well: 

1. All age groups were included. 

2. Capable of providing verbal consent - or had an available substitute decision maker 

capable of providing verbal consent. 

3. Patients had the initial clinical assessment done by the emergency department 

physicians. 

3.4.2 Exclusion Criteria:-

A patient with any one of the following characteristic was excluded: 

1. Clinical problems not related to sickle cell disease and without the potential for 

adverse outcomes, including pregnancy-related problems, traumatic injuries, allergic 

reactions, eye-related emergencies such as glaucoma, ear infections, diabetes, and 

gastrointestinal bleeding. 

2. Unable to complete a telephone interview in Arabic or English. 

3. Did not have a telephone or who were otherwise unavailable for follow-up 2 weeks 

after discharge. 

4. Unable to give verbal consent. 

5. Patients already enrolled within the last 2 weeks. The subsequent visits within 2 

weeks of the index visit were considered to verify the outcome. 
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3.5 Sampling Method:-

We conducted the study 24 hours a day, 7 days a week. All potentially eligible 

patients had a data collection sheet attached to the emergency chart by the triage nurse. 

The initial data collection sheets were filled by the triage nurse and the attending 

emergency department physicians and because randomization was not needed, a 

consecutive sampling method; all consecutive patients were included; was used. Forms 

were later reviewed by the research assistant for eligibility, and those patients who did 

not meet the inclusion criteria were excluded. A log of all patients with sickle cell disease 

was made. 

3.6 Recruitment Strategies:-

The on-duty clinical triage nurse approached the patients once they had been 

registered. All patients with sickle cell disease seen in the emergency department and 

who were alert and capable of providing verbal consent were enrolled if they met the 

eligibility criteria (See Appendix C for the verbal consent structure). The physicians were 

responsible for including the patients in the study. The triage nurse and the physicians 

explained the study objectives and follow-up procedures to the patient (or their substitute 

decision maker), and the benefits of the study in terms of knowledge gained were 

explained. We obtained verbal consent for the follow-up phone call. There were no 

physical risks to the patient, and only the potential inconvenience was a 5- to 10-minute 

follow-up phone call. All patients (or their substitute decision makers) who consented 

verbally to participate in the study had baseline data collected (see appendix C for the 

baseline data collection form). Each patient was asked to provide 2 telephone numbers 

(their home and a mobile number) and 3 times during the day when they preferred to be 
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called. A unique serial number for each patient was used on all the forms belonging to 

that patient so that the different forms could be matched. The variables collected were 

part of the routine clinical assessment. The flow chart below illustrates the study flow 

process. 

The Study Flow Chart 

All Sickle Cell Disease patients 
Presented to ED were Eligible 

Baseline Data Collection Sheet Attached to Chart by Triage Nurse! 

Physicians Determined Inclusion/Exclusion 

Baseline Data Sheets Filled by the Physicians and Ordered Appropriate 
Investigations 

The Research Assistant Extracted the Required Variables from the chart and forms for the 
Missed Patients Were Completed 

Eligibility Again Reviewed by Research Assistant 

Admission Forms Filled for Admitted Patients Patients Discharged From ED 

i : 
Had a Repeat Visit to ED within 2 Weeks; 

Yes No 

Follow-up Form Were Filled(Same as initial data sheet) Structured Telephone Interview and 
Followup Form Were Filled 



3.7 Standardized Patient Assessment 

3.7.1 Patient Assessment:-

All patient assessments were made by emergency department physicians or 

emergency residents. Interns and residents enrolled eligible patients but were asked to 

discuss their assessment with the emergency department physicians as per protocol. We 

did not measure reliability among the assessors. The physician assessors were trained by 

means of a 1-hour lecture and by a practical demonstration of how to assess the clinical 

variables in a uniform manner and how to complete the data collection sheets. The 

physical examination variables were collected according to the standard clinical 

assessment performed on each patient. 

The physicians recorded their findings on data collection sheets after assessing the 

patients before discharge or admission. Both negative and positive findings were 

recorded as per the standard data collection form. Physicians initially assessed the 

patients shortly after their arrival in the emergency department and reassessed the patients 

while in the emergency department as per standard clinical assessment of such patients. 

Meanwhile, ongoing assessments for vital signs, pain score as measured on a visual 

analogue score, analgesia requirements, oxygen saturation, and Glasgow Coma Score 

(GCS) score were made by the nursing staff at 1- or 2-hour intervals according to the 

patient's status. There was no preset minimum observation period, but patients could be 

discharged from the emergency department once they achieved good pain control and 

were thought not to have reason for readmission as assessed by the emergency 

department physician. 
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3.7.2 Quality Assurance:-

The physicians and nurses were regularly reminded to include eligible patients 

and to complete the data collection sheets. The quality of the patient assessment was 

judged by the completeness of the data collection forms and by the number of patients 

enrolled. Monthly feedback was given to the physicians about the study progress and any 

individual concerns were addressed accordingly. A log for discharged patients was kept 

to assure follow-up. A similar log for the admitted patients was kept to avoid enrolling 

the patients within the ineligibility period. The forms were also later reviewed and all 

ineligible patients were removed. The results of the study were not revealed. 

3.7.3 Selection of Variables:-

The variables selected for assessment in the study were chosen by the investigator 

with the help of content experts, a hematologist, and an emergency department physician. 

The variables also were based on the literature published regarding long-term outcome 

predictors for persons with sickle cell disease. These variables were considered useful in 

predicting short-term outcomes. The inclusion of too many variables in the study would 

increase the time required of the physician assessors and might have led to decreased 

compliance. Several variables discussed in the literature were considered not useful or 

not feasible for this study. The following variables, therefore, were not assessed: race, 

dizziness, visual complaints, and hearing complaint. Some variables were thought to 

rarely occur and therefore were not included. Specifically, the results of previous MRI 

imaging, transcranial ultrasound, and previous insertion of a portacath were not included. 

The results of previous MRI or transcranial ultrasound might affect the prediction of a 

cerebrovascular accident. However, we believe that the occurrence of this adverse 
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outcome is rare and is not likely to change the overall results. Likewise, hearing and eye 

complaints were unlikely to have potential predictive ability on the short-term adverse 

outcomes in this study. The variables selected for assessment were historical features, 

clinical examination, laboratory and radiologic investigations, and treatment received in 

the emergency department. The variables were coded as "no" or "yes" unless otherwise 

specified. 

The variables from the history included: (a) presenting complaints (details 

regarding pain, shortness of breath, fever, cough, chest pain, headache, vomiting, 

diarrhea, lethargy) and (b) medical history and immunization status (CVA, exchange 

blood transfusion, surgical procedures, splenic sequestration, immunization, regular 

medication used, and ICU admission). Acute painful episode details were collected as 

follows: onset, location, and duration. The severity of the episode was assessed using a 

visual analogue scale from 0 to 10. Response to therapy was assessed with the same 

scale. The data were collected by the nurse as part of clinical patient assessment. 

Variables from the clinical examination included: Table 3 (a) vital signs; (b) 

the results of a general physical examination including an examination of the head and 

neck, chest, abdomen, and neurologic examination; specific attention was paid to patient 

appearance (whether the patient looked well or toxic), jaundice, pallor, and crackles on 

chest examination, hepatosplenomegaly, priapism, abdominal tenderness, and focal signs 

of cerebrovascular accidents; and (c) specific local examination (limb examination for 

ulcers and inflammation). 
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Variables from the laboratory investigation included: Table 3 (a) a complete 

blood count including hemoglobin, white cell count, platelet count, and reticulocyte 

count; (b) electrolyte levels; and (c) a radiologic investigation (chest radiograph). 

Variables from treatment included: Table 3 (a) antibiotic use; (b) analgesic 

use; (c) intravenous fluids use; and (d) use of hydroxyurea. 

3.7.4 Physicians' Judgment: The physicians were also asked to answer 3 questions 

(not to be used as predictor variables) regarding the possibility of having an adverse 

outcome: (a) the probability of a repeat emergency visit within 2 weeks (as a proportion); 

(b) the probability of patient developing sepsis defined as above (as a proportion); and (c) 

the probability of an admission on first encounter (as a proportion). The physicians were 

asked to estimate the probability on percentage scale, that is, from 0% to 100%. 

3.8 Outcome Measures 

3.8.1 Primary Outcome:-

The primary outcome measure was "short-term adverse outcome." A short-term 

adverse outcome is defined as any of the following in patients with sickle cell disease 

presenting at an emergency department: 

1. Death within 2 weeks of the initial presentation for sickle-cell-related problem. 

2. Need for emergency exchange blood transfusion. 

3. Splenic sequestration (acute illness characterized by an acutely enlarging spleen 

and hemoglobin level of more than 2 g/dL below the patient's baseline value).13 

4. Sepsis (defined as 2 of the following criteria: temperature < 36°C or > 38°C, heart 

rate > 90, respiratory rate > 20 or PaC02 < 32 mm Hg/h, WBC < 4000 or > 12000 

xl06/L; or band > 10% and a source of infection). 
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5. Cerebrovascular accidents within 2 weeks of presentation to the emergency 

department. 

6. Acute chest syndrome (defined as a new pulmonary infiltrates on the chest 

radiograph in combination with fever, chest pain, or respiratory symptoms).14'I5 

7. Hemolytic crisis defined as a hemoglobin level of more than 2 g/dL below the 

patient's baseline value with an appropriately high reticulocyte count. 

Data regarding development of acute chest syndrome, sepsis, splenic 

sequestration, death, and CVAs were ascertained for the admitted patients using inpatient 

hospital charts. Death and admission to other hospitals for patients discharged from the 

emergency department who did not have a repeat emergency department visits were 

ascertained during the telephone interview. The outcome was blindly ascertained. The 

outcome measured was considered to be of little subjective nature. If there was 

controversy about the diagnosis (i.e. diagnosis is not clear or more than one probable 

diagnoses are considered), 2 emergency department physicians reviewed the charts to 

reach agreement and to decide whether it was an adverse outcome or not. Owing to their 

potential lethality, we categorized the following as clinically significant outcomes: death, 

sepsis, CVA, acute chest syndrome, and splenic sequestration and hyperhemolytic crisis. 

The short-term adverse outcomes were likely to occur within the first 2 weeks of the 

initial presentation. The mean duration of the painful crisis was 5 days, and another week 

as a washout period before a new episode was considered. Other adverse outcomes like 

CVA were likely to present within the first 2 weeks of the acute episode. The outcome 

measures were blindly and independently adjudicated. The follow-up telephone interview 

is listed in Appendix E. 
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3.8.2 Secondary Outcomes:-

We modeled the independent variables to predict the development of acute chest 

syndrome as a separate outcome. We thought that we could examine this specific 

outcome separately. The main reason we did this analysis was to explore the variables 

that could be used to develop a clinical decision rule in the future to predict this 

potentially lethal diagnosis. 

3.9 Data Collection and Management:-

Baseline data were collected while the patient was in the emergency department 

(see Appendix D for data collection sheet). Outcome data were collected through a 

structured telephone interview and patient charts (see Appendix E and F for data 

collection sheet for the admitted patients and the structured telephone interview 

respectively).The data were collected at different levels. The data collection sheet was 

attached to the chart as soon as the patient was registered. The triage nurse measured the 

vital signs and recorded them on the sheet. Measuring the vital signs was part of the 

triage nurse's protocol. The emergency department physician filled out the physician data 

form. The laboratory data were extracted from the chart and the electronic records and 

recorded in the data collection sheet by the research assistant who also reviewed the 

inpatient hospital records and completed the inpatient form after the patient was 

discharged. The genetic subtypes of sickle cell disease were ascertained using the 

hospital database and the patients' charts. The emergency department coordinator was 

responsible for the database. Data collected for baseline measures included patient 

complaints, patient demographics, medical history, co-morbidities, the management and 

course of the disease in the emergency department, and the course of the disease as an in­

patient and during follow-up. The details were shown on the data collection sheet. If the 
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patient had a repeat visit, a follow-up data collection sheet was filled. To simplify the 

study and avoid missing patients, the follow-up data collection sheet was the same as the 

baseline data collection sheets. The variables collected were considered as being 

clinically important in deciding which risk factor could predict a potential adverse 

outcome. Table 2,3 and 4 shows the variables collected. 

The data collection sheet had been previously piloted to ensure that the variables 

were easily understood and the patients could be recruited successfully. Data collected 

from the baseline visit and the outcome collection sheets were entered into a Microsoft 

Excel database developed by the principal investigator. All the patient records were 

electronically entered and saved. This made referring back to these collection sheets easy 

and accessible to the research assistant. No patient was admitted to other hospitals and 

hence no discharge summary from other hospitals was obtained. A case summary for 

each patient that included the baseline data and follow-up data was created (see Appendix 

G). The data were kept confidential and in a safe locked room. The principal investigator, 

the research assistant, and the database manager were the only ones with access to this 

data. The data was stored at the study site in the emergency department. 

3.10 Statistical Analyses 

3.10.1 Baseline Characteristics Analysis :-

Using SAS (version 9.1), we prepared descriptive statistics of the baseline 

characteristics. The various clinical subtypes of sickle cell disease patients and the 

clinical presentations were reported as proportions. We also reported frequency counts 

for categorical variables and means and standard deviations for continuous variables. 
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Range was reported for age. Frequencies of outlying points and stem and leaf plots were 

examined for baseline characteristics. Original data were used to verify outlier data. A 

binary variable is more easily understood and more clinically relevant. Hence, we did 

various analyses to decide the various cutoff points for the continuous variables. Cutoff 

points, which were clinically sound and statistically significant, were chosen. Clinically 

important cutoff points were determined by the investigator and discussed during the 

research group meetings. If more than 1 cutoff point was determined to be equally 

important on clinical ground, we included the one with the lowest P value. 

3.10.2 Univariate Analyses:-

The proportion of the adverse outcomes was determined by dividing their 

occurrence by the number of patients during the study within each group. P values were 

reported for the estimated incidence. Although the same adverse outcome occurs more 

than once for the same patient, we reported the most clinically relevant adverse outcome. 

Demographic and historical data as well as the results of clinical examinations and 

laboratory analyses of patients who developed adverse outcomes were compared with 

those who did not develop adverse outcomes using the chi-square test or t tests where 

appropriate. Values for P less than .05 were considered statistically significant. Those 

variables making clinical sense and having a P value less than .25 were used in 

subsequent multivariate analyses. 

3.10.3 Multivariate Analyses:-

We used multivariate statistical analyses to control for potential confounding and 

to model the variables to determine the predictors of adverse outcomes. The objective 

was to find the best combinations of predictor variables to detect short-term adverse 
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outcomes. We evaluated the strength of the relation of each variable with the outcome 

using adjusted odds ratios with 95% confidence intervals. 

Multiple logistic regression analyses were used for this purpose. We evaluated all 

the variables for the model. We modeled the continuous variables as categorical to 

determine the best model. Initial univariate analyses were conducted for each variable 

and those with P values less than 0.25 or of important clinical meaning was included in 

the model. 

Variables were entered using stepwise selection with a P value of entry of .25. 

Those found to be statistically associated with the outcomes had their association 

reported as odds ratios. Statistical significance of independent variables was assessed 

using the likelihood ratio test (with a P value of < .05 as statistically significant). 

Deviance was used to find the best model. Regression diagnostics examining 

multicolinearity, linearity, influential data points, and outliers were used. Goodness of fit 

was measured using the Hosmer-Lemeshow approach. 

3.10.4 Subgroup Analysis:-

Patients presenting with fever represented a special group with a greater potential 

for life-threatening events. Fever is a common presentation. Patients with sickle cell 

disease are immunocompromised owing to their poor spleen function and consequent 

potential for developing sepsis and ultimately dying. Historically, it has been difficult to 

differentiate the patient who might develop sepsis from those who will not develop it. 

Hence, we did an exploratory analysis to determine if patients with fever have more 

frequent adverse outcomes and potential predictors for such outcomes. For the purpose of 

this study, we categorized fever as a temperature of more than 38.0°C. 
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3.10.5 Sample Size Calculation:-

Calculating sample size for multivariate logistic model is controversial. The 

sample size in our study was based on the estimated incidence of adverse short term 

outcome. Because the incidence of repeat emergency visits is known and repeat 

emergency visits patients are more likely to develop adverse outcomes, our sample size 

was based on the incidence of repeat emergency visits. The other adverse outcomes are 

quite rare and would need a very large sample size which will not be feasible in our 

population setting and time frame. Given what we have known from Sultan Qaboos 

University Hospital emergency department data base, there were approximately 35% 

return visits to the emergency department within a 2-week period. We had 72 variables to 

collect though history, physical examination, laboratory investigations, and follow-up. 

We discarded 65% of the variables after the univariate analysis which resulted in 25 

variables that were evaluated in the LR model. An estimate was that we needed 10 

adverse outcomes for every variable in the model, and therefore required 250 such cases 

required (10X25=250). Therefore, our estimated sample size was 714 (250/0.35=714) 

emergency visits. Using 25% as a bound on the estimated repeat emergency visits, we 

estimated the precision of our estimated sample size to be between 570 and950 cases. For 

the purpose of the thesis, our study ran over a 6-month period. We reached our targeted 

number during the study period. 

3.10.6 Missing Data:-

Frequency reports for the missing data were reviewed and charts and the 

laboratory database were reviewed to fill in the missing data. Multiple imputation 

techniques were used to accommodate and account for missing data and to have less 
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biased estimates for our inference. It uses all the available data with and without missing. 

This process involves a series of statistical protocols which takes into account the 

uncertainty of missing data. This process involved 3 distinct phases: the missing data 

were filled in 5 times to generate 5 complete data sets. We then analyzed the complete 

data sets using standard statistical analyses. We combined the results from the 5 data sets 

using the mi-analyze procedure in SAS to produce inferential results. To check the 

imputation method, we performed a sensitivity analysis removing the variables with the 

maximum missing observations. 

3.11 Ethical Issues:-

The study protocol was reviewed and approved by the institutional ethics review 

board at Sultan Qaboos University Hospital before data collection (See Appendix H for 

the ethics approval). The study was also approved by the ethics review board of the 

Ottawa Hospital (see Appendix I for the ethics approval by the Ottawa Hospital Research 

Ethics Board). The study was observational and did not have an intervention and 

therefore, there was no potential patient harm from the study. Because patients were 

managed using standard care, there were no potential risks to the patients due to the study 

protocol. Verbal consent was obtained for the telephone follow-up (see Appendix A for 

the verbal consent structure). The data were kept strictly confidential. 
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CHAPTER 4: RESULTS 

4.1 Study Flow:-

A total of 1046 eligible patients were identified during the 6-month study. The 

study flow is illustrated in Figure 2. Two hundred thirty-nine patients were excluded 

because they visited the emergency department more than once within 2 weeks. Fifteen 

patients were excluded because there were pregnant and likely to be admitted to the 

hospital for other reasons. In total 20 patients were missed with 17 patients not enrolled 

in the study and no data collection form was filled in and 3 patients were admitted to the 

hospital, but there were no data collection sheets for the emergency visit. Fifteen patients 

refused to participate. Twenty five patients were lost to follow-up because of unexpected 

weather conditions during June of whom none were identified as having significant 

adverse outcome using the hospital database. 

4.2 Descriptive Statistics 

4.2.1 Descriptive statistics for the Cohort:-

Data from 732 patients were evaluated and used for descriptive statistics that 

included demographic features, medical history, and results of clinical examinations and 

laboratory studies. The mean age of the patients was 20.4 years. Women comprised 

39.2% of the study population. The patients' demographics and presenting problems are 

summarized in Table 5. The vast majority of patients presented with pain: 49% had 

frequent painful episodes (defined as more than 2 episodes per month). Regular oral 

penicillin was used in 76.8% of the cohort, while hydroxyurea was used by 30.3% of the 

patients. The clinical examination and laboratory features are summarized in Table 6. The 

patients' mean temperature was 36.9°C, and the mean oxygen saturation was 98.9%. 
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Regarding appearance, 40.9% of the patients appeared well, while 2.3% appeared sick or 

toxic. Overall, 79.5% of the patients received intravenous fluids as part of treatment in 

the emergency department. The mean white cell count was 12.21 * 109/L and the 

hemoglobin was 9.8 g/dL. The mean reticulocyte count was 7.6%. 

Three hundred fourteen patients were excluded. The patients' characteristics of 

those patients are summarized in Table 7. The mean age of the patients was 21.0 years. 

Women comprised 42.0 % of the excluded patients. The vast majority of patients 

presented with pain (87.6%) while minority presented with fever (7.0%). The patients' 

mean temperature was 36.9°C, and the mean oxygen saturation was 99.0%. Overall, 

70.4% of the patients received intravenous fluids while 3.8% received intravenous 

antibiotics as part of treatment in the emergency department. The mean white cell count 

was 11.2 x 109/L and the hemoglobin was 10.2 g/dL. The mean reticulocyte count was 

8.3%. 

The cohort was evaluated for various outcomes (Table 8). Three hundred eight 

patients (42.1%) were admitted to the hospital; 52.7% had a repeat emergency 

department visit within 2 weeks of their initial presentation. Seventy-five patients 

(10.2%) developed a clinically significant outcome. Forty-two patients (5.7%) developed 

acute chest syndrome. 

4.2.2 Descriptive Statistics for the Admitted Patients and Telephone Follow-up 

Patients:-

Table 9 demonstrates the clinical and laboratory characteristics of the patients 

with sickle cell disease who were admitted and patients requiring telephone follow-up 

within 2 weeks of emergency department presentation. Three hundred eight patients 
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(mean age, 19.34 years; women, 40.3%) were admitted to the hospital. Of the admitted 

patients, 16.2% received antibiotics; 84.7% were treated with intravenous narcotics. One 

patient died in the hospital. This patient had numerous prior emergency department visits, 

On the day of admission, he went to bed and could not be subsequently aroused. A 

computed tomography scan hospital showed an intraventricular hemorrhage. The patient 

died 4 days after admission. 

One hundred fifty-two patients had a follow-up telephone call 2 weeks after their 

index emergency visit. One patient died at home 5 days after his emergency department 

visit for a painful episode. At the time of his discharge from the emergency department, 

he had been doing well and was asymptomatic. The cause of his death remains unclear. 

4.2.3 Baseline Vital Signs and Laboratory Parameters in the Sickle Cell Disease 

Cohort:-

Table 10 shows the various baseline parameters for the cohort. We analyzed the 

different parameters according to age. Little physiological changes occur after the age of 

8 years; hence we categorized the results accordingly. We found that 8 years of age, was 

the most appropriate cut off value using statistical testing (P < 0.05) for those parameters 

which differ by age. Those parameters that were statistically different in the different age 

groups are presented separately within that age group. Those parameters that were not 

statistically different were not presented within different age groups. The mean oxygen 

saturation was 98.8%. The mean temperature was 36.7°C. As expected, the mean blood 

pressure tended to be higher as age increased. The mean values still fall within the 

expected normal range for persons in the general population. The mean hemoglobin level 
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tended to be lower in younger patients (those under 8 years) and their reticulocyte levels 

tended to be higher. This difference was statistically significant. 

4.3 Univariate Analysis for Clinically Significant Outcomes:-

We defined clinically significant outcomes as death, acute chest syndrome, splenic 

sequestration crisis, sepsis, hyperhemolytic crisis, CVAs, and emergency exchanged 

transfusion. We divided the cohort into those patients who did and did not have clinically 

significant outcomes. We did the analysis of continuous variables using different cutoff 

points. A binary variable is more easily understood and more clinically relevant. Hence, 

we did various analyses to decide the various cutoff points for each of the continuous 

variables. We decided on the best cutoff point using clinical importance and statistical 

significance. When more than 1 cutoff point was found to be equally useful on clinical 

ground, we included the values with the smallest P value. The cutoff point of 96% 

oxygen saturation was found and used. A cutoff point of 15% for the reticulocyte count 

was found and used. The following cutoff points were found to be the best cutoff points 

for the continuous variables: age less than 8 years; temperature, 38°C; heart rate, 100; 

oxygen saturation, 96%. 

Table 11 shows the results of the univariate analyses of the historical features. 

The patients who developed clinically significant outcomes were more likely to be 

younger than 8 years (17.3% vs 5.8%; P <0 .001). They were more likely to present with 

fever (20.0% vs 9.7%; P <0 .001). They were also more likely to have a prolonged 

painful episode (50.7% vs 16.9%, P <0 .001) and to have had previous blood 

transfusions (32.0% vs 15.8%, P <0 .001). They were less likely to have history of 

splenectomy (4.0%) vs 13.9%, P = 0.01) and less likely to be on regular codeine (45.3% 
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vs 63.6%; P = 0.002). Other statistically significant findings included history of chest 

pain and history of splenic sequestration crisis. 

The results of univariate analyses are given in Tables 12 and 13 for the 

examination findings done in the emergency department and the results of laboratory 

analyses. Patients with clinically significant findings were more likely to be tachycardic, 

defined as having a heart rate greater than 100 (38.7% vs 17.0%; P <0 .001). They were 

more likely to have oxygen saturation values less than 96% (18.7%) vs 6.2%; P <0 .001). 

They were likely to appear toxic (9.3%) vs 1.5%; P <0 .001). Other variables found to be 

statistically significant were respiratory rate greater than 24 (16.0% vs 7.3%), 

temperature > 38.0°C (10.7% vs 5.2%), pain visual analogue score > 8.0 (8.0% vs 3.5%), 

pallor appearance (61.3% vs 30.9%), and having chest crackles (14.7%) vs 1.5%). Patients 

with clinically significant findings were likely to have hemoglobin<7g/dl (18.7% vs 

1.2%; P <0 .001). They were more likely to have reticulocyte>15% (18.7% vs 2.3%; P 

<0.001). 

4.4 Multivariate Data analysis for Clinically Significant Outcomes 

4.4.1 Model Building Process:-

All possible predictor variables were analyzed with univariate analyses. For the 

laboratory features, 51%) of the patients underwent laboratory investigations. We 

performed multiple imputations to do the analyses on the completed data set. Using 

listwise deletion would lead to more-biased results and a loss of a significant amount of 

data. All the predictor variables used a multiple imputation technique. The laboratory 

features with missing values were imputed using mi syntax in SAS. This resulted in 5 

different but similar data sets (taking into account the uncertainty of the missing values). 

38 



Then we did a stepwise logistic regression on the various data sets. This logistic 

regression analysis was done at a value for P of 0.25 and P value to remove of 0 .05. 

Forty-one variables of P value less than 0.25 were offered to a model. The results of the 

stepwise logistic aggression were combined using mianalyze syntax in SAS. This yielded 

the final logistic regression model. 

4.4.2 Interaction Terms for the Logistic Regression Model:-

We did not add interaction terms to the model as per study protocol. 

4.4.3 Goodness-of-fit for Logistic Regression Model: -

The Hosmer and Lemeshow test for goodness-of-fit was performed. We did the 

analysis for the various imputed values, which showed there is no evidence of a lack of 

fit (P =0 .87). Removing the variable with the least significant P value (splenectomy) 

resulted in a more refined model (one less variable) without changing the R2 significantly 

(decreased from 31.7 to 30.5). 

4.4.4 Final Logistic Regression Model:-

Our final model is shown in Table 14. The following variables were included: a 

prolonged painful episode (OR 10.1; 95%CI 5.3-19.3), age less than 8 years (OR 2.4; 

95%CI 1.001 -5.9), oxygen saturation less than 96% (OR 3.9; 95%CI 1.6-10.9), patient 

appearing toxic (OR 7.8; 95%CI 2.2-27.2), presence of chest crackles (OR 6.5; 95%CI 

2.3-18.6), splenomegaly (OR 2.6; 95%CI 1.2-5.5), local limb tenderness (OR 0.2; 95%CI 

0.08-0.7), hemoglobin less than 7 g/dL (OR 3.6; 95%CI 1.11-11.6), reticulocyte count 

more than 15% (OR 4.0; 95%CI 1.4-11.5). The coefficient estimates are included in 

Table 15. 
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4.5 Univariate Analysis for Acute Chest Syndrome:-

As for the analysis of the clinically significant outcomes, the analysis of 

continuous variables was performed using different cutoff points. When more than 1 

cutoff point was found to be clinically useful, we included the values with the smallest P 

value. The cutoff point of 92% oxygen saturation was found and used. A cutoff point of 

15% for the reticulocyte count was found and used. The following cutoff points were 

found to be the best cutoff points for the continuous variables: age, 8 years; temperature, 

38°C; heart rate, 110; white blood cell count, > 12 x 109/L; hemoglobin, greater than 7 

g/dL. 

Table 15 shows the results of univariate analyses from the historiy variables. 

There were 42 positive cases for acute chest syndrome in the cohort. Patients who 

developed acute chest syndrome were less likely to be women (23.8% vs 40.1%; P <0 

.03). They were more likely to present with fever (28.6% vs 9.7%; P <0 .03). They were 

also more likely to have a prolonged painful episode (50.7% vs 16.9%; P <0 .001) and to 

have previous blood transfusions (28.6%) vs 16.8%; P <0 .05). They more frequently had 

cough (28.6% vs 5.9%; P <0 .001) and chest pain (35.7% vs 9.7%; P <0 .001), and they 

were less likely to have history of splenectomy (2.0% vs 13.5%; P = 0.04). 

Tables 16 and 17 shows the results of univariate analyses for the examination 

findings done in the emergency department and the laboratory features. Patients with 

clinically significant findings were more likely to be febrile (14.3% vs 5.2; P = 0.01), 

defined as temperature 38°C. They were also more likely to have an oxygen saturation 

value less than 92% (7.1% vs 0.4%; P =0.003). They were more likely to appear toxic 

(7.1% vs 2.0%; P <0 .03) and have a higher pain visual analogue score defined as score 
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greater than 8 (11.9% vs 3.5%; P <0 .001). Clinical findings of chest crackles also were 

higher in the acute chest syndrome group (23.8% vs 1.6%; P <0 .001). Other statistically 

significant variables in the acute chest syndrome group were heart rate above 110 (31.0% 

vs 18.6%), white blood cell count greater than 12 x 109/L (42.9% vs 19.1%), and 

reticulocyte count greater than 15% (11.9% vs 3.5%). Patients with acute chest syndrome 

were likely to have white blood cell count>12 (42.9% vs 19.1%; P <0 .001). They were 

more likely to have reticulocytes-15% (11.9% vs 3.5%; P =0 .02). 

4.5 Multivariate Analysis for Acute Chest Syndrome 

4.6.1 Model Building Process:-

As for the clinically significant outcome model building process, we used a 

multiple imputation technique to input the missing values of the laboratory variables. We 

performed a stepwise logistic aggression on the various data sets. This stepwise logistic 

regression analysis was conducted with a P value to enter of 0.25 and P value to remove 

of 0.05. Thirty-four variables with a P value less than 0.25 were offered to a model. The 

results of the stepwise logistic aggression were combined using mianalyze syntax in SAS. 

This yielded the final logistic regression model. 

4.6.2 Goodness-of-fit for Logistic Regression Model:-

The Hosmer and Lemeshow test for goodness-of-fit was performed. The analysis 

of the imputed data, showed there was no evidence of a lack of fit (P = 0.54). Removing 

2 variables with the least significant P values (regular use of penicillin and WBC > 12 x 

109/L) resulted in a more refined model (2 less variables) without changing the R2 

significantly (increased from 36.2 to 36.3). 
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4.6.3 Final Logistic Regression Model:-

Our final model is shown in Table 18. The following variables were included: a 

prolonged painful episode (OR 22.0; 95%CI 8.7-55.3), oxygen saturation less than 92% 

(OR 17.7; 95%CI 1.7-184.9), history of cough (OR 4.5; 95%CI 1.7-12.0), history of 

pneumococcal vaccine (OR 0.33; 95%CI 0.11-0.98), presence of chest crackles (OR 9.5; 

95%CI 2.6-34.7), local limb tenderness (OR 0.20; 95%CI 0.05-0.80), and reticulocyte 

count more than 15% (OR 4.9; 95%CI 1.2-19.7). The coefficient estimates, and their 

corresponding odds ratios with their 95% confidence intervals are included in Table 19. 

A prolonged painful episode was the strongest predictor variable (OR=22.0) for acute 

chest syndrome followed by low oxygen saturation. The standard error was high for the 

low oxygen saturation owing to a low prevalence in this group. However, we felt that this 

is a clinically important variable and so, we kept it in the model. 

4.7 Subgroup Analysis: Patients with Fever:-

We performed a subgroup analysis for patients with fever to see if they were 

likely to develop adverse outcomes. Table 19 shows that patients with fever were likely 

to be admitted to the hospital, likely to develop clinically significant outcome, and likely 

to acute chest syndrome. Temperature is not a predictor in the multivariate model 

probably because other variables were more likely to predict the outcome variable. 

4.8 Sensitivity and Specificity of the Logistic Regression Model 

4.8.1 Sensitivity of the Model for Clinically Significant Outcome:-

Sensitivity and specificity of the regression model for clinically significant 

outcomes was determined using probability classification cutoff points from 0.003 to 

0.95. The sensitivities and specificities for this range of cutoff points are illustrated in 
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Table 20 and their corresponding plot is illustrated in Figure 3. The receiver operator 

characteristic curve (ROC) for the final logistic regression model is illustrated in Figure 

4. The area under the curve was 0.88. This indicates that the model has excellent ability 

to discriminate between those subjects who experienced clinically significant outcomes 

and those who did not. 

4.8.2 Sensitivity of the Model for Acute Chest Syndrome:-

Sensitivity and specificity of the regression model for clinically significant 

outcomes was determined using probability classification cutoff points from 0.02 to 0.95. 

The sensitivities and specificities for this range of cutoff points are illustrated in Table 21 

and their corresponding plot is illustrated in Figure 5. The ROC for the final logistic 

regression model is illustrated in Figure 6. The area under the curve was 0.88. This 

indicates that the model has excellent ability to discriminate between those subjects who 

experienced acute chest syndrome and those who did not. 

4.9 Physicians Judgment:-

We asked the physicians 2 questions. The first was to estimate the admission 

probability on a scale from 0 to 100% for the patients on their first encounter. The 

response in answering this question among the physicians was 39.1%. We found that 

patients were more likely to be admitted if the physicians estimated their admission 

probability as 40% or more (42.3% versus 12.2%). The area under the ROC curve for the 

physicians' judgment is 0.65. This demonstrates that the physicians are at best fair in 

accurately predicting hospital admission. The patients were less likely to be admitted if 

the physicians estimated their admission probability to be 20% or less (45.4% versus 

15.4%). The area under the ROC curve for the physicians' judgment is 0.65. This also 
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demonstrates that physicians are at best having a fair probability in predicting which 

patients are to be less likely admitted to the hospital. The second question was to estimate 

the chance of repeat emergency department visits within 2 weeks. The response to this 

question was only 6.5%, and hence the results were not analyzed further. 
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CHAPTER 5: DISCUSSION 

We successfully enrolled a consecutive sample of 732 sickle cell disease patients 

over the six month study period. Overall, the study population was young. Most of the 

patients presented with painful crisis. There were 75 cases (10.2%) with clinically 

significant adverse outcomes and 42 cases with acute chest syndrome. The variables that 

were found to be statistically significant in the multivariate analysis to predict clinically 

significant outcomes included: age less than 8 years old, prolonged painful episode, 

oxygen saturation less than 96%, patients appearing toxic, chest crackles, splenomegaly, 

hemoglobin less than 7 g/dl and reticulocytes more than 15% and presence of local limb 

tenderness. Patients with acute chest syndrome were more likely to have: prolonged 

painful episode, oxygen saturation less than 92%, history of cough, chest crackles, 

reticulocytes more than 15%, local limb tenderness and received pneumococcal 

vaccination. In general, the younger the patient and the sicker they were, the more likely 

they were to develop adverse outcomes. 

5.1 Study Enrolment:-

We enrolled 732 patients during the six-month study period. There were 75 cases 

of clinically significant outcomes. On average, there were 12.5 cases per month. We 

conducted the study over a six month period. However, we were unable to achieve a 

complete follow-up on 25 patients who were initially enrolled. The main reason for this 

incomplete follow-up was exceptional weather conditions causing floods and damage to 

the infrastructure. In an effort to verify if these patients had any adverse outcome, we 

searched our hospital database, but did not find these patients having adverse outcome. If 

those patients developed adverse outcomes and have some variables common, our results 
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might have been biased by not identifying important predictor variables. Nevertheless, 

we will continue to try to find out if these patients developed any adverse outcomes, as 

this event happened toward the end of our recruitment period. To improve follow-up in 

future studies, we will include the mailing address to ensure that patients who cannot be 

reached by phone can be contacted using mail. 

We consider our study to be a success because it is the first prospective study 

conducted in the emergency department that looked specifically at the short term 

outcome. This was also the first prospective study conducted at the emergency 

department at the study site. We were able to achieve this by providing continuous 

reminders to the emergency department staff about the importance of the success of this 

study as it opens the door to future research. There were no financial incentives to the 

patients or the staff in conducting this study and we did not receive any funding from 

external sources. The cost was absorbed by the department clinical fund. 

5.2 Clinical Presentation of Sickle Cell Disease to the Emergency Department 

(Objective 1):-

One goal of the study was to describe the clinical presentation of sickle cell 

disease to the emergency department. We chose this group of patients because they are at 

high risk of developing adverse outcomes. They are at high of risk of death, sepsis and 

other severe outcomes.14 We were particularly concerned about the emergency 

management of these patients and what could predict the adverse outcomes or make the 

diagnosis of these outcomes easier. 

We successfully enrolled a consecutive sample of 732 patients over the six month 

study period. Overall, the study population was young; with mean age of 20.4 years. This 
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reflects the mean age of the general population at the study site, where 33.8% of the 

population is below 15 years (2003 census-Oman). The most common presenting 

problem was painful crisis found in 92% of the clinical presentations. Limb pain was the 

most common site for the painful crisis, amounting for 36.5% of the complaints, followed 

by back pain, causing 24.5% of the presenting complaints. Chest pain led to 11.2% of the 

clinical presentations. Almost half of the patients had frequent painful episodes defined 

as more than 2 episodes per month. Gill et al. reported painful episodes as the most 

common presentation during childhood.15 

Our results are unique to the emergency department, in that there are no studies to 

our knowledge that have looked at the clinical presentation in the emergency department. 

The reported rate of pain was much lower in the previous prospective study. Their 

reported average rate was 0.8 episodes per patient-year in sickle cell anemia.12 Although 

we did not report the rate, we believe that it will be much higher, as 49.0% of our patients 

reported more than two episodes per month. This could be due to multiple factors, 

including genetic and environmental factors. Dehydration was postulated to precipitate a 

painful crisis. We found no evidence in our study or in published literature to support this 

belief. The mean pain numeric score was 5.7, with 72% of patients having a score of 5 or 

more, which indicates that patients with moderate to severe pain are likely to present to 

the emergency department. 

In addition, we were surprised to find that 76.8% of our cohort is using regular 

penicillin to prevent serious bacterial infection. The evidence available reveals that using 

regular penicillin is indicated up to the age of five years, beyond which its use is 

controversial.28 We were also surprised that only 79.5% of the patients had received IV 
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fluid, despite the fact that 92% presented with pain. One possible explanation for this 

difference is the practice variation between the physicians. It is also unclear whether 

routinely giving extra fluids to people with sickle cell painful crisis, but without 

dehydration, will be beneficial or harmful.49 

5.3 Proportion of Patients with Adverse Events (Objective 2):-

This is the first study that has described adverse outcomes in patients who 

presented to the emergency department. The admission rate was 42.1% and severe 

painful episodes (79.2%) not responding to the emergency management were the most 

common reason for admission. Intravenous narcotics were prescribed to 84.7%, while 

intravenous antibiotics were prescribed in 16.2% of the admitted patients. One patient 

died during the hospital admission. We believe that the most common reason for the high 

admission rate was that the physicians were reluctant to prescribe appropriate doses of 

outpatient narcotics. Most of hospital admissions would probably be avoided if the 

patients had good pain control as outpatients. This is evident from the type of the narcotic 

being prescribed, which is codeine and it was prescribed 61.7% of the time. 

Codeine is known to be a poor analgesic if compared to morphine and is not 

superior to acetaminophen. A recent study concluded that there was no significant 

difference between patients receiving codeine or acetaminophen in the change in pain 

score for any time period, or in the number of patients achieving adequate analgesia.50 

Another study which is evaluating codeine as analgesia in patients with sickle cell disease 

is currently recruiting patients. 

A large proportion of patients (32.6%) had repeat emergency visits within two 

weeks of their initial visits, with the most common reason being pain. One study found 
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the admission rate to be as high as 64%, and the reason for admission was inadequately 

controlled painful crisis in the emergency department.51 A daycare approach in the 

management of the sickle cell disease patient could be an ideal solution to avoid such a 

high admission rate. A retrospective study concluded that a dedicated day hospital facility 

has the potential to provide efficient and timely management of uncomplicated painful 

vaso-occlusive crisis through reduction of length of stay.52'53 This is an attractive idea in 

the study center setting to reduce the load on the emergency department and in hospital 

admitting services, while providing optimal care for those patients. 

There were 75 cases (10.2%) with clinically significant adverse outcomes. The 

death occurrence was too uncommon to allow a separate subgroup analysis being 

performed. Two patients died during the study periods. Both patients were brothers. The 

first patient died unexpectedly at home. Although he was well on the day he died, he was 

found dead in his bed. There was no autopsy conducted. There is a suspicion that his 

death could be attributed to narcotic overdose because he had experienced previous 

episodes of apnea while admitted, which was attributed to overdose. This patient also had 

very frequent painful episodes. His brother was complaining of moderate headache 

before going to bed. He could not be awakened and was brought to the emergency 

department. After being intubated, a CT scan of the head showed severe intraventricular 

hemorrhage and he died in the intensive care unit (ICU) few days later. He also had very 

frequent painful episodes. We do not believe that the death of those brothers would have 

been prevented by a change in the course of their management. 

Finally, the most common significant adverse outcome was acute chest syndrome. 

There were 42 (5.7%) cases of acute chest syndrome, followed by splenic sequestration 
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crisis (13 cases), sepsis (8 cases), hyperhemolytic crisis (6 cases), exchange blood 

transfusion (3 cases), and CVA (1 case). A separate discussion of the clinically 

significant outcomes of acute chest syndrome is to follow. 

5.4 The Association between Patient Characteristics and the Clinically 

Significant Outcomes (Objective 3):-

There are a number of variables associated with clinically significant outcomes. 

There were a total of 75 positive cases that developed clinically significant outcomes. A 

total of 26 variables from history, physical examination, and laboratory features had a p-

value of 0.05 or less in the univariate analysis. The patients who developed clinically 

significant outcomes were more likely to be younger, present with fever, have a 

prolonged painful episode, received blood transfusions, have chest pain, and have a 

history of splenic sequestration crisis. For these patients, clinically significant findings 

were more likely to be tachycardia, oxygen saturation of less than 96%, more likely to 

appear toxic, respiratory rate >24, temperature >38.0, pain numeric score >8.0, and chest 

crackles. They were more likely to have wbc >12, hb <7g/dl, had reticulocytes >15%. 

These results reflect the clinical nature of any disease. The patients who have more 

severe disease are more likely to develop adverse outcomes. Fever and prolonged painful 

episodes support this explanation. They also have significant past history as they are 

more likely to have received blood transfusion and had splenic sequestration. Their vital 

signs and clinical examination also supports that they are likely to develop adverse 

outcomes. They are tachycardic, have more severe pain, less oxygen saturation, and 

appear toxic. Their laboratory parameters also support that they are sicker patients. They 

have higher wbc, lower haemoglobin and higher reticulocytes count. 
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We were surprised that treatment with hydroxyurea does not seem to protect 

patients from developing adverse outcomes. This is contradictory to the available 

evidence from randomized controlled trials. Studies concluded that hydroxyurea is 

efficacious in children and adults with SCD; with an increase in Hb F%, and reduction in 

hospitalizations and pain crises. Another randomized controlled trial found no significant 

difference between hydroxyurea and placebo in stroke (RR 0.64, 95% CI 0.11 to 3.80), 

hepatic sequestration (RR 0.32, 95% CI 0.03 to 3.06), or in mortality related to sickle cell 

disease (RR 0.48, 95% CI 0.09 to 2.60).54 However, few studies have measured the 

effectiveness of hydroxyurea for SCD in usual practice.33'55 Our study is observational 

and intended to be pragmatic in nature and hence the effectiveness of hydroxyurea could 

be examined in usual clinical practice. Hydroxyurea is only used in 30.3%) of the cohort, 

despite the fact that half of our patients had very frequent painful episodes. Another 

possible explanation for our findings is non-compliance with the prescribed treatment 

especially it is a lifelong treatment. Our results should be replicated in other effectiveness 

studies before reaching any conclusion regarding its use. 

5.5 The Association between Patient Characteristics and the Acute Chest 

Syndrome (Objective 4):-

The acute chest syndrome (ACS) in sickle cell disease is currently defined as a 

new infiltrate on chest radiograph associated with one or more symptoms, such as fever, 

cough, sputum production, tachypnea, dyspnea, or new-onset hypoxia. There were 42 

(5.7%>) cases that developed acute chest syndrome during the study period, making it the 

most common clinically significant complication. A similar rate was reported in the 
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CSSCD study. Most of the patients (79%) in our study developed acute chest syndrome 

after admission to the hospital. CSSCD study reported 48% of the episodes, acute chest 

syndrome developed during hospitalization for acute pain or other causes. This indicates 

that a large proportion of patients with acute chest syndrome develop it a few days after 

the initial presentation. It may seem obvious that the pathophysiological process takes 

time to lead to the clinical diagnosis of acute chest syndrome. 

Chest pain, fever, cough were the most common complains. Temperature>38.0, 

tachycardia, severe pain, pallor, and chest crackles were the most common physical 

findings. A total of 20 variables from history, physical examination; and laboratory 

features had a p-value of 0.05 or less in the univariate analysis. The patients who 

developed acute chest syndrome were more likely to be male, present with fever, had a 

prolonged painful episode, complained of shortness of breath, cough, and chest pain, and 

had a history of blood transfusion as well as a history of splenectomy. The clinically 

significant findings for these patients were more likely to be febrile, tachycardia, have 

oxygen saturation less than 92%, less likely to appear well, more likely to appear toxic, 

had pain numeric score > 8.0, and had chest crackles. They were more likely to have wbc 

>12 and higher reticulocytes count. These variables are similar to the variables which 

predict clinically significant outcomes. This was not a surprise, because acute chest 

syndrome is the most common clinically significant outcome. We noticed again that the 

patients who have more severe disease are more likely to develop acute chest syndrome. 

A Saudi study reported similar findings and found that fever, cough, and chest pain were 

the most common symptoms. Raised temperature, tachypnea and tachycardia were the 

most common findings.56 
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5.6 Multivariate Analysis to Determine the Clinical Predictors for Clinically 

Significant Outcomes (Objective 5):-

Variables found to have a p-value of < 0.25 were simultaneously evaluated using 

logistic regression. Variables with a p-value of 0.05 or less were kept in the final model if 

they clinically important. The following variables were found to be statistically 

significant and therefore were kept in the final logistic regression model: age less than 8 

years old, prolonged painful episode, oxygen saturation less than 96%, patients appearing 

toxic, chest crackles, splenomegaly, hemoglobin less than 7 g/dl and reticulocytes more 

than 15%. One variable was found to decrease the chance of developing adverse 

outcomes, namely, presence of local limb tenderness. All the variables were thought to be 

clinically relevant and therefore kept in the model. 

A prolonged painful episode had an OR=10.1 (95% CI, 5.3-19.3). This result was 

surprising to us. Patients who have a prolonged painful episodes are more likely to have a 

severe episode and more likely to develop significant adverse outcomes. This could be 

due to the prolonged painful episode, resulting in the release of inflammatory mediators, 

which led to multi-organ involvement and the development of adverse outcomes. Another 

possible explanation is that patients with prolonged painful episodes are treated more 

aggressively and that treatment leads to adverse outcomes. To explore this further, we 

modeled prolonged painful episode it as a dependent variable. We found that those with 

severe pain are more likely to develop prolonged painful episodes (OR=2.1, 1.1-4.9). 

History of CVA was also a predictor for prolonged painful episodes (OR=9.9, 1.8-53.3). 

This wide confidence interval indicates that a history of CVA is rare. We did not find any 

studies that looked at prolonged painful episodes as a predictor of adverse outcomes. 
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Young patients less than 8 years old were more likely to develop clinically 

significant outcomes (OR=2.4; 1.001-5.9). Mean age at death of 5.6 years was reported.5 

Almost 50% of sickle cell disease patients died before their 5th decade of life.14 A 

prospective study reported that the peak incidence of death among children with sickle 

cell anemia occurred between 1 and 3 years of age, with most patients dying due to 

sepsis. This indicates that younger patients are likely to develop more severe outcomes. 

Younger patients have immature immune systems and are less likely to mount a full 

response to infection, which could explain their risk of developing adverse outcomes. 

Patients with lower oxygen saturation and experiencing chest crackles were more 

likely to develop clinically significant outcomes. This result was expected as they either 

predict or part of the clinical presentation of acute chest syndrome. Patients who appear 

toxic were more likely to have adverse outcomes (OR=7.8; 2.2-27.2). This indirectly 

indicates that emergency physicians could predict patients who appear toxic and 

ultimately will develop adverse outcomes. This supports the term we always use - that the 

patient looks toxic or is not looking well - to help emergency physicians make a decision 

about the disposition of the patient. There were no previous studies that looked at this 

specific variable as a predictor of adverse outcomes. 

Splenomegaly increased the risk of developing adverse outcomes (OR=2.6; 1.2-

5.5) and serves as an indicator of sequestration crisis, which is one of the clinically 

significant outcomes. To explore this theory, we did a univariate analysis which showed 

that patients with splenomegaly were more likely to have splenic sequestration crisis than 

those who did not (p-value=0.003). However, splenic sequestration was too uncommon 

in our study to allow for subgroup analysis. 
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Local limb tenderness lowered the chance of developing clinically significant 

outcomes (OR=0.23; 0.08-0.66). Our study is the first study to show that this is an 

important clinical variable. It is possible that patients with local limb tenderness are 

unlikely to have a severe episode and the sickling happens only in isolated part of the 

body. Another explanation is that local tenderness indicates that the vassocclusion 

happens in a superficial part of the body, like the periosteal area and not in the deep 

organs. It is proposed that centrally mediated reflexes, triggered by skin cooling, causes 

the shunting of the blood away from the bone marrow, which may account for the 

C O 

symmetrical and bilateral distribution of the pain. This might lead to sickling in the 

bone and tenderness. The same pathophysiologic process is unlikely to cause other 

significant adverse outcomes. 

The patients with severe anemia (defined as a hemoglobin level of less than 7 

g/dl) were 3.6 times as likely to have severe disease as patients with hemoglobin levels of 

at least 7 g/dl (95%CI 1.1-11.6). Similarly, high reticulocytes (more than 15%) count 

increased the chance of developing adverse outcomes (OR=4.0; 1.4-11.5). Both are likely 

to predict the same clinical finding. We chose to keep both variables in the model as 

increases in the reticulocyte count lags a few days behind the acute decrease in the 

hemoglobin. The reticulocyte count is also an important variable to diagnosis aplastic 

crisis where the bone marrow fails to synthesize enough red blood cells to compensate for 

the insult, which causes a drop in hemoglobin. A low hemoglobin level has previously 

been shown to correlate with an increased risk of death in childhood14 or adulthood, as 

well as an increased risk of stroke.19 Perhaps low hemoglobin indicates a severe disease. 
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Other studies have found that low steady haemoglobin is important in predicting stroke 

C O 

and cardiomyopathy. 

Our study is unique in that it is predicting adverse outcomes in the acute setting 

and we are trying to predict the adverse outcomes using emergency department visit and 

variables. This is more clinically important in the management of the acute episodes. 

Long term outcome is more important for the chronic management of these patients and 

for the overall comprehensive management. The p-value for regular hydroxyurea was 

0.46 and therefore was not entered in the multivariate model. To avoid removing it from 

the model just because of its high p-value, we explored the analysis by including it in the 

multivariate analysis and this again did not show that it was an important variable to 

include. 

The area under the ROC curve was 0.88, indicating that our model has excellent 

ability to discriminate between those subjects who experienced adverse outcomes versus 

those who did not.59 The Hosmer-Lemeshow goodness of fit statistic, did not indicate 

lack of fit. Figure 3 indicates that our model has a high sensitivity at low cut-off values 

and has a high specificity at higher cut-off values and that the specificity does not change 

significantly at a cut-off point of 0.4 or more. We are comfortable that our model is a 

fairly good model in predicting what it is intended to predict and that it is statistically 

plausible. 
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5.7 Multivariate Analysis to Determine the Clinical Predictors for Acute Chest 

Syndrome (Objective 5):-

The definition of acute chest syndrome requires the appearance of a new infiltrate 

on the chest x-ray, accompanied by acute respiratory symptoms.60 It is the second most 

common reason for hospital admission for patients with sickle cell disease.61 Our study 

confirmed these findings. It was the most common clinically significant adverse outcome. 

The following variables were found to be statistically significant and therefore were kept 

in the final logistic regression model: prolonged painful episode, oxygen saturation less 

than 92%, history of cough, chest crackles, and reticulocytes more than 15%. Two 

variables were found to decrease the chance of developing adverse outcomes: the 

presence of local limb tenderness and pneumococcal vaccination. All the variables were 

thought to be clinically relevant and therefore kept in the model. Prolonged painful 

episodes, local limb tenderness, and high reticulocytes counts were discussed in the 

previous section and would apply to acute chest syndrome as it is part of the clinically 

significant outcomes. Prolonged painful episodes, in particular, could be associated with 

acute chest syndrome. Prolonged painful episode means a more severe vaso-occlusive 

crisis. This might lead to a pulmonary fat embolism, which has been implicated in the 

pathophysiology of acute chest syndrome. It is believed that a pulmonary fat embolism 

most likely results from bone marrow necrosis, with the release of fat droplets in the 

blood stream which travels to the lung, initiating the fat embolism syndrome.62"64 

Low oxygen saturation, cough, and chest crackles obviously favor the diagnosis 

of acute chest syndrome. They are part of the clinical findings in diagnosing acute chest 

syndrome. We decided to keep these variables in the model to emphasize the clinical 
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findings as an important part of acute chest syndrome diagnosis, in addition to the chest 

infiltrates on the chest x-ray. Also, we kept it in the model because most of the cases of 

acute chest syndrome (79%) developed after the hospital admission, while these findings 

were collected during the emergency department visits. Low oxygen saturation had a 

wide confidence interval around the point estimate (OR=17.68; 95% CI 1.67 - 184.93), 

because there were only few cases of low oxygen saturation in the acute chest syndrome 

group (3cases). A previous study indicated that pulse oximetry is often inaccurate in 

children with SCD, particularly in the face of severe anemia.65 Although we did not 

study the accuracy of the oxygen saturation in our cohort, we do not believe that this 

conclusion will hold true in our study. Choosing a cut-off value of saturation of less than 

96% would narrow the confidence interval, but might not be very meaningful clinically, 

hence we choose the cut-off point as 92%. Cough is a nonspecific respiratory symptom 

which could be caused by many etiologies. Chest crackles are likely caused by fluid in 

the alveoli or other inflammatory process in the lungs. It is important to recognize that 

chest x-ray findings could be subtle in the initial phase and a high index of suspicion is 

important. Morris et al. has shown that new pulmonary infiltrates often are missed by 

evaluating physicians.66 This makes the clinical symptoms crucial, as acute chest 

syndrome could be rapidly fatal. 

Patients who received a pneumococcal vaccination had an OR=0.33 (95% CI 

0.11-0.98), indicating that pneumococcal vaccination might protect against the 

development of acute chest syndrome. This was not a surprising result, as infection has 

been implicated as a causative factor in the development of acute chest syndrome. 

However, pneumococcal infection had been isolated in a small number of patients who 
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developed acute chest syndrome. One possibility is that pneuomococcal infection is 

more common than we previously thought, or that our population is different and 

pneumococcal infection is common in our cohort. These results should be replicated in 

future studies before reaching a firm conclusion about the pneumococcal vaccine. We do 

not have enough information about the use of Pneumococcal Conjugate Vaccine 

(Prevnar) in sickle cell disease patients and whether it might be protective against acute 

chest syndrome. Regular use of penicillin had a trend to be protective, but did not reach a 

statistical significance. It could be one variable to be tested in future studies. 

The area under the ROC curve is 0.89. This indicates that our model has an 

excellent ability to discriminate between those subjects who developed acute chest 

syndrome versus those who did not. The Hosmer-Lemeshow goodness of fit statistic does 

not indicate lack of fit. Figure 4 indicates that our model has a high sensitivity at low cut­

off values and has a high specificity at higher cut-off values and that the specificity does 

not change significantly at a cut-off point of 0.3 or more. We are comfortable that our 

model is a fairly good model for predicting what it is intended to predict and it is 

statistically plausible. 

5.8 Baseline Vital Signs and Laboratory Parameters in Sickle Cell Disease 

Patients (Objectives 6 and 7):-

Table 9 shows the baseline vital signs and laboratory parameters. The mean heart 

rate for patients less than 8 years old was significantly higher than those who are older 

than 8 years (112 versus 94). The mean respiratory rate and systolic blood pressure was 

also significantly higher in younger patients. These results were expected. The mean 

diastolic blood pressure was not statistically significant between the two groups. The 
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mean temperature and oxygen saturation was similar between the two groups. These 

results were also expected. Furthermore, these results are similar to the general 

population; hence the baseline vital signs for sickle cell disease patients should be the 

same as for other patients.67 

The mean white blood cell count is 13.9. The mean was the same across the 

different age cut-off values. The mean hemoglobin was significantly different in children 

less than 8 years old, compared to children older than 8 (8.6 versus 9.6). A possible 

explanation for this difference is that children younger than 8 years old are having rapid 

turnover of red blood cells and having increased synthesis of new blood cells. This is 

supported by the fact that younger patients have higher reticulocyte counts compared to 

older children and adults (10.7% versus 7.2%). 

The laboratory parameters were measured during an acute visit to the emergency 

department. Although we are comfortable that these values represent the actual baseline 

values for the patients, we recommend using baseline laboratory parameters 

measurements during a routine visit and not during the acute episode to avoid bias. 

Patients who present in acute episodes are probably more likely to have abnormal 

laboratory parameters. The mean electrolytes in patients with sickle cell disease are not 

different from the mean electrolytes in the general population, hence we recommend 

using the general population standard parameters.68 It was thought that dehydration 

might precipitate sickling and painful crisis. Patients with sickle cell disease are more 

prone to dehydration to decreased ability of the kidney to concentrate urine, which leads 

to increased urine output and dehydration.69 The laboratory parameters do not show 
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evidence of dehydration as a potential precipitating factor. The BUN, creatinine, and 

serum bicarbonate level were within the normal limits. 

5.9 Missing Data:-

Almost all studies have some missing observations.70 We looked at sources of 

missing data and we reviewed the data collection sheets and charts to fill in any missing 

data. The main source for our missing observations was the laboratory parameters. The 

study protocol did not require investigations for all patients, so only 51 % of the patients 

have laboratory investigations performed. The physicians did not believe that all of their 

patients required laboratory investigations. The physicians were likely more experienced 

in managing sickle cell disease patients and did not believe that laboratory investigations 

were required in all the patients. Listwise deletion (removing variables with missing 

observation) creates an unacceptable loss of data. It will also bias our results, leading to 

smaller parameters point estimates and a larger variance, because the more sick patients 

are more likely to have laboratory investigations. We discussed the best method for 

dealing with the missing data. We chose to do multiple imputation, which has been 

shown to produce less biased results in comparison to other methods. Janssen used 

multiple simulations to investigate issues of missing data and concluded that multiple 

imputations resulted in less biased regression coefficients, a better discriminative value, a 

better coverage, and a higher power than dropping the variable from the analysis. He 

continued to conclude that multiple imputations should be the method of first choice 

when dealing with missing values in (medical) research, even when the percentage of 

missing values is over 50%.71 Another study proved that multiple imputation allows the 
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conservation of precious data observations and leads to unbiased estimates in consequent 

analyses. We used multiple imputation techniques in SAS to impute the missing 

observations. The method we used was the Markov Chain Monte Carlo (MCMC) method 

with a single chain. Instead of filling in a single value for each missing value, multiple 

imputation replaces each missing value with a set of plausible values that represent the 

uncertainty about the right value to impute. We used all of the variables which will be 

used in the analysis to impute the missing observations. The dependent variables were not 

used in the imputation. We generated five data sets, and then we analyzed the five 

complete data sets using the logistic regression methods. Finally, the results from the five 

complete data sets were combined to produce inferential results. We believe this will 

produce less biased results than listwise deletion. We performed a sensitivity analysis for 

our model with and without the laboratory variables which were imputed. All the 

variables for clinically significant outcome were found to be predictors for adverse 

outcome. History of splenectomy was an extra variable to be included in the model 

without imputation. The following variables were included; removing the laboratory 

variables which had the maximum missing observations: a prolonged painful episode 

(OR 7.5; 95%CI 3.7-15.1), age less than 8 years (OR 5.7; 95%CI 2.3 -14.1), oxygen 

saturation less than 96% (OR 3.2; 95%CI 1.2-8.6), patient appearing toxic (OR 5.3; 

95%CI 1.1-25.1), presence of chest crackles (OR 11.9; 95%CI 3.1-46.0), splenomegaly 

(OR 3.2; 95%CI 1.4-7.2), local limb tenderness (OR 0.2; 95%CI 0.06-0.6), history of 

splenectomy (OR 0.08; 95%CI 0.01-0.7). History of splenectomy should be tested further 

in future studies. 
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Strengths of the Study:-

We collected the data prospectively, which provides us with a blinded assessment 

of the outcome. The data was collected prior to the outcome, which provides reasonable 

evidence of association between the independent variables and the outcome. We 

performed univariate analysis and advanced multivariate analysis. 

This study was the only one conducted in the emergency department, looking at 

potential adverse outcomes in the short term. We developed a detailed protocol before 

commencing the study. Patients from different age groups were enrolled. To minimize 

selection bias, we enrolled patients prospectively and consecutively, 24 hours a day 

during the study period. Then, we followed the patients prospectively and achieved a 

very high follow-up rate (95%). We searched our hospital database to explore the patients 

who lost follow-up, and we did not find any evidence that they developed adverse 

outcomes. By collecting the data on over 732 patients, we were able to enrol 75 patients 

with adverse outcomes and estimate the odds of developing adverse outcomes with a 

95% confidence interval. We were able to estimate the univariate association between 

independent variables and the outcomes. We were also able to develop a logistic 

regression model to estimate the potential predictors for adverse outcomes. We 

demonstrated that our model had an excellent discriminatory power as shown in the ROC 

curves. 

5.11 Limitations of the Study:-

Several potential limitations exist in our study. With the exception of acute chest 

syndrome, a small number of individual adverse outcomes within the clinically 

significant adverse outcomes made it impossible to evaluate the predictors for each 
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specific adverse outcome. Despite the fact that patients were identified prospectively, 

some variables were collected retrospectively and in some cases documentation was 

incomplete. The variables for admitted patients were collected from the chart as per study 

protocol. We did not include variables like the percentage of fetal hemoglobin and sickle 

hemoglobin as variables. There is a potential for misclassification bias. For example, 

acute chest syndrome might be misclassified as pneumonia and vice versa, which might 

bias our results in either way. However, we don't believe this will impact our results as 

pneumonia and acute chest syndrome are almost identical in patients with sickle cell 

disease. A potential for recall bias in some collected variables exists. Current medications 

and past medical history variables are potential sources for the recall bias. Patients who 

had a significant event in the past are more likely to remember it than those who did not. 

This would bias the results away from the null hypothesis. However; we tried minimizing 

this by reviewing the charts to collect most of the information in the past medical history. 

We did not require all patients to have the same investigations and treatment. It is likely 

that sicker patients are more likely to be investigated with laboratory tests. Almost half of 

the patients did not have laboratory investigations. This might also bias our results away 

from the null hypothesis. We explored this hypothesis by asking whether patients who 

had laboratory investigations done are more likely to have a clinically significant 

outcome or acute chest syndrome. There was no evidence from our results to support this 

hypothesis and the statistical test was not significant (p-value >0.1). We included patients 

from various age groups, but we do not believe that this will bias our results, as age is 

modeled as a variable in the study as a categorical variable. We did not subject our 

variables to interobserver variability as it was logistically difficult due to departmental 
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staffing. This limitation has to be addressed in the future. There was a lack of uniformity 

of ordering tests for these patients. In the protocol, we did not have a care map for these 

patients. It was difficult to start a new care map for the purpose of the study only. Our 

model has been not been validated, and therefore it should be validated prospectively. 

5.12 Generalizability:-

Our study was conducted in one tertiary care center and this limits the generalizability 

of the results. Also, our study enrolled patients from one ethnic background, which might 

limit generalizability of the results to other ethnic backgrounds. Our model seems to have 

an excellent discriminatory power. We believe that the best use of this prognostic model 

is to classify patients as having more severe disease. Our model makes clinical sense, 

because the sicker the patients, the more likely they will develop adverse outcomes. It has 

a potential to be used in deciding which patients are likely to need aggressive therapy and 

hospital admission and which patients can be safely discharged home. 

5.13 Future Research:-

There were 75 cases of clinically significant outcomes. We expect to enrol 150 

cases in one year, if the enrolment is extended for another six months in the study site. 

The Royal hospital (another tertiary hospital in the region) has 55,000 patient visits per 

year and provides a tertiary care emergency service. It could be another site for the future 

study. As such, we expect to have 300 positive outcomes per year if we would conduct 

the study. Similarly, we would have approximately 160 positive outcomes for acute chest 

syndrome. This would provide us an excellent opportunity to derive clinical decision 

rules for acute chest syndrome and clinically significant outcomes. 
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Future research is needed to derive a clinical decision rule that can predict the 

adverse outcomes in patients with sickle cell disease. The study should incorporate the 

information gained from this study. An attractive study would be to establish a daycare 

hospital to manage painful vaso-occlusive crisis. From our study, we found the admission 

rate to be as high as 32.6%. An interventional study by establishing a day care, in attempt 

to reduce hospital admission will be feasible 

Clinical prediction rules are decision-making tools for clinicians, containing 

variables from the history, physical examination, or simple diagnostic tests.74 Methods for 

clinical decision rules have been described and, in particular: the outcomes and predictive 

variables must be clearly defined; blind assessment of outcomes and predictive variables 

should be done; and the rules should prospectively validated. Reproducibility of 

predictive variables should be assessed and the rules should make clinical sense.75 Based 

on the results of our study, the rate of clinically significant adverse outcomes was 10.2%. 

To derive the rule, we will include 30 variables which were found to be clinically and 

statistically important. We would likely discard 50% of these variables after the 

univariate analysis. Hence, we would require 1500 patients. We would be able to achieve 

this target within one year, if we would expand our recruitment to include two tertiary 

care hospitals. For acute chest syndrome, we would need two years to achieve our target. 

The validation phase will likely require the same number to achieve acceptable sensitivity 

and specificity. In addition, a longer follow-up will be needed to avoid missing potential 

adverse outcomes. 

An intervention study evaluating the establishment of a daycare hospital to 

manage sickle cell disease patients is interesting. This will likely improve the patients 
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care and reduce admission. Sickle cell disease is a lifelong syndrome; reducing admission 

will greatly impact the patient's quality of life. We would randomize patients to either a 

day care hospital group or emergency department group. Our null hypothesis is that day 

care does not reduce hospital admission nor does save money. To be effective program, 

we will assume that the daycare hospital will reduce the admission rate from 32% to 

16%. The sample size required in each group will be 123 patients to achieve a power of 

0.80 with level of significance of 0.05. Provided we have the same recruitment rate, we 

would likely be able to conduct the study over a 2- month period. 

5.14 Conclusions:-

In this study, we have demonstrated that 10%o of patients with sickle cell disease 

develop clinically a significant adverse outcome and 5.7% develop acute chest syndrome. 

We have demonstrated that there were no previous studies conducted in the emergency 

department to address the predictors of adverse outcomes in sickle cell disease patients. 

We were able to derive a model to predict clinically significant adverse outcomes and 

acute chest syndrome in the emergency department. 

We found several variables that were highly related to clinically significant 

outcomes. The patients who developed clinically significant outcomes were more likely 

to be younger, present with fever, had a prolonged painful episode, received blood 

transfusions, had chest pain, and had a history of splenic sequestration crisis. 

Furthermore, these patients were more likely to have tachycardia, oxygen saturation less 

than 96%, appear toxic, had a respiratory rate >24, a temperature >38.0, a pain numeric 
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score >8.0 and had chest crackles. They were also more likely to have wbc >12, hb 

<7g/dl, had reticulocytes >15%. 

We found several variables that were highly related to developing acute chest 

syndrome. The patients who developed acute chest syndrome are more likely to be male, 

present with fever, had a prolonged painful episode, complained of shortness of breath, 

cough, and had chest pain, a history of blood transfusion and a history of splenectomy. 

Patients were more likely to be febrile, have tachycardia, have oxygen saturation less 

than 92%, to appear toxic, display a pain visual analogue score >8.0, and had chest 

crackles. They were more likely to have wbc >12 and higher reticulocyte count. They 

were less likely to appear well. 

The final logistic regression model for clinically significant outcome was: age less 

than 8 years old, prolonged painful episode, oxygen saturation less than 96%, patients 

appearing toxic, chest crackles, splenomegaly, hemoglobin less than 7 g/dl, and 

reticulocytes more than 15%>. The presence of local limb tenderness was one variable that 

was found to decrease the chance of developing adverse outcomes. The logistic 

regression model for acute chest syndrome includes prolonged painful episode, oxygen 

saturation less than 92%>, history of cough, chest crackles, and reticulocytes more than 

15%). Two variables decrease the chance of developing adverse outcomes: presence of 

local limb tenderness and pneumococcal vaccination. 

Future research should look more closely into developing clinical prediction rules 

with high sensitivity to predict the adverse outcomes. Our model makes clinical sense, 

because the sicker the patients, the more likely they will develop adverse outcomes. 
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Table 1: Important Clinical Manifestations of Sickle Cell Disease 
Acute Manifestations 

Painful vaso-occlusive crisis* 

Bacterial sepsis *** 

Osteomyelitis*** Due to salmonella and Staphylococcus aureus 

Splenic sequestration* 

Aplastic crisis** 

Acute chest syndrome* 

Cerebrovascular Accidents* 

Priapism* 

Hematuria and papillary necrosis* 

Chronic manifestations 

Anemia** 

Jaundice** 

Splenomegaly* 

Functional asplenia* 

Cardiomegaly ** 

Cholelithiasis** 

Delayed growth and sexual maturation** 

Restrictive lung disease* 

Pulmonary hypertension* 

Avascular necrosis 

Proliferative retinopathy 

Leg ulcers* 
Transfusional hemosiderosis 

* manifestations due to vaso-occlusion 
** manifestations due to hemolysis 
*** infectious manifestations 



Table 2: List of History Variables Collected by Physician or Research Assistant for 
Sickle Cell Disease Study for the Emergency Visit 

Variables Collected 

Demographics 

Presenting 
Complaints 

Past Medical 
History 

Age (years) 
Gender (male/female 

Does the patient had • 
pain(Yes/No) its • 
severity, location and 
duration 
Does the patient had 
fever (Yes/No) 
History of shortness 
of breath, cough or 
runny nose(Yes/No) 

AgeofSCD • 
diagnosis(years) • 
History of splenic 
sequestration and 
splenectomy(Yes/No) • 
History of ICU 
admission (Yes/No) 
History of 
cholecystectomy 
(Yes/No) 
Vaccinations history 
(Pneumococcal, 
meningococcal and 
H. Influenza) 
(Yes/No) 

Date of emergency visit (d/m/y) 
Physician status 
(resident/physician) 

History of headache(Yes/No) 
History of vomiting, or diarrhoea 
(Yes/No) 

History of CVA(Yes/No) 
History of blood transfusion 
(regular or exchange transfusions 
(Yes/No) 
Regular medications(NSAIDS, 
antibiotics, folic acid and 
hydroxyurea) (Yes/No) 
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Table 3: List of Physical Examination, Investigation and Treatment Variables 
Collected by Physician or Research Assistant for Sickle Cell Disease Study for the 
Emergency Visit 

Variables Collected 

Physical 
Examination 

Investigations 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
• 

Temperature (degrees Celsius) 
Heart rate (beats per minute) 
Blood pressure(Systolic blood 
pressure (mm of Hg) and Diastolic 
blood pressure (mm of Hg)) 
Oxygen saturation (%) 
Appearance of the patient(does the 
patient appears lethargic or toxic) 
Pain scale(numeric score) 
Does the patient appeared 
j aundice( Yes/No) 
Does the patient appeared 
pale(Yes/No) 
Does the patient chest have 
crackles(Yes/No) 

CBC if yes(Hb, WBC, Platelets 
counts) 
Reticulocytes if yes (%) 
INR(ratio of normal) 
LFT if yes( Bilirubin, AST, ALT) 

• Does the patient have 
focal neurological 
deficits(Yes/No) 

• Does the patient have 
neck stiffness(Yes/No) 

• Abnormal throat 
Examination(Yes/No) 

• Does the patient have 
abdominal 
tenderness(Yes/No) 

• Does the patient have 
hepatomegaly or 
splenomegaly(Yes/No) 

• Does the patient have 
localized 
tenderness(Yes/No 

• Chest x-ray if 
yes(normal or 
abnormal) 

• Electrolytes if yes( Na, 
K, CI HC03) 

• Urea, Creatinine if yes 

Treatment in 
the ED and 
Disposition 

• Intravenous fluids(Yes/No) 
• Intravenous narcotics(Yes/No) 
• Intravenous Antibiotics(Yes/No) 

Patient 
Admitted(Yes/No) 
Probability of the 
patient to have a repeat 
emergency visit 



Table 4: List of Variables Collected for the Admitted and Telephone Follow-up 
Patients 

Variables Collected 
Variables for the 
Admitted Patients 

Variables Collected 
During Telephone 
Follow-up 

Use of intravenous narcotics 
if yes(duration) 
Use of intravenous or oral 
antibiotics if yes(duration) 
ICU admission if 
yes(duration) 
Blood cultures if 
yes(positive or negative) 

Number of attempts to reach 
the patient 
Is the patient alive if 
not(when did he die) 
Did the patient need to visit 
the emergency in the last 2 
weeks(Yes/No) if yes(When, 
where and why) 

Chest x-ray if 
yes(normal or 
abnormal) 
Outcome (dead or alive) 
Discharge diagnosis 

Did the patient have 
worsening of the 
condition for which he 
visited the 
emergency(Yes/No) if 
yes(what did you do) 
Did the patient have 
recurrence of the same 
episode for which he 
visited the 
emergency(Yes/No) 
Did the patient develop 
a different problem 
since the last 
visit(Yes/No) 
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Table 5: History Characteristics of the 732 Patients with Sickle Cell Disease 

[ Characteristics 
Bemograp lhks 
Mean Age (SD) 

Range 
Females % 
Presemtnimg P r o b l e m s 
Pain 
Fever 
Dizziness 
Shortness of Breath 
Cough 
Runny nose 
Chest Pain 
Headache 
Vomiting 
Diarrhea 
Lethargy 
Past Medical His tory 
History of CVA 
History of Transfusion 
History of Splenectomy 
History of Splenic Sequestration 
Frequent Painful Episode(>2/month) 
History of Cholecystectomy 
History of ICU admission 
Vaccination 
H.influenza Vaccine 
Pneumococcal Vaccine 
Meningococcal Vaccine 
Megtmlar Medica t ions 
Penicillin 
Hydroxyurea 
Codeine 
NSAIDS 
Folic Acid 
Other Narcotics 

N=732 

20.4 
1-48 
287 
N 

674 
79 
30 
39 
53 
46 
82 
39 
34 
14 
50 
N 
21 
128 
94 
125 
359 
90 
136 

77 
175 
79 
N 

563 
222 
452 
610 
621 
106 

% 

8.4 

39.2% 
% 

92.0% 
10.8% 
4.1% 
5.3% 
7.2% 
6.3% 
11.2% 
5.3% 
4.6% 
1.9% 
6.8% 

% 

2.9% 
17.5% 
12.8% 
17.1% 
49.0% 
12.3% 
18.6% 

10.5% 
23.9% 
10.8% 

% 

76.8% 
30.3% 
61.7% 
83.2% 
84.7% 
14.5% 



Table 6: Physical Examination and Laboratory Features of the 732 Patients with 
Sickle Cell Disease 

Characteristics 
Vita! Signs 
Temperature 

Range 
Heart Rate 

Range 
Respiratory Rate 

Range 
SBP(mmhg) 
Range 

DBP(mmhg) 
Range 

02 Saturation (%) 
Range 

Physical Examination 
Appears Well 
Appears Lethargic 
Appears Toxic 
Splenomegaly 
Hepatomegaly 
Abdominal Tenderness 
Local Redness 
Local Warm 
Local Tenderness 
Local Swelling 
General Pallor 
Chest crackles 
Throat Redness/Exudate 
Abnormal Cardiac Exam 
Pain Score(SD) 
Treatment in the EB> 
Intravenous Fluids 
Intravenous Antibiotics 
Laboratory Features 
White blood cells 

Range 
Hemoglobin(g/dl) 

........ ,N«732 
Mean 

36.9 
30.0-40.8 

95.9 
40-180 

21.2 
10-38 
113.3 

67-178 
64.4 

40-110 
98.9 

79.0-100 
N=732 

300 
152 
17 
79 
48 
55 
34 
60 
159 
45 

249 
21 
38 
3 

2.1 

N=732 
583 
28 

Mean 
12.2 

2.7-69.9 
9.5 

SD 
0.78 

18.32 

3.19 

15.14 

11.73 

2.21 

% 

40.9% 
20.7% 
2.3% 
10.8% 
6.5% 
7.5% 
4.6% 
8.2% 

21.7% 
6.1% 

34.0% 
2.9% 
5.2% 
0.4% 
5.7 

% 

79.5% 
3.8% 
SD 

6.5 

1.6 
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Range 
Platelets 

Range 
Reticulocyte (%) 
Range 

Na(mmol/l) 
K(mmol/l) 
Hco3(meq/l) 
Urea(mmol/l) 
Creat(umol/l) 
ALT(U/1) 
AST(U/1) 
Total Bilirubin(mmol/l) 

4.4-13.9 
369.9 

50.0-1706.0 
7.6 

0.8-30.8 
137.4 
4.1 
23.7 
2.9 
37.6 
76.0 
58.5 
81.0 

202.3 

5.1 

2.7 
0.4 
3.3 
1.2 
17.6 
40.6 
53.6 
72.2 
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Table 7: Baseline Characteristics for the Excluded Patients for the Sickle 
Cell Disease Stud^ 

Demograph ics 
Mean Age (SD) yrs 

Range 
Females (%) 
Present ing Prob lems 
Pain 
Fever 
Shortness of Breath 
Cough 
Pas t Medica l His tory 
History of CVA 
Vaccinat ion 
H. Influenza Vaccine 
Pneumococcal Vaccine 
Meningococcal Vaccine 
R e g u l a r Medica t ions 
Penicillin 
Hydroxyurea 
Vital Signs 
Temperature 
Heart Rate 
Respiratory Rate 
SBP(mmhg) 
0 2 Saturation (%) 
Physical Examinat ion 

General Pallor 
Chest crackles 
Pain Score(SD) 
T r e a t m e n t in the ED 

Intravenous Fluids 
Intravenous Antibiotics 
L a b o r a t o r y Fea tu re s 
White blood cells 
Hemoglobin(g/dl) 
Platelets 
Reticulocyte (%) 

22.0 
2-48 
132 
N 

275 
22 
10 
53 
N 
4 

51 
86 
46 
N 

217 
79 

Mean 
36.9 
92.2 
21.5 
113.2 
99.02 

N 
76 
3 

2.00 

221 
12 

Mean 
11.24 
10.2 

350.1 
8.3 

8.2 

42.0% 
% 

87.6% 
7.0% 
3.2% 
7.2% 

% 

1.3% 

16.2% 
26.1% 
14.6% 

% 

69.1% 
25.2% 

SD 

0.78 
14.97 
4.6 

14.60 
2.01 

% 

24.2% 
1.0% 
5.7 

% 

70.4% 
3.8% 
SD 

5.5 
6.80 
174.3 
9.07 
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Table 8: Outcome Ascertained for the Sickle Cell Disease Patients 

Outcome 

Admitted to the Hospital 
Clinically Significant Outcome 

Death 
Acute Chest Syndrome 
Splenic Sequestration Crisis 
Sepsis 
Hyperhemolyitc crisis 
CVA 
Exchange Blood Transfusion 

Number of Patients 
(N=732) 

308 
75 
2 

42 
13 
8 
6 
1 
3 

% 

42.1% 
10.2% 
0.3% 
5.7% 
1.8% 
1.1% 
0.8% 
0.1% 
0.4% 



Table 9: Characteristics of the Patients with Sickle Cell Disease who were Admitted 
Patients and Patients Requiring Telephone Follow-up within 2 Weeks of ED 
Presentation 

Characteristics Number of 
Patients(N=308) 

Patients Admitted 308 % 

Demographics 
Mean Age (SD) 

Range 
Female (%) 
Severe Painful Episodes 
Treatment Received 
Antibiotics 
Narcotics 
Admission to ICU 
Abnormal Chest X-ray 
Patients Discharged Alive 

19.34 
(1-48) 

124 
244 

50 
261 

8 
68 
307 

8.5 

40.3% 
79.2% 

16.2% 
84.7% 
2.6% 

22.1% 
99.7% 

Patients who had Telephone Follow-up(2 
weeks) 

N=152 

Demographics 
Mean Age (SD) 

Range 
Female 
Died Within 2 weeks 
Repeat ED visits 
Recurrence of the Same Episode 
New Clinical Problem 

17.9 
(1-48) 

54 
1 
12 
14 
11 

8.8 

36.0% 
0.6% 
7.9% 
9.2% 
7.2% 
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Table 10: The Baseline Mean Vital Signs and Laboratory Features for the Sickle 
Cell Disease Patients Stratified by Age 

Temperature(Celsius) * 
Age <=8 36.9 0.8 
Age >8 36.9 0.8 

02 Saturation (%)* 
Age<=8 99.5 1.3 
Age >8 98.9 2.2 

Heart rate** 
Age<=8 112.0 19.0 
Age>8 94.0 17.0 

Respiratory Rate** 
Age<=8 25.0 4.0 
Age >8 20.0 2.0 

SBP(mmhg)** 
Age<=8 104.0 14.0 
Age>8 114.0 15.0 

Hb(g/dl)** 
Age<=8 8.6 1.9 
Age>8 9.6 1.6 

Reticulocyte count (%)** 
Age<=8 10.7 7.9 
Age >8 7.2 4.6 

WBC* 
Age<=8 12.8 5.7 
Age>8 11.9 6.8 

Na(mmol/l)* 
Age<=8 136.0 2.0 
Age>8 137.0 3.0 

K(mmol/l)* 
Age <=8 4.0 0.3 
Age>8 4.1 0.4 

HC03(meq/l)* 
Age<=8 23.7 2.8 
Age>8 24.2 3.5 

Urea(mmol/I)* 
Age<=8 2.7 0.9 
Age>8 2.9 1.3 

Creatinine(u.mol/l)* 
Age<=8 28.0 12.0 
Age>8 40.0 19.0 

*No statistical difference among age groups 

** P-value < 0.05 for variables stratified by age of 8 years. 
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Table 11: Univariate Correlation of Variables from History for Clinically 
Significant Outcomes for the Sickle Cell Disease Study 

Demographics 
Age(SD) 

Age Less than 8 years 

Females 

Presenting Problems 
Prolonged Painful Episodes(>72 

hrs) 

Pain 

Dizziness 

Fever 

Shortness of Breath 

Cough 

Runny nose 

Chest Pain 

Headache 

Vomiting 

Diarrhea 

Lethargy 

Past Medical History 
History of CVA 

History of Transfusion 

History of Splenectomy 

History of Splenic Sequestration 

Frequent Painful 

Episode(>2/month) 

History of Cholecystectomy 

History of ICU admission 

Vaccination 
H. Influenza Vaccine 

Pneumococcal Vaccine 

Meningococcal Vaccine 

Regular Medications 
Penicillin 

Hydroxyurea 

Codeine 

N=657 

20.7 

38 

265 

111 

610 

26 

64 

32 

38 

38 

65 

37 

24 

13 

41 

20 

104 

91 

106 

325 

82 

121 

69 

154 

75 

505 

202 

418 

% 

(8.1) 

5.8% 

40.3% 

16.9% 

92.8% 

4.0% 

9.7% 

4.9% 

5.8% 

5.8% 

9.9% 

5.6% 

3.7% 

2.0% 

6.2% 

3.0% 

15.8% 

13.9% 

16.1% 

49.5% 

12.5% 

18.4% 

10.5% 

23.4% 

11.4% 

76.9% 

30.7% 

63.6% 

N=75 

18.1 

13 

22 

38 

64 

4 

15 

7 

15 

8 

17 

2 

10 

1 

9 

1 

24 

3 

19 

34 

8 

15 

8 

21 

4 

58 

20 

34 

% 

(10.1) 

17.3% 

29.3% 

50.7% 

85.3% 

5.3% 

20.0% 

9.3% 

20.0% 

10.7% 

22.7% 

2.7% 

13.3% 

1.3% 

12.0% 

1.3% 

32.0% 

4.0% 

25.3% 

45.3% 

10.7% 

20.0% 

10.7% 

28.0% 

5.3% 

77.3% 

26.7% 

45.3% 

P-Value 

0.02* 

O.001* 

0.07* 

O.001* 

0.02* 

0.56 

0.007* 

0.10 

O.001* 

0.09 

0.001* 

0.27 

<0.001* 

0.69 

0.06 

0.40 

<0.001* 

0.01* 

0.04* 

0.49 

0.65 

0.73 

0.96 

0.38 

0.10 

0.92 

0.46 

0.002* 
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NSAIDS 
Folic Acid 
Other Narcotics 

547 

557 

99 

83.3% 

84.8% 

15.1% 

63 

64 

7 

84.0% 

85.3% 

9.3% 

0.87 

0.89 

0.18 

p-value < 0.05 is Statistically Significant for the Univariate Association 
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Table 12: Univariate Correlation of Variables from Physical Examination for 
Clinically Significant Outcomes for the Sickle Cell Disease Study 

Clinically Significant Outcome 

Vitefl §Sgm§ 
Temperature (SD) 

Heart Rate (SD) 
Respiratory Rate (SD) 

Systolic blood pressure (SD) 
Oxygen saturation (SD) 
Temperature >38 
Heart Rate >110 
Respiratory Rate >24 

Systolic blood pressure >100 

Oxygen saturation <96% 

Physical Examimattiom 
Pain Severity (SD) 
Pain Score(SD) 

Pain Severity >6(patient Rating) 
Pain Score >8 

Appears Well 
Appears Lethargic 
Appears Toxic 
Splenomegaly 
Hepatomegaly 

Abdominal Tenderness 

Local Redness 

Local Warm 
Local Tenderness 

Local Swelling 

General Pallor 
Chest crackles 

Throat Redness/Exudate 

Negative 
N=657 

36.9 
95.0 

21.1 
113.6 
99.0 

34 

112 

48 

119 

41 

6.6 

5.6 

176 
23 

277 

138 

10 

62 

40 

46 

33 

58 
154 

41 

203 

10 

35 

Outcome 
% 

(0.8) 
(17.1) 

(3.1) 
(14.8) 
(2.0) 

5.2% 
17.0% 

7.3% 
18.1% 

6.2% 

(1.9) 
(2.0) 

26.8% 

3.5% 
42.2% 

21.0% 
1.5% 
9.4% 
6.1% 
7.0% 

5.0% 
8.8% 

23.4% 

6.2% 

30.9% 
1.5% 

5.3% 

Positive Outcome 
N=75 

36.9 
104.2 

22.1 
110.8 
98.0 

8 
29 
12 

20 

14 

6.9 

6.6 

14 

6 

23 

14 

7 

17 

8 
9 

1 
2 

5 
4 

46 
11 

3 

% 

(0.8) 

(24.8) 

(3.7) 
(17.4) 
(3.2) 

10.7% 
38.7% 

16.0% 
26.7% 

18.7% 

(2.4) 

(2.6) 

18.7% 

8.0% 

30.7% 
18.7% 
9.3% 

22.7% 
10.7% 
12.0% 

1.3% 
2.7% 

6.7% 

5.3% 

61.3% 
14.7% 

4.0% 

P-Value 

0.45 

<0.001* 

0.01* 

0.13 

<0.001* 

0.05* 

<0.001* 

0.01* 

0.08 

O.001* 

0.55 

0.02 

0.22 

0.001* 

0.050* 

0.60 

<0.001* 

<0.001* 

0.12 

0.12 

0.24 

0.07 

0.001* 

0.75 

<0.001* 

<0.001* 

0.6 2 

*p-value <0.05 is Statistically Significant for the Univariate Association 
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Table 13: Univariate Correlation of Variables from Emergency Department 
Treatment and Laboratory Features for Clinically Significant Outcomes for the 
Sickle Cell Disease Study 

[ Clinically Significant Outcome 

Treatmemd: Received in 
EB 
Intravenous Fluids 

Intravenous Antibiotics 
Laboratory timvesttfigaitioims 
White Blood Cells (SD) 
Hemoglobin (SD) 

Platelets (SD) 

Reticulocyte (SD) 

Urea (SD) 

Ast (SD) 
Total Bilirubin (SD) 

White Blood Cells >12 (n=374) 
Hemoglobin <7g/dl (n=374) 
Platelets <180 (n=374) 

Reticulocyte >10% (n=374) 
Reticulocyte >15% (n=374) 
Urea >2 (n=374) 

Ast >100 (n=374) 
Total Bilirubin >30 (n=374) 

Negative 
N=657 

529 

23 

12.0 

9.7 
375 

6.9 

2.9 

52.7 
71.5 

125 

8 
242 

49 

15 

52 

2 

35 

Outcome 

% 

80.5% 

3.5% 

(6.5) 

(1.5) 
(204) 

(4.1) 

(0.9) 

(63.1) 
(90.2) 

19.0% 

1.2% 

36.8% 

7.5% 
2.3% 
7.9% 

0.3% 
5.3% 

Positive Outcome 
N=75 

54 

5 

13.9 

8.4 

327 

12.2 

3.0 

56.5 

74.0 

25 

14 

29 

22 

14 

15 

1 

15 

% 

72.0% 

6.7% 

(6.6) 

(1.9) 

(185) 

(8.0) 

(1.7) 

(42.6) 

(46.70 

33.3% 

18.7% 

38.7% 

29.3% 

18.7% 

20.0% 

1.3% 

20.0% 

" • " " ' " • • - " " " " """""• 1 

P-Value 

0.08 

0.17 

0.08 

O.001* 

0.14 

<0.001* 

0.68 

0.81 

0.91 

0.03* 

<0.001* 

0.05* 

O.001* 

<0.001* 

0.08 

0.73 

0.42 

Kp-value <0.05 is Statistically Significant for the Univariate Association 
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Table 14: Final Model Developed by Stepwise Logistic Regression Analysis to 
Predict Clinically Significant Outcomes from Sickle Cell Disease Study 

Variable 
Prolonged Painful episode 
Patient Appear Toxic 
Chest Crackles 
Reticulocytes > 15% 
Oxygen Saturation < 96 % 
Hemoglobin < 7g/dl 
Splenomegaly 
Age < 8 years 
Local Limb Tenderness 

Coefficient 
2.3 
2.0 
1.8 
1.3 
1.3 
1.2 
0.9 
0.8 
-1.4 

Odds Ratio (95% CI) 
10.1 (5.2-19.3) 
7.8 (2.2-27.2) 
6.5(2.2-18.6) 
4.0(1.4-11.4) 
3.9(1.6-10. 9) 
3.6(1.1 -11.5) 
2.6(1.1-5.5) 

2.4(1.001-5.9) 
0.2 (0.08-0.6) 

P-Value 
O.001* 
0.001* 

O.001* 
0.01* 
0.003* 
0.03* 
0.02* 
0.05* 

0.006* 

* p-value< 0.05 is Statistically Significant 
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Table 15: Univariate Correlation of Variables from History for Acute Chest 
Syndrome for the Sickle Cell Disease Study 

Demograph ics 
Mean Age (SD) 
Age Less than 8 years 
Females 
Present ing P rob lems 
Prolonged Painful Episodes 
(>72 hrs) 
Pain 
Dizziness 
Fever 
Shortness of Breath 
Cough 
Runny nose 
Chest Pain 
Headache 
Vomiting 
Diarrhea 
Lethargy 
Pas t Medical His to ry 
History of CVA 
History of Transfusion 
History of Splenectomy 
History of Splenic 
Sequestration 
Frequent Painful Episode 
(>2/month) 
History of Cholecystectomy 
History of ICU admission 
Vaccinat ion 
H. Influenza Vaccine 
Pneumococcal Vaccine 
Meningococcal Vaccine 
Regula r Medica t ions 

Negative 
N=690 

20.3 
50 

277 

120 

633 
29 
67 
33 
41 
43 
67 
38 
29 
14 
47 

21 
116 
93 
121 

339 

84 
127 

74 
169 
78 

Outcome 
% 

(8.3) 
7.2% 

40.1% 

17.4% 

91.7% 
4.2% 
9.7% 
4.8% 
5.9% 
6.2% 
9.7% 
5.5% 
4.2% 
2.0% 
6.8% 

3.0% 
16.8% 
13.5% 
17.5% 

49.1% 

12.2% 
18.4% 

10.7% 
24.5% 
11.3% 

Positive Outcome 
N=42 

21.4 
1 

10 

29 

41 
1 

12 
6 
12 
3 
15 
1 
5 
0 
3 

0 
12 
1 
4 

20 

6 
9 

3 
6 
1 

% 

(9.5) 
2.4% 
23.8% 

69.0% 

97.6% 
2.4% 

28.6% 
14.3% 
28.6% 
7.1% 

35.7% 
2.4% 
11.9% 
.0% 

7.1% 

.0% 
28.6% 
2.4% 
9.5% 

47.6% 

14.3% 
21.4% 

7.1% 
14.3% 
2.4% 
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Penicillin 
Hydroxyurea 
Codeine 
NSAIDS 
Folic Acid 
Other Narcotics 

534 

208 

430 

574 

585 

101 

77.4% 
30.1% 
62.3% 
83.2% 
84.8% 
14.6% 

29 
14 
22 
36 
36 
5 

69.0% 
33.3% 
52.4% 
85.7% 
85.7% 
11.9% 

0 
0 
0 
0 
0 
0 

* p-value < 0.05 is Statistically Significant for the Univariate Association 



Table 16: Univariate Correlation of Variables from Physical Examination for Acute 
Chest Syndrome for the Sickle Cell Disease Study 

Vital Signs 
Temperature (SD) 

Heart Rate (SD) 
Respiratory Rate (SD) 

Systolic blood pressure (SD) 
Oxygen saturation (SD) 

Temperature >38.0 
Heart Rate>l 10 
Respiratory Rate>24 

Systolic blood pressure >100 
Oxygen saturation<92% 
Physical Examination 
Pain Severity-Patient Rating 
(SD) 
Pain Score(SD) 

Pain Severity >6(patient Rating) 

Pain Score>8 
Appears Well 

Appears Lethargic 

Appears Toxic 
Splenomegaly 

Hepatomegaly 

Abdominal Tenderness 
Local Redness 

Local Warm 

Local Tenderness 
Local Swelling 
General Pallor 
Chest crackles 
Throat Redness/Exudate 

Negative Outcome 
N=690 

36.8 

95.7 

21.2 

113.2 

99.0 

36 

128 

54 

133 

3 

% 

(0.7) 

(17.9) 

(3.1) 
(14.9) 

(1.9) 

5.2% 
18.6% 
7.8% 

19.3% 

0.4% 

Positive Outcome 
N=42 

37.1 

100.0 

21.7 

115.8 

97.0 

6 

13 

6 

6 

3 

% 

(1.0) 

(23.9) 

(3.7) 

(18.2) 

(4.0) 

14.3% 

31.0% 

14.3% 

14.3% 

7.1% 

6.5 (2.0) 

5.6 
179 

24 

291 

143 

14 

74 

46 

50 

34 

59 

156 

43 

227 

11 

37 

(2.0) 
25.9% 

3.5% 

42.2% 

20.7% 

2.0% 

10.7% 

6.7% 

7.2% 

4.9% 

8.6% 

22.6% 

6.2% 

32.9% 

1.6% 

5.4% 

7.3 
11 

5 

9 

9 

3 

5 

2 

5 

0 

1 

3 

2 

22 

10 

1 

(2.0) 
26.2% 

11.9% 

21.4% 

21.4% 

7.1% 

11.9% 

4.8% 

11.9% 

.0% 

2.4% 

7.1% 

4.8% 

52.4% 

23.8% 

2.4% 

7.6 (1.3) 

*p-value <0.05 is Statistically Significant for the Univariate Association 
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Table 17: Univariate Correlation of Variables from Emergency Department 
Treatment and Laboratory Features for Acute Chest Syndrome for the Sickle Cell 
Disease Study 

Acute Chest Syndrome 

Treatoieirt Received inn 
E© 
Intravenous Fluids 

Intravenous Antibiotics 
Laboratory nEvestigatioims 
White Blood Cells (SD) 
Hemoglobin (SD) 
Platelets (SD) 
Reticulocyte (SD) 
Urea (SD) 
Ast (SD) 
Total Bilirubin (SD) 
White Blood Cells >12 
Hemoglobin<7g/dl 

Platelets<180 

Reticulocyte>10% 
Reticulocyte>15% 
Urea>2 
Ast>100 

Total Bilirubin>30 

Negative Outcome 

N=690 

552 

25 

11.9 

9.5 

369.6 

7.5 

2.9 

52.7 

72.9 

132 

19 

182 

62 

24 

58 

2 

43 

% 

80.0% 

3.6% 

(6.3) 
(1.6) 

(204.0) 
(5.0) 
(1.2) 

(59.1) 
(85.7) 
19.1% 
2.8% 
26.4% 
9.0% 
3.5% 
8.4% 
0.3% 
6.2% 

Positive Outcome 
N=42 

31 

3 

16.6 

9.2 

372.9 

9.1 

2.7 

59.3 

67.6 

18 

3 

15 

9 

5 

9 

1 

3 

% 

73.8% 

7.1% 

(7.5) 

(1.6) 

(180.3) 

(6.2) 

(0.9) 

(57.1) 

(45.6) 

42.9% 

7.1% 

35.7% 

21.4% 

11.9% 

21.4% 

2.4% 

7.1% 

Np-value <0.05 is Statistically Significant for the Univariate Association 
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Table 18: Final Model Developed by Stepwise Logistic Regression Analysis to 
Predict Acute Chest Syndrome from Sickle Cell Disease Study 

Variable 
Prolonged Painful Episode 
Oxygen Saturation < 92% 
Chest Crackles 
Reticulocyte count >15% 
History of Cough 
History of Pneumococcal 
Vaccine 
Local Limb Tenderness 

Coefficient 
3.1 
2.9 
2.3 
1.6 
1.5 
-1.1 

-1.6 

Odds Ratio (95% 
22.0 (8.7 -55.3) 

17.7(1.7- 184.9) 
9.5 (2.6-34.7) 
4.9(1.2-19.7) 
4.5(1.7-12.0) 

0.33(0.11-0.98) 

0.2 (0.05-0.8) 

CI) P-Value 
O.001* 

0.02* 
< 0.001* 

0.03* 
0.003* 
0.047* 

0.02* 

*p-value < 0.05 is Statistically Significant 
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Table 19: Univariate Correlation for Patients with Fever 

[ J Temp<38.0 Temp>=38.0 

Hospital Admission 
Revisited ED Within 2 Weeks 
Clinically Significant Outcome 
Prolonged Painful Episode 
Acute Chest Syndrome 

N=6 
88 

274 
228 
65 
141 
35 

% 

40.0% 
33.1% 
9.4% 

20.5% 
5.1% 

N=44 

27 
10 
8 
6 
6 

% 

61.4% 
22.7% 
18.2% 
13.6% 
13.6% 

P-value 

0.02* 
0.20 

0.049* 
0.31 

0.01* 

*p-value <0.05 is Statistically Significant for the Univariate Association 
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Table 20: Summary of Sensitivity and Specificity for Classification Table based on 
the Logistic Regression model for the Acute Chest Syndrome Using a Cut Point 
of0.003to0.95 

Classification Cut Off Sensitivity Specificity 
0.95 
0.9 
0.8 
0.7 
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 
0.05 
0.04 
0.03 
0.02 
0.01 
0.003 

0.0% 
7.1% 
7.1% 
11.9% 
14.2% 
19.0% 
28.5% 
28.5% 
71.4% 
83.8% 
88.1% 
88.1% 
88.1% 
88.1% 
95.2% 
100.0% 

100.0% 
99.8% 
99.7% 
99.7% 
99.7% 
99.5% 
99.2% 
98.4% 
92.3% 
87.9% 
81.1% 
78.1% 
76.6% 
72.9% 
34.9% 
14.0% 
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Table 21: Summary of Sensitivity and Specificity for Classification Table Based on 
the Logistic Regression Model for the Clinically Significant Outcome Using a Cut 
point of O.Olto 0.95 

Classification Cut Off 
0.95 
0.9 
0.8 
0.7 
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 
0.05 
0.04 
0.03 
0.02 
0.01 

Sensitivity 
1.4% 
1.4% 
4.2% 
8.4% 

21.1% 
28.1% 
43.6% 
56.4% 
64.7% 
83.1% 
85.9% 
92.9% 
95.7% 
95.7% 
98.5% 

Specificity 
100.0% 
100.0% 
100.0% 
99.6% 
99.2% 
97.9% 
96.8% 
93.3% 
90.1% 
79.4% 
69.9% 
60.6% 
55.2% 
46.0% 
19.2% 
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Figure 1: Genetic Variables in Sickle Cell Disease 
Genetic 
Variants 
HbSS 

HbSC 

Hb S-P°-thal 

Hb S-P+-thal 

Hb S-HPFH 

1. Hb:: 

2. HbA 

Hb(g/liter) 

78 

90 

89 

84-115 

146 

Hemoglobin 

.: Normal Hb 

% HbA 

0 
0 

0 
5-30 

0 

3. HbF: fetal Hb that remains expressed at 2 years of age and older 

4. HPFH: Sickle cell-hereditary persistence of fetal hemoglobin 

5. Severity according to genotype: a qualitative ranking from 0-4. There is great 

variability within each genotype 

i b F 

4.6 

4.0 

5.9 

6.0 

25.8 

% Hb A2a 

2.8 

2.0 

5.0 

4.8 

1.9 

Reticulocytes(%) 

10.1 

7.2 
1.5-8% 

2.4 

Severity 

4 

2 
4 

1-3 
0 

% of patients 

65 
25 

2 
8 

<1 
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Figure 2: Study Flow of 6-Months Prospective Cohort Study of 
Emergency Patients with Sickle Cell Disease 

Patients Assessed 
for Eligibility 

(N=1046) 

Eligible Patients 
(N=792) 

Excluded Patients 
(N=254) 

• Visited ED>1 time in 2 weeks 
• Pregnant 

n=239 
n=15 

Enrolled Patients 
(N=732) 

Eligible Patients Not Enrolled 
(N=98) 

Missed Patients 
• Not enrolled n=17 
• No ED data filled n=3 
Declined to Participate n=l 5 
Loose of Follow-up n=25 

Significant Outcome (N=75) 
Acute Chest Syndrome n=42 
Splenic Sequestration n=13 
Sepsis n=8 
Hyperhemolyitc crisis n=6 
Exchange Blood Transfusion n=3 
Death n=2 
CVA n=l 
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Figure 3: Plot of Sensitivity and Specificity versus All Possible Cutpoints of the 
Final Logistic Regression Model for Clinically Significant Outcome in the Sickle 
Cell Disease Study 
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Figure 4: Receiver Operating Characteristic (ROC) Curve of the Final Model 
for Clinically Significant Outcomes for the Sickle Cell Disease Study 
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Figure 5: Plot of Sensitivity and Specificity versus AH Possible Cutpoints of the 
Final Logistic Regression Model for Clinically Significant Outcome in the Sickle 
Cell Disease Study 
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Figure 6: Receiver Operating Characteristic (ROC) Curve of the Final Model for 
Acute Chest Syndrome Outcomes for the Sickle Cell Disease Study 
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Appendix A: Starting Dose for the Opiate Analgesia 

Usual Starting Doses of Opioid Analgesics in Opioid-Naive Adults 

Usual Starting Dose for Moderate to Severe Pain 
Medication Parenteral Oral 
Morphine 0.3 mg/kg every 3-4 h 0.1-0.15 mg/kg every 2-4 h 

myifa
rud^d[Ph0ne 0-06-0.08 mg/kg every 3-4 h 0.015-0.020 mg/kg every 3-4 h 

J J /i 1 1 -rr not recommended (0.75-l.O not recommended (l. I -1.75 „ 
Meperidine(DemeroI) mg/kg every 3-4 h if 0„,L„ T 

necessary after evaluation). every 3-4 h if necessary 
after evaluation).) 

Combination opioid/NSAID preparations 

0.5-1mg/kg every 3-4 h not recommended 
acetaminophen 
Oxycodone 0.15-0.20 mg/kg every 3-4 h not available 
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Appendix B: Infections and Associated Microorganisms 

Clinical Disease Common Micro-organisms 

Fever without source 

Meningitis 

Chest syndrome 

Osteomyelitis/septic arthritis 

Urinary tract infection 

Streptococcus pneumonia 

Hemophilus influenzae 

Streptococcus pneumonia 

Hemophilus influenzae 

Streptococcus pneumonia 

Mycoplasma pneumoniae 

Salmonella 

Staphylococcus aureus 

Streptococcus pneumoniae 
Escherichia coli 

gram-negative enterics 



Appendix C: Verbal Consent Structure 

4l«La <tu.tjJ -4j1-> M11 U A U ^ U <UjUa31 CJ^taJt fU . t j . d l j t j ^ i 

<J*JJIS <jUaluJl 4ju»Laj ^ j l j i a J l AMIS ;*U«|jjdl (jlJLa I 

dUcLJayaJl (J-a*J 4j^.U-aJ .13 j *]VI (j« Ai^ul A ill»,"i j (j<o j<9 (J^_>^ AjlVull L A U ^ I (jl <—ijj*'-'"! ij-» : 

( j i a l j c V l j (^j l j ia l l S j b j i_jtxu>l AJUJIJJ (JA*IUJ J Ajla-Lall LLOJJ!^ AjjUall C j ^ ^ l AJJ JJ .oj i i ia j l ; 

,(_>bj-oil lift ( jc £UJJ ^i ^Jill AjaLua-all i"<l «<-• I • • - ^ I j l̂ J Aja.L^a3l i 

;4-uj|j^t OJA t > LJ^St i 

aj^jjjj CJUC-1 I^KI'I sJA ilijAa. JbusJ ( j * (JjliiJl j l ("n^ill Aj-Njlljjml A-̂ <aj ^ 1 (_£.SjAui ClUfcl .hull : 

.(JJJLLOLUJI , j <_£jljUl ajoi] i S j j L ) j «UJI (JjJaSl clsLo-ii. ' 

(_$\ [gS jaJJ LaS (_fjl j ial l '.'J.'^- <Jj3 (j« £^ l * j ! j <_?JO,u"' ( jn^t i l .ilj i n L$jl\j}a]\ pjjiii a£jjL) j .lie ; 

i_g\ t. t h 1-1 j j • <jiU/>» ^-iUJI JJJJLU (.nihil >jSiui ."JJ J ^jJJJ^I 4-a.jJ '. '""* J AjjUa s jL j j • 

^ £!**]! JUSI j l j ^ l JUSV toi,ri.n«ti {SlLi\ £%*1\ cTJki l i l . , nihil jJL*. .tfjjj^ £%*• i 

.A_uilj.ll] Ajjlisvijl CiULull UJ>m1j ^J nil mall ( j * afî .1 j i .1 .uu ^ - n ^ l l iSiLo Ajta.1 j * ~"< • •• .(J j ia l l . 

l _ i j l $ . L AJLUI I S.1C ;»£.! J\ui j a £ j j L w a j V I - J ^ " l l n K l l U CllavlJl a j ibyo ( _ £ j l j J o l l ajad j * a f L ^ J j i i . AJLSV (_3 j 

1 ^ i nil ma ( i l SjLi j ( jc t_L5j£j A^ i h j x (j& A A J U dilic-l .h<i ,_jl J ja . j (Jl «1i I ( jc j A J ^ J ^ I -<"H •«. ( jc ; 

• (3^ji^ A iiia-̂  ( j * (JSI J • ViSfl ( j j i i i nj 11) ,J*-\ ' 

(JS . i l ia . £*$£. j\ frljJ (_jV 4J.>?J L?' •^•Ji^ ^ ' "n^ OlicliJsui j l j i a i < l̂ (J-aaJV A J J I j j l s i * i 

^ i r iK j l Aj^ai-jj CjUijIx^ <_pl jjuij i l ) ( j l j (3»UI1III<I|U A i^l-w (JjJalui dlbajLt-aJI \ 

b AjjaJl (jlh«i a^Ij A»o.}c j l A£JUL»1 I ^-3 AjjaJl ( j U " aSlj a^o iai Ajjljail eiA (jLaSV a^JjLxJ > 

j j l ( jVI j»Si jiiLall ^!A*Jl eJja. ^ ^ Jlja.^1 (j« <J'-a' iJ1 ^ J^j^ O^J ^ J t ^ AJO.1 j j l l (j^i L - I K .ML'IVI I 

.(J'*'*' ""̂ ' ; 
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Appendix D: Data Collection for the Emergency Visit 

Triage Section 

Triage Nurse 

Vital signs: Temp: Heart Rate: Resp. Rate: BP 0 2 Sat: 

Chief Complaint (Reason for visit) 1. 2. I 

Physician Section j 

History: Filled by 

Type of SCD 1. SS 2. S/B-Thal. Major 3. S/B-Thal. Intermedia Others— 

What do you think the probability that this patient will be admitted today(please choose 

1-5% 6-20% 21-40% 41-60% 61-80% 81-100% 
i 

(I) Chief Complaint. Does the Patient have the following? I 

Pain 
Dizziness 
Fever 
SOB 
Cough 
Runny Nose/Sneezing 
Headache 
Vomiting 
Diarrhea 
lethargy 
Others Specify 

Yes No 

II) Description of Symptoms :( please Choose one or more for each category) 

1. Pain: Severity as described by patient 

No Pain 0 1 - 2 3 4 5 6 7 8 9 10 Worst Pain Possible \ 
! 

Circle one number from 0 to 10 1 
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Duration i) less than 1 day ii) 1-3 days 

Localization of the Pain 

2 Fever: Cause of Fever i) URTI ii) Pneumonia— 

iv) Meningitis— v) Others 

PMH; 

1. Age of diagnosis of SCD 

iii) 3+days 

iii) UTI— 

vi) not sure-

History Of The Following 

CVA/TIA 
Regular Blood transfusion 
Splenic Sequestration 
Splenectomy 
More than 2 painful episodes last month 
Cholecystectomy 
History of ICU admission 
H. influenza Immunization 
Pneumococcus Immunization 
Meningococcuss Immunization 
Family H/O SCD 
Regular Medications Penicillin V 

Hydroxyurea 
Codeine 
NSAIDS 

Yes No No Information 
available 

Physical Exam: -

Patient appearance: - Well looking-—, Lethargic , Toxic (very sick looking)-

In little pain , in severe pain 
How much do you rate the pain for this patient 

No Pain 0 1 2 3 4 5 6 7 8 9 10 Worst Pain Possible 

Circle one number from 0 to 10 

General Exam: - Please do as appropriate and tick the relevant one if done 

Yes No Not sure 
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Looks Well 
Jaundice 
Pallor 
Chest-crackles 
Priapism 
Focal neurological deficit 
present 
Neck stifness 
Skin ulcer present 

Throat 
CVS 

Abdomen 

Normal 

Tender 

Yes No 

Abnormal 

Splenomegaly 

Hepatomegaly 

Specify the 
abnormality 

Spleen size= 

Liver 
size= 

Local Examination: Examination of the painful area (please Tick) 

Redness Warm Tender Swelling 

Treatment in ED: 

Did the patients receive the followings? 

IV fluids 
IV narcotics 
IV antibiotics 

Yes No 

Others Specify 

Outcome: 

Was the patient admitted 
Yes No 

What Is the Admitting/Discharge Diagnosis-

Do you think the patient will revisit the emergency in next 2 weeks 

YES(—) NO(—) Notsure(—) 

What is the chance he will revisit ED in 2 weeks(please write a percentage from 

[ (0-100%) _ 
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Appendix E: Data Collection Form for the Admitted Patients 

Patient Name 

MRN 

Date of Admission / / 

Duration of Admission—Days 

Was there a need for 1. IV narcotics (Yes /No) 

2. IV or new PO ANTIBIOTICS—SPECIFY-

Duration of antibiotics 

3. ICU admission (yes /No) —why 

Duration of Fever if febrile 

Results of blood culture 

Radiological investigation 

Duration of Pain 

Any surgical operation (Yes /NO) specify 

Outcome: Discharged alive (yes/No) If dead what is the cause 

Discharge Diagnosis 
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Appendix F: Structured Telephone Interview 

Subject No.: Requires Telephone on:(y/m/d)_ 
Patient Name 
MRN 
Account Number 

Sickle Cell Disease Emergency Study 

TELEPHONE FOLLOW-UP (2 WEEKS) 
FOR PATIENTS WHO DID NOT HAVE REPEAT EMERGENCY (WITHIN 2 

WEEKS) VISITS OR ADMITTED 

Hello, Can I speak to (Patient name or parent of patient) 
Hi , 
/ ant front the Emergency Department at the Sultan Qaboos University Hospital 

I am calling about the sickle cell disease emergency visit follow-up study. 
This research study is trying to determine the problems which patients like yourself might have after the discharge 

from the emergency so we can improve the quality of care you might receive in the future 

We will take approximately 5 minutes to answer the following questions 

Date and times of attempts:. 
Date Reached :(y/m/d) / /_ 
Dead? Date of Death(v/m/d) / / Lost Follow Up? Refused?, 

1) a) Did you need to visit the emergency in the last 2 weeks? O Yes O No 
If 'no' skip to question # 2 

b) If'yes'Answer the following: 
When? Datefy/m/d) / / 

How many times? 

Did you get admitted? O Yes O No 

When and where? Date(y/m/d) / / Where 

How long did you take to recover? 

What was the reason for the visit? Symtoms 
2) a) Did you have any worsening of your condition for which you were seen in the emergency? 

O Yes O No 
If 'no' skip to question # 3 

b) If 'yes' Answer the following 

How long did you remain sick? 

Did you see another health care professional since your last emergency visit? 
O Yes O No 

What did you do about it? 

Describe the Problem? 



3) a) Did you have recurrence of the same episode since your last visit? 
O Yes O No 

If 'no' skip to question # 4 
b) If 'yes' Answer the following: 

Did you recover or still having the symptoms? 
O Yes O No 

How long did you remain free of this symptom? 

Please describe the episode? 

4) a) Did you develop another(different from the first visit) symptom since your last visit? 

O Yes O No 

If 'no' Stop and thank you 

b) If 'yes' Answer the following 

Please describe the episode? 

What did you do for that symptoms/episode? 
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Appendix G: Case Summary Form 

Subject 
No.: 

Sickle Cell Disease Study 
CASE RECORD FORMS 

(ELIGIBLE PATIENT WITH COMPLETED PHYSICIAN DATA FORM) 

OUTSTANDING INFORMATION 
(completed) (to be completed) 

Initial Data collection sheet 
Lab Investigations 
Data admission form if admitted 
Telephone Follow-up 
Admission Information - Results of blood tests and 

Discharge Summary -attach discharge summary 
Emergency Physician emergency Chart - attached copy 

investigations attched 

Any Adverse Outcome reported- as defined in the study 

1. Repeat ED visit 

2. Emergency Exchange blood transfusion 

3. Splenic sequestration 

4. Sepsis 

5.CVA 

6. Acute chest syndrome 

7. Death 

8. Hyperhemolytic crisis 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

No 

No 

No 

No 

No 

Need admission Yes No 

Prolonged painful VOC Yes No 
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DEMOGRAPHICS 

Patient Initials: Chart no.; 

Visit Summary 

Date of Visit : (yy/mm/dd) Date of Birth : ( yy /mm/dd) -

Sex: + Male + Female 

Physician Status: Consultant - Resident(year) Specialist-

Interobserver? ± No ±Yes 

I f ' y e s ' , physician code: 

Transferred from another health care centre? ± No ± Yes 

Sickle Cell Disease Study 

HISTORY 
Date of Visit: (yy /mm/dd) -

Onset Of Symtoms Number of days symptoms s tar ted__ 

Presenting complains: 

1. 2. 
3. 4. 

PAAH: 1 . 2 . 

3. 4 . 

Physical examination: - Please l ist the positive findings only 

1. 2. 
3. 4. 
5. 6. 

Treatment received in ED: 

1. Analgesia: What drug, total doses in mg. how many doses 

and route 

Medication: Total dose Number of doses— 

route 

116 



2. IV fluids: Type, how much fluid in total 

3. Antibiotics: What antibiotics ,dose, route-

4. Other medications: -

FOP discharged patients: 
1. What discharge medications(List) prescribed— 

(dose,route,name) -

2. What regular medication the patient is taking-1. 
2. 3. 

-4. -
3. Chance will develop sepsis 

4. Chance will develop adverse outcome-

Admitted? No Yes 
I f 'ycs ' . where? Ward Critical Care Unit Transfer 
I f 'yes', why? - -

For admitted patients :( attach the discharge summary) and result of blood 
test and X-ray 



Repeat ED(SQUH) visit within 2 weeks of the initial visit- No need for 

follow up call 

For repeat ED visit during 2 weeks of the index visit -please a t tach the ED copy v is i t 

Please complete the same ED visit form 
Data sheet completed? No Yes 
Reason for repeat visit: — - -

Did the patient get admitted No Yes 
I f yes: - what was the reason— 

Please attach the discharge summary of the visitd complete the 
admission form 

Discharge diagnosis 
Attach the lab test results 
I f the patient visited ED more than 2 times over 2 weeks f i l l the same data form 
and same if got admitted or discharged 
How many times the patient visited the ED in last 2 weeks (SQUH or another 
hospital) 

For Discharged patients 

Fill out the phone follow u form 
Phones follow up date 
Did the patient develop any adverse outcomes during 2 weeks No Yes 
Did he need to be seen in another hospital when and reason 

Please get the discharge summary for that visit if possible 

Duration of illness -
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Appendix H: Ethics Approval from the Sultan Qaboos University Hospital(Study Site) 

ismltan (©aboosi UrabetSttp 
C C O L L E G E OF MEDICINE 

S & HEALTH SCIENCES 

Our Ref SQ.U.C.M:RS/07/ 003 

10th January 2007 

To: 

From: 

Subject: 

Dr. Nabil Al Zadjali 
Department Accident and Emergency 

Prof. Mohammed Idris 
Assistant Dean for postgraduate Studies & Research \(l/: „fi '"• f -_J;,: i ''.:>. 
Chairperson, Medical Research and Ethics Committee (MjJr6£?|v ,..A:vS 

Research proposal: Sickle Celt Disease in the Emergency Depiifttot^lfA 
Prospective Cohort Study (MREC 258) 

•v \ \ 

Thank you for submitting your above titled research proposal for review by MREC. 
The committee has reviewed your proposal on its meeting of 17lh December and 
approved it. 

On behalf of MREC I wish you a productive study. 

Best wishes 

P.O. Box : 35 

Al-Khod, Sultanate of Oman 

Postal Code 123 

Telex: 5602 SOU ON Cable: Jami'ah 

Telephone : (968) 24141103; Telefax (968) 24413419 

to : -bjJl J j-u^> 
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Appendix I: Ethics Approval from the Ottawa Hospital Research Ethics Board 

The Ottawa L'HOpital Research Ethics Board 
HoSDital d'Ottawa Conseil d'ethique en recherches 

P 798-5555 ext 14146,14902 or 15072 
Fax No. -761-4311 

http://www. ohri. ca/ohreb/ 

Tuesday, April 08, 2008 

Dr. Abdullah Al Reesi 
Ottawa Hospital -
Civic Campus 
Emergency 
Department 
1053 Carling Avenue 
Ottawa, ON 
K1Y 4E9 

Dear Dr. Al Reesi: 

Re: Protocol # 2007857-01H Sickle Cell Disease in the Emergency Department, A 
Prospective 
Cohort Study 

Protocol approval valid until • Tuesday, April 07,2009 

Thank you for your e-mail dated April 7, 2008.1 am pleased to inform you that this protocol underwent 
expedited review by the Ottawa Hospital Research Ethics Board (OHREB) and is approved. No 
changes, amendments or addenda may be made to the protocol or the consent form without the 
OHREB's review and approval. 

If the study is to continue beyond the expiry date noted above, a Renewal Form should be 
submitted to the OHREB approximately six weeks prior to the current expiry date. If the study has 
been completed by this date, a Termination Report should be submitted. 

The Ottawa Hospital Research Ethics Board is constituted in accordance with, and operates in 
compliance with the requirements of the Tri-Council Policy Statement: Ethical Conduct for 
Research Involving Humans; Health Canada Good Clinical Practice: Consolidated Guideline; Part C 
Division 5 of the Food and Drug Regulations of Health Canada; and the provisions of the Ontario 
Health Information Protection Act 2004 and its applicable Regulations. 

jurSpSincerely, 

Raphael Saginur, M.D. 
Chairman 
Ottawa Hospital Research Ethics Board 
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