
MAY 15, 2018 VOL. 39, NO. 10

AUTHORS 

Ryan Peterfy, DO, Florida Hospital 
Emergency Medicine Residency, 
Orlando

Kevin Tomecsek, MD, Emergency 
Medicine, Florida Hospital, Orlando

PEER REVIEWER 

Patricia Kavanagh, MD, Associate 
Professor of Pediatrics, Boston 
University, Boston, MA

FINANCIAL DISCLOSURE

Dr. Farel (CME question reviewer) owns stock in Johnson & 
Johnson. Dr. Kavanagh (peer reviewer) reports travel for Council for 
Change, an organization for improving sickle cell care supported 
by Pfizer. Dr. Schneider (editor), Dr. Stapczynski (editor), Ms. Light 
(nurse planner), Dr. Peterfy (author), Dr. Tomecsek (author), Ms. 
Mark (executive editor), Ms. Coplin (executive editor), and Ms. 
Hatcher (editorial group manager) report no financial relationships 
with companies related to the field of study covered by this CME 
activity.

AHCMedia.com

Sickle Cell Emergencies
Sickle cell disease affects millions of people. Its complications and clinical 

manifestations are seen frequently in patients presenting to the emergency 
department (ED). Sickle cell disease affects virtually every organ system and 
predisposes patients to a variety of problems, many of which can be life-
threatening. Because many of these issues can be misdiagnosed easily, it is 
essential for the emergency medicine provider to be familiar with their presen-
tation, workup, diagnosis, and treatment. 

This article provides an overview of the most frequently encountered compli-
cations associated with sickle cell disease seen in the ED. It will discuss recent 
guidelines and novel approaches to the treatment of entities such as acute 
chest syndrome, vaso-occlusive crisis, and stroke, as well as new treatments 
on the horizon. With this knowledge, the provider should gain an improved 
understanding regarding the recognition and management of sickle cell disease 
complications. 

Introduction
Sickle cell disease is one of the most common hereditary red blood cell dis-

orders seen by U.S. ED providers. It is an autosomal recessive disease known to 
affect about 70,000 Americans and carried an economic burden of $475 mil-
lion from 1989 to 1993.1,2 Although it mostly affects African Americans, the 
disease can be seen in people of Mediterranean, Indian, and Middle Eastern 
descent. With 1.2 million new cases diagnosed worldwide each year, it is 
imperative that the ED provider be familiar with its presentation, diagnosis, 
and complications.3 

If they are diagnosed early, treated effectively, and receive thorough educa-
tion regarding complications, U.S. patients with sickle cell disease have life 
expectancies to 50 years of age or older.4 Unfortunately, innovations regarding 
its management are infrequent because of the lack of funding and research for 
sickle cell disease. 

While pain is the most frequent complaint the provider will encounter in the 
ED, the complications of sickle cell disease can be life-threatening and need to 
be recognized and treated early to reduce significant morbidity and mortality. 
(See Table 1.)

Pathophysiology
In a normal, healthy adult, red blood cells contain three forms of hemoglo-

bin: HbA, HbA2, and HbF. Each specific type of hemoglobin is made up of 
four total polypeptide chains, which are present in pairs. For example, HbA is 
made up of two α-globin and two β-globin chains, while HbA2 consists of two 
α-globin and two δ-globin chains. HbF, or fetal hemoglobin, is made of two 
α-globin and two γ-globin chains. 



114     Emergency Medicine Reports / May 15, 2018  AHCMedia.com

EXECUTIVE SUMMARY
 z Patients with sickle cell disease often present in acute pain 

due to vaso-occlusion. Opioids should be given early. Other 
causes of their pain should be considered.

 z While most of the patients seen in the ED are high utilizers, it 
is important to remember that this population represents only 
about 20% of all patients with sickle cell disease. High utilizers 
should be treated and referred to a physician who specializes 
in sickle cell disease. The Sickle Cell Disease Association of 
America can help connect patients with providers.

 z Acute chest syndrome should be considered in patients with 
new chest pain, shortness of breath, or hypoxia. Chest X-ray 
findings lag behind symptoms. 

 z Although sickle cell disease is a devastating disease, new 
treatments for vaso-occlusive crisis and new cures using 
CRISPR may be on the horizon.

Sickle cell disease occurs when there is 
a mutation in the β-globin on chromo-
some 11.5 This mutation causes a substi-
tution of adenine for thymine, which in 
turn replaces glutamic acid for valine at 
the sixth amino acid position. In a deoxy-
genated environment, valine interlocks 
on an adjacent chain and forms bundles 
of parallel rods called tactoids.6 This 
bridge causes HbS polymerization, lead-
ing to the sickle appearance. (See Figure 
1.) The once normal cell, now sickled and 
distorted, undergoes early destruction. 
This sickling initially is reversible when 
HbS is reoxygenated, but with repeated 
episodes of sickling, the cell membrane 
becomes damaged and the distortion 
becomes permanent. 

Not only is the life span of the red 
blood cell significantly decreased, the 
unnatural shape also causes hypervis-
cosity and obstruction in the micro-
vasculature.5 This leads to hemolysis, 
intermittent vascular occlusion, and 
tissue ischemia. In the setting of vaso-
occlusion, hypoxia worsens, acidosis 
increases, and further sickling occurs.5 
This repetitive cycle leads patients to 
seek care in the ED.

Sickle cell disease encompasses those 
individuals who are homozygous for the 
sickle cell gene, denoted by HbSS, as 
well as heterozygous for the sickle cell 
gene and hemoglobins other than nor-
mal adult hemoglobin, such as HbSC 
or HbSβ+ thalassemia. Patients with 
sickle cell trait have both the sickle cell 
gene and a normal adult hemoglobin 
(HbAS) and usually are asymptomatic. 
Under severe physiologic stress, such as 
high altitude or extreme physical exer-
tion, sickle cell trait patients may expe-
rience splenic infarction, although this 
is uncommon, and there have been case 
reports of acute chest syndrome as well.

Common manifestations of sickle 
cell disease include splenic infarcts, 
complications in pregnancy, retinopathy, 
hematuria, renal medullary carcinoma, 
and renal papillary necrosis.6 Routine 
treatment of these patients usually 
consists of hydration, pain control, and 
education. If the provider is not careful, 
subtleties may go unnoticed, and com-
plications that may cause the patient 
significant harm can develop. 

Clinical Features
Because sickle cell disease can affect 

numerous parts of the body, patients 
may present to the ED with a variety of 
complaints including bone pain, chest 
pain, shortness of breath, abdominal 
pain, fever, generalized weakness, and 
fatigue. Hence, it is critical for the pro-
vider to be able to differentiate between 
other entities, such as pneumonia, septic 
arthritis, acute coronary syndrome, or 
appendicitis, that possibly could mimic 
sickle cell complications. The clinical 
presentation, diagnosis, and treatment 
of sickle cell disease is variable and is 
dependent on the body system affected. 
Admission requirements vary as well. 
For example, if pain is not well con-
trolled, a patient likely will need to 
be admitted for additional doses of 
analgesia. Other indications for admis-
sion include acute chest syndrome, 
sepsis, white blood cell count (WBC) 
> 30,000 mm3, hemoglobin < 5 g/dL or 
a precipitous drop below baseline, and 
thrombocytopenia.7

Vaso-occlusive Pain Crisis
The most common reason for a 

patient with sickle cell disease to visit 
the ED is pain due to vaso-occlusive 
crisis.6 This process usually is initiated 
by some external stressor, with cold 

temperatures, infection, dehydration, 
and high altitude being the most com-
mon. When a patient’s red blood cells 
undergo sickling, hyperviscosity and 
sludging of the intravascular volume 
ensues, leading to obstruction and ulti-
mately tissue infarction.6 Over time, 
chronic pain and end organ damage 
occur with recurrent vaso-occlusive 
crises. Pain usually occurs in the bones 
of the extremities, back, and chest. 
Although experts have varying opin-
ions on the use of pain scales in the 
ED, commonly used options include 
the 0-10 numerical rating scale and the 
Wong-Baker FACES Pain Rating Scale 
in children. The diagnosis is clinical and 
will not be evident on physical exam 
(for example, no fever, tachycardia, or 
hypertension). Historically, ED practi-
tioners have relied on vital signs as an 
indicator for pain severity. In a retro-
spective study published in 2000, of 459 
patients presenting with symptoms of 
vaso-occlusive crisis, none were found to 
be hypertensive.8 Therefore, the provider 
should not rely on vital sign abnor-
malities as an indicator of pain. If fever, 
redness, warmth, or swelling is noted, 
the provider should seek an alternative 
diagnosis, such as sepsis, cellulitis, or 
septic arthritis.

Once patients present to the ED, 
it usually indicates that their home 
analgesia regimen has become insuf-
ficient to control the pain. Sickle 
cell disease patients usually are well 
informed regarding their pain toler-
ance and will not come to the hospital 
unless absolutely necessary. But some 
of these patients have multiple visits to 
the ED (35% of the sickle cell popula-
tion are recurrent ED users9); therefore, 
providers may limit orders for pain 
control and assume the patients may 
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be narcotic seeking. It has been well 
documented that these patients are sig-
nificantly undertreated. Providers may 
believe patients are not experiencing 
real pain based on their calm demeanor 
and normal vital signs. Some patients 
may exaggerate their pain because of 
past experience with under-treatment. 
Inadequate pain control has been asso-
ciated with more frequent visits to U.S. 
EDs10 and other complications, includ-
ing acute chest syndrome. When evalu-
ating patients in the ED with suspected 
vaso-occlusive crisis, it is important to 
determine the severity of their pain and 
build trust to treat it effectively.11,12 

The mainstay of treatment from 
the perspective of the emergency 

practitioner in patients who present 
with vaso-occlusive crisis includes 
hydration, pain control, and nonphar-
macologic interventions such as heat 
and distraction. No specific hydration 
treatment has been found to be more 
beneficial than another, but oral fluids 
are a reasonable approach if the patient 
is well-appearing and has no signs of 
significant volume loss on physical 
exam.13 In patients with advanced dis-
ease, impaired renal function may con-
tribute to dehydration, and in patients 
with fever or vomiting, intravenous 
(IV) rehydration may be necessary. It is 
important to keep in mind that overhy-
dration may lead to atelectasis and acute 
chest syndrome.13 In addition, overuse 

of crystalloids can cause a hyperchlo-
remic metabolic acidosis, which in 
turn promotes sickling and can worsen 
patients’ symptoms.14 Finally, the com-
bination of opioids and IV fluid boluses 
has been shown to increase vascular 
permeability and pulmonary edema.14 
For these reasons, large fluid boluses 
should be avoided unless clinically indi-
cated (such as hypotension), and fluids 
plus oral intake should not exceed 1-1.5 
times maintenance.14

As mentioned earlier, patients who 
present with sickle cell pain likely 
already have attempted to achieve pain 
control at home before coming to the 
ED, and most have had vaso-occlusive 
crises previously. In addition, some 
adults with sickle cell disease take daily 
high-dose oral opioids as prescribed 
by their primary care provider or 
hematologist. For this reason, starting 
with IV opioids, such as morphine or 
hydromorphone, is not unreasonable. 
These patients usually have significant 
pain, so multiple doses likely will be 
needed to achieve pain control. Rapid 
administration of pain medications is 
recommended. 

For adults with sickle cell disease, 
morphine 8 to 12 mg IV or hydromor-
phone 1 to 2 mg IV may be used,14 and 
may be increased by 25% and repeated 
twice every 15 to 30 minutes to pro-
vide pain relief.1 Recently, studies in 
children with sickle cell disease suggest 
that intranasal fentanyl as the initial 
medication, followed by IV opioids, may 
be effective in achieving pain control 
and may increase rates of discharge.15 If 
the patient’s pain is not well controlled 
after multiple modalities of pain control 
are attempted in the ED, admission 
for continued IV opioids may be war-
ranted. In areas with large populations 
of patients with sickle cell disease, many 
EDs have developed standardized order 
sets or protocols for pain control. This 
assists with patient expectations and 
ensures a timely disposition. 

The National Institutes of Health has 
developed an algorithm to help practi-
tioners guide their management.1 (See 
Figure 2.) Nonpharmacologic interven-
tions include applying heat packs to 
painful areas, creating a relaxing atmo-
sphere (as possible), and providing dis-
tractions such as TV or handheld devices. 

Table 1. Complications of Sickle Cell Anemia

Neurologic

Ischemic or hemorrhagic stroke
Cerebral aneurysm
Chronic pain syndrome
Neuropathic pain syndrome

Eye Retinopathy

Pulmonary Acute chest syndrome
Pulmonary hypertension

Cardiac Cardiomegaly

Abdominal, GI

Mesenteric ischemia
Hepatic infarction
Cholelithiasis
Intrahepatic cholestasis
Splenic sequestration

Renal, GU

Hematuria
Renal infarction
Papillary necrosis
Renal failure
Priapism

Musculoskeletal
Acute vaso-occlusive pain crisis; bone, joint, and muscle pain
Osteomyelitis
Avascular necrosis of femoral head

Dermatologic Leg ulcers

Infection
Osteomyelitis
Pneumonia
Urinary tract infection

Hematologic

Chronic hemolysis
Acute hemolytic crisis
Aplastic crisis
Hypercoagulability: pulmonary embolism and venous 
thrombosis

Source: Reprinted with permission from: Tintinalli JE, Stapczynski JS, Ma OJ, et al. Emergency 
Medicine: A Comprehensive Study Guide. 8th ed. New York; McGraw Hill; 2016:1506.
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Other novel approaches to vaso-
occlusive crisis recently have emerged 
in the literature, including low-dose 
ketamine, tinzaparin, clotrimazole, mag-
nesium, erythropoietin, butyric acid, and 
azacitidine. The authors of a study pub-
lished in 2017 did not find a reduction 
in severity of painful crisis or length 
of hospital stay while using oral or IV 
magnesium.16 In a 2004 study, purified 
poloaxmer 188 showed promise, caus-
ing reduction in pain in vaso-occlusive 
crisis,17 but a larger study did not show 
benefit.18 Hydroxyurea is effective for 
long-term prevention of sickle cell-
related complications and improves 
survival by blocking DNA synthesis, 
impairing cell division, and increasing 
levels of HbF. Hydroxyurea reduces 
both frequency and severity of attacks, 
but is not recommended as treatment in 
acute crises as it usually takes weeks to 
months to achieve effectiveness.19,20,21 

Researchers in current ongoing clini-
cal trials are in the process of develop-
ing treatments for vaso-occlusive crisis 
that may be of benefit in the future. 

Rivipansel (GMI-1070) is a therapy 
currently in Phase III clinical trials. It 
is a pan-selectin inhibitor, which blocks 
the activity of selectins. These molecules 
are responsible for blood cell adhesion. 
In Phase II of the trial, large reductions 
in time to resolution of pain crisis and 
length of hospital stay were seen.22 

Researchers have studied anticoagu-
lation and antioxidants as a means to 
prevent pain crises with agents such 
as platelet inhibitors (prasugrel and 
ticlopidine), vitamin K antagonists 
(acenocoumarol), and N-acetylcysteine. 
None of these treatments were found to 
be significantly effective in their trials.23

Bone Necrosis
As stated earlier, the diagnosis of 

vaso-occlusive crisis usually is clinical. 
If the patient’s pain is localized to the 
hip or shoulder, this may suggest aseptic 
necrosis of the femoral head, and radio-
graphs may be obtained. This is seen 
most commonly in the femoral heads, 
where chronic weight bearing contrib-
utes to progressive joint destruction 

from frequent infarction of bone tra-
beculae.24 Osteomyelitis and osteone-
crosis may be visualized on X-ray, but 
magnetic resonance imaging (MRI) 
or bone scan is needed to detect small 
bone infarcts.25 

Acute Chest Syndrome
Acute chest syndrome is one of the 

most feared complications of sickle 
cell disease and carries a mortality rate 
of 10%.26 It is commonly seen in chil-
dren and is the leading cause of death 
in sickle cell patients in the United 
States.27 It is defined as the appear-
ance of a new infiltrate on chest X-ray 
accompanied by a fever > 38.5° C or 
respiratory symptoms such as coughing, 
wheezing, tachypnea, or chest pain.28 

Although the pathophysiology is 
not completely understood, acute chest 
syndrome is thought to be caused by 
various etiologies, including underly-
ing pulmonary infection (common 
causes include Mycoplasma, Chlamydia, 
and Streptococcus26) or rib infarction.29,30 
(See Figure 3.) Although less common, 
fat emboli also have been shown to 
cause acute chest syndrome, especially 
in adults with sickle cell disease. The 
pathophysiology involves an extension 
from vaso-occlusive crisis in which 
necrotic bone fragments embolize into 
the pulmonary vasculature. This has 
been noted on lung tissue biopsy where 
fat droplets are detected in endothelial 
cells, and on autopsy where bone frag-
ments and marrow are found in the vas-
culature.31 When ischemia and hypoxia 
develop in lung tissue, free radicals 
develop, which causes upregulation of 
endothelial adhesion molecules.32 This 
in turn causes binding of sickled eryth-
rocytes, thereby worsening occlusion. 
This cycle is thought to be responsible 
for causing acute chest syndrome. As 
previously stated, it also can be precipi-
tated iatrogenically by overcorrecting 
fluid deficits in pain crisis, causing pul-
monary edema. 

A chest X-ray should be ordered in all 
patients presenting with the aforemen-
tioned symptoms, although it is impor-
tant to note that imaging studies initially 
may be normal, so treatment should be 
guided based on the patient’s symptoms 
and physical exam.28 Once the diagnosis 
is made, patients are hospitalized and 

Figure 1. Normal Red Blood Cells vs. Sickle Cells

Source: Used with permission from: Tintinalli JE, Stapczynski JS, Ma OJ, et al. Emergency Medicine: A 
Comprehensive Study Guide. 8th ed. New York; McGraw Hill; 2016:1505.
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treated with broad-spectrum antibiotics 
with coverage for community-acquired 
pneumonia, most commonly azithro-
mycin and ceftriaxone to cover atypical 
and bacterial organisms.26 Testing for 
influenza and treatment with antivirals 
if results are positive also are recom-
mended. Bronchospasm may be present, 
so inhaled beta-2 adrenergic agonists 
may be tried.33 Systemic steroids are 
not recommended, as they were associ-
ated with increased rates of readmission 
within 72 hours for vaso-occlusive pain.14 
Researchers in one study found no ben-
efit from early inhaled corticosteroid 
therapy.34 

Supportive measures, including oxy-
gen, IV fluids, and pain control, should 
be provided as needed. It is estimated 
that about 13% of patients with acute 
chest syndrome will require ventilator 
support.6

In addition, treatment of acute chest 
syndrome generally includes transfu-
sion. Transfusion therapy is thought to 
be lifesaving by many practitioners, but 
currently there is no evidence-based 
research to back this theory. It is effec-
tive by decreasing the concentration of 
sickled hemoglobin in the body. The 
decision of whether to use simple or 
exchange transfusion depends on the 
severity of the episode. It is recom-
mended to consider the use of simple 
transfusion for milder cases of acute 
chest syndrome and exchange transfu-
sion in moderate to severe episodes.26 
While some researchers recommend 
transfusion in all patients who pres-
ent with acute chest syndrome, it 
should be considered in the following 
populations: those who have a previous 
history of intubation, those who deteri-
orate despite other therapies, and those 
with suspected fat embolism.29,30 

Another treatment is inhaled nitric 
oxide, which causes vasodilation and 
improves ventilation and perfusion in 
areas of damaged lung tissue.29 It also 
reduces adhesion of red blood cells to 
endothelial cells, but its effectiveness is 
controversial. In a study published in 
2015, researchers found no reduction 
in rates of treatment failure in adult 
patients with mild to moderate acute 
chest syndrome treated with nitric 
oxide.35 Unfortunately, acute chest 
syndrome may occur multiple times in 

patients with sickle cell disease, predis-
posing them to chronic lung disease.36

Splenic Sequestration 
Crisis

Splenic sequestration crisis is a phe-
nomenon seen in sickle cell disease 
patients in which there is an acute drop 
in hemoglobin due to vaso-occlusion 
combined with an increase in organ size 
due to pooling of red blood cells inside 
the spleen. It is seen most commonly 
in children with sickle cell anemia 
(HbSS).37 This sequestration can cause 
a large amount of intravascular volume 
loss, which ultimately can lead to hypo-
volemic shock.37 On physical exam, the 
patient will be tachycardic, appear pale, 
and have a palpable spleen. Pain in the 
left upper quadrant frequently is seen, 
but is not necessary for the diagnosis. 
Laboratory results show a hemoglobin 
level well below baseline as well as a 
normal to increased reticulocyte count. 

With a mortality rate between 10% 
and 15%, it is crucial that treatment is 
started early.38 Therapy includes aggres-
sive IV fluid hydration for hypotension 
and blood transfusion. This restores 
intravascular volume and also aids in 
remobilizing red blood cells (RBCs) in 
the spleen, producing a rise in hemo-
globin greater than what would be seen 
with transfusion alone.39,40 Providers 
should consult a sickle cell disease expert 
during the treatment phase of splenic 
sequestration, as rapid increases in blood 
viscosity may cause stroke or acute chest 
syndrome. All patients should be admit-
ted to a monitored bed with frequent 
hemoglobin checks and neurologic 
examinations. In patients with recurrent 
sequestration or symptomatic hyper-
splenism, splenectomy often is required.39 

Hyperhemolytic Crisis
Patients with sickle cell disease have 

a chronic hemolytic anemia due to the 
abnormal shape of the red blood cells. 
Patients generally have a baseline hemo-
globin of 6-9 g/dL and a reticulocyte 
count of 5-15%.41 Although this anemia 
usually is compensated for by increased 
red blood cell production, patients can 
experience sudden drops in hemoglobin 
concentration due to a variety of factors, 
including stress, infection, or medica-
tions. Patients usually will present to the 

ED complaining of weakness, fatigue, 
or exertional dyspnea. One specific 
entity is known as hyperhemolytic 
crisis, which is defined as a decrease in 
hemoglobin concentration with nor-
mal or increased reticulocyte count.42 
Transfusion is the first-line therapy, but 
other treatments, such as intravenous 
immunoglobulin (IVIG) and steroids, 
have been used.43

Aplastic Crisis
Aplastic crisis occurs when there is 

a decrease in hemoglobin greater than 
2 g/dL below baseline coupled with an 
absent compensatory mechanism in the 
bone marrow, leading to a critically low 
reticulocyte count. It occurs most com-
monly in children and is associated with 
parvovirus B19 infection.41 Symptoms 
typically include weakness, fatigue, 
tachycardia, and pallor. The episode usu-
ally is self-limiting and resolves in two 
days to two weeks. Treatment involves 
supportive care and transfusion in mod-
erate to severe cases until natural eryth-
ropoiesis is restored.44 Most patients are 
admitted for close monitoring.

Stroke
Although an uncommon complica-

tion overall, stroke in sickle cell disease 
is one of the most devastating. Children 
with sickle cell disease have a 200% 
greater likelihood of experiencing a 
cerebrovascular accident than those 
without the disease.45 Unfortunately, 
there are no prospective studies regard-
ing stroke evaluation and manage-
ment in sickle cell disease patients, so 
guidelines are based on recommenda-
tions from expert consensus. Stroke in 
sickle cell disease typically occurs in 
children younger than 10 years of age 
and in adults older than 29 years of 
age.46 Children and older adults with 
sickle cell disease typically have isch-
emic stroke; hemorrhagic strokes are 
common beginning in the third decade 
of life.46 Because the pathophysiology 
behind strokes in children and adults 
with sickle cell disease differs, the evalu-
ation and management must be consid-
ered separately. As with vaso-occlusion 
crisis, children who present to the ED 
with signs and symptoms of stroke have 
underlying inappropriate cell adhesion 
and intravascular sickling.14 In adults, 
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the cause usually is a thromboembolic 
event, just as is seen in the general pop-
ulation. A careful and detailed neuro-
logic exam is required, and the provider 
should question the time of onset. 

Clinical presentation and neurologic 
deficits will depend on the anatomic 
area of the brain affected. These patients 
need to undergo emergent noncontrast 
head CT with or without perfusion 
studies, followed by MRI and magnetic 
resonance angiography (MRA) of the 
head and neck. 

Children with ischemic strokes 
typically are treated with IV fluids and 
exchange transfusion to maintain an 
HbS level less than 30%.46 These patients 
should be transfused with caution, as 
post-transfusion hemoglobin levels 
greater than 13 g/dL have been associ-
ated with additional ischemia second-
ary to hyperviscosity.46 Hemorrhagic 
conversion is common in children,47 
and unfortunately no studies regarding 
management in sickle cell disease have 
been published. Because of this, it is 
recommended to treat children present-
ing with hemorrhagic strokes according 
to guidelines created for non-sickle cell 
disease patients.47 Adults presenting with 
ischemic strokes should undergo evalu-
ation for potential tissue plasminogen 
activator (tPA) or intra-arterial thromo-
blysis candidacy in conjunction with a 
stroke neurologist and hematologist.14

Because of the high recurrence rates 
following an initial stroke, experts rec-
ommend patients be placed on chronic 
transfusion therapy, which can reduce 
the risk of subsequent stroke by up to 
92%.48 In one retrospective cohort study, 
exchange transfusion was associated 
with lower rates of recurrent strokes 
when compared to simple transfusion 
therapy.49 In addition, randomized con-
trolled trials suggest that annual tran-
scranial Doppler studies be performed 
on children with sickle cell disease 
between 2 and 16 years of age to detect 
signs of cerebrovascular disease. In 
patients with a Doppler velocity greater 
than 200 cm/s, prophylactic chronic 
transfusion therapy is recommended.50 

Infection
Patients with sickle cell disease 

have an increased risk of infection 
due to the development of functional 

asplenia in childhood, predispos-
ing them to infection, especially with 
encapsulated or atypical organisms,51 
such as Streptococcus pneumoniae, 
Haemophilus influenzae, Mycoplasma, and 
Chlamydophilia pneumoniae.52 Because 
of recent widespread vaccination against 
S. pneumoniae and H. influenzae, infec-
tion with these organisms has declined 
significantly. However, patients with 
sickle cell disease have an immuno-
compromized state, as they experience 
increased bone marrow turnover and 
abnormal complement activation.14 

Therefore, any patient with sickle cell 
disease who presents to the ED with a 
fever within 24 hours of presentation 
or other signs of infection should be 
treated aggressively. 

Causes of fever in this population 
include bacteremia/sepsis and infection 
with acute chest syndrome, and less 
commonly, osteomyelitis and meningi-
tis. As with any patient presenting with 
signs and symptoms of infection, a thor-
ough history and physical exam should 
be performed to determine the source 
of infection. If no source is evident, the 

Figure 2. ED Evaluation and Treatment 

Source: National Institutes of Health, National Heart, Lung, and Blood Institute. The Management of 
Sickle Cell Disease. 4th edition. NIH publication no. 02-2117. Bethesda, MD: 2002: 66-67.
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provider should perform a complete 
blood count and blood cultures, and 
consider obtaining urinalysis and urine 
culture in children younger than 2 years 
of age. Specific diagnostic laboratory 
tests to be considered, based on history 
and physical exam, may include throat 
culture, chest radiograph, lumbar punc-
ture for toxic-appearing patients, and 
analyses and cultures of subperiosteal 
fluid aspiration or arthrocentesis.53 

Treatment consists of antibiotics, 
and specific therapy should be based on 
the identified source of infection. Treat 

empirically with a third-generation cepha-
losporin, such as ceftriaxone (2 g in adults 
and 50 mg/kg in children) to cover the 
typical organisms seen.14 Patients with 
suspicion for significant bacterial infec-
tion should be considered for admission. 
Some patients may be sent home in 
certain scenarios. In children who are 
well-appearing with a temperature less 
than 40° C, who are at their baseline lab 
values, and who have good follow-up 
care may be discharged after a single 
dose of long-acting antibiotic therapy.53 
In terms of prophylaxis, the use of daily 

penicillin V has been shown to reduce 
the incidence of infection and mortality 
from sepsis in children 2 months to 5 
years of age but not in adults.14,54 

In patients with fever who are com-
plaining of bone pain, providers should 
consider osteomyelitis and septic arthri-
tis. Sites of infarcted bone due to previ-
ous episodes of recurrent vaso-occlusive 
crisis have an increased susceptibility 
for infection.54 It is usually due to infec-
tion with Streptococcus or Staphylococcus 
species, but antibiotic coverage should 
include Salmonella species.55 Findings 
concerning for septic arthritis or osteo-
myelitis include joint swelling, warmth, 
and tenderness. Patients are likely to 
have severe pain upon passive range of 
motion of the joint in septic arthritis. 
Optimal diagnostic studies remain 
unclear, as plain films may fail to show 
changes associated with bone destruc-
tion until seven to 10 days after onset.56 
While MRI may be the most helpful 
noninvasive diagnostic study in sickle 
cell disease joint infections, bone biopsy 
and joint aspiration are the gold stan-
dard modalities in osteomyelitis and 
septic arthritis, respectively.57 

Cardiac Complications
Chronic sickling and frequent micro-

infarcts can lead to cardiac dysfunction 
over time.58 Cardiomegaly is seen com-
monly in sickle cell disease patients, and 
it correlates with the degree of chronic 
anemia.59 Patients with sickle cell dis-
ease are at increased risk for myocardial 
infarction, QT prolongation, atrioven-
tricular blocks, and ventricular arrhyth-
mias.60,61 In an autopsy study in 1996 of 
72 patients with sickle cell disease, seven 
were found to have pathologic evidence 
of previous myocardial infarction (MI) 
but without signs of atherosclerotic 
lesions.62 There are no studies that pro-
vide recommendations of troponin use 
in young sickle cell disease patients who 
present to the ED with chest pain with-
out coronary artery disease risk factors. 
Therefore, cardiac enzymes should be 
ordered at the provider’s discretion.

Rarely, sickle cell trait has been shown 
to increase the risk of sudden cardiac 
death during intense physical activity, 
which leads to hypoxia and acidosis. 
In turn, this promotes sickling, vas-
cular occlusion, and acute increases in 

Figure 2. ED Evaluation and Treatment (continued) 

Source: National Institutes of Health, National Heart, Lung, and Blood Institute. The Management of 
Sickle Cell Disease. 4th edition. NIH publication no. 02-2117. Bethesda, MD: 2002: 66-67.
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pulmonary pressures.59,63 This was seen 
in 2008, when controversy surrounded 
a University of Central Florida football 
player with sickle cell trait who died 
suddenly during an intense practice ses-
sion. A statistical review published in 
2012 found that over a 31-year span, out 
of 2,462 athlete deaths, 23 were related 
to sickle cell disease.64 Evidence-based 
guidelines still are lacking for measures 
to prevent sudden cardiac death in 
sickle cell disease patients. Further stud-
ies are needed to identify cardiac risk 
factors associated with increased mor-
tality. Once established, this subset of 
high-risk patients can be followed more 
closely and possible lifesaving interven-
tions can be made to reduce the risk of 
premature cardiac death.64

Pulmonary Embolism
Sickle cell disease has been shown to 

increase the risk of pulmonary embo-
lism (PE) because of its hypercoagulable 
state. In a study of patients with a his-
tory of sickle cell disease and sudden 
death, 38% were found to have a PE 
at the time of autopsy.65 Data from the 
National Hospital Discharge Survey 

showed patients hospitalized with 
sickle cell disease were three times as 
likely to be discharged with a diagnosis 
of PE as those without the disease.66 
Patients typically will present with 
dyspnea, chest pain, hypoxia, tachycar-
dia; lower extremity swelling and pain 
often are absent. As split product levels 
are increased at baseline in patients 
with sickle cell disease, D-dimer is 
of little use.67 No studies have shown 
optimal therapy for the treatment of 
PE in patients with sickle cell disease. 
Therefore, it is recommended that these 
patients be treated with the same ther-
apy as patients without the disease.68

Priapism
Priapism is a phenomenon in which 

there is sustained penile erection in the 
absence of sexual desire. It is seen in 
patients both with and without sickle cell 
disease,14 but it is a common complaint 
seen in patients with sickle cell disease. 
Priapism is thought to occur in as many 
as 35% of males with sickle cell disease.69 
The condition is categorized as low 
flow or high flow. The low-flow state is 
ischemic and is more common in sickle 

cell disease patients, while the high-flow 
state is non-ischemic. Patients with sickle 
cell disease often have multiple occur-
rences of priapism, which can lead to 
erectile dysfunction over time. 

The risk of priapism in sickle cell dis-
ease is thought to stem from a decrease 
in circulating free nitric oxide.70 Patients 
with sickle cell disease undergo chronic 
hemolysis, which increases the abil-
ity of free hemoglobin to bind nitric 
oxide.70 Priapism is a form of compart-
ment syndrome in which there is an 
acute increase in pressure in the venous 
sinuses, which in turn leads to decreased 
penile arterial flow. As with any other 
ischemic process, timely diagnosis and 
treatment is of critical importance, as 
prolonged episodes of priapism can lead 
to permanent tissue damage. 

Patients with priapism will present 
with a rigid, painful corpus cavernosa. 
The provider should inquire about pos-
sible triggers, including trauma, dehy-
dration, stress, infection, or drugs such 
as cocaine or phosphodiesterase inhibi-
tors like sildenafil.14 

If the erection has been present for 
two hours or less, the patient should be 
given IV fluids and oral analgesia to see 
if the priapism resolves on its own. If 
the duration is longer, the provider may 
attempt to aspirate and irrigate the 
corpus cavernosum.71 A penile block 
may be performed for patient comfort. 
Once anesthetized, two small needles 
may be inserted into each corporal 
body. Aspiration of blood alone may 
result in complete resolution. If the 
erection remains, an alpha-adrenergic 
agonist, such as phenylephrine, may be 
injected into the opposite needle.14,70,71 
The phenylephrine may be diluted to 
100 to 500 mcg/mL and injected as 
0.5 to 1 mL every five minutes for a total 
of three times.72 Penile aspiration should 
occur within six hours of the onset of 
priapism, as irreversible tissue necro-
sis can occur.71 If this is unsuccessful, 
exchange transfusion can be considered 
in consultation with urology and hema-
tology.14 If aspiration and irrigation do 
not provide detumescence, urology may 
be consulted for surgical shunt place-
ment.71 If the provider is successful in 
relieving the priapism, the penis should 
be wrapped to prevent re-accumulation 
of blood. Patients may be discharged 

Figure 3. Acute Chest Syndrome

Source: Used with permission from: Tintinalli JE, Stapczynski JS, Ma OJ, et al. Emergency Medicine: A 
Comprehensive Study Guide. 8th ed. New York; McGraw Hill; 2016:1508.
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home with close urology follow-up. 
Other potential intracorporal agents, 
such as etilefrine, have been studied, but 
currently are not available in the United 
States.71

Hyphema
A hyphema occurs when blood enters 

the anterior chamber, either spontane-
ously or as a result of trauma to the eye. 
In the setting of trauma, force causes 
rupture of an iris root vessel.73 The 
presence of sickle cell disease or sickle 
cell trait can lead to complications fol-
lowing development of a hyphema. 
These include rebleeding and increases 
in intraocular pressure leading to acute 
angle closure glaucoma. A full eye exam 
should be performed. This includes 
visual acuity, visual field testing, fundo-
scopic exam, slit-lamp exam, intraocular 
pressure measurement, and fluorescein 
staining. 

Patients with a confirmed hyphema 
should have the head of the bead raised 
to 45 degrees. This promotes settling 
of the RBCs and prevents occlusion of 
the trabecular meshwork, which can 
elevate intraocular pressure.14 If the 
pressure is found to be elevated above 
20 mmHg, treatment consists of topi-
cal beta-blockers, such as timolol, and 
alpha-adrenergic agonists like apra-
clonidine.73 Carbonic anhydrase inhibi-
tors, such as acetazolamide, should 
be avoided in patients with sickle cell 
disease, as they cause a drop in the 
anterior chamber pH, which promotes 
sickling and worsening of intraocular 
pressure.73 Another agent traditionally 
used in hyphema, mannitol, also should 
be avoided in sickle cell disease, as it 
can cause an increase in serum osmo-
lality.14 An ophthalmologist should be 
consulted, and these patients should be 
admitted for serial intraocular pressure 
exams, as any increase above normal 
may require surgical anterior chamber 
washout.73

Differential Diagnosis
Sickle cell disease can affect almost 

any organ in the body. For this reason, 
the differential diagnosis for patients 
presenting with symptoms of sickle 
cell complications is extremely broad. 
Pain is the most common complaint 
in patients with sickle cell disease seen 

in the ED. Many providers initially 
may assume the patient’s symptoms are 
due to vaso-occlusive crisis. However, 
it is important to remember that this 
disease entity is a diagnosis of exclu-
sion, and one must rule out other seri-
ous causes of pain before making the 
diagnosis.

Long-term Management 
and Treatment

Patients with sickle cell disease need 
to maintain close follow-up with an 
outpatient provider knowledgeable about 
sickle cell disease. Sickle cell patients can 
be divided into two groups: high ED uti-
lizers and low ED utilizers. About 20% 
are considered high utilizers and make 
up the majority of the population seen in 
the ED. These patients should be referred 
to a hematologist or outpatient provider 
with a specific background in sickle cell 
disease to ensure the highest quality of 
care. If the patient does not have a cur-
rent provider, consider engaging case 
management or referring the patient to 
the Sickle Cell Disease Association of 
America, which will assist the patient in 
their search. Because the ED sees a dis-
proportionate number of high utilizers, 
it is important not to assume all patients 
with sickle cell disease are high utilizers 
or drug seekers. 

While there are various ways to man-
age sickle cell disease effectively, bone 
marrow transplant (BMT) may be 
curative. The data on survival rates after 
BMT are limited, as current patient 
eligibility in the United States is depen-
dent on the presence of pulmonary and 
neurologic vasculopathies. Published 
data regarding HLA-matched sibling 
BMT estimates overall survival rates 
greater than 90% at four to six years.74 
Gene therapy is a new approach that 
currently is under investigation for the 
treatment and potentially a cure for 
the disease. CRISPR is a gene-editing 
tool that stands for clustered regularly 
interspaced palindromic repeats, which 
uses nuclease to slice DNA segments. 
By doing this, CRISPR potentially 
could delete the mutated sequence 
seen in sickle cell disease. One specific 
CRISPR, called Cas9, was found to 
correct 30% of the β-hemoglobin DNA 
sequence.75 Studies are promising but 
still ongoing.

Controversies
Medical advances are changing our 

outlook and knowledge of sickle cell dis-
ease, so many prior papers regarding its 
management now are obsolete. In addi-
tion, sickle cell disease is underfunded in 
comparison with other disorders. There 
is a lack of research and funding. As an 
example, cystic fibrosis receives 11 times 
the amount of monetary support per 
patient than sickle cell disease.76 Sickle 
cell disease also is a relatively rare disease, 
making clinical trials difficult to per-
form. This lack of funding and research 
has caused controversy in the sickle cell 
community. Many advocates believe the 
shortage stems from the fact that the dis-
ease primarily affects African Americans, 
and that racial discrimination and lack of 
wealth in the community play a role.

Summary
Sickle cell disease can present a vari-

ety of challenges to the ED provider. 
It is a disease with many complications 
that may be missed easily if not carefully 
considered and evaluated. With new 
research and innovative ways of treating 
the disease being developed, the idea 
that patients with sickle cell disease may 
be managed with more effective disease-
modifying therapies, thereby reducing 
their need for ED care, is becoming a 
reality. 
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CME/CE Questions
1. Which of the following is a known 

long-term complication of priapism?
a. Penile ulcers
b. Erectile dysfunction
c. Paraphimosis
d. Phimosis

2. Which of the following pain regi-
mens is appropriate for a patient 
presenting in acute pain crisis? 
a. Acetaminophen 325 mg PO 

every five minutes
b. Valium 2 mg PO once
c. Fentanyl 10 mg IV every two 

hours
d. Morphine 8 mg IV every 15-30 

minutes

3. Patients with sickle cell disease are 
at increased risk for which of the 
following disease processes?
a. Pulmonary embolism
b. Appendicitis
c. Multiple endocrine neoplasia 

type 2
d. Adrenal hemorrhage

4. Which of the following is useful in 
the treatment of priapism in patients 
with sickle cell disease?
a. Intramuscular ketorolac
b. Injection of an alpha-adrenergic 

agonist into the corpus cavernosa
c. IV ketamine
d. Injection of cyclobenzaprine into 

the corpus cavernosa
5. Aplastic crisis usually is associated 

with which of the following in sickle 
cell disease?
a. Adenovirus
b. Parainfluenza virus
c. Parvovirus B19
d. Rotovirus

6. How is vaso-occlusive crisis typi-
cally diagnosed in the emergency 
department?
a. CT angiography
b. PET scan
c. Bone scan
d. Clinically

7. Sickle cell disease places patients at 
an increased risk of infection with 
encapsulated organisms because of 
its association with which of the 
following?
a. Functional asplenia
b. Leukopenia
c. Decreased T lymphocyte stores
d. Poor thymus function

8. Aplastic crisis typically resolves 
spontaneously in what time frame?
a. Two hours
b. Two weeks
c. Two months
d. Two years

9. Which of the following has been 
shown to be effective in prevention 
of vaso-occlusive crisis in patients 
with sickle cell disease?
a. Tacrolimus
b. Methotrexate
c. Aspirin
d. Hydroxyurea
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Exclusive to our subscribers RAPID ACCESS MANAGEMENT GUIDELINES

Sickle Cell Emergencies

Complications of Sickle Cell Anemia

Neurologic

Ischemic or hemorrhagic stroke
Cerebral aneurysm
Chronic pain syndrome
Neuropathic pain syndrome

Eye Retinopathy

Pulmonary Acute chest syndrome
Pulmonary hypertension

Cardiac Cardiomegaly

Abdominal, GI

Mesenteric ischemia
Hepatic infarction
Cholelithiasis
Intrahepatic cholestasis
Splenic sequestration

Renal, GU

Hematuria
Renal infarction
Papillary necrosis
Renal failure
Priapism

Musculoskeletal
Acute vaso-occlusive pain crisis; bone, joint, and muscle pain
Osteomyelitis
Avascular necrosis of femoral head

Dermatologic Leg ulcers

Infection
Osteomyelitis
Pneumonia
Urinary tract infection

Hematologic

Chronic hemolysis
Acute hemolytic crisis
Aplastic crisis
Hypercoagulability: pulmonary embolism and venous 
thrombosis

Source: Reprinted with permission from: Tintinalli JE, Stapczynski JS, Ma OJ, et al. Emergency 
Medicine: A Comprehensive Study Guide. 8th ed. New York; McGraw Hill; 2016:1506.

Normal Red Blood Cells vs. Sickle Cells

Source: Used with permission from: Tintinalli JE, Stapczynski JS, Ma OJ, et al. Emergency Medicine: A 
Comprehensive Study Guide. 8th ed. New York; McGraw Hill; 2016:1505.
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ED Evaluation and Treatment 

Source: National Institutes of Health, National Heart, Lung, and Blood Institute. The Management of 
Sickle Cell Disease. 4th edition. NIH publication no. 02-2117. Bethesda, MD: 2002: 66-67.

ED Evaluation and Treatment (continued) 

Source: National Institutes of Health, National Heart, Lung, and Blood Institute. The Management of 
Sickle Cell Disease. 4th edition. NIH publication no. 02-2117. Bethesda, MD: 2002: 66-67.
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