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Introduction. Managing patients with sickle cell disease (SCD) and its potential complications remains a
challenge. In this inherited disorder, mutation of the beta globin gene results in hemoglobin S (HbS), which
can polymerize and lead to red blood cell (RBC) sickling under hypoxic conditions.! Patients with SCD may
carry homozygous (HbSS) or heterozygous (non-HbSS) HbS mutation profiles. Hemolytic anemia and
vaso-occlusion with subsequent ischemic damage are the classic pathologic features, but there are other
poorly understood events including endothelial dysfunction, inflammation, hypercoagulability, and platelet
activation.’? These processes lead to a wide range of acute and chronic complications involving multiple
organ systems.

Fat embolism syndrome (FES) is a rare, high-risk complication of SCD that manifests with hypoxemia,
neurologic impairment, and petechial rash.® In patients with SCD, FES often occurs in the setting of a vaso-
occlusive episode (VOE) and involves bone marrow necrosis, but other risk factors for development are
unclear. Non-HbSS genotypes and human parvovirus B12 infection have been associated with FES in a
prior meta-analysis.* While corticosteroids have been controversial in the management of FES, the
relationship between corticosteroid use and the development of FES is unknown especially in patients with
SCD.

Here, we describe the case of a 28-year-old woman with HbSS SCD who received corticosteroids

for allergy-like symptoms and later presented with a VOE and ultimately expired from FES. To our
knowledge, this is the only reported case of FES after corticosteroid administration in a patient with the
HbSS genotype. We will use this case to highlight corticosteroid use as a possible precipitant of FES in
patients with SCD.

Case Description. A 28-year-old woman with HbSS SCD, bilateral avascular necrosis of the hips, and
asthma initially presented to the emergency department with facial swelling and urticaria on her arms and
wrists. She did not have any known cardiac comorbidities and an echocardiogram 2 years prior did not
show evidence of right or left ventricular dysfunction. She received a 3-day course of prednisone 40 mg
daily and an oral antihistamine. Her symptoms initially improved but then recurred after completing
prednisone. She presented to the emergency department (ED) 6 days later where 10 mg of oral
dexamethasone was given, and she was discharged with a 5-day course of prednisone 40 mg daily.
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After 2 days, she again presented to the ED with significant pain in her hips and knees and was admitted
for a suspected VOE. Complete blood count showed leukocytes of 11.6 g/dL, hemoglobin of 9.8 g/dL, and
platelet count of 334,000/microL. She did not have signs or symptoms consistent with acute chest
syndrome or laboratory evidence of hemolysis at time of presentation. She was provided pain control with
intravenous hydromorphone and ketamine and hydrated with intravenous fluids.

On the second day of admission, she desaturated to 88% on room air and required two liters of
supplemental oxygen by nasal cannula. She was afebrile and rapidly became tachycardic and tachypneic.
She did not have any stridor, wheezing, rash, or urticaria at this time. Chest x-ray did not reveal any opacity
or edema. Later in the afternoon, she became unresponsive without any improvement after naloxone
administration. She was intubated for rapidly progressive encephalopathy and need for airway protection.
Arterial blood gas after intubation did not reveal acute hypoxia or hypercapnia. Repeat complete blood
count showed leukocytes of 14.6 g/dL, hemoglobin of 5.6 g/dL, and platelet count of 70,000/microL. The
patient’s serum lactate dehydrogenase was elevated, and chest x-ray after intubation showed new poorly
defined bilateral hazy airspace opacities. CT angiogram of her brain did not show any bleed or obvious
ischemic event. She quickly developed shock and acute renal failure requiring vasoactive medications

and dialysis. She was also started on empiric vancomycin and piperacillin—tazobactam. Simple transfusion
of red blood cells was started. Her shock was suspected to be distributive in origin stemming from a rapidly
progressive VOE. Central venous access was obtained, and emergent hemodialysis was initiated.

After 2 hours, she had cardiac arrest from refractory shock and expired after a course of cardiopulmonary
resuscitation. Her postmortem autopsy showed evidence of systemic fat emboli. Specific findings included
bilateral lungs with multifocal fat and bone marrow emboli, alveolar hemorrhage, and hemosiderin-laden
macrophages. Bilateral kidneys showed diffuse intravascular fat emboli within the glomeruli. The bowels
showed extensive enteric necrosis. The heart showed right ventricular dilation and left ventricular
hypertrophy. Neuropathologic evaluation of the brain showed evidence of metabolic encephalopathy and
acute hypoxic and ischemic changes, but no fat emboli were observed.

Discussion. This case describes a patient who received corticosteroids for a suspected allergic reaction
and ultimately developed an acute VOE which rapidly progressed to FES and death. The pathophysiology
of FES as it relates to corticosteroids in SCD is not well understood. In patients with SCD, it has been
theorized that exposure to corticosteroids initially conveys cellular membrane-protective and systemic anti-
inflammatory effects, and that when steroids are withdrawn, a rebound surge of the pro-inflammatory
cascade may then precipitate a VOE.® The most direct link between VOE and FES was proposed in 1987,
in which sickled red blood cells lead to bone marrow necrosis, increased intramedullary pressure, and
subsequent retrograde flow of necrotic bone marrow and fat into the intramedullary sinusoids and then the
systemic circulation.®

Despite the mechanistic uncertainty, there is growing evidence that administering corticosteroids to patients
with SCD may increase risk of a VOE.”89 A 2022 meta-analysis found that 45% of 5151 patients with SCD
admitted with VOE had been exposed to corticosteroids in the 5-day period prior to admission.'? In

another meta-analysis of patients with SCD, FES was associated with non-HbSS hemoglobin genotypes
and/or prior parvovirus B-19 infection.# In this study, nearly all patients presented with a VOE and then
rapidly deteriorated with encephalopathy, respiratory distress, and a significant drop in hemoglobin and
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transfusion were associated with lower mortality. Our patient was not tested for parvovirus infection but did

not have any symptoms consistent with a viral infection. Simple transfusion was initiated at the onset of
shock, however she died before exchange transfusion could occur.

From review of the literature, we identified four additional cases of patients with SCD who developed FES
in the setting of corticosteroid exposure (Table 1).1:12.13

Study Age (years) Hb Genotype Indication for Total corticosteroid |Time from steroid |Method of
corticosteroid (mg) toVvVOoC diagnosing FES

Huang et al., [:::) HbSC Acute angle-closure 1500 mg IV 36 hours Bone marrow
2003 glaucoma methylprednisone technetium-99
over 3 days scan
Huang et al., 13 B HbSC Back pain after 84 mg oral 36 hours Bone marrow
2003 motor vehicle methylprednisone technetium-99
accident over 3 days scan
Shapiroet [pAl B HbSC Systemic lupus Not reported 18 hours Autopsy including
al., 1984 erythematosus bone marrow and
exacerbation histologic
examinations of
multiple sites
Thirugnanas p¥4 NR HbSC Intractable status 40 mg oral 48 hours MRI imaging of
ambandam migrainosus Prednisone over 2 the CNS
etal., days
2023
Our 28 B HbSS Facial swellingand 40 mg oral 8 days Autopsy including

Patient

urticaria

B = Black, F= female, Hb = hemoglobin, M=male.

Prednisone over 4
days, 10mg oral

dexamethasone over

1 day

bone marrow and
histologic
examinations of
multiple sites

Beyond SCD, several studies have explored corticosteroid exposure in patients with FES due to long bone
fracture. In a 2009 meta-analysis including 398 patients, corticosteroid exposure reduced the risk of FES
and hypoxia but not mortality.’ A subsequent 2011 meta-analysis found that among patients receiving
corticosteroids after long bone fractures, the rate of FES was lower than in those who did not receive

steroids. The authors noted poor overall quality of available evidence which limited any strong conclusions
regarding steroid use.'®

The diagnosis of FES is primarily clinical and should be suspected in patients who develop a new petechial
rash with hypoxemia and/or neurologic impairment. Unfortunately, neurologic and pulmonary imaging
findings are non-specific, and there are no reliable biomarkers for this disease. The management of FES is
centered on supportive intensive care. There are no disease-specific treatments and there is insufficient
evidence to support the use of commonly proposed treatments including anticoagulation and
corticosteroids.'® In patients with hematologic abnormalities like thrombocytopenia, coagulopathy, and
bone marrow injury, these interventions may even be harmful.'” Management of FES includes fluid
resuscitation, vasoactive medications if needed, neurologic assessments with frequent exams or
intracranial pressure monitoring, and lung-protective mechanical ventilation to support patients who
develop acute respiratory distress syndrome.'® Simple and exchange transfusions may also benefit



patients with FES and SCD*# A recent retrospective study demonstrated a 100% survival rate in patients
with SCD and FES (n = 18) who received both exchange transfusion and plasmapheresis, which may
remove fat emboli that drive inflammation.’® Although survivorship bias may be a limitation, these results
are very encouraging considering the high mortality of FES. While our case shows FES occurring in a
patient with HbSS SCD after corticosteroid use, the diagnosis of FES is likely underdiagnosed and
underreported making it difficult to determine the nature of this relationship. Our patient also had avascular
necrosis, which we considered to be a form of long-bone damage in this clinical context, which may have
also predisposed her to this event.

Conclusion. We present the unique case of a patient with HbSS SCD who received corticosteroids and
then developed a VOE and FES. We share this case to highlight a rare complication of SCD that requires a
high-index of clinical suspicion given the limitations in testing and lack of biomarkers for FES. It raises the
possibility that steroids may be implicated in the precipitation of VOE and subsequent FES. It should be
considered in the differential diagnosis in patients with SCD and respiratory failure, neurologic impairment,
or shock after recent corticosteroid exposure. Although FES is rare and the relationship to corticosteroids
remains unclear, it should be part of the risk-benefit analysis when considering corticosteroid use in
patients with SCD.
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