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ABSTRACT

Sickle cell disease encompasses a wide range of genotypic presentation with particular clinical features. The entity affects 
millions of people, particularly those whose ancestors came from sub-Saharan Africa and other countries in the Western 
Hemisphere, Saudi Arabia, and India. Currently, the high frequency of S and C genes reflects natural selection through 
the protection of heterozygotes against severe malaria, the high frequency of consanguineous marriages, improvement 
of some public health policies and the nutritional standards in the poorer countries where newborns are now living long 
enough to present for diagnosis and management. Although there is a high burden of the disease, in many countries, the 
new-born sickle cell screening test is being performed and is rendering an early diagnosis; however, it is still difficult for 
sickle cell patients to find proper treatment and adequate follow-up. Moreover, in many countries, patients are neither 
aware of their diagnosis nor the care they should receive to prevent complications; also, they do not receive adequate 
genetic counseling. Hemoglobin SC (HbSC) disease is the most frequent double sickle cell heterozygosis found in Brazil. 
The clinical course tends to be more benign with fewer hospitalizations compared with double homozygotic SS patients. 
However, HbSC patients may present severe complications with a fatal outcome. We report the case of a 36-year-old man 
who presented to the emergency care facility with symptoms consistent with the diagnosis of sickling crisis. The outcome 
was unfavorable and death occurred just hours after admission. The autopsy revealed a generalized vaso-occlusive crisis 
by sickled red cells, bone marrow necrosis, and fat embolism syndrome. 
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CASE REPORT

A 36-year-old mulatto male patient sought the 
emergency facility complaining of lumbar pain of 
progressive intensity over the past 3 days that worsened 
with trunk movement. This symptom irradiated to 

the dorsum and was accompanied by breathlessness. 
Concomitantly, he complained of wheezing, a cough 
with mucoid sputum, which was soon followed by dark 
urine. He had known diagnosis of SCD since the age of 
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23 years when he experienced an episode of priapism 
that required surgical intervention. Since then he had 
not followed any medical treatment. However, he 
experienced repeated episodes of bone pain, for which 
he used over-the-counter painkillers as self-medication. 
He ignored the same diagnosis among his relatives. 
He smoked for 2 years in his youth and still consumed 
alcoholic beverages. On physical examination, he was 
slightly pale, non-icteric and afebrile. His pulse rate was 
124 beats per minute, blood pressure 110/80 mmHg, 
respiratory rate 28 respiratory movements per minute 
(rmpm), and room air oximetry was 83%. His body 
mass index was 25. No edema or lymphadenopathy 
were found. The heart and lungs examination was 
unremarkable; however, the abdomen was diffusely 
tender and the liver was palpable 2 cm below the right 
costal margin. The examination of his back and lumbar 
region was normal. The laboratory work-up disclosed 
normocytic normochromic anemia with a hemoglobin 
of 10.9 g/dL (reference value [RV]: 12.3-15.3 g/dL); 
hematocrit of 30.1% (RV: 36-45%); red cell distribution 
width of 20.6% (RV: 14%); leukocytosis with the 
presence of myelocytes and metamyelocytes in 

the peripheral blood; and a normal platelet count. 
The peripheral blood film revealed the presence of 
poikilocytosis, target cells, and stomatocytes; rare 
erythrocytes showed the presence of Howell-Jolly bodies, 
20 polychromatic, 19 orthochromatic erythroblasts per 
100 leukocytes and occasional sickled erythrocytes. 
Reticulocyte count was not available. C-reactive protein 
was 173 mg/L (RV: <5 mg/L), lactate dehydrogenase 
686 U/L (RV: <250 U/L), and a total bilirubin 1.49 mg/dL 
(RV: <1.2 mg/dL) at the expense of indirect bilirubin. 
The renal function tests, electrolytes, liver enzymes, 
and urinalysis were normal. Blood and urine cultures 
were negative. The chest x-ray and computed 
tomography (CT) revealed peri-hilar bilateral confluent 
ground-glass opacities rendering small consolidations 
(Figures 1 and 2). An apparently calcified spleen of 
reduced dimension was an additional finding.

With the working diagnosis of hemolytic crisis, and 
a possible pulmonary infection, the patient was treated 
with saline, ceftriaxone, clarithromycin, morphine, 
and oxygen supplementation. His vital signs improved 
over the next 12 hours, but suddenly he presented 

Figure 1. Chest radiograph showing bilateral air space opacification and cardiac silhouette enlargement.
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Figure 2. Chest CT, pulmonary window, axial view in the upper (A), middle (B), and lower thirds (C) of the lungs and 
coronal reconstruction (D) showing multiple ground-glass opacities in all pulmonary lobes, tiny foci of consolidation 
associated with septal thickening mostly in the upper pulmonary fields.

worsened abdominal pain with nausea, vomiting and 
tachypnea (respiratory rate of 36 rmpm). He became 
obtunded and unresponsive to any stimuli, and 
presented cardiac arrest in pulseless electrical activity 
followed by asystole. Aspiration of vomiting was 
evident during the orotracheal intubation maneuver.

The capillary electrophoresis of the hemoglobin 
undertaken after death revealed the presence 
of 1.9% HbF, 50.3% HbS, 3.6% HbA2, and 44.2% HbC, 
rendering the diagnosis of hemoglobinopathy SC.

AUTOPSY FINDINGS

The lungs were edematous and boggy with multiple 
areas of friable consolidation and gross thromboemboli 
(Figure 3).

Microscopic examination showed acute and 
organizing thrombi, and mainly necrotic bone marrow 
embolism in pulmonary artery branches and arterioles, 
fat embolism in the alveolar septa capillary, and fibrin 
thrombi. There were multifocal areas of pulmonary 
congestion, hemorrhage, alveolar edema, and diffuse 
alveolar damage (Figure 4). Focal hemosiderin deposition 
was a sign of previous chronic hemorrhage.

The kidneys showed congestion, acute tubular 
necrosis, and glomerular fat emboli.

The bone marrow was hypercellular, mainly due 
to precursor erythroid cell hyperplasia, with large areas 
of infarction (about 50%), hemorrhage, and sickled 
cells (Figure 5).

The brain was mildly congested and edematous. 
Microscopically, it showed intraparenchymal vascular 
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Figure 3. Gross picture of formalin-fixed left lung showing areas of hemorrhage and thromboemboli (arrowheads).

Figure 4. Photomicrography of the lung. A – Organizing thrombus and diffuse congestion (H&E 12.5X); B – Fibrin 
microthrombus (right) and a fat droplet in a capillary vessel (left) (H&E 400X); C – Small fat droplets (arrowheads) 
(H&E 400X); D – Adipocytes in the capillaries of alveolar septa (H&E 400X).
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congestion and small foci of recent perivascular 
hemorrhage with sickled red cells and some pyknotic 
neurons.

The liver was congested and microscopically 
showed diffuse sinusoidal congestion with sickled 
red cells, mild steatosis, and foci of extramedullary 
hematopoiesis.

The spleen was diminished and atrophic, with 
fibrous plaques on the surface and extensive scarring 
fibrosis and calcifications in the parenchyma. Multiple 
Gamna-Gandy nodules with calcifications and 
hemosiderin deposits were seen.

Other findings were systemic congestion with 
sickled red cells, foci of ischemic necrosis in the 
pancreas, adrenals, and gastrointestinal tract. The heart 
showed moderate hypertrophy of the left ventricle 
wall.

The cause of the death was attributed to SCD 
crisis complicated by bone marrow necrosis and fat 
embolism syndrome with fatal impairment of lung 
function due to thrombosis, hemorrhage, and acute 
alveolar damage.

DISCUSSION

Hemoglobin SC disease (HbSC) is part of a 
group of disorders called “sickle cell diseases” 
(SCDs), which comprises hemoglobin SC disease 
and other hemoglobinopathies such as SD, SE, and 
others.1 These are hereditary hemoglobinopathies, 
which, in due course of genetic alterations, result in 

defective hemoglobin and consequent altered-form 
erythrocytes due to hemoglobin polymerization 
(which is the underlying mechanism for most of the 
complications of the disease).2 In 2001, newborn 
screening for SCD started in Brazil when the National 
Newborn Screening Program (PNTN)/Guthrie test 
was founded. According to data from the Ministry 
of Health, around 3500 children are born with SCD 
each year in Brazil, and the estimated number of cases 
of the disease ranges between 25,000 and 30,000, 
which shows the high prevalence of this disease in 
the Brazilian population, and its importance to public 
health.1 SCD is not only relevant in Brazil, but also in 
other parts of the world, where it is considered a public 
health concern, especially in Africa.3,4

Among all of SCD, SS, and SC genotypes are the most 
common.5 The SS genotype (inheritance of 2 βS alleles), 
also known as sickle cell anemia (SCA), is a debilitating 
disease with severe pain crisis, hemolysis, increased 
susceptibility to infections, cerebrovascular events, 
chronic organ damage, frequent hospitalizations, 
a n d  c o n s e q u e n t l y  l o w  e x p e c t a n c y  o f  l i f e 
(42 years for men and 48 years for women).6 Although 
SC hemoglobinopathy has a more protracted course, 
both SC and SS may present with similar complications.7 
Studies focused on laboratory biomarkers have 
shown that SCA individuals are more associated with 
endothelial dysfunction and hemolysis, while the HbSC 
genotype is more associated with increased blood 
viscosity and inflammatory disorders.8 Proliferating 
retinitis, osteonecrosis, and acute chest syndrome, may 

Figure 5. Photomicrography of the necrotic bone marrow (A) (H&E 400X) and branch of the pulmonary artery 
(B) showing embolization of necrotic bone marrow with interstitial adipocytes (H&E 100X).
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have equal or higher incidence in HbSC compared to 
SCA.9 The first manifestation of HbSC usually appears 
around 20 years of age and irreversible organ failure 
is 10-35 years later than SCA.10 Our patient first 
became aware he had SCD at the age of 23, when 
he experienced an episode of priapism. However, 
apparently, he was not well informed of the HbSC 
diagnosis, which was only confirmed post-mortem 
with the hemoglobin electrophoresis.

During the patient’s brief stay in the hospital, 
the working diagnosis was of SCD, and there was 
evidence suggesting both SCA and HbSC as possible 
causes. The radiological findings of an atrophic 
and calcified spleen suggested SCA. In SCA, most 
patients present with autoinfarction and asplenia 
within the first 18-36 months of life. Meanwhile, 
HbSC patients often have preserved splenic function 
(only 36% of HbSC patients have asplenic findings).9,11,12 
However, the laboratory findings with the hemoglobin 
of 10.9 g/dL and the hematocrit of 30.1% were 
more consistent with the diagnosis of HbSC or sickle 
cell trait.8

Our patient’s cause of death, depicted at autopsy, 
was necrosis of the bone marrow with subsequent fat 
embolism syndrome (FES) and sickled red cells in the 
pulmonary capillaries. This clinical entity is the result 
of the release of fat globules into the circulation, 
causing respiratory and neurologic damage, cutaneous 
and hematological manifestations.13 Although FES 
is most often associated with long bone fractures, 
occurring in up to 2.4% of multiple long bone fracture 
patients, it is a dreadful known complication of SC 
hemoglobinopathy.14

FES as a consequence of bone marrow necrosis 
in individuals with SCD was first described by Wade 
and Stevenson,15 in 1941, who found “widespread 
necrosis with marked reduction in the blood-forming 
constituents and fat, and fat emboli in the lung, liver, 
brain, spleen and kidneys.” In 2005, a review article16 
retrieved 24 cases in the literature. Nine years later, 
Tsitsikas et al.17 reported 58 gathered cases. Out of 
these 58 patients, 11 (19%) had HbSS, 25 (43%) 
presented HbSC and 10 (17%) had HbSβ+. The higher 
frequency of FES in HbSC individuals may be explained 
by higher hematocrit and subsequent higher blood 
viscosity, although the entire pathogenesis of FES is 
still not fully understood.18

Bone marrow necrosis is a common finding 
in SCD patients. Due to the anatomy of trabecular 
bone, the material from the necrotic marrow enters 
the venules, gaining access to the veins and the 
systemic circulation.16 It is important to understand 
the difference between bone marrow embolism and 
fat embolism. The former has been observed mainly in 
the medium and small branches of pulmonary arteries, 
while the latter ends up in the microscopic circulation.19

Although mechanical obstruction by the fat 
emboli is necessary for the occurrence of FES, it is not 
the only requirement. Pell et al.20 showed fat emboli 
passing through the heart (using transesophageal 
echocardiography) in cases of long bone fracture 
patients in a much higher frequency than FES occurs. 
Therefore, it has been hypothesized that biochemical 
factors, such as the agglutination of chylomicrons and 
very-low-density lipoprotein cholesterol and direct 
damage to the lung tissue by free fatty acids, play an 
important role in the pathogenesis of FES.21,22

There are still no definitive criteria for the 
diagnosis of FES, which is usually made on clinical 
grounds. However, biochemical and imaging tests 
may be ancillary tools. The classic triad is a red-brown 
petechial rash, mostly on the head, neck, anterior 
thorax, axillae, and sub-conjunctiva; central nervous 
system depression and pulmonary edema. Gurd’s23 
criteria is most commonly used for diagnosing FES, 
although its reliability has been questioned and other 
schemes have been proposed, such as Schonfeld’s and 
Lindeque et al.’s24 criteria. In the appropriate setting, 
the rash is very specific for FES. However, it is present 
in less than half the patients.25 Hypoxemia often occurs 
within the first 72 hours along with thrombocytopenia 
and leukocytosis.26

Chest radiography usually reveals unspecific 
diffuse or patchy bilateral opacities.23 In contrast, 
chest CT may be useful to evaluate the patients with 
the potential diagnosis of FES, and, more importantly, 
to rule out or demonstrate an alternative diagnosis. 
The most common finding on the CT is the patchy 
ground-glass opacities, which are usually associated 
with interlobular septal thickening (crazy-paving 
pattern), and eventually airspace consolidation and 
small centrilobular nodules.27

Bronchoalveolar lavage also has been described 
as an ancillary tool for the diagnosis of FES. Patients 
with FES may present fat-laden macrophages in a 
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percentage that ranges from 31% to 82%, while 
patients without FES present less than 2%. A cut-off 
value of 5% is apparently sensible for diagnosing FES, 
but with poor specificity. However, if the cut-off raises 
to 30% the specificity also raises substantially.28-32

The mortality of SC crisis with FES is high. In their 
2014 review, Tsitsikas et al.17 found 64% mortality. 
Comparing the patients of different groups that 
received exchange transfusion (ET), top-up transfusion, 
or no transfusion, the higher survival rate was observed 
in the ET group (mortality rate of 29%, 61%, and 
91%, respectively), indicating that ET may be the 
cornerstone in the treatment of FES. However, clinical 
trials are lacking to support such an observation. 
The mortality rate of SCD complicated by FES might 
be underestimated because many cases are only 
diagnosed postmortem; and diagnosis of milder cases 
is often difficult and missed.17

Our patient presented with abdominal and lumbar 
pain, hypoxemia, and bilateral lung opacities, and a 
history of sickle cell disease, which led to the diagnosis 
of vaso-occlusive crisis and acute chest syndrome 
(ACS). This clinical presentation fulfilled the criteria for 
ACS, since there was a new radiographic pulmonary 
infiltrate associated with hypoxemia, tachypnea, 
cough, and wheezing.33 Fat embolism is one of the 
proposed underlying mechanisms of ACS.34 Our patient 
had neither petechial rash nor central nervous system 
depression prior to his cardiac arrest. The diagnosis of 
FES was not made ante-mortem possibly because of 
the lack of its clinical hallmarks and its resemblance 
with ACS. The chest imaging also led to a diagnosis of 
a possible lung infection. Moreover, FES is a rare event 
in non-traumatic patients, whereas ACS is a frequent 
diagnosis in Brazilian emergency rooms.

We conclude that SCD patients who present 
with back and abdominal pain associated with 
respiratory failure and laboratory findings consistent 
with hemolysis (even in the absence of marked sickled 
erythrocytes) should ever be treated in intensive care 
units and those who rapidly progress to neurological 
dysfunction should early be submitted to ET.

REFERENCES

1.	 Pereira SA, Brener S, Cardoso CS, Proietti AB. Sickle 
cell disease: quality of life in patients with hemoglobin 
SS and SC disorders. Rev Bras Hematol Hemoter. 

2013;35(5):325-31. PMid:24255615. http://dx.doi.
org/10.5581/1516-8484.20130110. 

2.	 Brasil. Ministério da Saúde. Agência Nacional de 
Vigilância Sanitária. Manual de diagnóstico e tratamento 
de doenças falciformes. Brasilia: ANVISA; 2001. 10 p.

3.	 World Health Organization (WHO). The health of the 
people: what works. The African Regional Health Report. 
Africa: WHO; 2014.

4.	 Grosse SD, Odame I, Atrash HK, Amendah DD, Piel FB, 
Williams TN. Sickle cell disease in Africa: a neglected 
cause of early childhood mortality. Am J Prev Med. 
2011;41(6, Suppl 4):S398-405. PMid:22099364. http://
dx.doi.org/10.1016/j.amepre.2011.09.013. 

5.	 Zago MA, Falcão RP, Paquini R. Hematologia: fundamentos 
e práticas. São Paulo: Atheneu; 2004. p. 295-297.

6.	 Platt OS, Brambilla DJ, Rosse WF, et al. Mortality in sickle 
cell disease: life expectancy and risk factors for early death. 
N Engl J Med. 1994;330(23):1639-44. PMid:7993409. 
http://dx.doi.org/10.1056/NEJM199406093302303. 

7.	 Campos FPF, Ferreira CR, Felipe-Silva A. Bone marrow 
necrosis and fat embolism: an autopsy report of a severe 
complication of hemoglobin SC disease. Autops Case 
Rep. 2014;4(2):9-20. PMid:28580322. http://dx.doi.
org/10.4322/acr.2014.012. 

8.	 Aleluia MM, Fonseca TCC, Souza RQ, et al. Comparative 
study of sickle cell anemia and hemoglobin SC disease: 
clinical characterization, laboratory biomarkers and genetic 
profiles. BMC Hematol. 2017;17(1):15. PMid:28932402. 
http://dx.doi.org/10.1186/s12878-017-0087-7. 

9.	 Nagel RL, Fabry ME, Steinberg MH. The paradox of 
hemoglobin C disease. Blood Rev. 2003;17(3):167-78. 
PMid:12818227. http://dx.doi.org/10.1016/S0268-
960X(03)00003-1. 

10.	Powars D, Chan LS, Schroeder WA. The variable 
expression of sickle cell disease is genetically determined. 
Semin Hematol. 1990;27(4):360-76. PMid:2255920.

11.	Loureiro MM, Rozenfeld S. Epidemiology of sickle cell 
disease hospital admissions in Brazil. Rev Saude Publica. 
2005;39(6):943-9. PMid:16341405. http://dx.doi.
org/10.1590/S0034-89102005000600012. 

12.	Gardner CS, Boll DT, Bhosale P, Jaffe TA. CT abdominal 
imaging findings in patients with sickle cell disease: acute 
vaso-occlusive crisis, complications, and chronic sequelae. 
Abdom Radiol. 2016;41(12):2524-32. PMid:27600384. 
http://dx.doi.org/10.1007/s00261-016-0890-9. 

13.	Mellor A, Soni N. Fat embolism. Anaesthesia. 
2001;56(2):145-54. PMid:11167474. http://dx.doi.
org/10.1046/j.1365-2044.2001.01724.x. 

14.	Tsai IT, Hsu CJ, Chen YH, Fong YC, Hsu HC, Tsai CH. 
Fat embolism syndrome in long bone fracture—clinical 
experience in a tertiary referral center in Taiwan. J Chin 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24255615&dopt=Abstract
http://dx.doi.org/10.5581/1516-8484.20130110
http://dx.doi.org/10.5581/1516-8484.20130110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22099364&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2011.09.013
http://dx.doi.org/10.1016/j.amepre.2011.09.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7993409&dopt=Abstract
http://dx.doi.org/10.1056/NEJM199406093302303
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28580322&dopt=Abstract
http://dx.doi.org/10.4322/acr.2014.012
http://dx.doi.org/10.4322/acr.2014.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28932402&dopt=Abstract
http://dx.doi.org/10.1186/s12878-017-0087-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12818227&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12818227&dopt=Abstract
http://dx.doi.org/10.1016/S0268-960X(03)00003-1
http://dx.doi.org/10.1016/S0268-960X(03)00003-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2255920&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16341405&dopt=Abstract
http://dx.doi.org/10.1590/S0034-89102005000600012
http://dx.doi.org/10.1590/S0034-89102005000600012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27600384&dopt=Abstract
http://dx.doi.org/10.1007/s00261-016-0890-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11167474&dopt=Abstract
http://dx.doi.org/10.1046/j.1365-2044.2001.01724.x
http://dx.doi.org/10.1046/j.1365-2044.2001.01724.x


Targueta EP, Hirano ACG, Campos FPF, Martines JAS, Lovisolo SM, Felipe-Silva A

49Autops Case Rep (São Paulo). 2017;7(4):42-50

Med Assoc. 2010;73(8):407-10. PMid:20728851. http://
dx.doi.org/10.1016/S1726-4901(10)70088-5. 

15.	Wade LJ, Stevenson LD. Necrosis of the bone marrow 
with fat embolism in sickle cell anemia. Am J Pathol. 
1941;17(1):47-54, 5. PMid:19970543.

16.	Dang NC, Johnson C, Eslami-Farsani M, Haywood LJ. 
Bone marrow embolism in sickle cell disease: a review. 
Am J Hematol. 2005;79(1):61-7. PMid:15849760. http://
dx.doi.org/10.1002/ajh.20348. 

17.	Tsitsikas DA, Gallinella G, Patel S, Seligman H, Greaves 
P, Amos RJ. Bone marrow necrosis and fat embolism 
syndrome in sickle cell disease: increased susceptibility 
of patients with non-SS genotypes and a possible 
association with humen parvovirus B19 infection. Blood 
Rev. 2014;28(1):23-30. PMid:24468004. http://dx.doi.
org/10.1016/j.blre.2013.12.002. 

18.	Castro O. Systemic fat embolism and pulmonary 
hypertension in sickle cell disease. Hematol Oncol Clin 
North Am. 1996;10(6):1289-303. PMid:8956017. http://
dx.doi.org/10.1016/S0889-8588(05)70401-9. 

19.	Rappaport H, Raum M, Horrell JB. Bone marrow embolism. 
Am J Pathol. 1951;27(3):407-33. PMid:19970979.

20.	Pell AC, Christie J, Keating JF, Sutherland GR. The detection 
of fat embolism by transesophageal echocardiography 
during reamed intramedullary nailing: a study of 24 
patients with femoral and tibial fractures. J Bone Joint 
Surg Br. 1993;75(6):921-5. PMid:8245083.

21.	Lehman EP, Moore RM. Fat embolism, including 
experimental production without trauma. Arch 
Surg. 1927;14(3):621-62. http://dx.doi.org/10.1001/
archsurg.1927.01130150002001. 

22.	Schuster DP. ARDS: clinical lessons from the oleic acid 
model of acute lung injury. Am J Respir Crit Care Med. 
1994;149(1):245-60. PMid:8111590. http://dx.doi.
org/10.1164/ajrccm.149.1.8111590. 

23.	Gurd AR. Fat embolism: an aid to diagnosis. J Bone Joint 
Surg. 1970;52(4):732-7. PMid:5487573.

24.	Lindeque B, Schoeman H, Dommisse G, Boeyens MC, 
Vlok AL. Fat embolism and the fat embolism syndrome: 
a double-blind therapeutic study. J Bone Joint Surg. 
1987;69(1):128-31. PMid:3818718.

25.	King MB, Harmon KR. Unusual forms of pulmonary 
embolism. Clin Chest Med. 1994;15(3):561-80. 
PMid:7982347.

26.	Benoit PR, Hampson LG, Burgess JH. Respiratory gas 
exchange following fractures: the role of fat embolism as 
a cause of arterial hypoxemia. Surg Forum. 1969;20:214-
6. PMid:5383056.

27.	Malagari K, Economopoulos N, Stoupis C,  et  al. 
Highresolution CT findings in mild pulmonary fat embolism. 
Chest. 2003;123(4):1196-201. PMid:12684311. http://
dx.doi.org/10.1378/chest.123.4.1196. 

28.	Chastre J, Fagon JY, Soler P, et al. Bronchoalveolar lavage 
for rapid diagnosis of the fat embolism syndrome in 
trauma patients. Ann Intern Med. 1990;113(8):583-8. 
PMid:2400168. http://dx.doi.org/10.7326/0003-4819-
113-8-583. 

29.	Roger N, Xaubet A, Agusti C, et al. Role of bronchoalveolar 
lavage in the diagnosis of fat embolism syndrome. Eur 
Respir J. 1995;8(8):1275-80. PMid:7489790. http://
dx.doi.org/10.1183/09031936.95.08081275. 

30.	Godeau B, Schaeffer A, Bachir D, et al. Bronchoalveolar 
lavage in adult sickle cell patients with acute chest 
syndrome: value for diagnostic assessment of fat 
embolism. Am J Respir Crit Care Med. 1996;153(5):1691-
6.  PMid:8630622. http: / /dx.doi .org/10.1164/
ajrccm.153.5.8630622. 

31.	Stanley JD, Hanson RR, Hicklin GA, Glazier AJ Jr, Ervanian 
A, Jadali M. Specificity of bronchoalveolar lavage for 
the diagnosis of fat embolism syndrome. Am Surg. 
1994;60(7):537-41. PMid:7516631.

32.	Mimoz O, Edouard A, Beydon L, et al. Contribution of 
bronchoalveolar lavage to the diagnosis of posttraumatic 
pulmonary fat embolism. Intensive Care Med. 
1995;21(12):973-80. PMid:8750121. http://dx.doi.
org/10.1007/BF01700658. 

33.	Ballas SK, Lieff S, Benjamin LJ, et al. Definitions of the 
phenotypic manifestations of sickle cell disease. Am J 
Hematol. 2010;85(1):6-13. PMid:19902523.

34.	Gladwin MT, Vichinsky E. Pulmonary complications of 
sickle cell disease. N Engl J Med. 2008;359(21):2254-
65. PMid:19020327. http://dx.doi.org/10.1056/
NEJMra0804411. 

Author contributions: All authors have significantly contributed, and are in agreement with the content of 
the manuscript. Targueta EP, Hirano ACG, Campos FPF designed and wrote the manuscript after gathering all 
the required information. Lovisolo SM performed the autopsy with Felipe-Silva A, who wrote the autopsy report 
and provided the pathology images. Martines JAS reported and provided the diagnostic imaging.

Conflict of interest: None

Financial support: None

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20728851&dopt=Abstract
http://dx.doi.org/10.1016/S1726-4901(10)70088-5
http://dx.doi.org/10.1016/S1726-4901(10)70088-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19970543&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15849760&dopt=Abstract
http://dx.doi.org/10.1002/ajh.20348
http://dx.doi.org/10.1002/ajh.20348
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24468004&dopt=Abstract
http://dx.doi.org/10.1016/j.blre.2013.12.002
http://dx.doi.org/10.1016/j.blre.2013.12.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8956017&dopt=Abstract
http://dx.doi.org/10.1016/S0889-8588(05)70401-9
http://dx.doi.org/10.1016/S0889-8588(05)70401-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19970979&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8245083&dopt=Abstract
http://dx.doi.org/10.1001/archsurg.1927.01130150002001
http://dx.doi.org/10.1001/archsurg.1927.01130150002001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8111590&dopt=Abstract
http://dx.doi.org/10.1164/ajrccm.149.1.8111590
http://dx.doi.org/10.1164/ajrccm.149.1.8111590
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=5487573&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3818718&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7982347&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7982347&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=5383056&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12684311&dopt=Abstract
http://dx.doi.org/10.1378/chest.123.4.1196
http://dx.doi.org/10.1378/chest.123.4.1196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2400168&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2400168&dopt=Abstract
http://dx.doi.org/10.7326/0003-4819-113-8-583
http://dx.doi.org/10.7326/0003-4819-113-8-583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7489790&dopt=Abstract
http://dx.doi.org/10.1183/09031936.95.08081275
http://dx.doi.org/10.1183/09031936.95.08081275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8630622&dopt=Abstract
http://dx.doi.org/10.1164/ajrccm.153.5.8630622
http://dx.doi.org/10.1164/ajrccm.153.5.8630622
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7516631&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8750121&dopt=Abstract
http://dx.doi.org/10.1007/BF01700658
http://dx.doi.org/10.1007/BF01700658
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19902523&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19020327&dopt=Abstract
http://dx.doi.org/10.1056/NEJMra0804411
http://dx.doi.org/10.1056/NEJMra0804411


Bone marrow necrosis and fat embolism syndrome: a dreadful complication of hemoglobin sickle cell disease

50 Autops Case Rep (São Paulo). 2017;7(4):42-50

Submitted on: 11th, November 2017 
Accepted on: 23rd, November 2017

Correspondence 
Fernando Peixoto Ferraz de Campos 
Internal Medicine Department - Hospital Universitário - University of São Paulo (USP) 
Av. Prof. Lineu Prestes 2565 – Butantã – São Paulo/SP – Brazil 
CEP: 05508-000 
Phone: +55 (11) 3091-9275 
fpfcampos@gmail.com


