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Severe Neurologic Manifestations  
of Fat Embolism Syndrome  
in a Polytrauma Patient
Chris A. Makarewich, MD, Kevin W. Dwyer, MD, and Robert V. Cantu, MD, MS

F at embolism syndrome (FES) was first described by 
Von Bergmann in 1873 in a patient with a fractured 
femur.1 While fat within the circulation (fat embolism) 

is relatively common following long-bone fracture, the clinical 
pattern of symptoms that make up FES is less so, occurring 
in 1% to 3% of isolated long-bone fractures and 5% to 10% of 
patients with multiple skeletal trauma.1 A variety of clinical, 
laboratory, and imaging criteria has been described, classically 
by Gurd in 1970 (Table).1-6 Most commonly, however, it is a 
diagnosis of exclusion when the classic triad of respiratory dif-
ficulty, neurologic abnormalities, and a characteristic petechial 
rash are present in the appropriate clinical setting.6  

The neurologic sequelae of this syndrome can range from 
headache, confusion, and agitation to stupor, focal neurologic 
signs, and, less commonly, coma.7 Onset of these symptoms 
usually occurs between 24 hours and 48 hours (mean, 40 
hours) after trauma.1 While these neurologic manifestations 
occur in up to 86% of patients with FES, it is rare for them to be 
present without the pulmonary symptoms of dyspnea, hypox-

emia, and tachypnea, which are the most common presenting 
symptoms of the disease.1-6 In this case report, we describe 
severe, rapid-onset neurologic manifestations, without the 
typical pulmonary involvement, as the primary clinical pre-
sentation of FES in a polytrauma patient. The patient provided 
written informed consent for print and electronic publication 
of this case report.

Case Report
A previously healthy 50-year-old man presented to the emer-
gency room in transfer from an outside hospital after a rollover 
motor vehicle collision in which he was ejected approximately 
50 feet. Injuries included a right proximal humerus fracture/
dislocation (Figure 1), right ulnar styloid fracture, L1 compres-
sion fracture, and multiple rib fractures. On admission, the 
patient had an ethanol level of 969 mg/L (.097%) and a urine 
drug screen positive only for opioids, presumably because 
of pain medication given that day. He denied a history of 
alcohol abuse and reported consuming 2 to 3 beers per week. 
The patient was awake, alert, and oriented with a Glasgow 
Coma Scale (GCS) of 15. He was tachycardic (heart rate, 126), 
tachypneic (respiratory rate, 24), and febrile (temperature, 
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Figure 1. Anteroposterior radiographs of the right proximal hu-
merus fracture (A) pre- and (B) post-hemiarthroplasty.
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38.6°C [101.5°F]), and his white blood cell count was elevated 
at 29.5×109/L. On examination, his right arm was found to be 
neurovascularly intact; it was placed in a sling with a forearm 
splint, and the patient was admitted to the intermediate special 
care unit on spine precautions with a plan for right shoulder 
hemiarthroplasty the following day.

Overnight the patient’s mental status began to deteriorate, 
and approximately 10 hours after initial assessment, he was 
not answering questions but was able to respond to some 
commands. On hospital day 2, approximately 20 hours af-
ter initial assessment, the patient had a GCS of 8, was not 
responding to commands, and moved only in response to 
painful stimuli. The patient had been prescribed morphine 
by patient-controlled analgesia and had received intravenous 
hydromorphone on the day of admission, although the amount 
of medication delivered was not thought adequate to explain 
this deterioration. On the morning of hospital day 2, non-
contrast brain computed tomography (CT) was normal with 
no evidence of intracranial hemorrhage or infarct. This was 
followed by brain magnetic resonance imaging (MRI), with 
the T2-weighted images showing numerous, small hyperin-
tense lesions in subcortical and periventricular white matter, 
corpus callosum, basal ganglia, brain stem, and cerebellar 
hemispheres (Figure 2). The lesions also showed hyperinten-
sity on diffusion-weighted MRI and were interpreted to be 
consistent with multiple, tiny infarcts (Figure 3). In addition, 
susceptibility-weighted sequences showed low signal in the 
same areas, suggesting multiple microhemorrhages, a pat-
tern consistent with FES. Oxygen saturations remained 95% to 
99%, and chest radiograph revealed clear lung fields without 
infiltrate. On hospital day 2, the patient was transferred to the 

intensive care unit and intubated for airway protection owing 
to an inability to clear secretions, although arterial blood gas 
levels remained normal. An echocardiogram revealed no right-
to-left shunt, such as a patent foramen ovale (PFO); an electro-
encephalogram showed no seizure-like activity. No petechial 
rash was noted on skin examination. The patient was treated 
with supportive care. Right shoulder hemiarthroplasty was 
performed on hospital day 7 without complications (Figure 1). 
On hospital day 13, the patient was following commands and 
on day 14 he was extubated. His mental status continued to 
improve, and he was discharged to a rehabilitation facility 
after 36 days. On last follow-up, 6 months after initial injury, 
the patient was recovering well with no residual neurologic 
deficits and only minor limitation in range of motion of the 
right shoulder. 

Discussion
This case presented an interesting diagnostic challenge re-
garding the patient’s rapid decline in mental status, with a 
differential diagnosis including diffuse axonal injury (DAI), 
anoxic brain injury, posttraumatic seizure, other intracranial 

Figure 2. Consecutive axial T2-weighted fluid-attenuated inver-
sion recovery magnetic resonance imaging (A) caudal to (B) cra-
nial. Note the multiple small, hyperintense lesions in the subcorti-
cal and deep white matter.

Figure 3. Consecutive axial diffusion-weighted magnetic reso-
nance imaging (A) caudal to (B) cranial. Note the many punctate 
hyperintense foci in the bilateral cerebral hemispheres. These 
areas showed low signal on susceptibility-weighted sequences, 
indicating multiple microhemorrhages, a pattern consistent with 
fat embolism syndrome.
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Table. Gurd’s Criteria for the Diagnosis 
of Fat Embolism Syndromea,b 

Major

Respiratory insufficiency 

Cerebral involvement 

Petechial rash 

Minor

Tachycardia

Fever

Retinal changes

Jaundice

Renal changes 

Anemia 

Thrombocytopenia

High erythrocyte sedimentation rate

Fat macroglobulinemia 

aAdapted with permission and copyright © of the British Editorial Society of Bone and Joint 
Surgery. Gurd AR. Fat embolism: an aid to diagnosis. J Bone Joint Surg Br. 1970:52(4):732-
737.4
b�At least 1 major feature and 4 minor features needed for diagnosis. 
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pathology, such as stroke or hemorrhage, and FES. FES was 
diagnosed, when other possibilities were ruled out, given the 
characteristic findings on brain MRI described above in the 
context of multiple fractures.

Pathophysiology
Despite its recognition in 1873, there is no consensus on the 
pathophysiological mechanism that causes the clinical symp-
toms of FES. In the setting of trauma, there are 2 predominant 
theories. The mechanical theory postulates that fat globules en-
ter the circulation through disrupted venules after the fracture 
of marrow-containing bones, passing to the arterial circulation 
through pulmonary vasculature, or paradoxically, by way of a 
right-to-left shunt, such as a PFO.1,3 The presence of fat in the 
heart, visualized as echogenic material in the right and left atria 
on transesophageal echocardiography, has been confirmed in 
multiple studies during orthopedic procedures, including total 
knee arthroplasty and femoral reaming.8,9 These fat particles 
can lodge as microembolisms in target organs such as the 
skin and brain. However, autopsy studies have shown a lack 
of correlation of the severity of symptoms and the quantity of 
intravascular fat.1 In addition, the typical 24- to 72-hour delay 
in the onset of symptoms after initial trauma would argue 
against a solely mechanical explanation.10

Alternatively or concomitantly, the biochemical theory pro-
poses that embolized fat may be degraded to toxic interme-
diaries, such as free fatty acids and C-reactive protein, which 
cause end-organ damage.3 This has been shown in an animal 
model, in which intravascular injection of free fatty acids was 
associated with endothelial damage and increased capillary 
permeability in the lung, leading to acute respiratory distress 
syndrome (ARDS).11 The same mechanism could explain injury 
to other end organs and is consistent with the delay in onset 
of symptoms after acute injury. In our patient’s case, the ab-
sence of pulmonary involvement, lack of a right-to-left vascular 
shunt such as a PFO, and presence of a systemic inflammatory 
response on admission may implicate the production of toxic 
intermediaries from the metabolism of embolized fat as the 
source of this patient’s FES.

Clinical Presentation
The initial presentation of FES usually manifests as respiratory 
distress and hypoxia.10 Chest radiographs are often normal, as 
in our patient, but can show bilateral diffuse interstitial or 
alveolar infiltrates.2,6 CT more often has findings, including 
bilateral ground-glass opacities with interlobar septal thicken-
ing.12 A petechial rash can be found on the head, neck, anterior 
thorax, axillae, subconjunctiva, and oral mucous membranes, 
although it occurs in only 20% to 50% of cases.1,2,13 Neurologic 
sequelae are present in up to 80% of patients,7 with onset typi-
cally following pulmonary symptoms.1,10 These sequelae can 
range from headache, confusion, and agitation to stupor, focal 
neurologic signs, and, less commonly, coma.7 Onset of symp-
toms generally occurs between 24 and 48 hours after trauma,1 
although they have been reported as early as 12 hours.10 This 
case is an example of an atypical course, with the initial pre-

sentation of neurologic symptoms at approximately 14 hours 
after trauma with rapid progression to coma without classic 
pulmonary symptoms.

Diagnosis
Owing to the nonspecific clinical features of FES, a variety of 
clinical, laboratory, and imaging criteria has been described. 
Of these criteria, the most frequently referenced is by Gurd in 
1970,4,5 who divided the features into major and minor, with 
1 major and 4 minor features required to make the diagnosis 
(Table). In applying these criteria to our patient, we found 
that he exhibited the major criteria of cerebral involvement 
and minor criteria of tachycardia, fever, and thrombocytope-
nia. Respiratory insufficiency and petechial rash, as well as 
jaundice, renal changes, and anemia were negative features. 
Retinal changes, elevated erythrocyte sedimentation rate, and 
fat macroglobulinemia were not tested or examined. Although 
in our case the clinical and laboratory criteria for the diagno-
sis of FES as defined by Gurd were not met, the sensitivity of 
Gurd’s and other criteria is debated.10 

Laboratory tests specific for the disease have not been de-
veloped. Although elevated serum levels of lipase, increased 
blood lipid levels, and fat globules in the urine, sputum, and 
blood have all been proposed, they are found in trauma pa-
tients with and without FES.2,5,6 

The nonspecific nature of the signs and symptoms of FES 
and the lack of reliable laboratory tests for diagnosis of the 
syndrome highlight the importance of radiographic evaluation 
in patients with neurologic symptoms. Brain CT scans are usu-
ally negative,14 although, in some cases, they may show diffuse 
edema with scattered low attenuating areas and hemorrhage.15 
MRI is more sensitive, and T2-weighted images typically reveal 
multiple small, nonconfluent hyperintense lesions, usually 
in the periventricular, subcortical, and deep white matter, 
sometimes referred to as the “starfield” pattern.14,16 The dif-
ferential diagnosis for these findings is broad and, in addition 
to FES, includes DAI, vasogenic edema with microinfarcts, 
and demyelinating disease.14 Sensitivity and specificity may 
be increased with the addition of diffusion-weighted MRI, 
which shows scattered bright spots on a dark background 
in a similar “starfield” pattern as on T2-weighted images.15 
Susceptibility-weighted MRI has recently been introduced as 
having utility in the diagnosis of FES, with areas of low-signal 
intensity indicating diffuse microhemorrhages.17 DAI can show 
a similar pattern; however, the autopsy-confirmed locations of 
the abnormalities are distinct, with those of FES being found 
in cerebral and cerebellar white matter and splenium of the 
corpus callosum and radiographic abnormalities of DAI being 
found in the gray-white matter junction, dorsolateral brain-
stem, and splenium of corpus callosum.17

Prevention and Treatment
Of primary importance in the prevention of FES is early sta-
bilization of fractures. Several studies have shown a decreased 
incidence of FES when long-bone fractures are treated with im-
mediate operative fixation.18,19 However, in the setting of poly-



Severe Neurologic Manifestations of Fat Embolism Syndrome in a Polytrauma Patient

E28    The American Journal of Orthopedics®  January 2015� www.amjorthopedics.com

trauma, the desire for early definitive treatment must be bal-
anced against the risks for the exaggerated immune response 
from prolonged surgery.20 The timing of fracture fixation to 
prevent sequelae of the inflammatory response, such as ARDS 
and multiple organ dysfunction syndrome, is still debated. In 
a review article, Pape and colleagues20 suggest classifying the 
multiply injured patient as stable, borderline, unstable, and 
in extremis based on clinical and laboratory criteria. They 
recommend early definitive fixation for stable patients and 
those patients who are borderline or unstable and responsive to 
resuscitation, whereas damage-control orthopedics and staged 
fracture fixation should be considered in the other groups. 

Several pharmacologic interventions have been described, 
although their effects are highly variable and none have clear 
indications.1-3,6 The most heavily researched is corticosteroids, 
with the proposed mechanisms of action including blunt-
ing of the inflammatory response, stabilizing the pulmonary 
capillary membrane to reduce interstitial edema, preventing 
activation of the complement system, and retarding platelet 
aggregation.21 A recent meta-analysis to assess this intervention 
examined 6 studies with a total of 386 patients with long-bone 
fractures who were randomized to treatment with corticoste-
roids or supportive care only.22 They found a reduced risk for 
FES in those patients who received corticosteroids, but there 
was no difference in mortality between groups. Given these 
results, the utility of corticosteroids is still debated.    

Once FES has occurred, treatment options usually focus on 
supportive care, with most patients having a full recovery.1,3 

No specific treatments are available, and symptomatic treat-
ment is the suggested approach, including ensuring adequate 
oxygenation and ventilation and providing hemodynamic sup-
port and volume and blood-product resuscitation as needed.1-3,6  

Conclusion
We have presented a case of FES unique in its rapid onset, an 
initial presentation with neurologic manifestations without 
typical pulmonary involvement, and the mechanism of end-
organ damage without a right-to-left shunt. This case empha-
sizes the importance of considering FES in the patient with 
deteriorating mental status in the setting of multiple fractures, 
particularly in the absence of other characteristic clinical find-
ings, such as pulmonary distress and the pathognomonic pete-
chial rash. Brain MRI can play an important role in diagnosing 
those patients presenting with predominantly neurological 
symptoms. Early recognition of this condition allows for the 
anticipation of complications of the disease process, such as 
respiratory distress, and the potential need for mechanical 
ventilation and hemodynamic support.
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