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ABSTRACT 

A 42 year-old male sustained an accidental rifle gunshot wound to his left foot, resulting in fracture deformities of the 
calcaneus, navicular, cuneiform, 1st and 2nd metatarsal bases, and talus. As he was transported to our trauma center, he 
developed progressive encephalopathy. Urgent external fixator placement under general anesthesia was postponed due 
to his encephalopathy of unknown etiology. Brain magnetic resonance imaging demonstrated a “starfield” pattern of 
infarcts, consistent with cerebral fat embolism syndrome. Subsequently, he underwent uneventful general anesthesia. 
The patient was managed supportively and continued to have persistent neurologic dysfunction two months after injury. 
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1. Introduction 

Fat embolism syndrome (FES) is a potentially devastate- 
ing complication of musculoskeletal trauma that has his- 
torically been underdiagnosed [1]. Lack of awareness of 
the associated signs and symptoms and the frequent 
masking of diagnostic criteria by multiple injuries in 
trauma patients hinders the diagnosis. In addition, the 
expected classical presentation of confusion, dyspnea, 
and petechia is not always observed. Clinical criteria 
were established for the diagnosis of FES by Gurd and 
Wilson in 1970 [2]. Documentation of at least one major 
and four minor criteria plus fat macroglobulinemia is 
generally considered adequate [3]. The syndrome occurs 
more commonly in major orthopedic surgery and closed 
long-bone fractures via blunt trauma, with a higher inci- 
dence observed in closed femur fractures [4]. Penetrating 
trauma is a rare cause of FES, probably related to the 
lower probability of long bone fractures compared to 
blunt trauma. In this report, we present the case of a 
healthy gentleman who developed isolated cerebral FES 
after penetrating trauma from an accidental gunshot 
wound to the foot. 

2. Case Description 

An otherwise healthy 42 year-old male sustained an ac- 
cidental, close-range, gunshot wound to his left foot from 
a 270-caliber hunting rifle while on a family hunting trip. 
He was initially evaluated at a local hospital and found to 
have a normal mental status. Over the course of appro- 
ximately 6 hours (throughout the initial evaluation at the 
referring hospital and during transport), he received 7 
milligrams of hydromorphone for pain control along with 
antibiotic and antiemetic therapy. He was transferred via 
ground ambulance to our trauma center for definitive 
orthopedic surgical management. During the transport, 
the patient’s mental status progressively declined but he 
was apparently still able to respond to questioning ap- 
propriately. 

Upon arrival at our facility, orthopedic trauma evalua- 
tion was performed. At this point, his neurological status 
had further deteriorated and he was unresponsive with 
only brief, nonpurposeful movement to painful stimulus. 
He demonstrated horizontal roving eye movements, oc- 
casional irregular arm jerks, right ankle sustained clonus, 
and extensor plantar response. Examination of the left 
lower extremity revealed a small gun shot entrance 
wound medial to the Achilles tendon with an exit wound 
on the plantar aspect of the foot near the heads of the first 
and second metatarsals. Significant pedal edema was  
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observed with intact pedal pulses. His initial foot X-ray 
(Figure 1) showed metallic shot fragments with trau- 
matic fracture deformities of the calcaneus, navicular, 
medial cuneiform, 1st and 2nd metatarsal bases, and talus. 
Laboratory studies were obtained and remarkable for 
hemoglobin of 12.8 g/dL, platelet count of 249 × 109/L, 
serum white blood cell count of 21 × 109/L, glucose 193 
mg/dL, creatine kinase 667 U/L, electrolytes and liver 
function testes were within normal limits.  

Given the patient’s altered mental status, he received a 
standard dose of naloxone in the Emergency Department 
(ED), without improvement in his mental status. He was 
brought to the operating room (OR) for left foot irriga- 
tion and debridement with external fixator placement. 
Prior to induction, he was further evaluated by the anes- 
thesiologist and remained obtunded. Due to his persistent 
significant cognitive decline of unknown etiology, sur- 
gery was canceled.  

The patient returned to the ED and neurology consul- 
tation was obtained. A lumbar puncture was performed 
with normal opening pressure, and normal cell counts, 
protein, and glucose. An emergent electroencephalogram 
showed generalized diffuse slowing without epilepto- 
genic discharges or seizure activity, consistent with en- 
cephalopathy. Computed tomography scanning (CT) of 
the head showed no acute findings. The patient was ad- 
mitted to the intensive care unit with no obvious cause 
for his coma. Shortly after admission he required en- 
dotracheal intubation due to inability to protect his air- 
way. Magnetic resonance imaging (MRI) was delayed 
until the second hospital day due to concerns of metallic 
bullet fragements abutting the doraslis pedis artery. Once 
performed, brain MRI demonstrated innumerable tiny 
infarcts throughout the cerebral hemispheres, cerebellum, 
and brainstem, consistent with cerebral fat embolism 
syndrome (Figure 2).  

Supportive care was continued throughout his hospital 
course. A transthoracic echocardiogram showed a small 
right to left shunt, likely from intrapulmonary shunting, 
without evidence of a definitive patent foramen ovale 
(PFO). He developed thrombocytopenia (platelet count 
of 88 × 109/L) and unexplained anemia (hemoglobin 6.6 
g/dL), with nadirs on the forth and fifth hospital days, 
respectively. Following very slight improvement in his 
neurologic exam, he underwent external fixator place- 
ment on the fourth hospital day under general anesthesia, 
which he tolerated well. Throughout his hospitalization, 
he required only minimal ventilator settings without pul- 
monary infiltrates or dysfunction. No petechial rash was 
observed. The patient had intermittent tachycardia and 
pyrexia throughout his hospital course.  

The patient had no substantial neurological improve- 
ment and underwent bedside percutaneous tracheostomy 
on the sixth hospital day. Repeat MRI on the eighth hos- 
pital day showed expected progression of cerebral fat 
embolism syndrome, with confluence of the previous 
tiny infarcts. Percutaneous endoscopic gastrostomy tube 
placement was performed on hospital day number 16. 
The patient was discharged on hospital day number 19 to 
a long-term rehab care center. At discharge, the patient’s 
neurological exam was only minimally improved, with 
spontaneous eye opening, blinking to threat, however, he 
did not fixate nor track. He continued to have spontane- 
ous trismus, extensor posturing, and increase tone through- 
out.  

Approximately 2 months after his injury, the patient 
had slowly improving cognitive function, followed sim- 
ple commands, initiated speech, and was more aware of 
his surroundings. 

3. Discussion 

This report details the rare case of profound neurologic  
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Figure 1. Initial foot X-ray showing metallic shot fragments with traumatic fracture deformities of the calcaneus, navicular, 
cuneiform, and first and second metatarsals. 
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Figure 2. MRI showing innumerable tiny infarcts throughout the cerebral hemispheres, cerebellum, and brainstem. 
 
deterioration from cerebral FES in a patient who sus- 
tained penetrating trauma to multiple small bones in the 
foot. Major criteria, as proposed by Gurd [2] for the di- 
agnosis of FES include: petechial rash, respiratory sym- 
ptoms with chest X-ray findings, and neurologic deterio- 
ration unrelated to head injury. Additional minor criteria 
include: tachycardia, fever, anemia, thrombocytopenia, 
and elevated erythrocyte sedimentation rate. The reported 
incidence of FES is widely variable and ranges from 1% 
- 2%, when studied retrospectively, to 11% - 19% when 
examined prospectively [5].  

Given the absence of long bone skeletal trauma in our 
patient, the initial differential diagnosis of his cognitive 
decline was broad and included opioid overdose, hypo- 
xic-ischemic encephalopathy, nonconvulsive status epi- 
lepticus, or a rare infectious or inflammatory encephalo- 
pathy. The diagnosis of FES was made more difficult by 
the absence of pulmonary or cutaneous manifestations. 
Our patient still satisfied multiple criteria for FES, in- 
cluding intermittent tachycardia, pyrexia, and otherwise 
unexplained anemia and thrombocytopenia.  

Reported cases of cerebral fat embolism syndrome are 
most commonly due to musculoskeletal large bone blunt 
trauma [6]. Utilizing a series of 50 autopsy cases, fat em- 
bolism was identified in 82% of decedents of traumatic 
injuries, with the vast majority (89%) as victims of blunt 
trauma [1]. Penetrating trauma is a rare cause of fat em- 
bolism with very few cases reported.  

One case of cerebral fat embolism, similar to ours, oc- 
curred in a 19 year-old male who sustained gunshot 

wounds to the right hand and right knee [7]. His injuries 
included open proximal phalynx fracture of the right ring 
finger and an open right lateral femoral condyle fracture. 
He developed generalized seizure activity upon arrival to 
the hospital, with obtundation, and decerebrate posturing. 
An MRI showed hyperintense dot-like lesions, consistent 
with a “starfield” pattern. A transthoracic echocardio- 
gram was normal. He was managed supportively and 10 
weeks later, his neurological status had normalized.  

The pathophysiology of FES has been described by 
two mechanisms. The first mechanism involves physical 
embolization of intramedullary fat into the venous sys- 
tem following trauma [8]. Once the fat microdroplets 
have reached the pulmonary vasculature, they can be 
sequestered by the lungs resulting in pulmonary dysfunc- 
tion, or gain access to the systemic circulation via in- 
tracardiac or intrapulmonary shunt and cause neurologic 
changes [5]. Surprisingly, our patient only had a small 
intrapulmonary shunt when evaluated with echocardi- 
ography, without definitive evidence of a PFO. Our pa- 
tient developed profound isolated neurologic manifesta- 
tions very quickly after his injury. Presumably, the force 
of the high-velocity gunshot wound to his foot resulted in 
an immediate large embolic shower, which efficiently 
reached the arterial circulation assisted by a small shunt. 
It is also thought that fat microdroplets can travel through 
the pulmonary vasculature without sequestration, pre- 
sumably due to their very small size or deformability, 
resulting directly in systemic manifestations without pul- 
monary involvement, further resulting in isolated neur- 
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ologic manifestations as seen in our patient [9].  
The second pathophysiologic mechanism is biochemi- 

cal in nature [5,8]. Traumatic injury causes plasma li- 
pase levels to rise, increasing the release of free fatty 
acids and resulting in altered fat homeostasis. Conse- 
quently, fat droplets are further formed and subsequently 
sequestered in the microvasculature [10]. An inflamma- 
tory reaction in the microvasculature is proposed to en- 
sue from free fatty acid release, resulting in intensified 
end-organ dysfunction. Interestingly, other than isolated 
cerebral injury, our patient showed no other signs of end- 
organ dysfunction, implying that an exaggerated inflam- 
matory reaction was limited to the cerebral injury. Al- 
though the exact mechanism of FES is unknown in our 
patient, some combination of both mechanisms in the pa- 
thophysiology likely occurred.  

Magnetic resonance imaging played a key role in the 
diagnosis of cerebral FES in our patient and has shown to 
be a sensitive tool to detect embolic infarcts [11]. Unfor- 
tunately, CT scanning is usually unrevealing in patients 
with cerebral FES, but serves to exclude other causes of 
altered mental status [12]. The classic MRI findings in- 
clude a “starfield” pattern of multiple, diffuse, tiny hy- 
perintense lesions across the cerebral white matter with 
restricted diffusion [7].  

The treatment of FES remains supportive [5]. Early 
fixation of fractures has been shown to decrease the in- 
cidence of fat embolism syndrome [13]. Our patient un- 
derwent fracture reduction and external fixator placement 
on the fourth hospital day. Given that he had severe 
clinical manifestations of cerebral FES upon arrival, the 
benefit of more expeditious fixation is questionable. 
Once FES has developed, many interventions including 
aspirin, heparin, and dextrans have shown no benefit. 
The data on corticosteroids is mixed, with several small 
studies showing improved gas exchange in FES patients 
with pulmonary dysfunction [14,15] and others showing 
no benefit [16]. These studies are further confounded by 
variable dosage and timing of corticosteroid administra- 
tion. There is no known intervention to improve neu- 
rologic outcome in patients with cerebral FES.  

Due to the rarity of cerebral fat embolism, clinical 
outcomes are also largely unknown. Isolated case reports 
range from complete recovery [17,18] to mild residual 
cognitive impairments [12,19] to progressive intracranial 
hypertension and brain death [20]. In several case reports, 
some neurologic improvement was noted by the time of 
discharge. Although our patient had minimal improve- 
ment at discharge, he began showing signs of neurologic 
recovery within 2 months of injury. 

In conclusion, fat embolism is common in traumati- 
cally injured patients. Isolated cerebral FES from pene- 
trating trauma is a rare presentation with largely un- 
known outcomes. Anesthesia providers and trauma prac- 

titioners are encouraged to remain vigilant for FES in the 
setting of neurologic or pulmonary dysfunction associ- 
ated with traumatic injury. 
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