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Abstract: Cerebral fat embolism (CFE) causes the neurological involvement observed in fat
embolism syndrome, which is a post-traumatic complication seen mostly after long bone
fractures and usually presents 24—72 h after the injury. An early 80s female who sustained an
isolated traumatic fracture of the left distal femur without dislocation was alert on admission
but fell into a coma 55 min after the injury. Brain computed tomography showed no
abnormalities. Brain magnetic resonance imaging was performed approximately 5 h after
the accident, and diffusion-weighted images revealed hyperintense, dot-like lesions dissemi-
nated in a “starfield” pattern in the brain. The patient was diagnosed with CFE and admitted
to the intensive care unit. The day after the injury, the patient developed petechiae on the
palpebral conjunctiva and was still comatose 4 months after the trauma. The current patient
developing CFE in less than 1 h after a traumatic injury illustrates that CFE should be
considered in patients with sudden deterioration of consciousness within 1 h after long bone
fractures.
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Introduction
Fat embolism syndrome (FES) is a potentially fatal complication and develops most
frequently after long bone fractures' ® and usually presents 24—72 h after the injury,
with an average time of 48.5 h from injury to symptom presentation.' FES is
diagnosed clinically by respiratory distress, neurological impairment, and petechial
rash. Cerebral fat embolism (CFE) causes the neurological involvement observed in
FES. The majority of case reports on CFE report that cerebral dysfunction asso-
ciated with CFE is reversible.'**"

The risk factors for FES are young age, multiple closed long bone fractures,
crush injury, and conservative therapy for fractures or delayed stabilization.'®'* We
herein present the rare case of CFE that occurred in <1 h after the injury with no

obvious risk factor and was associated with a poor neurological outcome.

Case Report

The current study was approved by the Institutional Ethics Committee at Aso lizuka
Hospital. Written informed consent was obtained from the patient’s family for pub-
lication of this case report and accompanying images. An early 80s healthy female was
involved in a car accident at a parking lot. Her right leg was compressed between a wall
and a parked car and extracted within a few minutes. She called an ambulance by
herself and was conscious upon arrival at another hospital 45 min after the accident.
However, her consciousness suddenly deteriorated 55 min after the injury; she became
drowsy and developed a single generalized tonic—clonic seizure. Brain computed
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tomography (CT) was normal, but her neurological status did
not recover; therefore, she was transferred to our hospital.

At the time of arrival approximately 2 h after the injury,
her Glasgow Coma Scale score was 4/15 (eye-opening, 1;
verbal response, 1; and motor response, 2). Her vital signs
were as follows: blood pressure, 136/86 mmHg; heart rate,
86 beats/min; respiratory rate, 30 breaths/min; body tem-
perature, 37.1°C; and oxygen saturation, 100%. The patient
was intubated for airway protection. Plain X-ray showed
a fracture in the left distal femur without dislocation
(Figure 1). Whole-body CT did not show any other organ
injuries, and brain CT did not show cerebral abnormalities.
Her hemoglobin level and platelet count were 10.9 g/dL and
242,000 cells/dL, respectively. No petechial rash was pre-
sent. Brain magnetic resonance imaging (MRI) was per-
formed approximately 3 h after the presentation to our
hospital (approximately 5 h after the injury), and diffusion-
weighted imaging (DWI) revealed disseminated, hyperin-
tense dot-like lesions in the brain, exhibiting the “starfield”
pattern (Figure 2). The patient was diagnosed with CFE and
admitted to the intensive care unit.

Figure | Plain X-ray. Plain X-ray showing a fracture in the left distal femur without
dislocation.

Figure 2 Brain magnetic resonance imaging. Diffusion-weighted imaging showing
disseminated, hyperintense dot-like lesions in the brain, demonstrating the “star-
field” pattern.

We started the treatment with corticosteroids (hydro-
cortisone 300 mg/day) and whole-body cooling therapy.
Then, cefazolin was administered as prophylactic antibio-
tics without using any sedative or anti-epileptic drugs.
Petechiae developed on the palpebral conjunctiva on
the second day after injury (Figure 3) and an electroence-
phalograph (EEG) revealed a wide range of low voltage,
and obvious epileptiform discharges were not found.

Figure 3 Physical findings second day after injury. Petechiae developed on the
palpebral conjunctiva.
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Figure 4 Follow-up brain magnetic resonance imaging. Diffusion-weighted imaging
showing the exacerbation of disseminated, hyperintense dot-like lesions in the
brain.

Tracheostomy was performed on day 3, and the patient
was withdrawn from the ventilator on day 4. Brain MRI
on day 4 demonstrated CFE exacerbation on DWI (Figure
4). She was transferred to a rehabilitation hospital on day
125 without neurological improvement. During hospitali-
zation, electrocardiogram showed no abnormality, and
transthoracic echocardiography and transesophageal echo-
cardiography (including microbubble test) showed no evi-
dence of arteriovenous malformation (AVM) or cardiac
shunting, such as a patent foramen ovale, atrial septal
defect, or ventricular septal defect. Outcome and follow-
up after the transfer, she remained comatose and finally
died 436 days after the accident.

Discussion

FES is a post-traumatic complication associated with long
bone fractures. The clinical diagnosis of FES is based on
the presence of at least two major or one major plus
a minimum of four Gurd’s criteria."”®> The major criteria
include hypoxia, cerebral involvement, and petechial rash,
whereas the minor criteria comprise tachycardia, fever,
anemia, and thrombocytopenia. The current case exhibited
only the major Gurd’s criterion of cerebral involvement

on day 1, especially within the first hour after the trauma;
therefore, the FES diagnosis based on clinical examination
is challenging. Conversely, the definitive diagnosis of CFE
depends on imaging findings. After the publication of the
original Gurd’s criteria, it was modified because of the
existing association between clinical symptoms and neu-
roimaging; altered mentality was observed with multiple
cerebral white matter lesions on brain MRI'* CT may
show generalized cerebral edema or high-density spots
but is frequently unremarkable in CFE. MRI is more
sensitive and recommended as the initial imaging modality
in patients with clinically suspicious CFE.®'>"'7 On DWI,
CFE presents typically with the starfield pattern of scat-
tered bright spots on a dark background; thus, DWI should
be performed in all patients with deteriorated mental status
after a long bone fracture.'>'®

There are two widely accepted mechanisms of CFES:
the mechanical and biochemical theories.'**'*'® The
mechanical theory states that fat particles released from
the bone marrow of damaged bone escape to the systemic
circulation through a damaged vein and finally cause
obstruction of cerebral blood vessel. This theory is based
on the existence of AVM or cardiac shunting as the path-
way of fat particles to venous circulation. The biochemical
theory is that inflammatory mediators, such as lipase, lead
to the release of free fatty acids (FFAs) and aggregate fat
globules, which have histotoxic effects, resulting in tissue
edema and ischemic change. There is the latent phase or
symptom-free interval before the activation of this theory
because neutral fats of the damaged bone marrow are
hydrolyzed to FFAs.” The specific duration is unknown,
but it takes more time than the mechanical theory.' In our
case, no echocardiographic evidence of AVM and right-to-
left shunt led us to believe the biochemical theory.
However, the latency period <1 h after the accident
would support the mechanical theory. We could be in
favor of both theories; however, there was no conclusive
evidence.

Studies have reported nonconvulsive status epilepticus
(NCSE) secondary to FES.'***! NCSE shows only the
presence of an altered consciousness but lacks convulsive
motor activity; thus, EEG should be diagnosed. Our
patient had been in coma without focal motor or general-
ized tonic—clonic seizure; however, EEG showed no epi-
leptiform discharges even without the use of any sedative
or antiepileptic drugs. Therefore, we concluded that the
patient did not develop NCSE but a condition similar to
severe hypoxic encephalopathy.
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Table | Demographic Profile of the Reported CFE Patients Whose Latent Period Was <6 h

No. Age (Years)/ Latent Trauma Neurological Outcome

[Reference]l | Gender Period

| (our case) 83/F 55 min Left distal femur fracture Comatose

2} 31/M I h Right femoral and distal tibiofibular fracture Comatose

3" 17/M 2h Right open femur and tibia fracture Brain death on hospital day 2

413 54/M 2 h 53 min | Multiple fracture (rib, clavicle, femur) and pulmonary Brain death on hospital day 5
contusion and pneumothorax

5" 25/M 3h Right femur and left tibiofibular fracture Minimal memory impairment

6* 26/M 6h Right open tibiofibular shaft fracture Returned to work at 3 months

after trauma

A typical case of FES has a latency period of 24-72 h,
with an average of 48.5 h, after the injury,' whereas the
most recent study reported that FES manifested between
16 h and 7 days, with an average of 56 h, after the insult.”
Our review of the literature identified only three cases of
FES with a latency period of less than 3 h>'®!” (Table 1).

Age, sex, and the type of trauma were different, but the
common point was that the patient whose latency period was
<3 h had a poor neurological outcome. The onset in our
patient was earlier than that observed in previously reported
cases of hyperacute CFE, and we failed to identify other
cases of extremely acute CFE within the first hour after
injury. The majority of the previous case reports illustrate
that cerebral dysfunction associated with CFE is diverse,
ranging from headache to confusion, seizure, rigidity, and
coma. However, almost all the cases were reversible and had
good neurological recovery."***?? In contrast, the pre-
viously reported patients with acute-onset CFE>'®!'? as
well as our patient exhibited poor neurological outcomes,
raising the possibility that the rapid onset of CFE might be
a peculiar risk factor for worse neurological outcomes.
Future studies and further education of trauma physicians

are necessary for the diagnosis of CFE to improve prognosis.

Conclusion

The current report is the first to illustrate that CFE can
develop in less than 1 h after injury, suggesting that
hyperacute-onset CFE is a risk factor for poor neurological
prognosis. CFE should be considered in patients who
sustained long bone fractures with sudden deterioration
of consciousness within 1 h after the injury. Brain MRI
should be included in the initial workup of CFE.
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