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INTRODUCTION

Fat emboli syndrome is a rare and potentially fatal condition that most commonly manifests after
traumatic long-bone fractures. Cerebral fat emboli are one of the most feared complications leading
to permanent neurologic injury, though methods for optimal monitoring in high-risk patients are
lacking. We present a case of a 16-year-old female patient who presented to the emergency depart-
ment following a motor vehicle collision with multiple injuries, including a comminuted femoral
shaft and pelvic ring fracture, as well as an acute basilar artery occlusion due to fat embolism. Con-
tinuous transcranial Doppler ultrasound (TCD) of the bilateral middle cerebral arteries was utilized
for emboli detection and evaluation of right-to-left shunt. The patient was found to have a high bur-
den of microemboli on TCD in combination with a right-to-left shunt conferring increased risk of
additional neurologic injury. Following surgical fixation of her orthopedic injuries, repeated TCD
assessment demonstrated no further evidence of microemboli thus demonstrating efficacious re-
sponse to definitive treatment. This report highlights the utility of TCD for early monitoring and
detection of cerebral emboli in patients at risk for fat emboli syndrome as well as evaluating response

to intervention.
Keywords: Ultrasound; Embolism; Stroke; Case reports

bone or pelvic fractures as well as high-risk orthopedic surgical
procedures such as intramedullary nailing. It is less frequently

Fat embolism syndrome (FES) is a rare, potentially life-threaten- described in other conditions, including pancreatitis, liposuction,

ing condition, resulting from the release of fat globules into the sickle cell disease, and osteomyelitis [1,2]. FES is classically char-
microcirculation causing end-organ damage [1]. It is most com- acterized by respiratory failure, fever, petechial rash, and neuro-

monly encountered following skeletal trauma resulting in long- logic symptoms manifesting 24 to 72 hours after a precipitating
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event; however, most patients do not exhibit the full spectrum of
clinical findings [1]. While most patients have evidence of fat
globules in their blood following long-bone fracture, the propor-
tion who develop FES is much lower, with estimates of approxi-
mately 0.1% to 0.3% for isolated fractures, although the risk in-
creases nearly 10-fold with multiple fractures [2,3].

One of the most worrisome complications of FES is cerebral fat
embolism (CFE), which can be variable in presentation and
manifest with acute altered mental status, seizures, and/or focal
neurologic deficits [1]. The diagnosis of FES and CFE can be elu-
sive and requires a high index of clinical suspicion, as there are
no specific diagnostic tests with sufficiently high predictive value.
Magnetic resonance imaging (MRI) is the most sensitive tech-
nique to establish a diagnosis of CFE and classically demonstrates
a “starfield pattern” with widespread nonconfluent microinfarcts
throughout the bilateral hemispheres [4]. While MRI is a useful
modality for diagnosis of CFE, it is incapable of predicting the
risk of recurrent embolism. In contrast, transcranial Doppler ul-
trasound (TCD) provides a portable and noninvasive diagnostic
approach for assessing CFE in real time. Prior investigations us-
ing TCD for CFE detection in long-bone fractures have found a
high frequency and intensity of emboli, particularly in patients
with a patent foramen ovale (PFO), which are directly correlated
with risk of developing neurologic symptoms [5,6]. Given these
advantages, screening high-risk trauma patients with point of
care TCD may allow for early detection, risk stratification, and
timely interventions in patients with CFE.

We report the case of an otherwise healthy 16-year-old female
patient who presented following a motor vehicle collision with
femur and pelvic fractures leading to CFE/FES with large vessel
occlusion (LVO). TCD was utilized to diagnose ongoing emboli
and demonstrated resolution after definitive treatment with frac-

ture fixation.

CASE REPORT

The patient was an otherwise healthy 16-year-old female patient
who presented to the emergency department following a high-
speed motor vehicle collision. The patient received a chest needle
decompression in the field for presumed pneumothorax. Upon
arrival to the emergency department, she was found to have a
Glasgow Coma Scale of 3 and was intubated emergently for air-
way protection. She subsequently had bilateral chest tubes placed
in the setting of shock and was resuscitated with an appropriate
hemodynamic response.

A full trauma workup revealed a left femoral shaft comminut-
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ed fracture (Fig. 1A), complete zone 2 sacral fracture, lateral
compression type 1 pelvic ring injury, multiple rib fractures,
mandible fracture, and a Cl fracture with atlanto-occipital dislo-
cation. Head computed tomography (CT) demonstrated sub-
arachnoid hemorrhage at the basal cisterns, intraventricular
hemorrhage, and diffuse cerebral edema. A CT angiogram of the
head and neck was performed and showed an LVO of the basilar
artery. The patient was then taken emergently to interventional
neuroradiology for mechanical thrombectomy with successful
recanalization of the basilar artery through residual right posteri-
or cerebral artery occlusion (Fig. 1B). The clot appeared to be
composed of adipose-like tissue. An external ventricular drain
was placed given severe traumatic brain injury with initial low
pressure. The patient was subsequently taken emergently to sur-
gery for an occiput to C2 posterior spinal fusion for atlanto-oc-
cipital dislocation.

Fig. 1. Multimodal imaging findings. (A) Acute comminuted left
femoral shaft fracture. (B) Large vessel occlusion (arrow) in the mid
basilar artery on digital subtraction angiography. (C) Multiple ar-
eas of diffusion restriction in the supratentorial brain on magnetic
resonance imaging, consistent with cytotoxic edema. (D) Diffu-
sion-weighted imaging signal abnormalities in the paramedian pons
and bilateral cerebellar hemispheres on magnetic resonance imaging.
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CFE was considered the likely mechanism of the basilar artery
occlusion in the setting of long-bone and pelvic fractures, as well
as evidence of fat material in the retrieved basilar thrombus. Pro-
longed TCD monitoring of the bilateral middle cerebral arteries
(MCAs) was performed on hospital day 2 to evaluate the risk of
ongoing embolization and demonstrated bilateral spontaneous
microembolic signals (MES; 14 MES over 30 minutes; range,
7-14 dB) suggesting a proximal source (Fig. 2). Subsequent TCD
evaluation on hospital day 3 demonstrated ongoing MES in the
bilateral MCAs (10 MES over 30 minutes; range, 7-15 dB). A
transthoracic echocardiogram (TTE) was performed with agitat-
ed saline to evaluate for PFO; however, it demonstrated no evi-
dence of an intracardiac shunt.

A repeat CT demonstrated new evolving multifocal infarcts in-
volving the right parietal, left frontoparietal and cerebellum con-
sistent with embolic cerebral infarcts. Given the evidence of new
multifocal embolic infarcts, the absence of other vascular inju-
ries, and TCD demonstrating continuous MES in the bilateral ce-
rebral hemispheres, CFE was felt to be most likely in the setting
of her multiple orthopedic injuries. The patient was then taken
for expedited closed reduction of the femur fracture, as well as
closed reduction and percutaneous fixation of the pelvic ring in-
jury on hospital day 5 to reduce the risk of further fat emboliza-
tion. Repeat TCD obtained on hospital days 6 and 7 following
fracture stabilization demonstrated a complete absence of MES
in the bilateral MCAs, suggesting a successful treatment response
(Fig. 3). A TCD study with agitated saline was also performed
following surgery to evaluate for right-to-left shunt (RLS) and
confirmed the presence of a grade II shunt despite a repeat TTE
continuing to find no evidence of PFO.

Despite evidence for resolution of CFE, the patient’s examina-
tion remained poor and notable for absent eye opening and flex-
or posturing to noxious stimuli. A brain MRI was obtained on
hospital day 6 demonstrating multifocal ischemic strokes involv-
ing the brainstem in addition to bilateral cerebellar, occipital,
frontoparietal and thalamic structures (Fig. 1C, D). In the setting
of substantial neurologic injury and after extensive family meet-
ings with palliative care, the family decided to pursue comfort
care measures and she died following compassionate extubation.

Ethics statement

Informed consent for publication of the research details and clin-
ical images was obtained from the legally authorized representa-
tive of the patient.
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Fig. 2. Transcranial Doppler ultrasound (Viasonix Dolphin/XF, Im-
aging Monitoring USA) results. (A) Transcranial Doppler spectral
waveform of the left middle cerebral artery (MCA) obtained via
transtemporal approach with a high-intensity transient signal (HITS)
noted (arrow). (B) Power M-mode with a red band extending from
35 to 65 mm denoting anterograde blood flow in the MCA and a blue
band extending from 65 to 75 mm denoting retrograde flow in the
anterior cerebral artery (ACA). Note the HITS in green box, which
is brief (<0.3 seconds) and unidirectional (slightly negatively slanted
orientation, reflecting movement towards probe over time as blood
flows laterally through MCA). (C) High-resolution M-mode allows
further characterization of HITS (green box) at 24 msec resolution
to confirm that the signal is unidirectional along its entire length,
increasing the likelihood that it reflects true microemboli and is not
an artifact (D) Complex velocity analysis demonstrates matching
Doppler shift frequencies for HITS (green waveform) and blood flow
(black waveform) suggesting that both are in-phase, increasing the
likelihood of a true embolic signature rather than an artifact. Energy
measurement showing that the event is of sufficiently high intensity
(15 dB) to be consistent with microembolic signal.

DISCUSSION

Patients with CFE may present with a constellation of neurologic
symptoms either in isolation or in combination with other
end-organ damage related to FES. The precise pathophysiologic
mechanisms underlying FES remain elusive, although two mod-
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Fig. 3. Chronological graph of transcranial Doppler ultrasound find-
ings in the right and left middle cerebral artery (MCA) by hospital
day. Recordings performed on hospital days 2, 3, 6, and 7. Surgical
fixation occurred on hospital day 5. MES, microembolic signals.

els predominate. The mechanical theory hypothesizes that the
traumatic release of fat particles into the venous system enters the
systemic circulation via intracardiac or pulmonary shunts, caus-
ing vasculature occlusion and tissue ischemia [7]. The biochemi-
cal theory, in contrast, proposes that increased lipase levels fol-
lowing trauma lead to catalyzation of fat globules into free fatty
acids in the bloodstream, which pass through the pulmonary
vasculature and cause endothelial damage with resulting micro-
thrombi formation and a widespread inflammatory response
[1,7]. The latter model likely better accounts for the typical delay
in systemic manifestations, including acute respiratory distress
syndrome and diffuse petechial rash, following an inciting event
and provides a rationale for the development of neurologic
symptoms even in the absence of an RLS.

While the full spectrum of clinical manifestations related to
FES can likely be explained by an overlap of these two mecha-
nisms, the occurrence of an acute presentation with LVO is al-
most certainly related to shunted macroembolic material. Com-
pared to classic CFE neuroimaging findings of diffuse punctate
infarcts throughout the subcortical white matter suggestive of
microvascular cytotoxic injury, fat emboli-related LVO, such as
in our patient’s case, has been rarely reported in the literature and
results in blockage of a major cerebral artery with symptoms of
acute stroke. In a recent meta-analysis, 18 cases of LVO related to
CFE were identified, and in contrast to typical features of FES,
77% experienced neurologic symptoms within 6 hours of the in-
jury and rarely exhibited other systemic manifestations of FES
[8]. Furthermore, the majority of patients screened had evidence
of PFO, further supporting the role of fat macrothrombi shunting
into the systemic circulation, resulting in mechanical occlusion of
the cerebral vasculature. Although the overall mortality of FES is
approximately 10%, with a large proportion achieving functional
recovery within a year even after presenting with coma or pos-
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turing, LVO cases appear to be associated with more severe neu-
rologic injury, often necessitating aggressive intervention includ-
ing decompressive hemicraniectomy for management of malig-
nant cerebral edema, with a higher likelihood of mortality (Table
1) [8-17]. Though limited to case reports, urgent recognition and
revascularization via endovascular thrombectomy is the favored
approach for LVO due to fat emboli, with some reports of good
functional outcomes [8,14,17].

For patients presenting with CFE outside of an LVO, the man-
agement is largely supportive and focused on optimizing hemo-
dynamics and respiratory status. Given their potent anti-inflam-
matory properties, prophylactic corticosteroids have been widely
studied and appear to decrease the incidence of FES, though no-
tably without a mortality benefit, and their use remains contro-
versial due to increased risk of infection, delayed wound healing,
and metabolic derangements [18]. The most well-established in-
tervention to decrease the incidence and severity of FES is early
immobilization and fixation [19]. Although circulatory levels of
fat emboli transiently increase during closed manipulation and
surgical fixation, evidence suggests the risk of FES increases by
over twofold when the time to operation is delayed longer than
24 hours [1,2,19]. However, certain trauma patients may not be
stable enough for expedited orthopedic surgery, for example,
those patients with significant polytrauma or severe traumatic
brain injury, contributing to delays in the definitive management
of skeletal injuries. In these cases, risk-stratifying based on CFE
burden would be invaluable to identify patients at the highest risk
for neurologic deterioration.

While several clinical criteria exist for FES, none are designed
to predict the risk of CFE, and no diagnostic modalities are wide-
ly utilized to predict the occurrence of cerebral ischemia [20].
TCD monitoring is highly efficacious for detection of sponta-
neous microemboli entering the cerebral circulation and has
been validated to predict ischemic stroke risk in a variety of con-
ditions, including carotid stenosis, blunt cerebrovascular injury,
infective endocarditis, and cardiac thrombus [21]. MES are de-
fined as high-intensity transient signals at least 3 dB greater than
the spectral background, short duration ( < 300 msec) and unidi-
rectional, in keeping with the direction of blood flow in the par-
ent vessel (Fig. 2) [21]. TCD is well suited for the critical care set-
ting as it is portable and noninvasive; furthermore, with recent
innovations in robotic headset technology, prolonged continuous
monitoring is feasible even without experienced operators for re-
al-time cerebral hemodynamic assessment and evaluation of em-
bolic events. Furthermore, TCD possesses nearly three times
higher sensitivity for PFO assessment compared to TTE, as ex-
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hibited in our patient, making it an ideal diagnostic modality for
noninvasive detection of RLS when evaluating the risk of para-
doxical emboli [22].

Prior investigations by Forteza et al. [5,6] demonstrated that
spontaneous MES on TCD were common in patients with long-
bone fractures and that a combination of RLS, high frequency of
MES (>4 per hour), and high signal intensity (> 13 dB) was
highly predictive of developing neurologic symptoms (positive
predictive value 86%, negative predictive value 97%). Further-
more, TCD characterizes the embolism size in FES, which cor-
relates with risk of neurologic deficits, as patients with RLS on av-
erage have higher signal intensities, suggestive of a larger mass,
than those without a shunt [5,23]. In our patient, the persistent
elevation in MES frequency (10-14 over 30 minutes) with high
intensity (7-15 dB) in combination with radiographic evidence
of new cerebral infarcts justified surgical fixation to mitigate the
risk of further cerebral injury. Ideally, the presence of persistent
MES in this clinical setting could be used to proceed with surgi-
cal fixation before significant cerebral injury occurs. Another
benefit of daily TCD assessment is the evaluation of response to
intervention. Our case is the first to characterize the resolution of
microemboli on TCD following surgical fixation of fractures in
FES, thus confirming an efficacious treatment response. Other
investigations have reported similar utility of TCD emboli detec-
tion to gauge response to initiation of anticoagulation in cerebro-
vascular dissection as well as confirming successful PFO closure
[23,24].

In summary, we report a case of FES following skeletal trauma
with CFE initially presenting with basilar LVO requiring throm-
bectomy. Although the patient ultimately died due to substantial
neurologic injury related to their initial brainstem ischemic
stroke, the case highlights the utility of TCD microemboli detec-
tion in critically ill patients at risk of FES to gauge risk of cerebral
embolic events as well as to confirm the response to definitive
therapy.
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