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Abstract

Fat embolism syndrome (FES) is a well-
known sequela of long-bone fracture and
fixation. FES most commonly affects the
pulmonary system. Brain emboli may
lead to a symptomatic cerebral fat embo-
lism (CFE), which is devastating.

In this article, we review the presen-
tation, causes, and management of FES
presenting with CFE, report a case, and
review the literature.

The case involved an otherwise healthy
42-year-old woman who developed CFE
after reamed intramedullary nail fixa-
tion of femoral and tibial shaft fractures
during a single operation. When the
patient presented after surgery, she was
nonverbal and was having diffuse extrem-
ity weakness. The diagnosis was stroke
and resultant diffuse encephalopathy
secondary to CFE.

Within days of urgent management, the
patient’s cognitive and ophthalmologic
deficits were substantially improved.

Six months after surgery, cognitive and
ophthalmologic recovery was excellent,
and the fractures were healing with good
functional recovery in the affected limb.

bone fractures and classically presents with

the triad of hypoxia, petechia, and altered
mental status, or the criteria of Gurd and Wilson.’
The Lindeque criteria (femur fracture, pH <7.3,
increased work of breathing) are also used."? FES
is a potentially fatal complication, with mortality
rates ranging from 10% to 36%."® FES typically
occurs within 24 to 72 hours after initial insult,

F at embolism syndrome (FES) occurs in long-

with one study finding an average of 48.5 hours
after injury and an incidence of 0.15% t0 2.4%.*
The overall FES rate is <1% in retrospective
reviews and 11% to 29% in prospective studies.®
FES may present without one or all of the Gurd
and Wilson criteria,® and cerebral fat embolism
(CFE) can be even more difficult to diagnose. Pa-
tients with CFE typically present with a wide array
of postoperative neurologic deficits, commonly in
the 24- to 72-hour window in which FES typically
occurs. Correct diagnosis and management of
CFE require a high index of suspicion and knowl-
edge of the diagnostic work-up. In the postop-
erative setting, it can be difficult to distinguish
CFE-related neurologic deficits from the normal
sequelae of anesthesia, pain medications, and
other factors.

In this article, we report the case of a 42-year-old
woman who developed CFE after reamed intra-
medullary nail fixation of femoral and tibial shaft
fractures. The patient provided written informed
consent for print and electronic publication of this
case report.

Case Report
A 42-yearold woman with no past medical history
was injured when a horse reared and fell on her.
Initial emergent computed tomography (CT) was
negative for intracranial hemorrhage, and injury
radiographs were obtained (Figures 1A, 1B). The
next morning, the patient underwent reamed
intramedullary nailing of femur and tibia (floating
knee injury) through a transpatellar approach in
a single operation. Oxygen saturation and vital
signs were maintained at normal levels throughout
the procedure, and there were no intraoperative
complications. Postoperative radiographs were
obtained (Figures 1C, 1D).

About 9 hours after surgery and 36 hours after
injury, the patient was unresponsive. Vital signs,
including oxygen saturation, were within normal
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Figure 1. Preoperative and postoperative femur and tibia radiographs: (A) displaced

transverse fracture of femur, (B) displaced transverse fracture of tibia, (C) femur after
reamed intramedullary nailing, (D) tibia after reamed intramedullary nailing.

Figure 2. T2-weighted magnetic resonance imaging of the brain shows
multiple punctuate hyperintensities representing emboli—so-called starfield
pattern (white arrows).
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limits, but she was unable to verbalize. Physical
examination revealed symmetric facial muscula-
ture but also generalized weakness and diffuse
hypertonicity and hyperreflexia. Initial laboratory
results, including complete blood cell count, elec-
trolyte panel, and troponin levels, were unremark-
able. Naloxone was administered to rule out opioid
overdose. An immediate code stroke and neurol-
ogy consultation was requested. An emergent CT
scan of the brain was negative; an urgent magnet-
ic resonance imaging (MRI) scan showed multiple
punctate T2/FLAIR (fluid attenuated inversion
recovery) hyperintensities with restricted diffusion,
predominantly in a parasagittal white matter distri-
bution (Figure 2). Findings were consistent with
multifocal infarcts secondary to CFE. Hypercoagu-
lability workup, CT with pulmonary embolism (PE)
protocol, lumbar puncture, and electrocardiogram
(EKG) with bubble study were all negative. There
was no PE or patent foramen ovale (PFO). Leveti-
racetam was started as prophylaxis against seizure
activity, and aspirin in the setting of embolic stroke.

The patient slowly and steadily improved.
She was verbal by postoperative day 3 (POD-3),
upper motor neuron signs resolved by POD-4,
encephalopathy resolved by POD-7, and she was
discharged to a rehabilitation center. Unresolved
post-stroke symptoms included mild visual field
deficits in the right eye (20/25 vision, central
scotoma) and amnesia regarding the events im-
mediately surrounding the surgery. There were no
other neurologic or cognitive deficits. The patient
was non-weight-bearing on the operative extremity
and ambulating with assistance, and she started
range-of-motion exercises. After 1 week, she was
discharged home with crutches.

The patient followed up with neurology and
ophthalmology for routine post-stroke care. At
2- and 6-month neurology follow-ups, she was
still amnestic regarding her acute stroke event but
did not exhibit any confusion, memory problems,
speech deficits, facial droop, headaches, or weak-
ness. According to neurology, the encephalopathy
was completely resolved, and the patient was
completely recovered from the event. Levetirace-
tam and aspirin were discontinued at 2 months. At
the 2-month ophthalmology follow-up, the patient
had 20/20 vision in both eyes and nearly complete
resolution of the central scotoma. Ophthalmology
confirmed symptom relief and recommended
return to routine eye care and 1-year follow-up.

The patient began weight-bearing as tolerated
on POD-14 and had no hardware or other compli-
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Figure 3. Algorithm for work-up and differential diagnosis of altered mental status after intramedullary nailing.

Abbreviations: AMS, altered mental status; CT, computed tomography; CT PE, computed tomography with pulmonary embolism protocol; EEG, electroencephalogram; EKG, elec-
trocardiogram; IM, intramedullary; MI, myocardial infarction; MRI, magnetic resonance imaging; SSI, surgical site infection; UA, urinalysis; UTI, urinary tract infection.

cations. At 6-month orthopedics follow-up, range
of motion of the affected knee was 0° to 120°, and
rotation, length, and varus/valgus and anteroposte-
rior knee laxity were all symmetric to the contralat-
eral extremity. The patient walked with a cane for
balance and had a mild limp. The affected thigh still
had mild atrophy, but strength was 5/5 throughout.
The patient denied pain or hardware sensitivity in
the affected extremity and was very pleased with
the result.

Discussion

Postoperative Acute Mental Status Change

There are many causes of postoperative mental
status change after intramedullary nailing. Change
may be cardiogenic, infectious, pharmacologic,

or neurologic in origin. Age should be considered
in the work-up of postoperative mental status
change, as common complications differ between
older and younger patients, with geriatric patients
at particularly high risk for delirium. In addition,
past medical history is important in determining
causes of mental status change, as many condi-
tions (eg, cardiac disease, hypercoagulable state,
dementia, polypharmacy) can cause or exacerbate
these changes. A systematic approach is recom-
mended for evaluating any patient with an acute
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mental status change (Figure 3)."%7

Next to be evaluated are vital signs—particu-
larly hypoxia, as isolated tachycardia may simply
be a manifestation of pain. The cardiac system
is then assessed with EKG and cardiac-specific
laboratory tests, including a troponin level test if
there is suspicion of myocardial infarction. PE and
FES are complications with a higher prevalence in
intramedullary nailing, and pulmonary involvement
can be ruled out with the CT with PE protocol. Skin
examination is important as well, as FES presents
with petechial rash in 60% of patients® (rash was
absent in our patient’s case). Narcotic overdose is
easily ruled out with administration of naloxone.
Infection and sepsis can cause mental changes,
though more commonly in the elderly and seldom
so soon after surgery. Evaluation for infection and
sepsis involves urinalysis and culturing of blood,
urine, and other bodily fluids. If there is concern
about surgical site infection, the postoperative
dressing should be immediately removed and the
wound examined. Last, neurologic and embolic
phenomena can be initially investigated with CT
to rule out hemorrhagic stroke. If CT of the brain
is negative, MRI should be performed. MRl is the
gold standard for diagnosing ischemic stroke and
CFE caused by FES.®
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Prevalence of Fat Embolism Syndrome
Development of intramedullary fat release in
patients with long-bone injuries is common. A
prospective study found circulating fat globules in
95% of 43 patients with femur fractures.™ In an-
other study, transesophageal EKG showed cardiac
embolism in 62% of patients who had undergone
intramedullary nail fixation.™ Despite this high
rate, only 0.9% to 2.2% of patients developed
symptomatic FES. Risk factors for FES include
younger age, multiple fractures, closed fractures,
and nonoperative or delayed management of long-
bone fractures.? As already mentioned, average
time to FES presentation after long-bone fracture
is about 48 hours. One study found that FES
typically occurs within 24 to 72 hours after initial
insult (average, 48.5 hours) and that the incidence
of FES is 0.15% in tibia fractures, 0.78% in femur
fractures, and 2.4% in multiple long-bone frac-
tures.*The timeline is consistent with the present
case—our patient developed symptoms about 36
hours after injury. In addition, other studies have
found a higher mortality rate (5%-15%) for patients
with bilateral femur fractures than for patients with
only one fracture.”™>" Patients with a floating knee
injury (ipsilateral tibia and femur fractures) are at
higher risk for FES and have higher overall morbid-
ity and mortality rates in comparison with patients
with an isolated femur or tibia fracture, though the
increased risk has not been quantified.

Review of Case Literature: FES With CFE

Few cases of FES with symptomatic CFE in the
setting of long-bone fracture or long-bone surgery
have been reported in the literature. There is wide
variation in the development of FES with respect
to preoperative or postoperative status and mech-
anism of injury. Duran and colleagues™ described
a 20-yearold man with ipsilateral tibia and femur
fractures caused by gunshots. Twenty-four hours
after presentation, he developed tonic-clonic
seizures and the classic triad of rash, hypoxia, and
altered mental status. MRI confirmed CFE second-
ary to FES. The patient was optimized neurologi-
cally before definitive fixation and was discharged
with minimal neurologic deficits on POD-27. Chang
and colleagues™ and Yeo and colleagues’® de-
scribed CFE in patients who underwent bilateral
total knee arthroplasty. Symptoms developed 9
hours and 2 days after surgery, respectively. Both
patients had fat emboli in the lungs and brain, un-
derwent intensive care treatment, and recovered
from the initial insult. After discharge at 44 days
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and 2 weeks, respectively, they fully recovered.

Other patients with CFE have had less favorable
outcomes. Chen and colleagues® reported the
case of a 31-year-old man who sustained closed
femur and tibia fractures in an automobile colli-
sion and experienced an acute decline in neuro-
logic status 1 hour after arrival in the emergency
department. The patient was intubated, CFE was
diagnosed on the basis of MRI findings, and the
orthopedic injuries were treated with external
fixation. After 2 weeks, the patient was discharged
with persistent neurologic deficits and the need for
long-term tube feeding. Walshe and colleagues"
reported the case of a 19-year-old woman who
sustained multiple long-bone injuries and traumatic
brain injury and showed fat emboli on MRI. The
patient experienced brain herniation while in the
intensive care unit and later was declared brain-
dead. According to the literature, it is important to
maintain high suspicion for FES and possible CFE
in the setting of high-energy fracture but also to be
aware that FES may develop even with nondis-
placed fracture or with reaming of the intramedul-
lary canal in elective total joint arthroplasty.'™

Pathophysiology of Fat Embolism Syndrome
The pathophysiology of FES and specifically of CFE
is not widely understood. Two main theories on the
development of FES have been advanced.

The mechanical theory suggests that exposing
intramedullary long-bone contents allows fat to
mobilize into the bloodstream.™ This occurs in the
setting of long-bone fracture and in canal prepa-
ration during joint replacement surgery. More fat
extravasates into the venous system after femur
fracture than after tibia fracture, which accounts
for the higher risk for FES in femoral shaft fractures
and the even higher risk in concomitant femur and
tibia fractures.* In addition to there being a risk of
fat embolism from the fracture itself, placing the
patient in traction or reaming the intramedullary
canal may exacerbate this effect by increased
extravasation of fat from the medullary canal. With
extravasation of fatty bone marrow into the venous
system, fat emboli are free to travel back to the
lungs, where they can cause infarcts within the
lung parenchyma.

In the mechanical theory, presence of PFO may
allow fat globules to pass into the systemic circu-
lation and cause end-organ emboli. In the event of
cerebral emboli, neurologic symptoms may vary
widely and may include diffuse encephalopathy
and global deficits.?° Dog studies have found a
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possible mechanism for CFE in the absence of
PFO. One such study, which used femoral pressur
ization to replicate cemented femoral arthroplasty,
found that many fat globules had traversed the
lungs after release into bone marrow,?' support-
ing the theory that fat droplets can traverse the
pulmonary system without sequestration in the
lung parenchyma. Riding and colleagues? reported
finding pulmonary arteriovenous shunts, which are
thought to allow CFE to occur in the absence of
PFO. More studies are needed to determine the
prevalence of shunts and their overall contribution
to CFE development in patients with long-bone
fracture.

The biochemical theory holds that bodily trauma
induces the release of free fatty acids (FFAs) from
the capillaries into the bloodstream.®This stress
response is mediated by catecholamines, which
activate the adenyl cyclase pathway, which acti-
vates lipase, which hydrolyzes stored triglycerides
to FFAs and glycerol. The concentration of circu-
lating FFA was increased in 9 of 10 patients in one
study.?® Increased FFAs in the bloodstream can
accelerate local and end-organ clotting, leading
to thrombocytopenia and endothelial injury. In addi-
tion, patients with hypercoagulable diseases are at
higher risk for postoperative thromboembolism.?*
However, with a negative hypercoagulable work-up
and with negative chest helical CT and EKG, which
did not demonstrate PFO, the explanation for CFE
in our patient may more likely reside with the
arteriovenous shunt theory proposed by Riding
and colleagues.??

Diagnosis and Treatment

Proper care of orthopedic patients who potentially
have FES/CFE involves prompt diagnosis, immedi-
ate symptomatic care, and early coordination with
neurology and medical services to rule out other
causes of symptoms. Obtaining advanced imaging
to rule out other potential causes and to confirm
the diagnosis is crucial. The patient in this case
report did not exhibit any focal neurologic deficits,
but emergent CT of the brain was indicated to

rule out a hemorrhagic event. If a stroke second-
ary to FES is clinically suspected, MRI should be
obtained as soon as possible. Multiple studies
have found that the “starfield” pattern, which is
best seen as multiple punctate hyperintensities
onT2 imaging, is the typical radiographic manifes-
tation of CFE.®This applies to patients who are in
the 24- to 72-hour window after long-bone fracture
or fixation and who fit Gurd and Wilson' criteria
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or Lindeque'?criteria, or who exhibit a change in
mental status but have a negative CT scan of the
brain, as was the case with our patient. Once the
diagnosis is made, treatment involves addressing
the symptoms (Figure 4). Hypoxia should be treat-
ed with supplementary oxygen; if acute respiratory
distress syndrome develops, intubation and me-
chanical ventilation may be required. Patients with
embolic phenomena causing CFE should receive
aspirin for stroke prophylaxis and an antiepileptic
for seizure prophylaxis. The best way to treat FES
and CFE remains prevention with early operative
fixation. If prevention fails, timely supportive care
can help; a majority of patients who receive such
care recover from neurologic and pulmonary se-
quelae (overall mortality rate, 10%).2°

Fat Embolism Syndrome in Reamed

and Unreamed Nailing

Over the past several decades, the number of long
bones fixed with intramedullary nails has increased
significantly.?® There is debate regarding whether
use of reamed intramedullary nails increases the
risk of fat emboli relative to use of unreamed nails,
but multiple studies have found no significant
difference.?®?” Pulmonary shunting occurs in both
reamed and unreamed nailing; neither technique
has an advantage in terms of cardiopulmonary
complications. In multiple studies, reamed nails
have the advantage of improved healing rates.?’

A sheep study compared reamed and unreamed
femoral nailing.?® After nailing, sheep lungs were
examined histologically for the presence of bone
marrow fat embolism. The embolism rate was
higher with unreamed nailing (10.25%) than with
reamed nailing (6.66%). One large study of the
adverse effects of reamed and unreamed nailing
in 1226 patients with tibial shaft fracture found
that those with open fractures had higher rates of
a negative event (nonunion, infection, fasciotomy,
hardware failure, need for dynamization) after
reamed nailing.?® Patients with closed fractures
had fewer events after reamed nailing. The authors
concluded there is a potential benefit in outcome
with reamed intramedullary nailing in patients with
closed tibial shaft fractures, but they did not com-
ment on development of FES. In a study of the ef-
fect of subject position on intramedullary pressure
and fat embolism release, dogs were positioned
either supine or lateral for tibial and femoral ream-
ing.*°The authors measured various physiologic
parameters, including cardiac output, pulmonary
arterial wedge pressure, arterial and venous blood
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Figure 4. Algorithm for management of fat embolism syndrome.

Abbreviations: ARDS, acute respiratory distress syndrome; ASA, acetylsalicylic acid (aspirin); CFE, cerebral fat embolism; CXR, chest radiograph; FES,

fat embolism syndrome; MRI, magnetic resonance imaging; XR, radiograph.

gas, and blood cell counts. There were no statisti-
cally significant differences in values between the
2 groups in any variable, indicating that position
does not affect FES development in the orthopedic
trauma setting.

Conclusion

FES and CFE are potential devastating sequelae of
both long-bone fracture and long-bone instrumen-
tation. It is important to recognize these entities

in the acute setting and to consider them in the
differential diagnosis of a trauma or postopera-
tive patient who experiences sudden onset of
altered mental status with or without dyspnea or a
petechial rash. If CFE is suspected, early advanced
imaging (including urgent MRI) should be obtained
with rapid involvement of a multidisciplinary

team that can optimize the chance for successful
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recovery of both neurologic and physical function.
The best treatment, early prevention and diagno-
sis, maximizes care of symptoms. As is evidenced
in this case report, rapid diagnosis and treatment
often result in recovery from a majority of the
symptoms of FES and CFE.
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