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Abstract

Background Fat embolism syndrome (FES) is commonly reported in the setting of long bone and pelvic fractures, but the
etiology and pathogenesis are unclear. The aim of this study was to identify clinical characteristics and laboratory findings
that may place orthopedic trauma patients at a higher risk of developing FES.

Methods Electronic medical records were reviewed of all patients aged 18—-89 years from 2015 to 2020 with a mention
of FES in the patient chart who met Gurd and Wilson’s criteria for diagnosis after experiencing orthopedic trauma. A 3:1
matched pair analysis was performed between FES patients and those with similar age, gender, and FES-associated fracture
(femur, tibia, humerus, or pelvis fracture).

Results 18 patients with FES who met inclusion criteria were identified. Hypomagnesemia (OR =7.43), hyperphosphatemia
(OR =6.24), hypoalbuminemia (OR =3.78), blunt traumatic mechanism of injury (OR=7.16) and a greater number of bones
fractured (Avg/SD =2.89/1.53) were seen more often in FES patients (all p-values <0.05).

Conclusion Findings of this study suggest that patients with hypomagnesemia, hyperphosphatemia, hypoalbuminemia, a blunt
trauma mechanism of injury, and an increased number of bones fractured are at increased risk for the development of FES.
This may be related to their roles in physiologic oncotic pressure and inflammatory response, and thus further investigation
of these variables is necessary for the evaluation of FES prevention.

Level of evidence Level 3.
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Introduction FES has established major and minor clinical symptoms

associated with it, its pathogenesis is poorly defined and
Fat embolism syndrome (FES) is a clinical syndrome that  not well understood. FES is most often associated with long
demonstrates a typical pattern of clinical findings related to ~ bone and pelvic fractures, and the classic symptoms of FES
the presence of fat globules in the microcirculation. While  include respiratory insufficiency, cerebral symptoms, and a
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petechial rash [1]. Although diagnostic criteria have been
well described, many of these criteria mimic other condi-
tions or occur concomitantly in polytrauma patients. This
leads to difficulty with utilization of diagnostic criteria, and
FES is typically overlooked as an initial diagnosis.

Fat microglobulinemia is a common finding in trauma
patients, but very few patients go on to develop the constel-
lation of symptoms associated with fat embolism syndrome
(FES) [2, 3]. Two main theories have evolved to explain
the occurrence of FES. The mechanical theory has founda-
tions in vascular perfusion with vascular occlusion causing
symptom development [4, 5]. As such, the development of
FES may be more likely in patients who have conditions
associated with diseased vasculature such as diabetes mel-
litus or hypertension. Alternatively, patients with more
fat microglobule release into the bloodstream would be
at increased risk for vascular occlusion with the resulting
symptoms of FES. The biochemical theory has foundations
in pro-inflammatory states and the inflammatory response
induced by free fatty acids [4, 5]. Patients with pro-inflam-
matory states such as hypomagnesemia, Factor V Leiden,
antiphospholipid syndrome, hyperphosphatemia, Protein
C/S deficiency, or antithrombin 3 deficiency are theoretically
at increased risk for FES development. Furthermore, inflam-
matory markers such ESR and CRP are likely increased and
serve as markers of active inflammatory response.

The lack of known pathophysiology, wide range of
symptoms, and lack of confirmatory testing make the clini-
cal diagnosis difficult. The Gurd and Wilson criteria offer a
solution to the difficulty with diagnosis through their crite-
ria, which requires two major symptoms or one of the major
symptoms and four minor symptoms with the presence of fat
microglobulinemia. Major symptoms include petechial rash,
unexplained neurologic deficits or altered mental status, and
pulmonary deficits causing significant unexplained hypox-
emia. The minor criteria include tachycardia, fever, emboli
on fundoscopy, jaundice, renal signs, lipiduria, thrombocy-
topenia, anemia, elevated ESR, and fat globules in sputum
[1, 6, 7]. Their characterization has shown an incidence
ranging from 0.9 to 11% in trauma patients who suffer long
bone or pelvic fractures [8]. A major shortcoming of the
Gurd and Wilson criteria is that many of the criteria are
nonspecific and can be attributed to other diagnoses. For
example, polytrauma patients may have respiratory insuf-
ficiency due to concomitant lung trauma with pelvic frac-
ture. Altered mental status may not be measurable due to
sedation for intubation. As a result, these main findings may
not be appropriately recorded as criteria for FES. Few addi-
tional laboratory or objective clinical characteristics have
been identified as supportive factors that can be used when
the clinical picture overlaps with other patient conditions.
To date, there are no confirmatory tests, reliably effective
laboratory findings, or other characteristics that definitively
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differentiate FES from other clinical manifestations related
to polytrauma.

The aim of this study was to identify clinical characteris-
tics and objective findings outside the traditional Gurd and
Wilson criteria that are associated with increased risk of
developing FES in patients with long bone or pelvic fracture.
The authors of this study hypothesize that factors contribut-
ing to the biochemical and mechanical theories will increase
the risk of FES development. These factors include electro-
lyte abnormalities associated with an inflammatory state,
medical comorbidities associated with vascular pathology
or that place patients at high risk for thrombus formation,
and injury characteristics that may increase fat microglobule
release into the bloodstream. The objective of this study was
to use this knowledge to contribute to the working theories
on the pathophysiology of FES. This information may prove
valuable for clinicians to diagnose and treat FES prior to the
development of more severe sequelae.

Materials and Methods

This study was a retrospective chart review of patients from
an urban inner city academic hospital with IRB approval
(26316-0002). Inpatient records were retrospectively
reviewed from January 2015 to March 2020 for a diagnosis
of FES after a long-bone or pelvic fracture. All collected
data was evaluated based on available data at the time of
presentation or by documentation on prior admissions.

Patients that were diagnosed with FES were identified
based on the ICD-10 code T-79.1XXS. Additional patients
that were not assigned the specific ICD-10 code were gath-
ered by having a mention of FES in a patient note and were
subsequently evaluated for 2 major or 1 major and 4 minor
criteria for the diagnosis of FES based on the Gurd and Wil-
son criteria by two independent reviewers [1]. All patients
included in the FES group met Gurd and Wilson’s criteria
for diagnosis. Findings not evaluated for in these patients
due to lack of data availability included retinal embolism,
jaundice, and fat globules in the sputum.

Inpatient records were also retrospectively reviewed
from the same time period for patients without FES. A 3:1
matched pair analysis was performed between those with
and without FES based on age, gender, and FES-associated
bone that was fractured. FES-associated bones fractured
included the femur, tibia, and humerus long bones and the
pelvis. Age, gender, smoking status, open or closed frac-
ture, mechanism of injury, presence of chronic inflamma-
tory states, hypercholesterolemia with a cholesterol level
greater than 200, height, weight, presence of increased pro-
thrombin time (PT) or activated partial thromboplastin time
(aPTT), presence of thrombocytopenia, hypomagnesemia,
hyperphosphatemia, and hypoalbuminemia were recorded
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for patients in the study. Comorbidities recorded included
coronary artery disease, stroke or transient ischemic attack,
hypertension, deep vein thrombosis or pulmonary embo-
lus history, malignancy history, chronic liver disease, and
osteoporosis. Clinical symptoms were also analyzed includ-
ing neurologic dysfunction, shortness of breath (SOB)
with respiratory dysfunction, hypoxemia, lipiduria, fever,
shock, right heart failure signs, and hypotension. Genetic
hypercoagulable states assessed for included antithrombin
3 deficiency, protein C/S deficiencies, Factor V Leiden,
and antiphospholipid syndrome. Conditions included in the
chronic inflammation group included asthma, systemic scle-
rosis, rheumatoid arthritis, chronic inflammatory demyeli-
nating polyneuropathy, malignancy, sarcoidosis, and chronic
osteomyelitis.

Patients were excluded from analysis if they were younger
than 18 years of age or older than 89 years of age, pregnant,
prisoners, or had been diagnosed with FES following an
atraumatic cause.

Table 1 Demographics

Statistical analyses were conducted using chi square
analysis for categorical variables and student’s ¢ test for
continuous variables. Statistical significance was defined as
p <0.05. Categorical testing with Chi-square analysis was
based on proportions of patients in each group with each
finding. Student’s ¢ test was used to assess the difference
between means for continuous variables. Two independ-
ent reviewers were responsible for data extraction from the
electronic medical record. A statistician associated with our
institution assisted with statistical analysis.

Results

There were a total of 72 patients available for evaluation. 18
FES patients were identified and met diagnostic criteria. The
remaining 54 patients consisted of those matched to the FES
patients based on age, gender, and major FES-associated
fractured bone. Table 1 shows the patient demographics and

FES (n=18) Control (n=54) p-value (Student’s
T-test or Chi Square
test)
Age
Average 44.17 44.43 0.964
Standard deviation 20.38 21.05
Sex
Female 6 18 1.000
Male 12 36
Height (meters)
Average 1.68 1.70 0.278
Standard deviation 0.137 0.113
Weight (kilograms)
Average 79.82 79.15 0.455
Standard deviation 23.19 21.05
BMI
Average 27.8 27.27 0.381
Standard deviation 6.0 6.52
Atherosclerotic disease (PVD/CAD) 3 4 0.251
Chronic Inflammatory State (asthma, chronic osteomyelitis, malig- 3 6 0.381
nancy, rheumatologic disease, sarcoidosis, CIDP)
Hypertension 5 22 0.325
Smoking 10 28 0.785
Diabetes 5 11 0.513
DVT/PE history 1 1 0.408
Stroke/TIA 1 2 0.733
Malignancy history 1 3 1.000
Hypercholesterolemia 4 11 0.867
Osteoporosis 1 3 1.000
Chronic kidney Disease 1 9 0.653
HIV+ 1 1 0.408
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Table 2 Injury characteristics

FES (n=18) Control (n=54) p-value (Student’s
T-test or Chi Square
test)
Mechanism of injury
Blunt 17 39 0.037
Penetrating 1 15
Number of bones fractured
Average 2.89 1.85 0.028
Standard deviation 1.53 2.81
Primary fracture
Pelvis 3 9 1.000
Femur 12 36
Tibia/Fibula 2 6
Humerus 3
Fracture characteristics
Open 15 39 0.346
Closed 3 15

Table 3 Clinical findings

FES (n=18) Control p-value (Student’s
(n=54) T-test or Chi Square

test)
Respiratory symp- 18 11 <0.001
toms
Neurological dys- 11 15 0.011
function
Hypotension 7 0.016
Fever 0 <0.001
Right heart dysfunc- 3 3 0.140
tion
Coagulopathy 2 12 0.346
Acute kidney injury 6 15 0.238

medical comorbidities of both the FES and non-FES group.
There were no demographic differences between those who
did and did not develop FES.

Table 2 compares the injury characteristics of patients
with and without FES. Patients with FES exhibited an

increased prevalence of a blunt traumatic mechanism of
injury (p value=0.037, OR=7.16) as well as a greater
number of bones fractured (p value =0.028).

Table 3 examines the clinical findings observed of
patients with and without FES. Statistically signifi-
cant values that differed among the FES and non-FES
group included presence of respiratory symptoms (p
value =0.001, OR =14.52), neurological dysfunction (p
value=0.011, OR =4.09), hypotension (p value=0.016,
OR =4.27), and fever (p value <0.001, OR=71.09). No
patients observed had the previously mentioned genetic
hypercoagulable states. Additionally, osteoporosis was
seen in 4 patients and was not statistically different
between those with and without FES development.

Table 4 shows laboratory findings of patients with and
without FES. Patients with FES were more likely to have
hypomagnesemia (p value=0.014, OR =7.43), hyperphos-
phatemia (p value=0.003, OR =6.24), hypoalbuminemia
(p value=0.021, OR =3.78), and thrombocytopenia (p
value=0.015, OR=3.91).

Table 4 Lab findings

FES (n=18) Control p-value (Student’s
(n=54) T-test or Chi Square
test)
Hypomagnesemia (< 1.6 mg/dL) 0.014
Hyperphosphatemia (>4.5 mg/dL) 7 5 0.003
Hypoalbuminemia (< 3.5 g/dL) 13 22 0.021
Thrombocytopenia (< 150 K/mm?) 9 11 0.015
Acute kidney injury (Serum creati- 15 0.238
nine > 1.3 mg/dL)
Lipiduria 0 1 0.560
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Discussion

The findings of this study reflect the study’s patient selec-
tion method in reference to the Gurd and Wilson criteria.
As expected, the Gurd and Wilson criteria that were pre-
sent and recorded for the majority of patients were more
often seen in those with FES than in the control patients.
This study also showed that patients with FES had statis-
tically significant differences in hypomagnesemia, hyper-
phosphatemia, hypoalbuminemia, mechanism of injury,
and the number of bones fractured. Magnesium has been
shown to play a role in the inflammatory response. Mazur
et al. showed that low levels of magnesium induce a clini-
cal inflammatory syndrome characterized by leukocyte
and macrophage activation, release of pro-inflammatory
cytokines, and excessive production of free radicals. Fur-
thermore, increased levels of magnesium were associated
with a decreased inflammatory response [9]. This directly
relates to the role of the inflammatory response in FES
development as predicted by the biochemical theory.

Hyperphosphatemia has been correlated with an
increase in the expression of proinflammatory cytokines,
such as TNF-a [10]. Increased expression of pro-inflamma-
tory cytokines leads to endothelial cell activation and dam-
age which leads to some of the common symptoms associ-
ated with FES. Moreover, chronic increases in phosphate
have been shown to increase mineral deposition in smooth
muscle possibly disrupting vessel perfusion and decreas-
ing vessel patency [11]. As such, the role of hyperphos-
phatemia in FES development supports a hybrid model
involving both the biochemical and mechanical theories.

Albumin, being the main protein found in the plasma,
plays an important role in fluid balance. Hypoalbuminemia
has long been associated with edema due to a decrease in
intravascular oncotic pressure and an increase in intersti-
tial pressure [12]. The authors of this study hypothesize
that the mechanical force generated by the third-spacing of
fluid secondary to hypoalbuminemia may increase the fat
globule release from the bone marrow into the circulation.
This would increase the opportunity for vaso-occlusion or
fat-induced inflammation as hypothesized by the mechani-
cal and biochemical theories. Nonetheless, an increase in
fat globule release would augment the development of FES
as fat microglobulinemia is the key component of FES
development.

The development of FES is known to be related to fat
emboli in the bloodstream as previously mentioned above.
The findings of this study suggest that an increased num-
ber of fractured bones is associated with FES develop-
ment. This is supported by Stein et al. [13] who found
that multiple fractures increased a patient’s risk for the
development of FES as compared to isolated fractures.

Increased number of fractured bones may have been asso-
ciated with FES development due to increasing the volume
of medullary cavity fat tissue that can be released into the
bloodstream. The authors of this study hypothesize that
an increased number of fractured bones would increase
the opportunity for a higher volume of fat microglobules
to enter the bloodstream and cause FES. Though multi-
ple fracture sites would increase the opportunity for fat
microglobule leakage from a singular bone, it may not
increase the total fat capable of leaking into the blood-
stream since it originates from the same medullary canal.
Further studies are warranted to determine the relationship
of FES development with fat leakage from multiple frac-
ture sites within one bone as opposed to multiple fractured
bones. The clinical importance of this distinction is related
to the injury setting for patients. Patients with multiple
injuries or who experience polytrauma incidents would
theoretically be at increased risk for FES development
when compared to those with isolated injuries.

Based on the findings of this study, the mechanism of
injury was an important risk factor for the development of
FES. Blunt trauma was associated with an increased risk
of developing FES as compared to penetrating trauma.
One possible suggestion for this could be the prevalence
of microfractures with blunt trauma. The widened impact
area of blunt trauma may cause an increased number of
microfractures in affected bones, which could lead to more
fat microglobule leakage into the bloodstream with FES
development. Another theory proposed by Bolliger et al.
[14] in their study on the development of pulmonary fat
emboli (PFE) is that damaged subcutaneous adipose tissue
can contribute to the development of PFE, which they note
can lead to FES. Their findings suggest that blunt trauma
may be associated with an increased risk of FES develop-
ment due to additional trauma to the subcutaneous tissue.
The same level of adipose tissue damage is unlikely to be
seen with penetrating trauma due to a smaller impact zone
when penetrating trauma occurs. The underlying mechanism
for both of these suggestions is the increased volume of fat
globules that can enter the circulation and cause FES either
by vascular occlusion directly or through augmentation of
the inflammatory cascade.

One surprising finding of this study was the absence
of any medical comorbidities associated with FES devel-
opment. Based on the mechanical theory as previously
described, medical conditions that decrease blood vessel
patency such as hypercholesterolemia with atherosclero-
sis, hypertension, peripheral vascular disease, or diabe-
tes mellitus would predispose patients to FES develop-
ment. One difficulty of the patient population studied is
adequate access and utilization of healthcare services.
The patients cared for at our institution often have condi-
tions that go undiagnosed as a result of these barriers to
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care. Subsequently, the authors of this study are hesitant
to definitively say that these medical comorbidities are not
associated with FES development or that the absence of
their association is evidence contradicting the mechanical
theory for FES development.

Studies have also varied on the true incidence of FES
ranging from 1 to 29% after long bone fracture [7]. This
study identified only 10 patients based on the ICD10 code
at our institution since the utilization of electronic medi-
cal records. The prevalence at our institution is much lower
than the 1% low-end range quoted by Shaikh, which suggests
that many patients are misdiagnosed with another cause for
the FES manifestations. Current diagnostic criteria may be
difficult to identify due to patient sedation or intubation.
The diagnostic criteria have largely remained unchanged
since Gurd and Wilson’s criteria were established. Though
imaging and laboratory findings are unreliable for diagnosis
independently, the novel findings suggested by this study
may prove to be important diagnostic factors in patients with
FES. Updating the current clinical criteria to include these
new findings will likely improve sensitivity of Gurd and
Wilson’s criteria by offering objective laboratory findings
unaffected by patient sedation or stabilization treatment. The
mechanism of injury and number of bones fractured also
offer objective criteria that can be assessed without concern
for patient sedation interfering with interpretation. Further-
more, correction of the laboratory values may prove effective
forms of prophylaxis or treatment by reducing their roles
on inflammation and edema as previously mentioned. The
increased sensitivity from adding these findings to Gurd and
Wilson’s criteria would allow for earlier identification, moni-
toring, and treatment for patients with FES, thereby reducing
mortality. The future directions of this study are to evalu-
ate the use of these novel findings in the clinical setting for
diagnosis and to determine the clinical benefit of electrolyte
and albumin correction through a prospective experimental
study. Nonetheless, the findings of this study suggest that
a lower threshold should be utilized for assessing FES as
a diagnosis when these factors are present. Doing so may
identify patients at an earlier stage of disease progression
and reduce the morbidity and mortality associated with the
pulmonary and neurologic manifestations.

The major limitation of this study relates to the scarcity of
the condition. Patients were first gathered using the ICD10
code for FES entered by paramedical staff, which resulted in
a very small cohort. This was addressed by using the elec-
tronic medical record engine to search for patients with a
mention of FES in a clinical note. Patients from the ICD10
code recruitment method and the FES-search in the engine
were then included if Gurd and Wilson’s criteria for diag-
nosis were met. However, the scarcity of clinical recogni-
tion prevented any large additions to the study size, which
resulted in a small sample size.
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Conclusion

FES remains a poorly recognized, rare clinical entity without
adequate tests for diagnosis and assessment. Early diagnosis
for treatment may be necessary for the prevention of deadly
sequelae. The findings of this study suggest that hypomagne-
semia, hyperphosphatemia, and hypoalbuminemia are asso-
ciated with an increased risk for FES development. The role
of hypomagnesemia and hyperphosphatemia suggests an
inflammatory component to the underlying pathophysiology
while the fluid dysregulation of hypoalbuminemia suggests a
mechanical component to the pathophysiology, supporting a
hypothesis that the pathogenesis of FES likely involves both
theories. Additionally, patients who suffer blunt trauma or
multiple bone fractures are at increased risk for FES devel-
opment. These factors should be considered when evaluating
for FES as they may be indicators of FES development ear-
lier in disease or assist with differential diagnosis. The addi-
tion of these findings to Gurd and Wilson’s criteria would
likely improve the sensitivity of diagnostic criteria and lead
to quicker supportive care in patients who develop severe
sequelae. Further studies are needed to assess the roles of
these factors in FES development and the therapeutic ben-
efits of laboratory abnormality correction.
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