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1 | INTRODUCTION

Fat embolism syndrome (FES) is a condition associated
with trauma, long bone fractures, and orthopedic surgi-
cal procedures. The main clinical findings are petechial
rash, neurological symptoms, and respiratory impair-
ment. Incidence is unclear since in predisposing clinical
conditions fat particles have been demonstrated in the
bloodstream by transesophageal echocardiography in 67-
95% of patients; nevertheless, clinical manifestations are
uncommon.'?

The first case of pulmonary fat embolism was de-
scribed in 1862 by Zenker at the necroscopic examina-
tion of a patient who died from complications of severe
trauma.’ Three years later, Wagner investigated the patho-
genetic correlation between fractures and fat embolism,
demonstrating the presence of fat particles in 48 patients
with bone fractures.* At present, there is still no gold
standard for diagnosis of FES and often it is an exclusion
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diagnosis, related mainly to clinic manifestations. We
present a case report of an elderly woman with long bone
fractures complicated by respiratory failure and altered
mental status.

2 | CASE PRESENTATION

A 90-year-old woman with a history of Parkinson's and
coronary heart disease was admitted to our hospital after
a domestic accidental fall, complicated by left proximal
femur and humerus fractures. Two hours after the fall,
she showed a rapid clinical impairment with altered men-
tal status with palilalia and confusion. Glasgow Coma
Scale score (GCS) was 10 (E3-V3-M4). At hospital ad-
mission, arterial pressure was 190/90 mmHg, heart rate
100 bpm, and respiratory rate 32 bpm. The arterial blood
analysis showed hypoxemia (partial pressure of oxy-
gen of 53 mmHg) and respiratory alkalosis. Laboratory
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examinations were normal, except for neutrophilic leuko-
cytosis (25,000/mm?). She underwent a brain computed
tomography (CT) that did not show acute lesions or skull
fractures, a lung CT that documented ground glass areas
and interlobular septal thickening, and finally a CT pul-
monary angiography that confirmed the bilateral lung
exudative injury and the pleural effusion without clear
perfusion defects.

The patient was transferred to our department. At ar-
rival, she was having tachypnea with oxygen therapy by
nasal prongs. Blood pressure was 130/80 mmHg, heart
rate 85/min. Neurological conditions showed a further
impairment (GCS 7, E3-V1-M3). A second brain CT was
inconclusive. Electroencephalography showed left frontal-
temporal slow and steep front waves. Cardiologic exam-
ination confirmed a pre-existing left bundle branch block,
while echocardiography showed normal left ventricular
ejection fraction without pulmonary hypertension. Left
atrium had a normal diameter, and we did not find signs
of intracavitary thrombosis or atrial septal defects. Carotid
vertebral Doppler examination did not find abnormalities
of hemodynamic significance. Empiric antibiotic therapy,
artificial enteral nutrition via NG tube, and oxygen sup-
port via Venturi mask were started.

Two days later, in absence of improvement of cogni-
tive status, she developed sudden right hemiplegia. Brain
magnetic resonance imaging (MRI) was performed with
the evidence of diffuse bilateral cerebral and cerebellar
abnormalities suggestive of severe multiple embolization.

Based on the clinical findings and brain MRI, the pa-
tient was diagnosed with FES (Figure 1). The treatment has
been mainly supportive. Sixteen days after trauma, after
gradual improvement in consciousness and respiratory
function, the left femur fracture was treated surgically. A

cephalic prosthesis was implanted without complications,
and two days later, she began physiotherapy sessions.

Both respiratory symptoms and CT lung imaging im-
proved considerably within the next week, and oxygen-
ation was reduced to low flow nasal prongs. Meanwhile,
she showed a significant improvement in neurological
conditions (GCS = 15) with residual partial disorientation
in time and place, mild right hemiparesis, and fluid dys-
phagia, worsened by her Parkinson's disease.

At discharge, 40 days after trauma, the patient was in
spontaneous breathing, with a residual right lower limb
paresis and diffuse rigidity; thanks to physiotherapy, she
reached the sitting position. Finally, she was transferred to
a rehabilitation center.

3 | DISCUSSION

We presented the case of an old patient with hip and hu-
merus fractures who developed FES with cerebral seque-
lae. FES is a complex syndrome characterized mainly by
neurological and respiratory symptoms. Over the years,
three pathogenetic theories were described: the mechani-
cal theory proposed by Gauss in 1924, the biochemical
theory proposed by Lehman in 1927, and the coagulation
one by Gurd and Wilson in 1947.*

The first theory states that, during trauma or surgical
procedure, there is increased pressure in the intramedul-
lary space that pushes out the yellow fat in the venous cir-
culation system, through the damaged vessels, and form
thrombotic fat particles.” The biochemical one describes
the inflammatory reaction, evocated by degradation of
fatty emboli into free fatty acids, against pneumocytes and
capillaries. The coagulation theory is based on platelet ag-
gregation and coagulation cascade activation. According

FIGURE 1
ischemic bilateral lesions due to fat

MRI showing multiple

embolism
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to Gurd and Wilson, thromboplastin and marrow issued
after trauma and fractures trigger complement system
and extrinsic pathway of the blood coagulation cascade
with the production of clots, and in addition, the activated
platelets adhere to the circulating fatty emboli that derive
from marrow expelled, leading to thromboembolic events.

They proposed the criteria that are now considered the
gold standard and are used routinely to diagnose FES. The
diagnosis of FES requires the presence of 1 major criterion
and 4 minor criteria (Table 1).*°

Schonfeld criteria better classified cutaneous symp-
toms (Table 2),® and Lindeque underlined the importance
of respiratory manifestations (Table 3).°

This syndrome more commonly occurs within 12 to
72 hours after traumatic fractures of long bones.” It has been
rarely reported in elderly patients suffering from a hip frac-
ture. Our case highlights the multifactorial nature of FES
given the early-onset manifestation of the syndrome. The
underlying mechanism of FES is likely a combination of the
mechanical, biochemical, and coagulation theories.

Early clinical descriptions of the fat embolism syn-
drome included the major criteria of respiratory in-
sufficiency, cerebral involvement, and petechial rash.
However, the analysis of FES cases shows that 34% of pa-
tients had neurologic impairment as the earliest clinical
sign or symptom, as it was in this patient; 75% of them had
respiratory manifestations. A petechial rash was a sign at
presentation in only 17% of patients."

There is no specific therapy for fat embolism syndrome:
Prevention, early diagnosis, and adequate symptomatic
treatment are of paramount importance.

Albumin has been recommended for volume resuscita-
tion. The role of albumin is based on its physiological func-
tion as a plasma protein transporter of fatty acids (FA).

Fatty acids are a source of energy for cells, a part is stored
in the adipose tissue, and a part is located in the vascular
and interstitial compartments.'! Due to their low solubility
in aqueous solutions, FA need a carrier; they are known for
their proinflammatory activity against pneumocytes and
capillaries when they are free. The first study about albu-
min as a carrier of fatty acids was made by Forrest in 1941."2

Currently, the use of corticosteroids is not recom-
mended for prophylaxis or treatment. Although many
studies have shown beneficial effects of prophylactic ste-
roid use because of their anti-inflammatory effects, there
were no significant changes in mortality.®

4 | FES AND COVID

The FES hypothesis was also recently proposed to justify
the more severe clinical manifestations by SARS-CoV-2,
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TABLE 1 Gurd's criteria

Gurd’s criteria

Major sings
Hypoxia
Mental state changes
Petechiae

Minor signs
Tachycardia
Thrombocytopenia
Unexplained anemia
Hyperpyrexia
Fat globules in fundus
Fat globules in urine

1 major criterion and 4 minor criteria for FES

TABLE 2 Shonfeld scale clinical sign

Schonfeld scale clinical sign

Petechiae 5

Chest X-ray changes (diffuse alveolar infiltrates) 5
Hypoxemia 3

Tachycardia (>120 b/min) 1

Tachypnea (>30 min acts) 1

Score >5 for FES.

TABLE 3 Lindeque's criteria
Lindeque's criteria
Sustained PaO, < 8 kPa
Sustained PaCO, > 7.3 KPa or pH <7.3
Sustained respiratory rate >35/min despite sedation

Increase work of breathing, dyspnea, accessory muscle use,
tachycardia, and anxiety

which obese people were compared to their normal-
weight peers.

The pathogenic mechanism would consist in the in-
creased expression of inflammatory mediators in the
adipose tissue of overweight people'® and viral infil-
tration of adipocyte, mediated by the cellular expres-
sion of the ACE? receptor,* the target of the virus spike
protein, followed by the cellular necrosis (as it hap-
pens for other cell types), and the release of FA in the
interstitial compartment.15

In addition to the ground glass areas at the lung CT,
erythematous rash (Recalcati, 2020) and neurological
manifestations'® were demonstrated during SARS-CoV-2
infection in common with FES. Finally, fat embolism
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was found in autoptic lung specimens from two adult
COVID-19 patients who were overweight."”

5 | CONCLUSIONS

These complex multi-organ manifestations could be the
result of inflammatory reactions related to the presence
of free fatty acids in the bloodstream and the activation of
coagulation cascade by vascular damage. Mortality is esti-
mated to be from 5 to 15%. The diagnosis is of exclusion,
depending mainly on clinic manifestations, and there is
no specific therapy, so early diagnosis and prevention are
of paramount importance.
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