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Introduction:-

Definition and Introduction

When fat enters the circulation, it can embolize and either generate clinical symptoms or not. This is known as a fat
embolism [1]. Fat emboli entering the circulation have been linked to FES, a clinical condition with an imprecise
definition. It typically manifests as traits related to the nervous system, the skin, and the respiratory system. It
generally happens following long-bone fractures and total hip arthroplasty; burns and soft tissue injuries are less
common causes [2]. Although early stabilization of long bone fractures is considered to reduce its incidence, the
most efficient way to do so has not yet been established [3].

Epidemiology And Incidence

Although it has been reported in the literature that FES has happened after other traumatic conditions like burns,
hepatic injury, cardiopulmonary resuscitation compressions, bone-marrow transplant, liposuction, lung transplant,
caisson disease, extracorporeal circulation, caesarean section, and tetrachloromethane poisoning, it happens most
frequently after orthopedic trauma. Rare non-traumatic causes of FESinclude injections of fat emulsion,
corticosteroid therapy, pancreatitis, angiomyolipoma, intravenous lipid infusion, and hemoglobinopathies such
as sickle cell disease (SCD) [4-8]. Depending on the series design, incidence of fat embolism and FES varies
considerably throughout the literature. The lowest rates are reported by long-term retrospective reviews. According
to Muller, fat embolism occurs in 0.9% to 2.2% of long bone fracture cases and tends to occur less frequently (0.5-
0.8%) with intramedullary manipulation or instrumentation [9].
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While the incidence of FE at autopsy is much higher than the incidence of clinically suspected FES, prospective
studies reveal significantly higher yet consistent rates of FES [9]. FES is a well-described syndrome that can result
from aesthetic procedures like liposuction and gluteal vitamin E injections, and it has even resulted in fatalities [10-
11]. Despite the relative safety of these aesthetic operations, doctors should be aware of the likelihood of FES in the
postoperative period and use caution if their patient displays acute symptoms. With a death rate of 64%, FES caused
by severe bone marrow necrosis in Sickle Cell Disease (SCD) is likewise a rare but well-described complication
[12].Surprisingly, people with the "milder” form of SCD appear to be most at risk; in a review, 81% of patients did
not have the HbSS genotype.

Gurd stated in his 1974 research that a sample of trauma victims had a 19% incidence of FES. An incidence of 0.9%
was recorded in a 10-year review done by a significant trauma center in the United States[13]. Contrary to other
studies that have found a significant correlation between "at-risk fractures” (fractures of the femur, tibial shaft, or
pelvis) and incidence of FES, the authors of this study found no relationship between the severity, location, or
pattern of patients' injuries and their likelihood of developing FES [14]. The number of fracture sites and the
occurrence of FES were found to be correlated in the same study.

A prospective evaluation was conducted by one trauma center to ascertain the actual prevalence of FES following
long bone or pelvic fractures. By measuring the alveolar/arterial PO2 gradient, they were able to identify patients
with pulmonary shunts, and then further subclassified them to determine a minimum incidence of FES. They came
to the conclusion that at least 10 individuals (11%) had FES related to a long bone or pelvic fracture since 49 out of
92 patients had a pulmonary shunt and 39 of them also had a pulmonary injury that was at least largely to blame for
the shunt[15].

In one series, patients receiving simultaneous unilateral and bilateral total knee arthroplasty (TKA) had serial arterial
and right atrial blood samples taken for histology[16]. The incidence of fat embolism was 46% in 100 individuals
with a unilateral TKA and 65% in 100 patients with bilateral TKAs, according to the researchers' examination of fat
cells at various time points.Two patients from the unilateral group and four patients from the bilateral group both
had neurological symptoms that were compatible with FES.

Clinical Presentation

Because it is frequently accompanied by concurrent injuries or illnesses, FES is both a clinical diagnostic and a
diagnosis of exclusion. This makes it challenging to gauge the severity of FES. FES symptoms and signs typically
appear 24 to 48 hours after a trauma. Changes in the respiratory, nervous, and dermatological systems are how FES
typically manifests. FES may potentially show more serious symptoms such right ventricular failure, cardiovascular
collapse, and pulmonary and systemic fat embolisation. Pell described a very dramatic instance of fulminant FES
that occurred intra-operatively. During open reduction and internal fixation of a femur fracture, a patient suddenly
developed cor pulmonale. An autopsy revealed a patent foramen ovale, and FES was diagnosed posthumously [17].

Neurological

The clinical manifestations of neurological sequelae in FES can vary greatly, from moderate disorientation to
drowsiness to a comatose condition. An otherwise healthy young woman who presented with catastrophic symptoms
following reamed intramedullary nail repair of a femur fracture was the subject of a case report of cerebral FES
published by DeFroda in 2016 [18]. There are a few known examples of severe cerebral fat embolisms that result in
brain death [19]. A case study about a woman who passed away after experiencing non-convulsive status epilepticus
following a total knee replacement was published in 2015. Before she passed away, she lingered in refractory status
epilepticus for two weeks. Numerous brain infarcts connected to fat emboli were discovered during autopsy [20].
This was the first case of its kind to be described, which serves as yet another illustration of how little we know
about the pathophysiology of FES. When neurological symptoms were present without respiratory symptoms, Scopa
defined this as an unusual presentation of FES [21]. Bulger discovered that 59% of patients had neurological
abnormalities. The most typical manifestation is little global impairment, however there have been catastrophic
cases of blindness, convulsions, and hemiparesis with rapid onset. Fortunately, neurological symptoms of FES
frequently go away on their own without leaving any lasting effects [22].

Cerebral fat embolism should be suspected in patients with long bone fractures who deteriorate neurologically
without respiratory compromise, with the exception of those who have intracranial lesions, as early detection and
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thorough treatment can improve prognosis [23]. For cerebral FES, magnetic resonance imaging is the preferred
imaging technique [24].

Respiratory

The most common FES symptoms and indicators are respiratory in nature.This can range From transient respiratory
distress to catastrophic respiratory failure. In an effort to properly identify FES, Bulger conducted a 10-year research
in a major trauma center. Of the 27 patients who had FES, 12 (44%) needed mechanical ventilation [12]. In
Lindeque's study, 16 of 28 patients with lower limb long bone fractures had a PaO2 of less than 7.3 kPa [7]. In a
comparable study of patients with polytrauma, 90% of included patients had a PaO2 of less than 9.3 kPa. The degree
of attention paid to a syndrome's signs or symptoms appears to be related to the diagnosis.

Ocular

Although uncommon, ocular fat embolism syndrome without heart defects has been recorded in a case report. Small
fat droplets may reach the systemic circulation via passing through lung capillaries or pre-capillary shunts,
according to the author's theory[25]. Ocular FES is a distinct condition from Purtscher's retinopathy, which is linked
to acute pancreatitis or head/chest trauma [26].

Dermatological

The rash of FES is petechial in nature. Usually, the head, neck, anterior thorax, and axillae will exhibit this rash.
According to Tachakra's theory, this pattern is brought on by fat droplets that gather in the aortic arch and
subsequently embolize to non-dependent skin through the carotid and subclavian vessels [27]. Stasis, a lack of
clotting factors, thrombocytopenia, and damage from FFAs to the capillary endothelium are all contributing factors
in petechial rashes in FES patients [28].

Radiology

When there is a possibility of neurological involvement in FES, imaging may be important. However, magnetic
resonance imaging (MRI) of the brain has been proven to be beneficial in early identification of cerebral fat
embolism, high-intensity signals are seen in T2 weighted images as soon as four hours after symptoms start. In the
acute context, computed tomography does not reveal any abnormalities [29]. MRI is a good potential tool for
grading the severity of cerebral FES and its evolution/resolution since, in addition, MRI pictures seem to correlate
with the severity of symptoms and with resolution [30]. Suzuki noted that the lesions typically occurred in the
major vascular territories' boundary zones and proposed a connection between the hypoxic brain condition in FES
and the mechanical aggregation of fat globules and complete brain capillary blockage[30]. In cases with polytrauma,
these distinctive characteristics may help distinguish FES from primary intra-axial brain injury [31]. The three
stages of cerebral fat embolism were recognized by five unique MRI imaging patterns in a more recent American
comprehensive review: In the acute stage, there was scattered cytotoxic oedema; in the subacute stage, there was
confluent cytotoxic oedema or vasogenic oedema; and in the long-term stage, there was identifiable brain atrophy
and demyelination [32]. With all stages of cerebral FES, petechial hemorrhages with a confluent morphology were
observed.Early detection of these tendencies may aid in choosing the best management. While not specific, diffuse,
well-demarcated ground glass opacities or ill-defined centrilobular nodules on computed tomography might offer
clinicians a reason to suspect FES in patients with respiratory compromise following trauma or an orthopaedic
treatment [33]. To enable early diagnosis and appropriate care, radiologists, orthopaedic surgeons, and clinicians
must be conversant with the clinical presentation and imaging of FES.

Criteria For The Diagnosis

Fat embolism is a disease in which fat cells enter the circulation, making autopsy the only conclusive or empirical
way to prove the existence of this condition. The clinical expression of this process is FES. FES cannot be diagnosed
with a single laboratory or radiographic test. To diagnose FES, a number of criteria have been developed. Of the
three criteria suggested to support a diagnosis of FES, the Gurd and Wilson criterion (Table 1) is the most widely
used. Gurd first put up his initial standards in 1970, then revised them with Wilson in 1974 [4,5]. Gurd's criteria are
frequently criticized for the fact that healthy volunteers' and trauma patients' blood frequently contains fat
macroglobulinemia without any other indication of FES [34]. The criteria from Schoenfeld (Table I1)and Lindeque
(Table 111) have also been employed in the past. When Lindeque et al. used their parameters on this, a reported
incidence of 29% was obtained, which was greater than in any other comparable series [7]. None of the
aforementioned diagnostic criteria are universally recognized or clinically validated. Another critique of these
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criteria is that they are too general and will include many non-specific cases of respiratory failure. This may be the
cause of the huge variation in incidence mentioned in the previous section.

Table I:- Gurd and Wilson Criteria for FES [3].

Two major criteria / one major criteria and four minor criteria suggest a diagnosis of FES

Major Criteria Minor Criteria
= Respiratory Distress = Fever (>38.5°C)
= Cerebral symptoms in non-head injury =  Tachycardia (>110 bpm)
patients = Jaundice
= Petechial rash
» Renal Changes
= Retinal Changes

Drop in haemoglobin

New onset thrombocytopaenia

= Elevated erythrocyte sedimentation rate
=  Fat macroglobulinemia

Table 11:- Schoenfeld’s scoring system for diagnosing FES [6].

Score >5 points diagnoses FES

Sign/ Symptom:

* Petechial Rash (5 points)

« Diffuse infiltrates on chest x-ray chest (4)
* Fever (1)

* Tachycardia (1)

* Tachycardia (1)

* Confusion (1)

Table I11:- Lindeque’s Criteria for FES [5].

Criteria:

* pO2 <8kpa

* pCO2 >7.3kpa

* Respiratory rate >35/min; despite sedation
* Dyspnoea, tachycardia, anxiety

Differential Diagnoses
Given the nonspecific nature of the clinical presentation, it is crucial to rule out other possible diagnosis
including pulmonary emboli, bacterial pneumonia, sepsis, ARDS, and COVID-19 infection.

Pathophysiology
FES's pathophysiology is still a mystery. The oldest theories have been around for close to a century.

Biochemical theory:

According to Lehman, a proinflammatory condition is what is to blame for the clinical symptoms of FES [35].
Acute Respiratory Distress Syndrome can result from the breakdown of adipose cells from bone marrow by tissue
lipases, which produces glycerol and toxic free fatty acids (FFAs) such chylomicrons that harm pneumocytes and
pulmonary endothelium cells. Lehman's idea could be useful in explaining non-traumatic FES events. Animal
models of FES used in biochemical research provide credence to this notion. Peltier made the first scientific
demonstration of the FFAS' toxicity in the 1950s [36]. Since then, FFA infusions have been employed in animal
models to cause alterations in the lungs and circulation that mimic FES [37]. Research has been done to produce
FES and look at a "second hit" using the FFA triolein in rat models. In comparison to rats subjected to a pulmonary
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toxin alone, rats with a history of clinically resolved triolein-induced FES exhibited severe lung damage after
receiving a pulmonary toxin injection [38]. Cell membrane proteins called aquaporins create pores in the membrane
of living cells [39]. Zhang et al. demonstrated that the pulmonary oedema brought on by FES results in increased
expression of an aquaporin known as AQP1 [40]. Additionally, this happened in accordance with how severe the
pulmonary oedema was. According to Zhang, AQP1 may be controlled by FFAs and is consequently increased
during FES, creating a possible opportunity to target AQP1 as a treatment for FES. Patients with ARDS have higher
levels of oleic acid, the most prevalent FFA in human adipose tissue, in their plasma and bronchoalveolar lavage
fluids [41]. It has been demonstrated in animal models to cause alveolar oedema, its creation, and inhibit its
clearance, all of which contribute to the development of ARDS[42]. There are several FFA binding sites on human
albumin[43]. This led to the hypothesis that hypoalbuminemia is a risk factor for FES in trauma and raises the
mortality risk for patients who are hospitalized [44,45]. While crystalloid resuscitation has been linked to a lower
death rate in trauma patients, the data from this trial was not powered to definitively prove that colloids are
preferable to isotonic crystalloids in fluid resuscitation[46]. Divergent evidence suggests that fluid resuscitation
using albumin solutions may be advantageous in the development of ARDS because the oleic acid will bind to
albumin and reduce its ability to generate oedema [47-50]. Additionally, using albumin along with furosemide for
ARDS patients seems to increase oxygenation and may shorten ventilation times[48].

Mechanical theory:

In 1924, Gauss suggested that the increased intramedullary pressure that follows trauma could allow fat cells from
the bone marrow to enter venous sinusoids[49]. These adipose cells contain characteristics that are pro-inflammatory
and pro-thrombotic. Before becoming imprisoned somewhere in the pulmonary arterial circulation when the vessels
form capillaries, they induce accelerated platelet adhesion and enhanced fibrin production as they travel through the
venous system back towards the heart. Interstitial hemorrhage, oedema, alveolar collapse, and a reactive hypoxemic
vasoconstriction are brought on by capillary blockage. Massive fat emboli can potentially result in shock and
macrovascular obstruction[50]. Through a patent foramen ovale or directly through the pulmonary capillaries, fat
cells can enter the arterial circulation and result in FES's distinctive dermatological and neurological symptoms [51].

Management

Pharmacological Interventions

There is not a specific treatment for FES at the moment. After FE was produced by injecting fat intravenously,
aliskiren, a renin inhibitor, was found to protect the lungs of rats from gross and histopathologic damage[52]. In
order to prevent the respiratory effects of FES, additional research is required to determine whether aliskiren could
be used both prophylactically before specific orthopaedic operations and therapeutically after severe trauma.
Losartan was used on rat models of FES generated by triolein in a comparable animal study[53]. This study
demonstrated how losartan assisted in preventing long-term pulmonary system impairment following FES.
Additionally, it guarded the rats against the second occurrence discussed earlier. The potential for using the renin-
angiotensin system to treat FES is supported by both investigations. Concomitant illnesses and injuries frequently
make managing FES more challenging. Heparin and dextran were two treatments that were tried out in the middle of
the 20th century, but neither showed any sign of reducing morbidity or mortality[54,55]. FES management is
centered on supportive care, symptom control, and most importantly prevention because there is no specific
treatment for the condition.

Fat Embolism During Intramedullary Nailing

Kuntscher was the first to describe how intramedullary nailing affects the entire body[56]. In vitro studies have
demonstrated that increasing IM pressure increases fat embolization[57]. One year after surgery, Richards
discovered that reamed intramedullary nails were a risk factor for cognitive decline[58]. Reaming using a vacuum or
venting has been demonstrated to lower intra-medullary pressure, which in turn lowers fat embolization[58]. Volgas
compared the use of a Reamer Irrigator-Aspirator (RIA) system with the conventional sequential reaming procedure
while monitoring intracardiac fatty emboli using intraoperative transoesophageal echocardiography[59]. In the RIA
group, he displayed considerably decreased levels of fatty emboli. Unfortunately, the RIA system's substantial cost
and mass may prevent wider use. The suction tubing for intramedullary reaming is advanced to the end of the IM
bone and suction is applied for two to three minutes once access to the medullary canal is gained.The procedure is
then carried out, and suction is repeated in a similar manner afterward, according to a method described by Baig that
could be used with conventional reaming equipment[60]. Transoesophageal echocardiography during TKA has also
demonstrated that medullary cavity irrigation reduces the size of emboli[61]. Muller investigated intramedullary
pressure in several reamer systems and discovered that pressures were greatly lowered when the flexible driver's
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diameter was reduced from 9mm to 7mm. Using a 9.5mm hollow reamer and a driver with a 7mm diameter, he also
reported that the operational intramedullary pressures were lowered by 61% to 66%[62]. In conclusion,
improvements in technique and technology for frequently used reamer systems have made it possible to treat
fractures more aggressively while reducing the risk of fat embolization and the emergence of FES.

The Different Orthopaedic Trauma Philosophies

Although there is evidence that corticosteroids can be administered prophylactically to prevent FES in high-risk
individuals, such as those who have experienced long-bone fractures, their use in FES prevention is disputed[63].
However, a 2009 meta-analysis revealed that while corticosteroids did lower rates of FES and hypoxia, they did not
lower death rates[64]. The authors came to the conclusion that a larger randomised trial is required as a result. Due
to the ongoing controversy about when to operate on long bone fractures, which has just recently led to a consensus
between Early Total Care and Damage Control Orthopaedics, a method known as Early Appropriate Care, these
results cannot be generalized to contemporary trauma populations[65].

None of these randomised controlled trials also looked into the long-term side effects of steroid therapy. To enable
best practice of evidence-based medicine, a sizable confirmatory randomised-controlled study will ultimately be
required. The most frequent cause of FES is repair of long bone fractures, however timely and effective
immobilization of fractures may be crucial in limiting the release of additional adipose cells into the circulation[66].
Tanton first suggested that adequate fracture immobilization would lower the incidence of FES in 1914-1919[67].
Following a shift in strategy to treat long bone fractures in the first days after injury, a big Finnish trauma center saw
a trend in decreasing rates of FES[68].

In patients who were healthy enough for surgery, a prospective American studyfound that fixing long bone fractures
within 24 hours decreased the risks of FES, ARDS, and pneumonia[69]. In fact, it has been demonstrated that
delayed fracture repair increases the length of ICU stays [70]. Pape suggested that patients with chest injuries have
un-reamed intramedullary nailing because a 10-year retrospective study shown that early fracture fixing of a patient
with concurrent chest injury increased the frequency of FES. This contrasts Brundage's findings, which stated that
polytrauma is not a contraindication to early fixation and that delaying fixation operation in patients with
polytrauma was proven to increase incidence of FES as well as other sequelae[71]. Pinneyet al also shared similar
findings[72].

Treatment of Related Lung Injuries

The most severe potential FES consequence is ARDS, which can result in respiratory failure and even death.
Maintaining appropriate gas exchange while reducing the risk of ventilator-associated lung damage (VALI) is the
goal of treating ARDS secondary to FES. Some of the supportive therapies used to accomplish this include
improving spontaneous breathing and coughing, early mobilization, positive end-expiratory pressure (PEEP),
reduced sedation, and neuromuscular blockade[73]. It's crucial to take into account how the immunological states
linked to trauma overlap and how the influence of FES hasn't yet been clearly defined in this debate[74].

Frequent neurological observations are a key component in treating patients with FES and neurological sequelae.
Although cerebral oedema in FES patients frequently recovers, it can occasionally result in significant
morbidity[75]. Monitoring the intracranial pressure in such circumstances is advised[76]. While studies have
indicated that MRI is helpful in cases when head trauma is not present in evaluating the severity of cerebral fat
embolism and predicting long-term outcomes, clinical diagnosis is still seen to be the preferred diagnostic approach
for FES[77]. For trauma patients, sedation and neuromuscular blockade must typically be adjusted so that the patient
is kept comfortable, without impairing their serial neurological exams, and that they can tolerate mechanical
ventilation[78].

Conclusion:-

Fat emboli entering the circulation generate FES, a poorly understood clinical condition. FES is less typically linked
to other traumatic and atraumatic conditions; it usually develops as a result of orthopaedic trauma. The diagnosis of
FES cannot be made with a single test. Due to its subclinical presentation or confusing injuries in patients who have
been harmed more severely, FES diagnosis is sometimes missed. The mortality rate is less than 10% with supportive
care, and pulmonary, neurological, and dermatological symptoms typically fully resolve. Even if prevention and top-
notch supportive care are the cornerstones of its management, a high suspicion for FES in at-risk patient cohorts and
early diagnosis improve prognosis. The effects of this disease will be lessened by improvements in the perioperative
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care of polytraumatized patients as well as the intraoperative procedures. These advancements will also help us
better grasp the role of the yet research-based "targeted" pharmaceutical remedies. Similarly, a better understanding
of how FES affects lung damage immunomodulation would aid in determining the best course of action.
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