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Abstract

Background: Fat embolism and fat embolism syndrome (FES) are recognized complications after marrow-containing bone
trauma and can produce respiratory, neurological and dermatological manifestations ranging from subclinical
hypoxemia to severe respiratory failure.

Objective: To determine the incidence and timing of hypoxemia and clinically evident fat embolism in adults with tibial and
femoral diaphyseal fractures and to identify associated risk factors.

Methods: Two hundred consecutive patients treated at a tertiary orthopaedic centre were enrolled and followed prospectively.
Demographic details, mechanism of injury, prehospital immobilization, fracture site and associated injuries were
recorded. Serial arterial blood gases, urine fat globule examinations and platelet counts were obtained during the first
72 hours and patients were monitored for clinical features of FES.

Results: Hypoxemia occurred in 25.5% of patients and clinically evident fat embolism in 2%; hypoxemia most commonly
appeared within 48 hours and fat embolism within 72 hours. Femoral fractures and multiple injuries had higher rates
ofhypoxemia.

Conclusion: Early immobilization, close monitoring in the early post-injury window and timely supportive care reduce
progression.
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Introduction mechanical theory, which proposes forcible extrusion of

Fat embolism denotes the presence of marrow fat globules in
the circulation after trauma or intramedullary procedures and
spans a clinical spectrum from microscopic emboli to full-
blown fat embolism syndrome (FES) with respiratory failure,
neurological disturbance and petechial rash [1]. FES most
often follows fractures of long bones and the pelvis and is
particularly associated with femoral shaft injuries and high-
energy mechanisms such as road traffic accidents, which
commonly affect young adults in many settings [2]. Two

principal, complementary mechanisms are described: the

marrow fat into torn venous channels under raised
intramedullary pressure, and the biochemical theory, which
emphasises hydrolysis of fat to free fatty acids that produce
endothelial injury and a systemic inflammatory response [3]
[4]. Evidence from autopsy series and prospective clinical
cohorts indicates that subclinical fat embolization is far more
frequent than clinically overt FES, which accounts for the wide
variation in reported incidences across studies [S]. Clinical
recognition remains a challenge because no single test is
pathognomonic; therefore practical bedside monitoring with
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continuous pulse oximetry and serial arterial blood gases is
useful for early detection of hypoxemia and impending
respiratory compromise [6]. Early immobilization, prompt
transfer and timely fixation are emphasised as pragmatic
measures to reduce pulmonary complications. Given the
frequency of subclinical embolization and potential for early
progression, this prospective evaluation aims to provide
practical data to refine monitoring and early care pathways in
our tertiary orthopaedic setting. The practical implications of
recognizing early hypoxemia include timely oxygen therapy,
selective ICU monitoring and avoidance of procedures that
may worsen intrathoracic pressures in vulnerable patients.
Local data remain limited, and describing a contemporaneous
cohort will guide training, resource allocation and local
protocols for early detection and management in regions with
similar trauma profiles. This report presents those findings and
recommendations.

Aims and Objectives

Primary aim: To determine the incidence of hypoxemia and
clinically evident fat embolism in adults presenting with tibial
and femoral diaphyseal fractures to a tertiary orthopaedic unit
[7]. Secondary aims: To identify clinical and demographic
factors associated with hypoxemia and fat embolism, including
age, sex, mechanism of injury, fracture location (femur versus
tibia), prehospital immobilization status and presence of
multiple fractures, and to describe the timing of hypoxemic
events in the early post-injury window [8]. The study also
intended to evaluate the diagnostic yield of routine tests in this
context, specifically serial arterial blood gas analysis, urine fat
globule examination and platelet counts during the first 72
hours after injury. Investigators planned to document
immediate supportive measures provided, criteria for
escalation to ICU care and short-term outcomes such as need
for ventilatory support and in-hospital mortality so as to
recommend feasible surveillance and escalation protocols for
similar resource settings. The data were to be collected
prospectively to ensure precise timing of events and to
minimise recall bias. By generating baseline incidence and
timing information in our population, the study would help
design larger trials of prophylactic measures. Local protocol
recommendations and staff education were planned
deliverablesas outputs.

Review of Literature

The phenomenon of fat embolism has been observed for well
over a century, with early pathologic descriptionsidentifying fat
droplets in pulmonary capillaries after severe trauma and later
clinical reports describing the syndrome of dyspnoea,
petechiae and altered consciousness now termed FES [9].
Autopsy series regularly document pulmonary fat emboli
following major trauma, while prospective clinical cohorts
show that clinically overt FES is less common and that reported
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incidence varies according to diagnostic definitions and
surveillance intensity [10]. The mechanical theory explains
embolization as a consequence of raised intramedullary
pressure forcing marrow fat into torn venous channels and
producing mechanical obstruction in the pulmonary
microcirculation; intraoperative maneuvers such as
intramedullary nailing have been associated with embolic
signals that reflect this process [11]. The biochemical theory
stresses hydrolysis of marrow fat to free fatty acids with
secondary endothelial toxicity, platelet aggregation and an
inflammatory cascade that worsens microvascular occlusion
and tissue injury [12]. A hybrid model that recognises both
mechanical and biochemical contributions best accounts for
the variable clinical presentations and for systemic
manifestations when embolic material or inflammatory
mediators reach the arterial circulation [13]. Diagnostic
approaches remain largely clinical; continuous pulse oximetry
and serial arterial blood gas sampling are practical bedside tools
for early detection of hypoxemia, whereas tests such as urine fat
globule examination and platelet counts have variable
sensitivity and must be interpreted in clinical context [14].
Radiologic imaging may demonstrate nonspecific pulmonary
infiltrates in established respiratory involvement and advanced
modalities suchas CT or MRI are reserved for severe or cerebral
cases. The literature emphasises early immobilization and
timely definitive fixation as pragmatic preventive measures
supported by observational evidence, even though randomized
trial data for specific intraoperative techniques or
pharmacologic prophylaxis are limited. However, diagnostic
heterogeneity and variable reporting contribute to the wide
range of incidence figures across published series. Many studies
differ in case definitions, sampling frequency and the use of
laboratory adjuncts, which limits direct comparison. Urine fat
globule testing, once considered a hallmark, suffers from
inconsistent sensitivity and specificity in clinical practice, and
thrombocytopenia and anaemia are non-specific changes that
may reflect systemic trauma rather than embryonic syndrome
alone. Several observational reports have documented
reductions in severe pulmonary complications with early
fracture immobilization and expedited fixation, but
methodological differences and confounding by injury severity
complicate definitive interpretation.

Materialsand Methods

This prospective observational study enrolled 200 consecutive
adult patients with tibial or femoral diaphyseal fractures
presenting to a tertiary orthopaedic centre between 2016 and
2018 after institutional ethics committee approval and
informed written consent. Inclusion was limited to adults with
diaphyseal fractures of the lower limb; exclusion criteria were
major concomitant head, chest, abdominal or pelvic injuries,
pregnancy, pathological fractures and any other obvious cause
of hypoxemia such as overt sepsis or head injury. On arrival
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demographic details, mechanism of injury, prehospital
immobilization and associated injuries were recorded on a
pretested proforma. Fractures were classified by standard
orthopaedic systems and baseline radiographs were obtained.
Arterial blood gas analysis was performed within 12 hours of
admission and repeated at 24-hour intervals for three days.
Platelet counts and urine samples for fat globules were collected
at 24,48 and 72 hours. Hypoxemia was defined and categorised
as subclinical, clinical and overt fat embolism using established
clinical criteria adapted from classical series and surgical reports
[15, 16]. Symptomatic patients received supplemental oxygen
and were escalated for ICU monitoring when clinically
indicated; early immobilization and timely definitive fixation
were practised in line with local protocols and longstanding
surgical recommendations [17, 18]. Data were entered into
spreadsheets and analysed with standard statistical tests;
continuous variables are reported as mean * SD and categorical
variables as frequencies and percentages. Student’s t-test and
Chi-square tests were applied as appropriate with P < 0.05
considered significant. Ethical and cost considerations of
routine testing were observed for all participants.
Confidentiality maintained.

Results

Two hundred patients were enrolled. Mean age was 33.6 years
with 42.2% aged 21-30; 71.5% were male. Road traffic
accidents accounted for 89% of injuries and 85.5% of patients
had some form of immobilization at presentation. Isolated
fractures comprised 97% of cases; femoral diaphyseal fractures
were more common (75.2%) than tibial fractures (24.8%).
Hypoxemia developed in S1 patients (25.5%): 18 patients
(9.0%) had subclinical hypoxemia, 29 (14.5%) had clinical
hypoxemia and 4 (2.0%) met criteria for overt fat embolism.
Most hypoxemic events occurred within 48 hours and fat
embolism presented within 72 hours. Clinical signs
accompanying hypoxemia included tachycardia, fever and
transient altered sensorium in subsets of patients; petechial rash
was uncommon. Urine fat globules were detected
intermittently and thrombocytopenia was infrequent; neither
correlated consistently with clinical hypoxemia. Femoral
fractures and patients with multiple injuries demonstrated
higher rates and greater severity of hypoxemia. Supportive care
with supplemental oxygen sufficed for most symptomatic
patients while a small proportion required ICU-level
monitoring and ventilatory support. One death was attributed
to respiratory complications related to fat embolism. Length of
hospital stay correlated with hypoxemia severity and injuries,
with cases requiring supportive care and monitoring.

Discussion

This prospective cohort confirms that clinically overt fat
embolism syndrome is uncommon while subclinical
hypoxemia after long-bone fractures is relatively frequent and
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may precede clinical deterioration. The demographic profile of
predominantly young men injured in road traffic accidents
mirrors regional trauma patterns and aligns with prior reports.
The higher incidence and greater severity of hypoxemia
observed in femoral fractures and in patients with multiple
injuries supports the view that greater marrow content and
increased injury burden elevate risk. Temporal clustering of
events within the first 48-72 hours emphasises an early
surveillance window when serial arterial blood gases and
continuous pulse oximetry can detect impending respiratory
compromise. Classic laboratory tests such as urine fat globules
and platelet counts were inconsistently helpful and should
support rather than replace clinical monitoring. Preventive
emphasis should remain on early immobilization, rapid transfer
and timely definitive fixation where feasible. While older
surgical and military series documented frequent embolic
events in battle and operative casualties [ 19,20], modern series
with early fixation and improved critical care report lower
mortality but still show that severe cases can progress to ARDS
and require ventilatory support. Limitations of this work
include single-centre design, finite sample size and absence of
advanced embolic detection modalities such as
transesophageal echocardiography or MRI for cerebral
microembolism, which may underestimate subclinical events.
Despite these constraints, the data provide practical guidance
for tertiary orthopaedic centres with similar casemix:
heightened vigilance during the first 72 hours, routine ABG
monitoring for at-risk patients and prompt supportive care
when hypoxemia is detected. These measures are feasible, low-
costand can be audited prospectively to measure impact.

Conclusion

In this prospectively collected series of 200 patients with lower
limb diaphyseal fractures, hypoxemia occurred in 25.5% and
clinically apparent fat embolism in 2%. Hypoxemia most
commonly presented within 48 hours and fat embolism within
72 hours of injury. Femoral fractures and multiple injuries were
associated with higher risk. Urine fat globules and
thrombocytopenia were of limited predictive value; serial
arterial blood gases combined with continuous pulse oximetry
and close clinical observation were more reliable for early
detection. Earlyimmobilization, prompt stabilization and rapid
escalation to higher monitoring when required remain the most
practical measures to reduce progression to overt fat embolism
in similar tertiary-care settings. The findings support focused
early surveillance protocols, strengthening of prehospital
immobilization practices and training for peripheral staff to
expedite referral. These baseline data can inform local protocols
and provide a platform for larger confirmatory studies that
evaluate prophylacticand therapeutic strategies and policy.
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