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ABSTRACT 

In spite of being rare, fat embolism syndrome is considered a fatal complication after bone fracture and 

orthopedic procedures. It was suggested that early immobilization might reduce the incidence of fat embolism 

syndrome. However, no enough data are available to justify this finding. Objectives: The aim of this review is to 

determine the incidence of fat embolism among patients who had long fracture fixation. Methods: A systematic 

review of Medline and Cochrane library was conducted on their database. This search yielded 34 papers, 13 of 

which were related. Results: The incidence of fat embolism syndrome after long fracture fixation ranged from 

2.7% and 11%. More specifically, the incidence among long bone fracture patients who were operated early 

(within the first 24 hours after injury) ranged from zero% in some studies (16,19) to 1.8% in others. As regards 

late operation, after 24 hour of bone fracture, the incidence of fat embolism syndrome (FES) ranged from 3.5% 

to 10.4. Conclusions: The incidence of fat embolism in post long fracture fixation is very low. Several research 

works indicate that early fixation significantly reduce the incidence of FES compared to late fixation.   
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INTRODUCTION

In spite of being rare to happen, fat embolism 

syndrome (EFS) is a fatal complication that may 

occur after pelvic or long bone fractures as well as 

after orthopedic operations
(1)

. It was estimated that the 

incidence of fat embolism was 0.78% among patients 

with fracture femur, 0.15% among patients with tibial 

fractures and 2.4% among patients multiple 

fractures
(2)

. The overall incidence of fat embolism 

among long-bone fractures was 0.9%
(3,4)

.  Fat 

embolism syndrome results from the presence of fat in 

the arterial circulation. The exact mechanism by 

which the fat emboli reach the arterial circulation 

remains elusive. It is suggested that a paradoxical 

embolism process is involved. Fat is thought to 

traverse from the venous system to an arterial system 

through a patent foramen ovale or left to right 

shunts
(5–7)

. Three theories were proposed to explain 

the pathophysiology of fat embolism; the mechanical 

theory, the free fatty acids lipase theory, and the 

coagulation theory. Mechanical theory supposes that 

fat globules are moved from intramedullary bony 

cavity after fracture during manipulation due to 

mechanical pressure gradient, whereas the free fatty 

acid/lipase theory proposes that the elevation of those 

chemicals in the blood initiates an inflammatory 

cascade resulting in vasculitis and systemic 

manifestations. Coagulation theory, on the other hand, 

accuse the sluggish circulation encountered in trauma 

patients of platelet activation that adhere to bone 

marrow fat. This will eventually initiate a clotting 

process and thromboembolism
(8)

.  

The classical triad of fat embolism syndrome 

consists of respiratory manifestations, cerebral 

symptoms and cutaneous petechiae. Because the 

diagnosis is sometimes challenging, Wilson proposed 

diagnostic criteria for fat embolism. The criteria 

include 3 major, 5 minors, and 2 laboratory criteria 

(shown in table 1). The diagnosis of fat embolism 
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syndrome can be assumed in the presence of 1 major 

criterion, 4 minor criteria, and fat macro globules in 

urine
(5)

.  

Table (1): Fat embolism diagnostic criteria according 

to Gurdand Wilson
(5)

 

Major Petechiae 

Respiratory symptoms 

Neurological symptoms 

Minor Tachycardia (> 120 / min) 

Fever (> 39.4 ° C) 

Eye background with fat film / 

petechia 

jaundice 

Anuria / oliguria 

Laboratory Thrombocytopenia (> 150,000) 

Fat macro globules in urine 

Increased blood flow rate (> 71 

mm / h) 

Cutaneous petechiae occur specifically in skin 

folds of axilla and neck, in mucous membranes and in 

conjunctiva. In spite of occurring late – it is usually 

the last element of the triad to present-, it is usually 

pathognomonic for fat embolism syndrome. 

Cutaneous manifestations are thought to occur due to 

occlusion of dermal capillaries by fat globules leading 

to extravasation of blood resulting in petechial 

cutaneous hemorrhages. Respiratory manifestations 

may include dyspnea, tachypnea, or hypoxemia that 

occur 12-24 hours after bone fracture. Chest 

radiographs show diffuse patchy infiltrations. It is 

estimated that up to 50% of fat embolism syndrome 

need mechanical ventilation. Cerebral manifestations 

include confusion, clouding of consciousness, 

seizures, and even coma. Cerebral involvement often 

occur concomitant with respiratory 

involvement
(4,5,9,10)

.  

 Diagnosis of fat embolism syndrome is mainly 

clinical. Even though, laboratory as well as 

radiological investigations aid in confirming the 

diagnosis. Chest X ray showing patchy infiltrations, 

lung atelectasis, and/or alveolar hemorrhage. The 

identification of fat lobules in urine or sputum 

supports the diagnosis
(5)

.  

There is no definitive treatment for fat 

embolism syndrome, and supportive measures are the 

mainstay of management. Mortality rates from fat 

embolism is high ranging from 5 – 10%
(11,12)

. 

The incidence of fat embolism syndrome is 

generally low ranging from 2-5%
(1)

.  It is suggested 

that early fixation and immobilization of fractures 

reduce the incidence of fat embolism syndrome 

(FES)
(7)

. Early immobilization is thought to minimize 

the inflammation as well as the general hypovolemic 

state of the patient. However, a number of cases were 

reported to have fat embolism even after early fixation 

of their long bones fractures
(13)

. The aim of this 

review was to determine the incidence and prevalence 

of fat embolism after fixation of long bone fracture 

among different reported studies to provide a 

quantitative evidence on the impact of early fixation 

and embolization on the occurrence fat embolism. 

METHODS  

To conduct this review, a systematic review 

was performed on an online database, namely 

PubMed and Cochrane Library. PubMed search 

yielded 34 results; whereas Cochrane Library yielded 

9 results. We inspected deeply the collected results 

and selected the appropriating significant results. Of 

the 34 results, 13 studies were of specific correlation 

with our objectives. We included results of studies 

which were concerned with the incidence and/or 

prevalence incidence and/or prevalence of fat 

embolism among patients who had long bone 

fractures and were operated. The research studies 

which reported fat embolism among patients with 

pelvis, vertebral or other non-long bone fracture were 

excluded. Similarly, studies which focusing on the 

general incidence general incidence among trauma 

patients, i.e. without specifying the role of fixation or 

early immobilization, were excluded. Among the 13 

studies, 5 were case reports, 1 was randomized 

controlled trial, and 7 were prospective or 

retrospective studies. 

The study was done after approval of ethical 

board of King Abdulaziz university. 

 

RESULTS 

Data collected from the 8 selected articles are 

illustrated in Table 1. In 2002, Ron van Doom et al. 

conducted a retrospective study in Netherland on 101 

patients with pathological femur fracture to determine 

the impact of fixation with a long Gamma nail on the 

outcome of fracture. Results from their review stated 

that only 3out of 101 patients operated with long 

Gamma nails
(14)

. Pape et al.
(15)

 studied 766 patients 

retrospectively to determine the effect of early versus 

late intramedullary fixation of long fractures on the 

outcome of the disease and pulmonary complications. 

It was concluded in this study that the early fixation 

was beneficial in decreasing pulmonary complications 

as well as fat embolism syndrome only in patients 

without sever chest involvement. 
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Table (2): Review of literature survey indicating the incidence of fat embolism after long bone fixation 

No. Date Author Patients 

number 

Type of study Bone 

fracture 

Incidence of fat 

embolism reported 

1 2000  Doom 

et al. 
(14)

 

101 Retrospective Femur 

pathological 

fracture 

3 in 101 patients 

developed fat embolism 

after fixation 

2 1988  Pinney 

et al. 
(16)

 

274 Retrospective Isolated 

femoral 

fracture 

0% in patients with early 

fixation, and 10% in 

patients with delayed 

fixation (P<0.07) 

3 1993 Pape et al. 
(15)

 766 Retrospective Different 

fractures 

Early intramedullary nail 

fixation was beneficial and 

decreased the incidence of 

FES and other 

complications in patients 

without severe chest 

trauma. 

4 1990 Fabian et al.
(17)

 92 Prospective 12 

months 

long bone or 

pelvic 

fracture 

(LBPF) 

The incidence of FES was 

11% 

5 1989 Bone et al. 
(18)

 178 Prospective 

randomized 

controlled trial 

femoral 

fractures 

Delayed stabilization of 

bone fracture significantly 

increased FES and other 

pulmonary complications. 

6 1988 Ten Duis et al.
 

(19)
 

2 groups Retrospective Isolated 

femoral shaft 

fracture 

Fat embolism occurred in 

3.5% of patients (only in 

non-decompressed group 

of patients) 

None of operated patients 

had fat embolism.  

7 1986 Lozman et al.
 

(8)
 

18 Prospective Long bones 

fracture 

Immediate fixation had 

less pulmonary 

complications than 

delayed fixation 

8 1980 Svenningsen  
et al.

 (20)
 

220 Retrospective Femoral 

fractures 

10.4% in late fixation 

1.8% in early fixation 

         

                 In a prospective study held in 1990, Bone et 

al. reported that the incidence of fat embolism 

syndrome (FES) among 92 patients with long bone 

fracture who were operated was 11%
(17)

. A 

prospective randomized controlled trial conducted in 

1989 on 178 patients on femoral fractures reported 

that early stabilization of femoral fractures had 

significantly decreased fat embolization, as well as 

other pulmonary complications such as adult 

respiratory-distress syndrome and pneumonia
(18)

. 

Similarly, a prospective study held on 18 patients 

with long bone fracture stated that immediate fixation 

had significantly reduced pulmonary complications 

(including fat embolism) than delayed fixation
(8)

. 

Furthermore, a study carried out on 274 patients with 

isolated femoral shaft fractures in 1998 revealed that 

11 patients (4%) developed fat embolism syndrome. 

Sixty of the 247 patients were early operated (within 

24 hours of insult) and none of them developed fat 

embolism, whereas, among the 109 patients whose 

operation was delayed to more than 24 hours, fat 

embolism occurred in 10%. The difference between 

the 2 groups was statistically significant (p<0.027)
(16)

.   
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In 1988, a retrospective study was held on 

patients with an 'isolated' fracture of the femoral shaft 

who had been operated within 24 hours after fracture 

(decompression group), and those who had been 

treated only conservatively (non-decompression 

group). Researchers indicated that fat embolism 

occurred only in patients in the non-decompressed 

group (3.5%)
(19)

. 

Svenningsen et al.
(20)

 conducted a study in 

1980 on 220 patients with femoral fractures to 

explore the impact of early versus late fixation on the 

prevention of fat embolism among patients. They 

stated that the incidence of fat embolism in patients 

who had an early fixation of their femur fractures was 

1.8%, whereas the incidence among those who had 

delayed fixation was significantly higher, with a 

figure of (10.4%). 

Furthermore 5 case reports indicated that fat 

embolism might still occur even after early fixation. 

In 2009, Kleinert et al.
(13)

 reported 2 cases, aged 20 

and 27 year-old, who had a rapid fixation of their 

lower limb fracture. However, they developed fat 

embolism syndrome (FES). Similarly, multiple cases 

were reported in the  literatures  who had fat 

embolism syndrome in spite of immediate fixation of 

their long fracture
(21–24)

. 

 

DISCUSSIONN 

Fat embolism is not uncommon among trauma 

patients
(25)

, however, the incidence of fat embolism 

among patients with long-bone fractures is low, 

ranging from 2-5%
(1)

. Fixation of these fractures was 

reported to significantly decrease the incidence of fat 

embolism syndrome
(7,13)

.  The aim of this review was 

to explore the incidence and prevalence of fat 

embolism syndrome after long fracture fixation. It is 

noteworthy to indicate that few studies in the search 

data base were available (Medline and Cochrane 

Library) which indicated solid prevalence for fat 

embolism after surgical fixation of long bone 

fracture. As regards the incidence, it was obvious 

from the few studies available that early fixation of 

long bone fractures had a significant beneficial 

impact on the reduction of fat embolism syndrome 

associated with these fractures. Moreover, Many 

research studies stated that early stabilization of long 

bone fractures had significantly decreased fat 

embolization and pulmonary complications such as 

adult respiratory-distress syndrome and 

pneumonia
(8,16,18–20)

. The timing of fixation of long 

bone fracture seemed to be a major contributor to the 

outcome
(26)

. Furthermore, Korhan et al.
(4)

 in their 

review article reported that early surgical fixation and 

immobilization of long fractures had reduced the 

incidence of pulmonary complications significantly. 

Overall, the incidence of fat embolism syndrome after 

long fracture fixation ranged from 2.7% 
(14)

 and 11% 
(17)

. More specifically, the incidence among long bone 

fracture patients who were operated early (within the 

first 24 hours after injury) ranged from zero% in 

some studies
(16,19)

 to 1.8% in others
(20)

. As regards late 

operation, after 24 hour of bone fracture, the 

incidence of fat embolism syndrome (FES) ranged 

from 3.5% to 10.4%
(16,19,20)

. 

It seems that early fixation of long bone 

fracture plays a major role in reducing the release of 

fat globules, fatty acids, and lipase to the circulation 

and consequently reducing the symptoms and 

complications of fat embolism syndrome. Reduction 

of movement seems to be critical for minimizing fat 

embolization. Although the exact mechanism by early 

fixation would reduce fat embolism is still elusive, a 

proposed mechanism could be the reduction of 

inflammatory response to released fat and fatty acids 

and eventually stabilization of the capillary walls. 

More recently, surgical techniques were developed to 

target other mechanisms of fat embolism, particularly 

the mechanical theory. Novel surgical techniques 

were developed to reduce the raised intraosseous 

pressure through using ureamed nails, sharp reamers, 

or hollow nails to allow some sort of ventilation to 

the medullary cavity
(12)

.  

Although there is unavailable consensus 

regarding the importance of early fixation of long 

bone fracture, it is obvious that early immobilization 

of fractures has a significant beneficial impact on 

reduction of fat embolism syndrome among these 

patients.  

 

CONCLUSION 

The incidence of fat embolism after long bone 

fracture is very low. Early fixation and 

immobilization of long bones after fracture 

significantly reduced the incidence of fat embolism 

syndrome (FES) when compared to late fixation. 

Early fixation is thus recommended during the first 

24 hours of long bone fracture. The exact 

pathophysiology of the beneficial effect of early 
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immobilization remains elusive, however, reduction 

of inflammatory response to released fat globules and 

fatty acids to circulation is a proposed mechanism. 
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