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Introduction 
Fat Embolism Syndrome (FES) is a serious and potentially life 

threatening complication associated with post traumatic long bone 
fractures. It is a complex alteration of homeostasis, manifesting 
clinically as acute respiratory insufficiency. The reported incidence of 
FES in different studies has been shown to range from 2% to 22% [1-
3]. FES, though uncommon, can be a serious condition with mortality 
rates ranging from 10 to 36% [3].  Fat embolism resulting in ARDS 
carries a poor prognosis with a mortality of 50-90%.  Young individuals 
during the 2nd and 3rd decades of life encountering poly trauma or 
femur fractures in high velocity accidents are especially at high risk for 
this complication [2,3]. The sub clinical form of FES, presenting with 
hypoxemia alone, may occur in a majority of trauma patients [3-6].

With FES being such a major problem in trauma patients, a 
number of ways of preventing the condition have been tried [4]. 
Heparin, dextran, albumin, hypertonic glucose, aspirin, early 
fracture stabilization etc. have all been tried with variable results [4]. 
Maintenance of intravascular volume has been considered important 
because shock can exacerbate lung injury caused by FES [7].

Steroids have been evaluated as a prophylactic as well as a 
therapeutic agent in fat embolism in various studies. The purpose of 
this article is to review the current literature and analyze the present 
status of steroids in the prophylaxis of fat embolism syndrome. 

Clinical Applications of Steroids in Critical Care
Corticosteroids are administered in physiological doses to reinforce 

deficient endogenous hormones. In certain pathological status, much 
larger doses of glucocorticoids are administered with the following 
aims: decreasing inflammation, suppressing the immune response, 
affecting the hemopoietic system and metabolism [8]. 

Steroids have been suggested to be a useful agent in the management 
of different clinical conditions. Parenteral steroid therapy has been 
administered in the treatment of acute adrenal insufficiency [9]. It has 
been used as a second line anti-anaphylactic agent. The principal role 
of corticosteroids is to attenuate or prevent the “late-phase” reaction, 
which occurs 6 to 72 h after the initial anaphylactic episode and is 
due to recruitment of PMNs and other cells that cause recurrence of 
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Abstract
With complex and extensive pharmacological effects, corticosteroids are widely used in many clinical situations. 

Improving the course and outcome of patients with fat embolism syndrome presents a challenge. By understanding 
the immune status of a patient, physicians can consider manipulating proinflammatory systems more rationally. 
In this context, corticosteroids could be a therapeutic tool in the armamentarium against fat embolism syndrome. 
The inflammatory mechanisms are continuous and cyclic, sometimes causing deterioration or improvement of lung 
function. Great caution must be taken in clinical situations where administration of corticosteroids is considered 
contraindicated such as systemic fungal infection, hypersensitivity to the drug, intramuscular injection in idiopathic 
thrombocytopenia purpura, vaccination with live virus. This article reviews the mechanisms of action of corticosteroids 
and the results of clinical studies regarding the use of corticosteroids in fat embolism syndrome.

Steroids in the Prophylaxis of Fat Embolism Syndrome
Shivaprakash SS1* and Dr. Ramesh K Sen2

1VMMC and Safdarjang Hospital, New Delhi, India
2PGIMER, Chandigarh-160012, India

symptoms and sign [10,11]. Large doses of glucocorticoids given within 
the first 8 hrs following spinal cord injury improve motor and sensory 
functions [12,13]. It has been used to reduce intracranial pressure in 
conditions like brain edema, tumours etc [14-20]. There is evidence on 
the role of steroids as an anti-emetic agent [21], in thyroid storm and 
also in the control of hypothermia [22-25] (Table 1).

Role of Steroids in Respiratory Insufficiency
Except for the established role in the management of asthma, the 

use of corticosteroids in many other forms of respiratory insufficiency 
remains controversial. Although, it may be helpful for certain specific 
types of acute respiratory insufficiency with varying success (e.g., acute 
respiratory distress syndrome, fat embolism syndrome and possibly 
chronic bronchitis), steroids may worsen other types of respiratory 
problems (e.g., aspiration pneumonia). Theoretical rationale for the role 
of steroids includes their ability to decrease pulmonary inflammatory 

Glucocorticoid
Approximate 
equivalent 
dose(mg)

Relative anti-
inflammatory 
(glucocorticoid) 
potency

Relative 
mineralocorticoid
(salt retaining) 
potency

Biological 
half-life(h)

Short acting
• Cortisone
• Hydrocortisone

25
20

0.8
1

2
2

8 -12
8 -12

Intermediate 
acting
• Prednisolone
• Triamcinolone 
• Methyl 

prednisolone

5
4
4

4
5
5

1
0
0

18 -36
18 -36
18 -36

Long acting
• Dexamethasone
• Betamethasone

0.75
0.6 – 0.75

20 -30
20 -30

0
0

36 -54
36 -54

Table 1: Commonly used Corticosteroid in Peri-operative and Critical Care and 
comparisons of their Equivalencies, Potencies and Half-life.
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response, stabilization of lysosomal and capillary membranes, decrease 
capillary leakage, and prevent platelet and leukocyte agglutination. 
Other possible beneficial effects include favourable alteration of the 
Oxy-haemoglobin dissociation curve, improvement in cardiac output, 
and reduction in pulmonary venous spasm [26-37]. 

Steroids as a Prophylactic Agent in Fat Embolism 
Syndrome

In 1966, Asdbaugh and Petty [38] recommended corticosteroid 
therapy for treatment of FES and provided laboratory evidence 
demonstrating its beneficial effect in the experimental animal injected 
with FFA intravenously. Rokkanen [39] was the first to use steroids 
prophylactically in an attempt to reduce the incidence of FES following 
massive trauma. Kreis [40] demonstrated that corticosteroids improved 
oxygenation and decreased the pathologic changes seen on pulmonary 
biopsies in experimental animals. Gregory [41] showed that the 
steroids must be given prior to the free fatty acid injection to be of 
benefit (Table 2).

Alho et al. [42] had studied the role of intravenous methyl 
prednisolone sodium succinate in the prophylaxis of fat embolism 
syndrome in the year 1978. He had included a total of 60 patients who 
had suffered atleast two fractures (pelvic, femoral or tibial fractures). 
The mean age of the patients in this study was 35.2 years (Range 16-
83). He used a relatively high dose of steroids (10 mg/kg iv every 8 
hours, total of 3 doses). He defined hypoxemia as paO2 of less than 
60 mmHg. There was an incidence of 48.4% hypoxemia in the control 
group (who were not given the steroid prophylaxis).  The incidence 
of hypoxemia in the steroid treated group was significantly less 
(6.9%). Alho had defined fat embolism syndrome as a combination of 
hypoxemia, bilateral “snow storm” infiltrations of the lungs, petechial 
rash, mental disturbances, pyrexia, anemia and thrombocytopenia. 
These parameters were monitored for a period of 5 days. There was also 
a significant decrease in the incidence of fat embolism syndrome (13% 
in the control population as against 3% in the methyl prednisolone 
treated group). 

A similar study by Stoltenberg and Gustilo [43] in 1979 had 
included 64 patients with fractures of femur or tibia. The mean age 
group in this population was 29.96 and a dose of 1 g of steroids was 
administered 8 hourly (total 3 doses). Hypoxemia was defined as 
paO2 <70 mm Hg. There was a significant decrease in the incidence of 
hypoxemia and fat embolism syndrome (39% hypoxemia in the control 
population as against 15% in the steroid treated population). There was 
8% incidence of fat embolism in the control population. However, none 
of the patients in the steroid treated group had developed fat embolism.  
The criteria for defining fat embolism syndrome were, however, not 
mentioned in this article.

Lindeque et al. [44], in 1987, used steroids in the dosage of 30 mg/
kg intravenously at admission followed by another dose 4 hours later. 
62 patients with one or more diaphyseal fractures of the lower limb 
with a mean age of 27.5 years were included in the study. Lindeque had 
defined fat embolism by the following criteria: 

1. A sustained PaO2 of less than 60 mmHg.

2. A sustained PaCO2 of more than 55 mmHg or a pH of less than 
7.3.

3. A sustained respiratory rate of more than 35 breaths per minute 
even after adequate sedation. 

4. Increased work of breathing - dyspnoea, the use of accessory 
respiratory muscles, and tachycardia – combined with anxiety. 

A patient showing at least one of the above criteria was judged to 
have developed FES. There was significant decrease in the incidence of 
fat embolism syndrome and hypoxemia in his patients. (hypoxemia of 
57% in control group v/s 22% in steroid treated group and fat embolism 
of 46% in control population v/s 11.11% in steroid treated population). 

Schonfeld et al. [45] in 1983, had studied 55 patients with 
femoral or tibial fractures with a mean age of 34.95 years. Steroids 
were administered in the dose of 7.5 mg/kg 6 hourly (total 12 doses). 
Schonfeld had defined fat embolism by the Shier‘s fat embolism index 
score.

A score of more than 5 was required to diagnose fat embolism 
syndrome. Hypoxemia did not reduce significantly in this study 
following steroids administration (14.4% in controls versus 10% 
in steroid treated group). However, the administration of steroids 
significantly reduced the incidence of fat embolism syndrome (22% in 
the control group as against 0% in the steroid treated group).  

Kallenbach et al. [46], in the year 1987, had studied 82 patients with 
one or more diaphyseal fractures of the lower limb with a mean age 
of 24 years. A low dose steroid prophylaxis of 1.5 mg/kg body weight 
8 hourly for a total of 6 doses was administered. The diagnosis of 
fat embolism was based only on the appearance of multiple obvious 
petechial hemorrhages associated with atleast one of the following: 
confusion, arterial hypoxemia, X-ray evidence of diffuse pulmonary 
infiltrate. One out of the 41 cases in study group and 10 out of 42 
in controls had developed FES (Chi square p 0.01). Hypoxemia was 
defined by paO2 less than 60 mmHg was, however, detected in 22 of the 
cases and 33 of the controls (p less than 0.05). 

Babalis et al. [47] in the year 2004 had studied 87 patients with 
isolated femoral or tibial fracture without lesions in other organs or 
pre-existing chronic diseases. The mean age of these patients was 22.4 
years. Intravenous methyl prednisolone sodium succinate in the dose 
of 1 mg/kg 8 hourly for a total of 6 doses was administered. They had 
defined fat embolism syndrome by the Shier`s fat embolism index. They 
did not observe a significant reduction in the incidence of FES (15% 
in controls as against 2.1% in cases), although they had a significant 
reduction in the incidence of hypoxemia (32% with hypoxemia in 
controls with no hypoxemic patient in steroid treated population).

Thus, all the studies have shown a positive effect of steroids as a 
prophylactic agent in fat embolism syndrome. The least dose that has 
been used so far is 6 mg/kg body weight in 6 divided doses. There have 
been no further studies on steroid prophylaxis of FES using the same 
minimal dose. 

Mechanism of Action of Steroids 
The mechanism of action of steroids has not yet been ascertained. 

They possibly act through the inhibition of plasma complement 

Condition Score
Petechiae 5

Diffuse alveolar infiltrates 4
Hypoxemia (paO2<9 , 3kPa) 3

Confusion 1
Fever > 38 degree 1

Heart rate > 120/min 1
Respiratory rate >30/min 1

Table 2: Shier‘s Fat Embolism Index Score.
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The doses as high as 3 g of steroids (Stoltenberg and Gustilo), 
though, had a significant reduction in fat embolism, might carry a 
greater risk of complications. The lowest dose used by Babalis et al. 
had an insignificant reduction of fat embolism syndrome, although, the 
incidence of hypoxemia was significantly reduced. 

Thus, the dose that strikes the exact balance between benefits and 
possible risks has not been, yet, established. The protocol suggesting 
the exact group of patients in whom the benefits of steroid prophylaxis 
will outweigh the possible complications has also not been developed. 
Other routes of local steroid administration like inhalational steroids 
are also under study. This may reduce the unnecessary systemic 
complications with maximum local benefit. 
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and Collins has suggested the mechanical-chemical theory of fat 
embolism. Lipoprotein lipase from the lungs hydrolyses the neutral 
triglycerides to glycerol and free fatty acids. The inflammation caused 
by these free fatty acids is responsible for the pathological changes 
occurring in the lungs [43]. 

Corticosteroids are most likely of benefit by decreasing the 
endothelial damage caused by the liberated free fatty acids. Another 
possible mechanism suggested by Stoltenberg and Gustilo has been by 
the elevation of serum glucose through gluconeogenesis, which in turn, 
improved oxygenation [43]. 

Complications of Steroids 
Even with higher doses of steroids, most of the studies had not 

shown any steroid related complications except for the Clostridial 
infection in one patient with insulin dependent diabetes mellitus 
in the study by Kallenbach et al. [46]. However, all the authors had 
expressed their suspicions regarding the possibilities of complications 
following steroid prophylaxis in trauma situations. The authors had 
reported hypothalamic-pituitary-adrenal insufficiency, hyperglycemia, 
renal complications like hypokalemia, fluid volume shifts, impaired 
wound healing, post-operative infections, amenorrhea, intrauterine 
growth retardation in females of reproductive age group, infertility, 
myopathy, neuropsychiatric manifestations, cardiac complications 
like hypertension, premature atherosclerosis, ophthalmological 
complications like cataract, glaucoma, pseudotumor cerebri, 
gastrointestinal side effects like peptic ulcer disease, steatohepatitis, 
increased risk of infections, osteonecrosis of femoral head etc. [49-
51] as the known complications of steroid administration. These side 
effects, however, usually occur when larger doses are used for longer 
duration.

Conclusions and Future Trends
Of the multiple prophylactic agents tried thus far in fat embolism 

syndrome, steroids have been shown to be quite successful. The 
previous studies have tried different doses of steroids ranging from as 
little as 6 mg/kg and have shown varying degrees of response. Methyl 
prednisolone sodium succinate has been used as the intravenously 
administered form of steroid in these studies (Table 3). 

Authors Number and characteristics of the patients Age (years) Active treatment FES in study 
group

FES in 
control group

Stoltenberg et 
al. [43]

64 patients. Femoral or tibial fracture without lesions in other 
organs, without COPD or DM. Age below 65 years. Mean, 29 Methylprednisolone 1 g every 8 hours; 

total of 3 doses. 0% 8%

Schonfeld et al. 
[45]

62 patients. One or more diaphyseal fractures of a lower limb. 
Without accompa nying lesions in other organs.

15-87
Mean-34.95

Methylprednisolone 7.5 mg/kg every 6 
hours; total of 12 doses. 0% 22%

Lindeque et al. 
[44]

55 patients. Femoral or tibial fracture with or without laceration 
of soft tissue.
Without lesions in other organs or pre-ex isting pulmonary or 
cardiac diseases.

16-54
Mean-27.5

Methylprednisolone 30 mg/kg IV at 
admission and one dose repeated 4 
hours later.

11.11% 46%

Kallenbach et al. 
[46]

82 patients. One or more diaphyseal frac tures of a lower limb. 
Without lesions in other organs or pre-existing pulmonary or 
cardiac diseases.

14-45
Mean-24

Methylprednisolone 1.5 mg/kg IV every 
8 hours; total of 6 doses. 2.4% 23%

Babalis et al. [47] 87 patients with isolated femoral or tibial fracture. Without 
lesions in other organs or pre-existing chronic diseases. 

18-28
Mean-22.4

Methylprednisolone 1 mg/kg IV every 8 
hours; total of 5 doses. 2.1% 15%

IV: intravenous; COPD: chronic obstructive pulmonary disease; and DM: diabetes mellitus

Table 3: Characteristics of the studies.
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