
Abstract
Background: Fat embolism syndrome (FES) is a life-threatening condition that occurs in patients who have experienced severe 
trauma and/or long bone fractures. Apart from supportive care, some small-scale clinical trials have indicated potential benefits of 
using corticosteroids in preventing FES; however, remains a topic of debate.

Aims: The primary aim was to evaluate the effect of prophylactic corticosteroids in preventing FES in patients with long bone frac-
tures. Secondary aims evaluated the effects on hypoxaemia, mortality, risks of infection, and avascular necrosis.

Methods: A systematic search was performed using PubMed, EMBASE, and others, for studies that used prophylactic corticosteroids 
in patients with at least one long bone fracture.

Results: Out of 112 studies, 8 met our eligibility criteria, assessing 545 patients. A total of 246 patients received Methylprednisolone, 
while 299 patients formed the control group. 10 patients within the steroid receiving groups and 59 patients within the control 
groups developed FES (P < 0.05). Similarly, corticosteroids also reduced the risk of hypoxia.

Conclusion: The use of corticosteroids may have a positive effect in preventing FES and hypoxia in patients with long bone fractures. 
Trials conducted so far have certain limitations. Therefore, a large-scale randomized trial is needed for further confirmation and 
validation of these findings.
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Introduction
Fat embolism syndrome (FES) is commonly observed in patients 
with multiple long-bone fractures, particularly those who have 
experienced significant trauma. FES is a serious life-threatening 
condition [1,2]. It primarily affects individuals in their twenties or 

thirties, which aligns with the typical trauma demographic. Stud-
ies have reported the incidence of FES after trauma to be up to ten 
percent, with evidence of fat emboli observed in up to nine out of 
ten patients with long-bone fractures [3,4] FES can also occur dur-
ing orthopaedic procedures that entail intramedullary reaming [5]. 
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The primary aim of this study was to evaluate the effect of prophy-
lactic corticosteroids in preventing the development of Fat Embo-
lism Syndrome (FES) when given to patients with long bone frac-
tures.

The systematic review was registered with the International Pro-
spective Register of Systematic Reviews (PROSPERO) under the ID 
number CRD42023392311.

A systematic search was performed between the months of Decem-
ber 2022 and February 2023 using the following electronic data-
bases; PubMed, EMBASE, SCOPUS and the Cochrane Central Regis-
ter of Controlled Trials. The search strategy was devised using the 

Two reviewers independently screened all the article titles, ab-
stracts and evaluated their eligibility according to the table of inclu-
sion and exclusion criteria demonstrated in Table 1. Disagreements 
were settled by using a third reviewer. The studies to be evaluated 
for inclusion/exclusion were listed in a custom-made table on

The secondary aims of this study were to evaluate the development 
of hypoxaemia and whether corticosteroids could be administered 
safely by assessing any complications associated with them, such as 
mortality, increased risks of infection, and avascular necrosis.

The search for this systematic review was restricted to full text ar-
ticles written in English, with no publication date limit. It was also 
limited to only RCTs and qRCTs of patients with at least one long 
bone fracture. Studies that didn’t specify what type of fracture was 
present and studies that included patients with multiple traumas 
with injuries to the head, thorax and abdomen were excluded. We 
recognized that the diagnosis of FES is that of a clinical analysis 
which has varied over the years; therefore, we decided to depend 
on the authors’ individual criteria for diagnosis. The studies in-
cluded in this systematic review in accordance with the eligibility 
criteria are listed below in Table 1.

Eligibility Criteria

Primary and Secondary Outcomes

Review Registration

Data Sources and Search Strategy

Data extraction and Management

Materials and Methods or Experimental Proce-
dures

The mortality rate associated with FES is believed to range from 
10% to 20% [3,4].

The diagnosis of FES relies on three clinical observations encom-
passing respiratory, neurological, and cutaneous symptoms [6,7]. 
The treatment approach for FES revolves around supportive care 
and early fixation of fractures [8,9]. There is ongoing debate re-
garding the pharmacological treatment of FES, despite previous 
utilization of various agents aside from corticosteroids [10]. FES 
is thought to develop due to the release of free fatty acids during 
triglyceride breakdown, which damages the lung tissue through 
vasculitis and endothelial damage [11]. Corticosteroids have been 
suggested as a means to limit the increase in free fatty acid levels 
and mitigate the inflammation. Although small trials have demon-
strated the beneficial effects of corticosteroids in preventing FES, 
their use in trauma patients have been limited due to concerns 
about infection and potential mortality. Lately, the administration 
of “low-dose” corticosteroids has shown substantial benefits for 
patients in the early stages of acute respiratory distress syndrome 
(ARDS) [12]. Consequently, it remains uncertain whether corticos-
teroids can effectively prevent the FES from occurring in multiple 
long-bone fractures patients.

PICO format. The search utilized keywords and free-text terms, in 
conjunction with Boolean operators and MeSH terms. For this sys-
tematic review, the most common keywords used were ‘corticos-
teroid*’, ‘methylprednisolone’, ‘steroid*’, ‘fat embolism syndrome’ 
and ‘fracture*’. Other potential studies were screened by utilizing 
the articles’ bibliographies. The risk of biased decisions was re-
duced by using a second reviewer who assessed the studies and 
agreed with the search strategy, and hence the selection of the final 
studies to be included.

PICO Inclusion Criteria Exclusion Criteria
Population Patients 16 yrs or older 

with at least one long 
bone fracture

Patients with multiple 
traumas and/or un-

dergoing orthopaedic 
intervention

Intervention Administration of 
prophylactic corticos-

teroids

Administration of 
therapeutic corticos-

teroids
Comparison Compared Steroids to 

a placebo or did not 
administer

Studies not having a 
control

Outcome The incidence of devel-
opment of FES when 

given steroids prophy-
lactically

Studies that did not 
examine FES devel-

opment, but only 
hypoxaemia

Table 1: Inclusion and exclusion criteria.
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The data obtained from the studies included in the analysis showed 
significant diversity. Authors utilized different criteria for diagnos-
ing FES, with some creating scoring methods. Although all stud-
ies used Methyl prednisolone, each study was unique in terms of 
dosage and frequency/duration. Control groups also varied, with 
some receiving placebos such as saline or dextrose, while other 
studies gave nothing to patients in the control groups. Population 
sizes, albeit small, also varied. As a result, it was not suitable for a 
meta-analysis, and instead, a narrative analysis was conducted. The 
assessment of the quality of the studies included in the analysis fol-
lowed the Critical Appraisal Skills Programme (CASP) Tool guide-
lines for both RCTs and qRCTs [14].

This review included 8 studies [17, 24]; 6 RCTs and 2 qRCTs, that 
were published between 1978 and 2016. The populations of the 
studies ranged from 43 to 91 with the majority dividing them 
equally into two groups, the steroid group and the control group, 
with the study by Schonfeld et al [22] being the exception, hav-
ing double the population size in the control group. Studies used 
similar inclusion and exclusion criteria; however, there was still a 
significant difference in variation in the characteristics of the eight 
studies included, summarized in Table 2. Although the same corti-
costeroid were used for all studies, IV Methylprednisolone Sodium 
Succinate, the dose per kg and duration, differed significantly. This 
resulted in a wide range of total steroid administered, from as low 
as 6mg/kg to as high as 90mg/kg, with one study giving 2g regard-
less of the weight [23]. The controls used also differed significantly. 
Two of the eight studies had patients randomised by alternate se-
quence and hence regarded as quasi randomised controlled trials 
(qRCT). The majority of the patients selected in the studies had 
comparable fracture patterns with a young male cohort. Significant 
variation was also present in the diagnostic criteria for FES, while 
similar arterial oxygen partial pressures used for the cut off value 
for hypoxia (Table 3).

Following the recommendations of the Cochrane Handbook of 
Systematic Reviews for interventions, we assessed the risk of bias 
for RCTs using the Cochrane risk-of-bias tool for randomised trials 
(RoB2) and the ROBINS-I tool was used to assess for bias in qRCTs 
[15,16].

Data Analysis

Study Characteristics

Quality Appraisal, Risk of bias and Publication bias assessment

Microsoft Excel. This table highlights the PICO components of each 
study, allowing screening to be more accurate and efficient. If a de-
cision could not be taken whether to include a study from only its 
title or abstract, the full text was retrieved for further evaluation. 
When full texts were not available, and the study was to be included 
or potentially included after further analysis of the full text, the 
authors or library were contacted for potential retrieval of the full 
text. The stages of the data collection process are outlined in the 
PRISMA [13]. Flow diagram seen in Figure 1. The studies that were 
selected for this systematic review can be seen in Table 2, where 
the study characteristics are outlined enabling comparison of their 
PICO components.

Utilizing the 4 databases and the search strategy described above, 
112 studies were initially identified. No additional records were 
identified through other sources. 39 studies were found to be du-
plicates and instantly excluded. Further screening of titles and ab-
stracts excluded 63 studies of the remaining 73, due to not meeting 
the eligibility criteria of this study. The full texts of the 10 studies 
remaining were screened once again, 5 from PubMed and 5 from 
EMBASE. This review included 8 eligible studies that were iden-
tified from the remaining 10. These 2 studies were excluded due 

Study Selection

Results

to non-specific description of patient fracture types and the other 
didn’t describe a FES criterion for diagnosis. The PRISMA flow dia-
gram below (Figure 1) provides an overview of the search strategy 
and process of selected studies.

Figure 1: PRISMA Flow Diagram summarizing 
data collection process.
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Table 2: Characteristics of included studies.

Table 3: Diagnostic Criteria.

Each of the eight studies [17, 24] included had comprehensive de-
signs with minimal risk of bias [15, 16]. The risk of bias for RCTs 
(Figure 2) and qRCTs (Table 4) were assessed according to the 
RoB2 and the ROBINS-I tools accordingly. Along with the Cochrane 
Risk of Bias Tool, a Risk of Bias Graph was produced and included 
in this systematic review to reveal the risk of bias not only in indi-
vidual studies, but also across all studies as a percentage.

The two qRCTs [19, 20] also followed a focused question, with simi-
lar secondary outcomes, specifying their PICO components. They 
were deemed as qRCTs as the patients were assigned into groups 
using alternate sequencing. The study by Babalis et al was blinded; 
however, the study by Kallenbach et. al was not and thus may have 
contributed to some selection bias. Bias due to confounding and 
post-intervention bias was minimal in the two studies. Overall, the 
two RCTs were of good quality as can be seen in the Table 4 below.

All RCTs described a well-defined primary outcome that was the 
same for all RCTS included in this study; however, secondary out-
comes differed slightly besides hypoxaemia which was investigated 
throughout. Despite many studies having different criteria for diag-
nosing FES, the respective criteria were specifically described and 
argued for, with each study detailing their respective PICO compo-
nents. Population sizes were small, ranging from 43 to 91, with the 
majority having equal steroid vs control groups. With regard to the 
six RCTs, randomisation was clearly stated in these studies, with 
alternate sequence randomization utilized in the qRCTs. Random 
sequence generation was constructed using sealed envelopes18, 
while the remaining RCTs did not specify. Double blinding were 
described in four studies [17, 18, 21, 22,] though allocation con-
cealment reporting was at times vaguely reported as demonstrated 
below in Figure 2. Studies reported follow up periods ranging from 
48 hours to 5 days, which was sufficient for detection and treat-
ment monitoring of FES; however, it limited analysis of secondary 
outcomes that may take longer to be diagnosed, thus at risk of re-
porting bias. The study by Stoltenberg et al [23] lacked clarity and 
specificity regarding the blinding of personnel, hence potentially 
leading to bias. All studies provided thorough reporting effects of 
the intervention.

Quality Assessment and Risk of Bias
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Figure 2: Risk of Bias for RCTs using the Cochrane ROB-215 tool.

Figure 3: Cochrane Risk of Bias Graph.

Table 4: Risk of Bias for qRCTs using Cochrane ROBINS-I16 tool.

Alho et al. The authors described the patients being diagnosed with 
either a fulminant variety of FES or a less severe form of FES, with 
only the former taken into consideration in the tables above and 
for the calculations below. 1 steroid treated patient and 4 control 
patients developed fulminant FES, whilst 1 steroid treated patient 
and 11 control patients developed the less severe variety. The au-
thors calculated a fisher exact probability of 0.0003. [24]

Stoltenberg et al. This study utilized hypoxia, neurological signs, 
and irritability to diagnose FES, and despite having the broadest 
criteria from all other studies, only 2 patients in the control group 

Results of Individual Studies

and none in the steroid group developed FES. The authors had a 
third group, a control group given dextrose where 3 developed FES. 
This was found to be statistically insignificant; however, it is impor-
tant to take into consideration that the population size was small. 
Despite these findings, it was found that 15 patients developed hy-
poxia in the control groups compared to 3 in the steroid group, this 
was deemed to be statistically significant. [23]

Schonfeld et al. Using the specific scoring system outlined above, 
this study found that 0 out of 21 corticosteroid treated patients de-
veloped FES compared to the 9 out of 41 in the control group that 
was given dextrose. Using Fisher’s exact test, this was found to be 
statistically significant (P < 0.05). Contrary to the findings of the 
Stoltenberg et al., the relationship of hypoxia in both groups was 
not statistically significant. [22]

Lindeque et al. This was the first study where the authors created 
their own diagnostic criteria which lead to its widespread use in 
the medical field and subsequent studies. FES was diagnosed in 
3 patients from the steroid receiving group and 13 in the control 
population. It was also found that steroids had a substantial role in 
decreasing the incidence of hypoxia, 6 in the trial and 16 in the con-
trol. These findings were both statistically significant, by which the 
authors used the McNemar test (p < 0.01) for FES and Chi squared 
test (X2 < 0.025) for hypoxaemia. [21]

Kallenbach et al.: There was a significant difference (p < 0.01) in 
FES diagnosed in this study when comparing the steroid group 
(1/41) and the control group (10/42). The effect of prophylactic 
methylprednisolone also had a significant effect on both isolated 
severe arterial hypoxaemia and the overall incidence of the arterial 
hypoxaemia, p < 0.01 and p < 0.05 respectively. [20]

Babalis et al. Similar to the study by Schonfeld et al., the authors 
developed a scoring system for FES outlined above. Despite having 
this scoring system and one of the largest populations from the 8 
studies, only 1 out of 47 steroid treated patients and 6 out of 40 
control patients developed FES. Although the difference and con-
clusion that steroids did indeed have an effect, it was found to be 
statistically insignificant using the Pearson’s x2 test, producing a 
value of 0.079. It was postulated by the authors that if the popu-
lation size was larger, the difference would have been statistically 
significant. Contrary to these findings, when evaluating hypoxae-
mia on the 2nd and 3rd days from admission, the difference was 



Journal of Orthopaedic and Trauma Care

Citation: Mr Luca Calleja, Dr Preetisha Chadee and Dr Mumraiz Naqshband. (2025). A Systematic Review of Prophylactic Corticosteroids 
in the Prevention of Fat Embolism Syndrome Following Long Bone Fractures. Journal of Orthopaedic and Trauma Care 6(1).

Page 6 of 9

The eight studies analysed a total population of 545 patients, where 
246 had been prescribed steroids and 299 formed the control 
groups. Although the dose of corticosteroid and frequency varied 
considerably, all studies administered Methylprednisolone Sodium 
Succinate intravenously. Most clinicians use Gurd’s criteria for diag-
nosing FES in clinical day to day practice; however, only the study 
by Mobarakeh et al. utilized these criteria. Five [18, 20, 22, 24] out 
of 8 studies included the cutaneous manifestation of petechiae as 
part of diagnosing FES. Majority of the studies had detailed specific 
diagnostic signs for FES, with two studies [19, 22] allocating points 
to each sign and developing a scoring system for diagnosis. These 
are outlined in Table 3.

Authors from 7 out of 8 studies also assessed the effect of corti-
costeroids in preventing the incidence of hypoxaemia, with the 
exception being Prashanth et al. The latter did not distinguish if 
there were any patients that developed hypoxia alone and only 
described the hypoxic patients that fell under the patients diag-
nosed with FES. Therefore, the number of hypoxic patients found 
in that study is listed (Table 6) as the same number of patients 
with FES; however, this may have an element of reporting bias. Dif-
ferent studies had different cut off points for hypoxia that ranged 
from <60 mmHg to <80mmHg, as seen in Table 3 above. Similarly, 
to FES, it was found that corticosteroids also reduced the risk of 
hypoxia. There were 38 out of 246 patients in the steroid groups 
that developed hypoxia compared to the 117 out of 299 in the con-
trol groups. Comparably to FES, these findings were also found 
to be statistically significant using the unpaired t-test, that gave 
a p-value of 0.02. The absolute risk reduction was 0.237, produc-
ing a numbers needed to treat figure of 4.22. Thus, only 4 patients 
needed to be treated, in order to prevent one case of hypoxia.

The use of prophylactic corticosteroids had no effect on mortal-
ity rates, nor did it influence infections rates. None of the studies 
reported avascular necrosis; however, patient follow up was short, 
with a maximum of 5 days leading to a high risk of reporting bias 
since avascular necrosis can take months to develop. [25]

FES is a life-threatening condition, affecting a significant number 
of patients with single or multiple long bone fractures. The use of 
prophylactic corticosteroids to prevent FES is a topic of debate in 
current clinical practice. The study of corticosteroids in treating 
fat embolism dates back to the 1960s through animal studies [26]. 
Further animal studies revealed the benefit of steroids in prevent-
ing FES in trauma scenarios and improves oxygenation by limiting 

Using these diagnostic criteria, only 10 out of 246 steroid-treated 
patients developed FES, compared to the 59 out of 299 control pa-
tients (Table 5). Using the unpaired t-test, this resulted in a p-value 
<0.05. Using this pooled data, the absolute risk reduction (ARR) was 
0.156, resulting in a numbers needed to treat (NNT) value of 6.41. 
Therefore, only 6 patients needed to be treated with corticosteroids 
to prevent 1 case of FES.

Discussion

significant as none of the patients in the steroid group had a PO2 
< 60mmHg as opposed to the 13 patients in the control group (p-
value of 0.008). [19]

Mobarakeh et al. The authors utilized Gurd’s criteria for diagnos-
ing FES and found that there were 2 cases of FES in the trial group 
and 5 cases in the control group from a total population of 91. With 
regards to isolated hypoxaemia, 1 patient from the steroid group 
compared to 8 in the control group. This study also looked at mean 
arterial oxygen pressures. From this data and applying different sta-
tistical calculations, there was no statistically significant difference 
between the steroid and control groups when comparing FES cases 
(X2 0.461), hypoxic patients (P 0.07, Fisher’s exact test) and mean 
arterial pressures (P 0.386, Mann-Whitney U test). [18]

Prashanth et al. In this study, Lindeque’s criteria was used for diag-
nosing FES. 2 out of 23 from steroid receiving group and 7 out of 21 
from the control group were diagnosed with FES. This was found to 
be statistically significant with a p-value of 0.043. The authors did 
not specify whether other patients besides the ones diagnosed with 
FES developed hypoxaemia, however they did find that ventilatory 
support was necessary for a longer duration in the control group 
(9.25 days) compared to the steroid group (7.33 days). [17]

Primary outcome

Secondary Outcomes

Table 5: Incidences of Fat Embolism Syndrome.
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Understanding the pathophysiology behind FES aids in appreciat-
ing why corticosteroids have been found to be effective. Fat globules 
enter the peripheral circulation after sustaining a fracture, which 
then reach the respiratory and cerebral blood supply. Within the 
capillaries, they then cause blockage followed by a chemical phase. 
Free fatty acids induce local inflammation, leading to endothelial 
damage by neutrophils [29,30]. Although the exact mechanism of 
Methylprednisolone is still under debate, studies suggested it has 
a role in inhibiting the complement-mediated aggregation of neu-
trophils in the pulmonary circulation, hence preventing endothelial 
damage [20].

A recent nonrandomized prospective control trial evaluated the ef-
ficacy and safety of inhalational Ciclesonide (CIC) in FES prevention 
and hypoxaemia treatment in trauma patients with isolated skeletal 
injuries. Inhalational steroids have less systemic effects and are al-
ready commonly utilized for respiratory conditions, such as asthma 
and ARDS. This study had similar inclusion criteria to the 8 studies 
in this review, which resulted in a population of 70 patients, 35 in 
a steroid group and 35 in a control group. The author’s used Gurd’s 
criteria to diagnose FES and used a cut off value of <70 mmHg for 
hypoxia. The trial group received 640mcg of inhaled CIC during ad-
mission and once after 24 hrs. Patients were monitored for 3 days. 
FES was diagnosed in 2 patients from the trial group, whilst 9 were 
diagnosed in the control group. Using the Chi-square test, this was 
shown to be statistically significant (P = 0.022). Both groups had 
similar cases of hypoxaemia; however, 6 out of the 8 from the steroid 
receiving group improved within 72 hrs, while only 1 from 10 in the 
control group improved. Thus, there was a statistical significance 

There is evidence indicating that the use of corticosteroids may 
have a positive effect in preventing FES and hypoxia in patients 
with long bone fractures. Furthermore, it does not seem to have a 
significant impact on mortality rates nor does it appear to increase 
the risk of infection. Nonetheless, it is important to acknowledge 
that the trials conducted so far have certain limitations in their 
methodologies, mainly sample size and follow up period length. 
Therefore, a large-scale randomized trial is needed to provide fur-
ther confirmation and validation of these findings.

Table 6: Incidences of Hypoxaemia.

lung damage from the fat globules [27,28]. This influenced further 
studies to determine the effect of prophylactic corticosteroids in 
preventing FES in patients with long bone fractures.

in hypoxaemia improvement. No adverse effects or complications 
were reported in the trial group. This level III study concluded that 
inhalational CIC can be effectively administered for the prevention 
of FES and for hypoxaemia treatment in trauma patients safely [31].

All 8 studies investigated intravenous Methylprednisolone So-
dium Succinate; however, dosing regimens differed in dose per kg 
and duration. Corticosteroids were shown to have a beneficial ef-
fect in preventing both FES and hypoxaemia in patients with long 
bone fractures, irrespective of whether high- or low-dose treat-
ments were used. However, the low-dose groups resulted in bet-
ter outcomes, which correlates with findings of ARDS RCTs [32].

Only 8 studies that fulfilled the requirements stated earlier were 
identified, out of which 6 were RCTs, dating back to the 1970s. The 
sample sizes of these studies were small, with the largest study in-
volving 91 participants [18]. While this review did not find a sub-
stantial level of bias in the studies we examined, some bias was 
still observed. The collected data displayed a significant amount 
of variation, therefore a metanalysis could not be carried out.

Limitations

Conclusion
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