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distinct pattern of clinical symptoms and signs, generally 
involving the skin, the lungs and the brain.[1‑5] Fat released 
from disruption of the sinusoids and adipose tissue in 
the marrow allows the fat emboli and bone fragments to 
gain access to the venous circulation and embolization 
occurs.[6] Embolization of fat is almost universal in patients 
who sustain a pelvic or a long bone fracture, undergo 
endomedullary nailing of the fractures or placement of 
knee or hip prosthesis.[6] More commonly associated 
with fractures of long bones and the pelvis (marrow 
containing bones) and more frequent in closed rather than 
open fractures, the incidence increases with the number 
of fractures involved.[1,7] Thus, patients with a single 
long bone fracture have a 1‑3% chance of developing 
the syndrome, but it has been reported in up to 33% 
of patients with bilateral femoral fractures.[4,5] While 
the majority (>95%) of fat embolism cases follow major 
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trauma, non‑trauma‑related causes [Table 1] have also 
been reported to result in FES, albeit less likely than with 
trauma.[8‑25] The mechanisms underlying the non‑traumatic 
causes include mobilization of fat in conditions like viral 
hepatitis and pancreatitis; bone marrow necrosis after 
occlusion and activation of the clotting system in sickle cell 
disease or administration of exogenous fat in procedures 
like lymphangiography [Table 1].

As mild cases go unnoticed, the exact incidence is usually 
underestimated and has ranged from as low as 1% to 29% 
by different investigators.[26,27] In a report on 50 autopsies, 
Eriksson et al. reported a virtual epidemic of pulmonary 
fat emboli being detected in 82% of trauma patients and 
63% of non‑trauma patients, 86% and 88% having received 
cardiopulmonary resuscitation respectively.[3] Comparing 
the clinical criteria with postmortem examination to 
diagnose FES, Georgopoulos et al.,[5] found that despite 
the evidence of FES in 20% of patients at autopsy, only 
0.9% could be diagnosed on clinical grounds. Thus the 
diagnosis of FES remains a clinical challenge and a number 
of scoring systems have been devised to help arrive at a 
clinical diagnosis.[28‑30] An overall mortality of 5‑15% has 
been described.[2]

There is a paucity of literature regarding the FES from the 
Indian subcontinent. We herewith present our experience 
with FES in a tertiary care hospital setting in north India 
where road traffic accidents are common.

MATERIALS AND METHODS

All patients prospectively referred to the Sheri Kashmir 
Institute of Medical Sciences (a 750 bedded tertiary care 
hospital) as suspected FES (n  = 102) and fulfilling the 
clinical criteria[28,29] for FES over a 2‑year period were 
included in the study. All the patients were admitted in 
the ortho division of the hospital or other sister hospitals 
with fractures of long bones or pelvis requiring admission 
for traction or any surgical procedure and were suspected 
to have FES because of the development of symptoms 
like cough, breathlessness or skin rash. The patients were 
screened by fulfilling the criteria by Gurd as well as those 
by Schonfeld [Tables 2 and 3] by performing the screening 
clinical examination and relevant lab investigations like 
blood gas analysis, hemogram, etc., [Tables 2 and 3]. Fat 
Embolism Syndrome was diagnosed applying both Gurd’s 
as well as Schonfeld’s criteria, the diagnosis FES requiring 
at least two major criteria or one major and four minor 
criteria to be present as per the Gurd’s criteria [Table 1] 
and a Schonfeld score [Table 2] of greater or equal to 5. 
Patients with obvious cause of hypoxemia or mental 
obtundation like head injury, overt sepsis, rib fractures, 
spinal cord trauma, abdominal trauma, etc., were excluded 
from the study. Patients referred with a suspicion of 
FES and not satisfying the criteria were also excluded 
from the study. The criteria were applied at admission 
and also within first 48 hours of admission and only 
those fulfilling the criteria were included. Data collected 

included demographic profile, clinical presentation with 
time of onset of symptoms of FES. Various investigations 
included hemogram, serum biochemistry including urea, 
creatinine, glucose, lipids, albumin, proteins, bilirubin, 
AST, ALT, sodium, potassium and alkaline phosphatase. 
Arterial blood gases were performed at admission and 
repeated as required. Radiograph of the chest and an 
electrocardiogram was obtained and a CT of the chest was 

Table 1: Depicting reported causes of fat embolism 
syndrome unrelated to skeletal trauma
Non‑traumatic bone injury Intra‑osseous infusion[8]

Bone marrow harvesting[9]

Bone marrow transplantation[10]

Bone necrosis in sicke cell 
hemoglobinopathy[11]

Mobilization of fat Viral hepatitis[12]

Pancreatitis[13]

Liquefying hematoma[2]

Soft tissue injury[14]

Administration of exogenous fat Total parenteral nutrition[15]

Accidental/intentional injection of 
peanut, olive or lamp oil[16]

Mineral oil enemas[17]

Lymphangiography[18]

Following liposome‑embedded 
formulations of drugs (?)[19]

Rice‑bran injection into 
breasts (augmentation 
mammoplasty)[20]

Periurethral injection for stress 
incontinence[20]

Others Burns[21]

Extracorporeal ciculation[22]

Liposuction[3]

Altitude illness[23]

Table 2: Showing diagnostic criteria for FES based on 
Gurd’s criteria
Criteria Number of pts (%)

Major
Petechial rash 05 (14)
Respiratory insufficiency (Pao2<60 mmHg) 28 (80)
Cerebral involvement 24 (69)

Minor
Tachycardia 33 (94)
Fever 16 (46)
Retinal changes 0 (0)
Jaundice 03 (9)
Renal signs 01 (3)
Thrombocytopenia 32 (91)
Anemia 33 (94)
ESR↑ 07 (20)
Fat macroglobulinemia 0 (0)

FES: Fat embolism syndrome, ESR: Erythrocyte sedimentation rate

Table 3: Showing the Schonfeld crieria for diagnosing 
FES, a cumulative score of >5 is required for diagnosis
Petechiae 5
Chest X‑ray changes (diffuse alveolar infiltrates) 4
Hypoxaemia (Pao2<9.3 kPa) 3
Fever (>38°C) 1
Tachycardia (>120 per min) 1
Tachypnoea (>30 per min) 1

FES: Fat embolism syndrome
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obtained in 6 cases and that of the head in 24 cases. All 
the patients were managed conservatively and the final 
and long term outcome of the patients was recorded. The 
study was approved by the Institutional review board and 
informed consent was obtained from all participants.

RESULTS

Out of 102 suspected patients (with various fractures 
either of long bones of extremities or multiple trauma), 
a total of 35 patients fulfilled the criteria of FES, both 
on Gurd as well as on Schonfeld score scale and were 
thus included in the study. The 35 cases were all male 
with age ranging from 14 to 60 years (median 28 years). 
The clinical features and laboratory parameters are 
depicted in the Tables 2 and 4. The patients presented 
with acute onset breathlessness accompanied by altered 
sensorium (n = 24), petechial rash (n = 5, Figure 1) and 

fever, 36‑120 hours (median 48 hours) following road 
traffic accidents. Thrombocytopenia, anemia and hypoxia 
were the commonest laboratory abnormalities. Out of 
three major criteria two patients fulfilled all major criteria 
of Gurd’s, whereas 26 had two major criteria. All cases 
fulfilled the Schonfeld criteria (score > 5) with max score 
of 15, minimum of 6 and mean of 10.

The various laboratory parameters at admission are depicted 
in Table 4. Radiographs of the chest showed bilateral 
alveolar infiltrates in 28 cases, 5 of these revealing evidence 
of bilateral ground glass appearance with septal thickening 
on high resolution tomography [Figure 2]. Serum albumin 
levels ranged from 2.2 to 4.8 g/l (median 3.15 g/dl) with 
59% having hypoalbuminemia. Hyperbilirubinemia was 
present in 10 patients with clinically discernible jaundice in 
3 whereas renal dysfunction occurred in one patient. Table 4 
shows the laboratory values of various parameters collected.

Eleven patients progressed to develop features of ARDS that 
required mechanical ventilation. All the patients received 
routine supportive care which included orthopedic care, 
oxygen therapy, albumin (n = 14) and antibiotics (n = 12). 
Three patients developed multi‑organ dysfunction and 
succumbed whereas all the others had a full recovery over 
a period of 3‑22 days (median 9d).

DISCUSSION

All our patients satisfied the criteria for FES proposed by 
Gurd as well as by Schonfeld [Tables 2 and 3]. Ever since its 
first description by Zenker in 1861, the diagnosis of FES is 
still based on clinical criteria and continues to be a clinical 
challenge. The clinical criteria[28‑30] proposed by various 
investigators are helpful in arriving at a presumptive 
diagnosis, the one proposed by Gurd and Wilson being 
the most commonly employed one [Table 2].

As in our patients, FES mostly follows long bone or a 
pelvic fracture and is more frequent in closed fractures 

Table 4: Various laboratory parameters
Laboratory parameter Mean±SD (range) Reference range
Hemoglobin (g/dL) 9.42±1.94 (6.8‑13.2) 12‑16
Platelet count (per cumm) 98.17±55.52 (1‑264) 150‑400
Total protein (g/dL) 5.58±0.80 (4.5‑7.3) 5.5‑7.5
Serum albumin (g/dL) 3.24±0.65 (2.2‑4.8) 4.0‑5.5
ALP (U/L) 177.77±91.23 (42‑508) 150‑438
ALT (U/L) 123.74±121.52 (22‑480) 0‑40
AST (U/L) 177.27±106.13 (56‑400) 0‑35
Urea (mg/dl) 43.00±23.74 (19‑140) 10‑38
Serum creatinine (mg/dL) 0.94±0.29 (0.6‑1.4) 0.8‑1.1
pH 7.38±0.06 (7.2‑7.5) 7.36‑7.42
pCO2 (mmHg) 32.57±4.56 (25‑45) 35‑45
pO2 (mmHg) 49.01±11.37 (28‑75) 90‑100
HCO3 (mm/L) 23.42±2.86 (17.7‑30) 22‑28
SpO2 77.83±11.55 (47‑94) 90‑100
APTT 29.56±4.98 (23‑38) 32‑38
Prothrombin time 16.41±4.59 (12‑30) 13‑17
Serum potassium (mEq/L) 3.51±0.63 (2.3‑5.1) 3.5‑5.5
Serum sodium (mEq/L) 135.38±5.69 (125‑145) 135‑145
Schonfeld score 9.77±2.25 (6‑15) <5

APTT: Activated partial thromboplastin time, ALP: Alkaline 
phosphatase, ALT: Alanine transaminase, AST: Aspartate transaminase

Figure 1: Evidence of petechial rash over the upper trunk
Figure 2: CT scan showing bilateral ground glass appearance and 
septal thickening
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than open fractures or in those having undergone an 
orthopaedic procedure.[1] All of our patients followed 
trauma and intramedullary nailing had been undertaken in 
10 of our patients. The affected patients classically suffer 
from a triad of hypoxemia, neurological abnormalities 
and a characteristic petechial rash in the upper body. 
Hypoxemia is the earliest finding which can progress to 
acute lung injury and half of these may go on to develop 
adult respiratory distress syndrome needing mechanical 
ventilation.[31] Majority of our patients (80%) also presented 
with hypoxemia with 31% progressing to ARDS like 
syndrome requiring mechanical ventilation.

Altered mental status was common in our patients, seen 
in about 60%. The altered mental status was persistent 
despite correction of accompanying hypoxemia. Most 
of the patients who develop FES develop neurological 
abnormalities ranging from an acute confusional state to 
altered level of consciousness and rarely seizures and focal 
neurological deficits.[32] All of our patients who recovered 
had a full recovery of their neurological abnormalities 
that was tested by mini‑mental scale scoring. Neurological 
abnormalities are generally fully reversible without 
any long term sequalae.[32] However, patients have been 
reported to progress to brain death following cerebral fat 
embolism.[33] Residual neurological deficits may range 
from subtle personality changes to memory loss, cognitive 
dysfunction and long term focal deficits.[34] FES alone has 
not yet been reported to cause global anoxic injury, but 
it may play a contributory role, acting along with other 
cerebral insults.[34]

The characteristic petechial skin rash was seen in 14% our 
patients [Figure 1]. Considered pathognomonic of FES, it 
occurs in up to 60% of patients.[2,35] All of our patients had 
the rash in the axillae and the upper trunk. The rash is 
found most often on the head, neck, anterior thorax, axillae, 
and sub‑conjunctiva. When present, the rash is the last 
component of the triad to develop and usually resolves in 
5 to 7 days.[35] Occlusion of dermal capillaries by fat emboli 
with resultant extravasation of erythrocytes leads to the 
development of this rash.[2,35] Even as the rash could have 
been present in a higher number of patients, the darker skin 
of the Asian population might have led to the difficulty in 
its identification. Additionally the rash is short lived and 
hence may not be present at the time of diagnosis. The 
characteristic distribution of the rash has been attributed 
to the fat droplets accumulating in the aortic arch prior 
to embolization to nondependent skin via the subclavian 
and carotid vessels.[36] Direct systemic embolization of fat 
causing scotomata (Purtscher’s retinopathy) and lipiduria 
or the release of toxic mediators causing fever, disseminated 
intravascular coagulation like syndrome and myocardial 
depression have also been reported.[37]

Amongst the laboratory parameters, an unexplained 
drop in hematocrit and thrombocytopenia could be 
important pointers towards the diagnosis.[26] These were 
the commonest laboratory abnormalities in our study 

too. The mechanisms underlying thrombocytopenia are 
unclear but platelet activation by bone marrow emboli with 
thrombus formation as well as disseminated intravascular 
coagulation have been proposed as possible pathogenetic 
processes.[38] Hypoalbuminemia was seen in 59% in our 
patients. Hypoalbuminemia has also been suggested due 
to plasma free fatty acids (FFA) binding to albumin.[38] 
Besides these an elevated blood lipase levels, elevated 
FFA levels and hypocalcemia (due to binding of free fatty 
acids to calcium) have been described in these patients.[1,7]

Radiological features which have been described in 
patients with FES include chest X ray findings of bilateral 
fluffy shadows and the classical multiple flocculent 
shadows (“snow storm appearance”). These findings 
can persist up to 3 weeks.[39] Malagari et al., reported the 
high‑resolution CT (HRCT) findings of the lungs in patients 
with mild FES and observed that there was evidence of 
bilateral ground‑glass opacities and thickening of the 
interlobular septa, whereas in some cases centrilobular 
nodular opacities were present.[40] We also found bilateral 
ground glass opacity, confluent infiltrates and septal 
thickening on HRCT chest in 5 patients who underwent 
this imaging modality [Figure 2]. MRI of the brain may 
reveal characteristic high‑intensity signal abnormalities 
located in the watershed areas perfused by perforating 
arteries and diffuse anatomic distribution of the lesions 
on T2WI.[41] None of our patients underwent an MRI of 
the brain.

Recovery of fat globules in blood (upon pulmonary artery 
catheterization) and fat droplets within cells recovered by 
bronchoalveolar lavage (BAL) has been suggested as a rapid 
and specific method for establishing the diagnosis of the 
FES, although of uncertain significance.[42,43] None of the 
14 patients in whom sputum was tested in our patients 
had fat globules in the sputum. Bronchoalveolar lavage 
was not performed in any of our patients. Although both 
fat from blood as well as BAL fluid lack sensitivity and 
specificity but the absence of staining of macrophages for 
fat on BAL might prompt a search for alternative cause of 
hypoxemia.[2]

Mortality in the current study was 8%. Mortality in 
FES has ranged from 5 to 15%,[2] the major cause of 
death being progressive respiratory failure as a result 
of evolution to ARDS. On occasion FES can present as 
acute cor pulmonale, respiratory failure, and/or embolic 
phenomena, leading to death within a few hours of 
injury.[44] Patients with increased age, multiple underlying 
medical problems, and/or decreased physiologic reserves 
have worse outcomes.[44]

The pathogenesis of FES remains controversial, and a 
mechanical as well as a biochemical theory has been 
proposed. According to the mechanical theory the organ 
dysfunction in FES is the result of the direct entry of depot 
fat globules from disrupted tissue into the bloodstream and 
travelling to the pulmonary vasculature.[45] According to 
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the biochemical theory, inflammatory reactants, including 
lipoprotein lipase, cause the release of FFA with a resultant 
alteration of fat transport mechanisms of the plasma. The 
changed homeostasis results in fat droplet aggregation 
with systemic sequestration in the microvasculature.[46] 
The time delay in the occurrence of symptoms can be 
explained by this biochemical theory.[47]

Since there is no specific therapy for fat embolism 
syndrome; prevention, early diagnosis, and adequate 
supportive or alternate treatment are of paramount 
importance. The preventive therapies include early 
immobilization of fractures and early fixation of fractures 
together with external fixation or fixation with plate and 
screw.[48‑50] Besides using smaller diameter unreamed nails 
have also been shown to produce lesser lung injury.[50] 
Additionally Pitto, et al., have demonstrated that limiting 
elevation of the intraosseous pressure during orthopedic 
procedures reduces the intravasation of intramedullary fat 
and other debris, which may in turn reduce the incidence 
of FES.[51] Multiple treatments have been evaluated without 
any significant changes on clinical outcome and these 
include clofibrate, dextran‑40, ethyl alcohol, heparin, 
aspirin, and steroids.[2,52] Prophylactic corticosteroids 
have been shown to reduce the risk of FES in high risk 
patients. A recent meta‑analysis of six randomized 
trials (389 patients with long‑bone fractures) comparing 
systemic corticosteroids plus supportive care to supportive 
care alone has demonstrated reduced incidence of FES 
without any positive influence on mortality[53] However, 
further studies have been advised to conclusively ascertain 
the role of steroids.[54] None of our patients received steroids. 
The duration of FES is difficult to predict because FES is 
often subclinical or overshadowed by other illnesses or 
injuries. Increased alveolar‑to‑arterial oxygen gradient and 
neurology deficits, including altered consciousness, may 
last days or weeks. As in ARDS, the pulmonary sequelae 
usually resolve almost completely within a year. Residual 
subclinical diffusion capacity deficits may persist.[34]

Our study is limited by the fact that patients whose rash 
might have disappeared prior to the screening would 
clearly be missed as they might not have satisfied the 
scoring criteria. In addition, it can be argued altered mental 
status at admission could be partly contributed by other 
factors like hypoxemia and attendant sepsis that would 
affect the criteria for enrollment into the study. However 
all the patients fulfilled both Gurd as well as Schonfeld 
criteria for enrollment and the correction of hypoxemia 
led to the improvement of the mental status in all who 
recovered except in the 3 cases who had an inexorably 
downhill course that resulted in their demise. Another 
limitation was the inability to demonstrate lipiduria or 
lipids in sputum. Since BAL was not performed and cranial 
MRI not done, some patients with fat globules in BAL fluid 
or cerebral fat embolism could have been missed too.

In conclusion, FES is a clinical syndrome and laboratory tests 
are nonspecific for diagnosing this condition. A low threshold 

for suspicion is needed to diagnose patients with FES 
following vehicular trauma so that appropriate supportive 
measures are instituted. Further preventive strategies should 
be routine during management of traumatic fractures.
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