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Introduction: Fat embolism syndrome (FES) is a rare life-threatening condition that can develop after traumatic orthopedic injuries.
Controversy remains concerning the epidemiology in the elderly population. Therefore, this study aims to report FES related to in-
hospital mortality stratified by age.

Methods: A retrospective trauma cohort study was conducted using data from the National Trauma Data Bank (NTDB) from 2007 to
2014. All FES cases were included in the study with the diagnosis of FES (ICD9 958.1). Death on arrival cases were excluded.
Patients were stratified by age cohort: less than 40 (G1), 40-64 (G2), and greater than 65 (G3) years of age. The primary outcome
evaluated was in-hospital mortality. Multivariable regression models were performed to adjust for potential confounders.

Results: Between 2007 and 2014, 451 people from a total of 5,836,499 trauma patients in the NTDB met the inclusion criteria. The
incidence rate was 8 out of 100,000. The inpatient mortality rate was 11.8% for all subjects with the highest mortality rate of 17.6% in
patients over 65. Multivariable analyses demonstrated that age greater than 65 years was an independent predictor of mortality (aOR
24.16, 95% CI 3.73, 156.59, p=0.001), despite higher incidence and injury severity of FES among patients less than 40. No significant
association with length of hospital stay, length of intensive unit care, or length of ventilation use was found between the groups.
Subgroup analysis of the elderly population also showed a higher mortality rate for FES in femoral neck fracture patients (18%) than
other femoral fractures (14%).

Conclusion: In this retrospective cohort analysis, old age (> 65 years) was found to be an independent risk factor for in-hospital
mortality among fat embolism syndrome patients. Elderly patients specifically with femoral neck fractures should be monitored for the
development of FES.
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Introduction

Fat embolism syndrome (FES) is a rare life-threatening condition that can develop after sustaining a traumatic orthopedic
injury.,” Historically, the incidence rate of FES in orthopedic trauma settings was initially reported to be as high as 30%;
however, recent literature has claimed that the incidence is closer to 1%, which has decreased over time.>~” This significant
decrease in incidence may be attributed to the advances in pre-hospital care, but also to increased administration of
prophylactic medication use for FES such as corticosteroids, and increased practice of early surgical fixation within 24
hours of trauma.® There was also a difference in the incidence rate between retrospective and prospective studies. While
prospective studies reported a higher incidence rate, retrospective studies reported a lower incidence rate.”'® The main
reason remains unknown. Large datasets in retrospective studies might have reported a closer estimation of the real-world
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data."" Also, a lack of standardized criteria in the past may have contributed to the cause of overdiagnosis previously.'>
Mechanical and biomechanical disruption to bone and intraosseous blood vessels can create negative venous pressure,
allowing fat globules to enter circulation.”'*'* Once the fat embolizes to the lungs, the local release of lipase breaks fat
down into free fatty acids and glycerol. Free fatty acids are toxic to endothelial cells which inflammatory response yielding
vasogenic edema and hemorrhage.*”"'*!'* FES remains a diagnosis of exclusion and is based on clinical criteria.” Typically,
the more severe the injury, the greater the magnitude of physiological response. The classic clinical triad includes
respiratory insufficiency, neurological impairment, and petechial rash, of whom 80% and 20-50% present with neurolo-
gical and petechial rash, respectively.”*'

Damage control orthopedics (DCO) and early stabilization protocols have been developed to decrease rates of morbidity and
mortality among polytrauma patients.” Patients with delayed care reported increased rates of complications including fat
embolism, acute respiratory distress syndrome, pneumonia, as well as intensive-care unit (ICU) admissions, and length of stay
(LOS) were all greater among the cohort with delayed treatment.'® Overall, the mortality of FES is estimated to be 5-30%.*'7"°
Despite critical care improvement, a mortality rate as high as 30% was reported in a recent meta-analysis.'® The difference in
incidence rates and mortality rates may be due to a difference in the age of the FES of the studies.

Additional patient parameters that have been reported to influence FES development are bilateral lower extremity
fractures, multiple medical comorbidities, sex, and age. Bilateral femur fractures, male sex, young age, multiple fractures,
closed fractures, and conservative therapy for long-bone fractures have been reported as risk factors for FES
development.”'”*° Since these risk factors occur more often in a younger age group, the existing literature reported
a bias towards this subgroup of patients.?' The relation to mortality rates across age groups is less known and less reported.
Current literature has reported that FES typically occurs between 1040 years old.” Gurd et al reported an average age of 31
among patients that developed FES after sustaining a long bone fracture.?? Furthermore, Stein et al reported no cases of FES
among 1,178,000 children in their discharge database study.”® Decreased rates of pediatric FES may be attributed to higher
content of hematopoietic and lower fat cell content among pediatric patients. Although FES is commonly seen following
blunt trauma among young patients, other etiologies include burns, liposuction, cardiopulmonary bypass surgery, diabetes
mellitus, carbon tetrachloride poisoning, decompression sickness, and parenteral lipid infusion have been reported.>* 2
This may have a bearing on the elderly since pre-existing comorbidities are more prevalent among this population.

A paucity of FES literature exists with regards to age stratification and impact of comorbidities on FES outcome, as
well as fracture type, time to surgery and final fixation method. Therefore, this study aims to identify patients diagnosed
with fat embolism syndrome (FES) and report the epidemiology of associated fractures, hospital course, and in-hospital
mortality stratified by patient age.

Methods

A retrospective cohort analysis of the United States National Trauma Data Bank (NTDB) was queried between 2007—
2014 to identify patients diagnosed with Fat Embolism Syndrome (FES) (ICD 958.1) that sustained an orthopedic injury.
FES has been a clinical diagnosis of different criteria in the past. These include the Gurd’s criteria, the Schonfeld’s
criteria and the Lindeque’s criteria.”*~°*° Since no definitive criteria are known for the diagnosis of FES, we chose
a more standard approach by including ICD9 codes for the inclusion criteria of FES. To assess the presence of any
fractures, the following ICD-9 codes were collected: skull fracture (800, 801, 802, 803, 804), spinal fracture (805, 806),
rib fracture (807), pelvis fracture (808), clavicle fracture (810), scapular fracture (811), humerus fracture (812), radio-
ulnar fracture (813), carpal fracture (814, 815, 816, 817), femoral neck fracture (820), other femoral fracture (821),
patella fracture (822), tibiofibular fracture (823), ankle fracture (824), foot fracture (825, 826), and unspecified fracture
(809, 818, 819, 827, 828, 829). To identify the procedures required to treat the sustained fractures, the following ICD-
9-CM procedural codes included: bone graft (780), external fixation (781), limb shortening procedures (782), limb
lengthening procedures (783), internal fixation without fracture reduction (785), closed reduction without internal fixation
(790), closed reduction with internal fixation (791), open reduction without internal fixation (792), open reduction with
internal fixation (793), and joint replacement of lower extremity (815). Patients were excluded from the cohort who were
diagnosed with FES that resulted in death before hospital admission.
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To assess the incidence of FES, patients were stratified by age group: <40 (G1), 40-65 (G2), and >65 years old (G3).
The age stratification cut-off point was according to the most affected patient age for FES, which is less than 40.%* The
elderly cut-off point was according to the general definition of old age from the literature.' Patient-level demographic
covariates included: sex, race; insurance status; comorbidities, injury mechanism, injury type, type of fracture, GCS,
Injury Severity Score (ISS). The primary outcome evaluated was in-hospital mortality. Secondary outcomes included
length of (i) total hospital and (ii) ICU stay (iii) ventilation use and (iv) non-home discharge.

Clinical information is stored in NTDB in de-identified form and available for quality improvement and research;
therefore, individual patient consent was not required. To date, the NTDB is the world’s largest trauma data repository,
with more than 7.5 million electronic records from more than 900 trauma centers.>? This study was approved by the
Institutional Review Board of the Johns Hopkins Medicine (IRB00053752) and Chang Gung Memorial Hospital
(202100187B0). The authors followed the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline for observational studies.

Statistical Analysis

Descriptive statistics were computed for patient-level and hospital characteristics. Missing data was based on a complete
case analysis.®> Categorical and continuous variables were compared using Chi-square and 2-sample t-tests.
A multivariable logistic regression model was used to evaluate in-hospital mortality and hospital discharge disposition.
Multivariable linear regression was fitted for lengths of stay (ICU days) as well as ventilation days with age groups of fat
embolism syndrome patients as the primary predictor. Both regression models were adjusted for the following variables:
age, sex, race, insurance, injury severity score, pre-admission interhospital transfer, GCS on admission, comorbidities
(hypertension, diabetes, cerebrovascular accident, hemodialysis, and cancer with chemotherapy), type of fractures, and

1°** and Stein et al.>*

type of procedures. Adjustments were based on the guidelines suggested in the article by Haider et a
Adjusted odds ratios and coefficients with 95% confidence intervals were calculated from the logistic regression analysis.
For the length of stay, the outcome of interest was the adjusted mean difference (in days) along with 95% confidence
intervals. Subgroup analysis was done among the elderly population over age 65 to identify the most common fracture
type, its hospital course, and mortality rates. P-values were two-sided and statistical significance was established at
p<0.05. All statistical analyses were performed using “Stata MP” statistical software version 14.2, 1985-2015, StataCorp

LLC, College Station, Texas 77,845 USA.

Results

Between 2007 and 2014, a total of 5,836,499 patients were registered in the NTDB. The incidence rate for FES was 8 out of
100,000 (n=451) patients (Figure 1). Of these patients, 97.6% (n=440) sustained an orthopedic fracture (Table 1).
Demographic and clinical variables of the study population are presented in Table 1. Of 451 individuals with fat embolism
syndrome, 67% (n=302) and 33% (n=149) were male and female. When assessing the distribution of FES diagnosis by age
group, 56.1% (n=253), 21.3% (n=96), and 22.6% (n=102) were <40, 40—65, and older than 65 years old respectively.

Upon evaluation of patient demographics, a statistically significant trend was noted in terms of sex distribution by age
group. Fewer men were diagnosed with FES as patients age group increased (G1:187 [74.2%]; G2: 67 [70.5%]; G3: 48
[47.1%], p<0.001). When assessing the racial distribution, more Black and Hispanic patients contributed to the age group
<40 years, while more White patients were older than 65 years old (p<0.001) (Table 1). Comorbid illnesses typically
presented among patients older than 65 years old included bleeding disorders (14.9%, n=13), COPD (16.1%, n=14), and
hypertension (48.3%, n=42) (Table 1). Furthermore, no significant difference was seen regarding age in patients
presenting with adult respiratory distress syndrome (p=0.064) (Table 1). Among all patients, more than half of the
individuals (51.7%, n= 233) diagnosed with FES presented to university hospitals. Most of the fat embolism patients
were treated at level 1 trauma centers.

Interestingly, patients <40 were statistically more likely to sustain multiple orthopedic fractures compared to patients
older than 65 years old, yet patients older than 65 years old (17.6%, n=18) were statistically more likely to have in-
hospital mortality compared to patients between 40—64 years old (14.6%, n=14) as well as patients less than 40 years old
(8.3%, n=21) (p=0.029) (Table 2).
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Figure | Patient selection and age stratification.
Abbreviations: NTDB, National Trauma Databank; ICD-9, International Classification of Diseases, Ninth Edition.

Overall, in-hospital mortality of the study population included 53 patients (11.8%). The mean (SD) length of hospital
stay was 13.2 (0.6) days. Among patients that required ICU admission and ventilation use, the mean (SD) length of ICU
stay was 6.0 (0.4) days, and the mean (SD) length of ventilation use was 3.8 (0.4) days (Table 2). No statistical difference
was observed among total LOS, ICU admission, and ventilation use among the various age groups. With regards to the
mechanism of injury, motor vehicle collisions (71.7%, n=180) and fall injuries (79.2%, n=80) were the most common
modalities of injury in patients less than 40 and greater than 65 years old respectively (Table 3). Severely injured cases
(ISS>16) were more commonly distributed in age less than 65 years old. (p<0.001) Among age cohorts, a statistically
significant difference was noted among the following procedures: closed reduction without internal fixation (p=0.003),
closed reduction with internal fixation (p<0.001), open reduction with internal fixation (p<0.001), external fixation
(p=0.004), and joint replacement of the lower extremity (p<0.001). No significant difference was noted among patients
that required bone grafting (p=0.63), internal fixation without fracture reduction (p=0.43), and open reduction without
internal fixation (p=0.087).

Fracture type distribution by age group is presented in Table 4. Among patients <40, the most frequent diagnosis were
39.5% (n=100) with tibiofibular and 66.4% (n=168) with other femoral fractures. Patients between 40—65 years old were
46.9% (n=45) with femoral fractures, 31.3% (n=30) with tibiofibular ankle fractures, 37.5% (n=36) with rib fractures,
25.0% (n=24) with spinal fractures, and 24.0% (n=23) with pelvic fractures. Of patients >65 years old, the majority were
femoral neck fractures with a proportion of 64.7% (n=66) (Table 4). Furthermore, a significant difference was observed
among the number of fracture sites among each age cohort. 62.3% (n=159) patients less than 40 reported more than one
fracture site location compared to 32.4% (n=33) with patients 65 years old and older (p<0.001) (Table 4).

The univariable and multivariable regression analyses to assess risk factors associated with in-hospital mortality
among FES patients who sustained an orthopedic fracture are displayed in Table 5. The univariable analysis indicated
that patients greater than 65 years old reported a 237% increased rate of death compared to patients less than 40 (OR
2.37; 95% CI, 1.20-4.66; P =0.013) (Table 5). When the effect estimate was adjusted for potential confounders including
sex, race, insurance status, ISS, mechanism of injury, ED GCS score, comorbidities, type of fracture, type of procedures,
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Table 1 Demographic and Clinical Variables of the Study Population Stratified by Age Groups

Variable Subgroup Overall Age <40 Age 40-64 Age >65 p-value
(n=451) (n=253) (n=96) (n=102)
Male (%) 302 (67.0%) 187 (74.2%) 67 (70.5%) 48 (47.1%) <0.001
Race (%) White 328 (72.7%) 163 (66.3%) 76 (84.4%) 89 (91.8%) <0.001
Black 50 (I1.1%) 36 (14.6%) 9 (10.0%) 5 (5.2%)
Hispanic 36 (8.0%) 32 (13.0%) 4 (4.4%) 0 (0.0%)
Other 19 (4.2%) 15 (6.1%) I (1.1%) 3 (3.1%)
Comorbid llinesses (%) Alcoholism 20 (4.4%) 14 (5.5%) 4 (4.2%) 2 (2.0%) 0.33
Bleeding disorder 30 (6.7%) 13 (5.1%) 4 (4.2%) 13 (12.7%) 0.018
Cerebrovascular accident 20 (4.4%) 7 (2.8%) 5 (5.2%) 8 (7.8%) 0.10
Chronic Obstructive 41 (9.1%) 18 (7.1%) 9 (9-4%) 14 (13.7%) 0.15
Pulmonary Dlsease
Chronic Renal Failure 5 (1.1%) 0 (0.0%) 4 (4.2%) I (1.0%) 0.004
Liver Cirrhosis 2 (0.4%) 1 (0.4%) I (1.0%) 0 (0.0%) 0.54
Congestive Heart Failure 23 (5.1%) 1 (0.4%) 8 (8.3%) 14 (13.7%) <0.001
Smoker 45 (10.0%) 26 (10.3%) 15 (15.6%) 4 (3.9%) 0.022
Cancer with current I (0.2%) 0 (0.0%) I (1.0%) 0 (0.0%) 0.16
chemotherapy
Dementia 3 (0.7%) 0 (0.0%) 0 (0.0%) 3 (2.9%) 0.006
Dependent Status 10 (2.2%) 4 (1.6%) 1 (1.0%) 5 (4.9%) 0.11
Hypertension 87 (19.3%) 5 (2.0%) 33 (34.4%) 49 (48.0%) <0.001
Steroid user 3 (0.7%) | (0.4%) 1 (1.0%) 1 (1.0%) 0.73
Insurance (%) 367 (81.4%) 201 (83.4%) 74 (89.2%) 92 (98.9%) <0.001
Acute Respiratory Distress 40 (8.9%) 29 (11.5%) 7 (7.3%) 4 (3.9%) 0.064
Syndrome (%)
Note: % as percentage, bold text are statistically significant p values.
Abbreviation: n, total numbers.
Table 2 Outcome Variables of the Study Population Stratified by Age Groups
Variable Overall Age <40 Age 40-64 Age >65 p-value
(n=451) (n=253) (n=96) (n=102)
In-hospital mortality (%) 53 (11.8%) 21 (8.3%) 14 (14.6%) 18 (17.6%) 0.029
Hospital discharge non home (%) 309 (68.5%) 180 (71.1%) 57 (59.4%) 72 (70.6%) 0.094
Length of stay (%) 13.2 (0.6) 13.2 (0.7) 15.1 (1.6) 12.1 (0.9) <0.001
Require ICU stay (%) 344 (76.3%) 203 (80.1%) 79 (82.2%) 62 (61.2%) <0.001
Require ventilation use (%) 273 (60.6%) 150 (59.2%) 65 (67.9%) 58 (57.1%) <0.001
Note: % as percentage, bold text are statistically significant p values.
Abbreviation: n, total numbers.
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Table 3 Injury Mechanism, Severity, and Type of the Study Population Stratified by Age Groups

Variable Subgroup Overall Age <40 Age 40-64 Age >65 p-value
(n=451) (n=253) (n=96) (n=102)
Mechanismof Stab 2 (0.4%) | (0.4%) 1 (1.1%) 0 (0.0%) <0.001
Injury Falls 129 (28.6%) 20 (8.0%) 29 (30.9%) 80 (79.2%)
GSW 10 2.2%) 8 (3.2%) 1 (1.1%) I (1.0%)
MVA 246 (545%) | 180 (717%) | 48 (51.1%) 18 (17.8%)
Pedestrian | 4 (0.9%) 2 (08%) 2 (21%) 0 (0.0%)
Srodlely 5 (3.3%) 12 (4.8%) 3 (3.2%) 0 (0.0%)
Other 40 (8.9%) 28 (11.2%) 10 (10.6%) 2 (20%)
Iss lto8 46 (10.2%) 29 (11.5%) 10 (10.5%) 7 (69%) <0.001
9to I5 | 255(56.5%) | 126 (49.8%) | 48 (50.5%) 81 (79.4%)
161024 | 84 (18.6%) 57 (22.5%) 19 (20.0%) 8 (7.8%)
Wo75 | 65 (144%) 41 (162%) 18 (18.9%) 6 (5.9%)
GCS 3 24 (5.3%) 18 (7.5%) 5 (5.8%) | (1.2%) 0.058
4105 5 (1.1%) 5 (2.1%) 0 (0.0%) 0 (0.0%)
6to8 8 (1.8%) 6 (2.5%) 2 (23%) 0 (0.0%)
9 to 12 10 2.2%) 6 (25%) 4.(47%) 0 (0.0%)
13t0 15 | 364 (80.7%) | 205(854% | 75 (87.2%) 84 (98.8%)
InUE i Be Blunt 426 (945%) | 239 (952%) | 88 (93.6%) 99 (98.0%) 0.19
Penetrating | 12 (27%) 9 (3.6%) 2 (21%) I (1.0%)
Sie 8 (1.8%) 3 (1.2%) 4 (43%) I (1.0%)

Note: % as percentage, bold text are statistically significant p values.
Abbreviation: n, total numbers.

patients greater than 65 years old reported 24.16 times increased odds of in-hospital mortality compared to patients less
than 40 (aOR 24.16; 95% CI, 3.73 —156.59; P =0.001). Furthermore, patients between 40-64 reported 7.09 times
increased odds of in-hospital mortality compared to patients less than 40 (aOR 7.09; 95% CI, 1.74-28.84; P =0.006)
(Table 5). Patients between 40—64 were statistically more likely to be discharged home [hospital non-home discharge
(unadjusted odds ratio [OR], 0.59; 95% CI, 0.36-0.97; p =0.036; adjusted odds ratio [aOR], 0.42; 95% CI, 0.19-0.93;
P =0.032)] compared to patients less than 40. (Table 5)

Among FES fracture patients greater than 65 years of age, we further compared femoral neck fracture diagnoses to
other femoral fractures as these diagnoses comprised most FES mortalities (Table 6). Overall, 33% underwent closed
reduction alone, 26.7% underwent open reduction with internal fixation, 17% underwent internal fixation without
reduction, and 25% underwent joint replacement of lower extremity. The in-hospital mortality rate among femoral
neck fractures and other femoral fractures was 18% and 14% respectively; however, other femoral fractures compared to
femoral neck fractures reported a longer total length of stay (16.29 days vs 9.77 days), ICU stay (7.2 days vs 2.97 days),
ventilation use (5.06 days, vs 1.94 days), and non-home discharge (76% vs 64%).
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Table 4 Fracture Location and Numbers Among Fat Embolism Syndrome Patients Stratified by Age
Groups in the National Trauma Databank

Overall Age <40 Age 40-64 Age >65 p-value
(n=451) (n=253) (n=96) (n=102)
Spinal Fracture 84 (18.6%) 50 (19.8%) 24 (25.0%) 10 (9.8%) 0.018
Rib Fracture 94 (20.8%) 49 (19.4%) 36 (37.5%) 9 (8.8%) <0.001
Pelvic Fracture 90 (20.0%) 52 (20.6%) 23 (24.0%) 15 (14.7%) 0.25
Clavicle Fracture 20 (4.4%) 12 (4.7%) 7 (7.3%) I (1.0%) 0.092
Scapula Fracture 13 (2.9%) 9 (3.6%) 3 (3.1%) I (1.0%) 0.42
Humerus Fracture 32 (7.1%) 17 (6.7%) 8 (8.3%) 7 (6.9%) 0.87
Radioulnar Fracture 61 (13.5%) 39 (15.4%) 16 (16.7%) 6 (5.9%) 0.035
Carpal Bone Fracture 28 (6.2%) 19 (7.5%) 7 (7.3%) 2 (2.0%) 0.13
Hip Fracture (Femoral Neck) | 321 (71.2%) 26 (10.3%) 17 (17.7%) 66 (64.7%) <0.001
Other Femoral Fracture 234 (51.9%) | 168 (66.4%) 45 (46.9%) 21 (20.6%) <0.001
Patella Fracture 26 (5.8%) 19 (7.5%) 5 (5.2%) 2 (2.0%) 0.12
Tibiofibular Fracture 134 (29.7%) | 100 (39.5%) 26 (27.1%) 8 (7.8%) <0.001
Ankle Fracture 39 (8.6%) 26 (10.3%) 9 (9.4%) 4 (3.9%) 0.15
Foot Fracture 35 (7.8%) 24 (9.5%) 10 (10.4%) I (1.0%) 0.014
Unspecified 2 (0.4%) | (0.4%) 0 (0.0%) I (1.0%) 0.57
Fracture site numbers <0.001
No Fracture Il (2.4%) 6 (2.4%) 4 (4.2%) 1 (1.0%)
One Fracture site 191 (42.4%) 88 (34.8%) 35 (36.5%) 68 (66.7%)
Two Fracture sites 83 (18.4%) 49 (19.4%) 14 (14.6%) 20 (19.6%)
Three Fracture sites 70 (15.5%) 48 (19.0%) I5 (15.6%) 7 (6.9%)
More than three fracture sites 96 (24.5%) 62 (24.5%) 28 (29.2%) 6 (5.9%)

Note: % as percentage, bold text are statistically significant p values.
Abbreviation: n, total numbers.

Discussion
This study aimed to specifically evaluate in-patient mortality, epidemiology of associated fractures, hospital course
among patients diagnosed with FES who sustained an orthopedic injury stratified by age. To our knowledge, this is the
first and largest study to specifically report mortality rates of FES by age distribution. In this retrospective analysis of the
NTDB, the overall in-hospital mortality rate of FES was 11.8%. When stratified by age, the in-hospital mortality rate was
8.3%, 14.6%, and 17.6% among patients less than 40, between 40—64, and greater than 65 years old respectively.
Previous literature has reported FES mortality rates ranging from 1-20%;>’ however, much of the literature included
a younger age demographic resulting in lower overall mortality rates relative to our findings. This study highlights that
in-hospital FES mortality rates differ based on patient age.

Prior studies have reported that patients with long-bone fractures, specifically of the femur, are most likely to develop
FES. Stein et al*> observed that the majority of FES were patients between 10 and 39, with an incidence of FES 7.6%
higher in patients with isolated fractures of the femur (excluding the neck) compared to patients with isolated fractures of
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the neck. Our findings demonstrate that the incidence of FES was also most common among patients less than 40. Yet,
the incidence of fracture location varied by patient age. FES patients less than 65 years old were most likely to have
sustained femur fractures other than femoral neck fractures, while patients greater than 65 years old were more likely to

Table 5 Odds Ratios for in Hospital Mortality, Hospital Non-Home Discharge, and Coefficients for Length
of Stay, ICU Days and Ventilation Days, with Stratified Age Groups as Predictor, Among Fat Embolism
Syndrome Patients. Covariates Included Were Sex, Race, Insurance Status, ISS, Mechanism of Injury,
Emergency Department GCS Score, Comorbidities, Type of Fracture, Type of Procedure, Hospital

Teaching Status and Hospital Bed Count

Age <40 (n=253); Age 40-64 (n=96); Age =65 (n=102)

Unadjusted OR (95% CI) p-value *Adjusted OR (95% CI) | p-value

In Hospital Mortality

<40 Ref Ref

40-64 1.89 (0.92,3.88) 0.085 7.09 (1.74,28.84) 0.006

>65 2.37 (1.20,4.66) 0.013 24.16 (3.73, 156.59) 0.001
Total Length of Stay

<40 Ref Ref

40-64 1.94 (—0.94,4.82) 0.186 2.29 (—1.53,6.12) 0.239

>65 —1.05 (-3.87,1.77) 0.463 3.50 (—1.46,8.45) 0.166
Total ICU Length of Days

<40 Ref Ref

40-64 1.31 (-0.90,3.52) 0.244 1.02 (—1.90,3.93) 0.492

>65 —1.65 (—3.79,0.49) 0.13 0.79 (—2.94,4.54) 0.675
Total Ventilation Days

<40 Ref Ref

40-64 0.27 (-1.67,2.20) 0.79 —0.25 (—2.88,2.37) 0.85

>65 —1.44 (-3.33,0.45) 0.13 —0.25 (—3.55,3.05) 0.88
Hospital non-home
discharge

<40 Ref Ref

40-64 0.59 (0.36,0.97) 0.036 0.42 (0.19,0.93) 0.032

>65 0.97 (0.59,1.61) 0917 0.56 (0.20,1.61) 0.283

Notes: *Adjusted by sex, race, insurance status, ISS, mechanism of injury, emergency department GCS score, comorbidities, type of

fracture, type of procedure. % as percentage, bold text are statistically significant p values.
Abbreviations: n, total numbers; Ref, reference.

Table 6 Femoral Neck Fractures Compared to Other Femoral Fractures in Patients 65 and Older Who

Developed FES

Age >65 n=102 (Total)

Femoral Neck Fracture
(n=66, 64.7%)

Other Femoral Fracture
(n=21, 20.6%)

In Hospital Mortality

12 (18%)

3 (14%)

Total Length of Stay

9.77 (7.94, 11.61)

16.29 (1050, 22.07)

Total ICU Length of Days

2.97 (1.30, 4.64)

7.2 (3.55, 10.85)

Total Ventilation Days

1.94 (0.35, 3.53)

5.06 (1.53, 8.58)

Hospital non-home Discharge

42 (64%)

16 (76%)

Note: % as percentage.
Abbreviation: n, total numbers.

report fractures of the femoral neck compared to other types of femur fractures.
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Furthermore, alongside fracture location, it is important to consider the number of fractures sustained during a trauma.
Bone et al'® conducted a prospective randomized study of 178 patients comparing early with delayed stabilization of
acute femoral fractures in adults. Patients were categorized into two groups: isolated fractures of the femur and those who
had multiple injuries. Patients who sustained multiple injuries were reported to have increased rates of adult respiratory
distress syndrome, fat embolism, and pneumonia.35 Similarly, our results also indicate that patients with two, three, or
more than three distinct fracture sites were statistically more likely to develop FES compared to patients with one
fracture. Contrary to the results presented by Bone et al,'® we found no statistical difference in ARDS among different
age groups. The difference can be explained by inclusion criteria. Bone et al'® excluded all patients over 65 years old that
sustained an isolated femur fracture; however, this study included patients over 65 years old.

Our findings indicate that 94.5% of patients diagnosed with FES had blunt trauma with regards to injury mechanism
Mudd et al*® evaluated the incidence of pulmonary fat embolism among blunt force fatalities compared to control
subjects dying from natural causes/non-blunt force injury. 68% of patients with blunt force trauma were diagnosed with
FES compared to 15% of the control cohort. In our cohort, patients less than 40 were statistically more likely to have
sustained high energy trauma from a motor vehicle accident, report a greater ISS, and have fewer medical comorbidities
as well as in-hospital mortality rates when compared to patients over 65 years old. Additionally, 61 (13.5%) of patients
less than 40 years old received initial external fixation compared to 7 (6.9%) of patients over 65 years old. A proportion
of these elderly patients might have been unfit for surgery and had severe comorbidities at risk to undergo surgery. The
coupling of delayed surgery and more comorbidities could have resulted in a high incidence of FES in this age group.
These epidemiological findings have been supported by previous literature. Neiman®’ reported that patients younger than
40 were more likely to sustain high energy trauma from a motor vehicle crash resulting in midshaft femur fracture while
patients over 40 were more likely to sustain low energy trauma and fracture of the proximal third of the femur.

Even though, younger patients (<40) have a higher incidence of sustaining high energy blunt trauma, multiple
fractures and FES, this does not necessarily translate into a higher in-hospital mortality. When assessing age as a major
risk factor for FES related in-hospital mortality, patients between 40—64 and patients older than 65 years old showed
a respective 7.09 and 24.16 times increased odds of in-hospital mortality compared to patients less than 40 after adjusting
for sex, race, insurance status, ISS, mechanism of injury, emergency department GCS score, comorbidities, type of
fracture, type of procedures, hospital teaching status, and hospital bed count. More pre-existing comorbidities among the
elderly may also have been a factor that contributed to the higher mortality rates among this population subgroup and the
results of delayed surgery from unfit or high risk of surgery may have caused a higher FES rate with mortality and
morbidity. Among patients older than 65 years old who were either diagnosed with femoral neck fracture or other femur
fracture, the in-hospital mortality rate was 18% and 14% respectively. Femoral neck fractures have been reported
a mortality as high as 30% in the literature.*®*’ The associated complications induced by the fracture including FES,
urinary tract infection and pneumonia may further contribute to the mortality of this group of patients. It should be noted
that no statistical difference was observed among total LOS, ICU admission, and ventilation use among age groups. This
may be explained by in-hospital mortality acting as a competing factor for LOS and ventilation management. Overall,
these findings reinforce that age is a strong predictor of mortality, especially among those diagnosed with FES.

Although this study demonstrates that age is a major independent risk factor for FES-related in-hospital mortality among
patients who sustained orthopedic injuries, some limitations must be addressed. Firstly, although the NTDB includes a large
sample of trauma centers from across the United States, it is a retrospective convenience sample that consists of data only
submitted by participating hospitals. Second, the quality of data entered in the NTDB is dependent on the participants entering
the data. Third, ICD-9 codes do not provide granular data in terms of either fracture pattern or precise anatomical location. For
example, “other femur fracture” was not able to differentiate between a femoral shaft or distal femur fracture. Bilateral femur
fractures were not easily identified from the ICD9 codes. We were not able to reassess and confirm the final diagnosis using the
standard clinical criteria since symptoms were not documented in the database. Therefore, we were not able to identify autopsy
diagnosed or clinically diagnosed FES. Subclinical and mild cases might be underestimated. Fourth, the ability to adjust for
important confounding factors including time to surgery, time to FES, intramedullary reaming versus non-reaming procedures,
procedures which involved increased versus decreased intramedullary pressures, cemented versus non-cemented procedures,
intraosseous fluid resuscitation, as well as medications was not possible.*>*! Residual unmeasured confounding is a bias.
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However, potential immortal time bias was adjusted by excluding patients who died before hospital admission.*> These

1** conducted a randomized trial with 30

patients may have less likely to receive treatment than other patients. Schmidutz et a
patients and observed that secondary cement insertion was able to reduce severe embolic events. With regards to reaming
technique, intramedullary reaming has the theoretical higher odds of increasing FES due to the increase in canal pressure and
stimulation of an inflammatory response, yet studies have been limited by small sample sizes and this topic requires further
investigation.**** Bosse et al*’ compared reamed intramedullary nails with plate fixation among 453 patients who sustained
a femur fracture and reported no significant differences in pulmonary complications or mortality rates. With regards to time to
intervention, a meta-analysis conducted by El-Menyar et al’® reported that large, pooled effects were in favor of early
intramedullary nailing intervention compared to delayed intervention. Higher incidence of FES in the elderly with a femoral
neck fracture is a significant finding of this study which necessitates the need for prospective studies to evaluate and analyze

this finding.

Conclusion

This study highlights that age is a major determinant of FES in-hospital mortality after adjusting for other clinical and
demographic factors. Femoral neck fracture patients over 65 years old should be carefully monitored for the development of
FES. Future studies evaluating FES patients’ outcomes at different hospital levels will be critical to see how their outcomes
compare to those of patients included in large national databases; this will help better guide clinical decision-making.
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