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We investigated factors associated with postoperative lipiduria and hypoxemia in patients undergoing surgery for orthopedic fractures. We enrolled patients who presented to our emergency department due to traumatic fractures between 2016 and 2017. We collected urine samples within 24 h after the patients had undergone surgery to determine the presence of lipiduria. Hypoxemia was defined as an SpO2 <95% determined with a pulse oximeter during the hospitalization. Patients’ anthropometric data, medical history, and laboratory test results were collected from the electronic medical record. Logistic regression analyses were used to determine the associations of clinical factors with postoperative lipiduria and hypoxemia with multivariate adjustments. A total of 144 patients were analyzed (mean age 51.3 ± 22.9 years, male 50.7%). Diabetes (odd ratio 3.684, 95% CI, 1.256–10.810, p = 0.018) and operation time (odd ratio 1.005, 95% CI, 1.000–1.009, p = 0.029) were independently associated with postoperative lipiduria, while age (odd ratio 1.034, 95% CI, 1.003–1.066, p = 0.029), body mass index (odd ratio 1.100, 95% CI, 1.007–1.203, p = 0.035), and operation time (odd ratio 1.005, 95% CI, 1.000–1.010, p = 0.033) were independently associated with postoperative hypoxemia. We identified several factors independently associated with postoperative lipiduria and hypoxemia in patients with fracture undergoing surgical intervention. Operation time was associated with both postoperative lipiduria and hypoxemia, and we recommend that patients with prolonged operation for fractures should be carefully monitored for clinical signs related to fat embolism syndrome.
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INTRODUCTION

Fat embolism syndrome (FES) is a clinical condition that arises as a consequence of fat globules in the systemic circulation (1, 2). It usually developed after orthopedic trauma, such as long bone fractures (3, 4). The clinical presentations of FES may vary widely, while the diagnostic criteria remain ill-defined (5). This may result in a wide range of reported incidences of this serious complication (4). The incidence of FES was found to be less than 1% in patients with orthopedic fractures (4, 5). Nevertheless, the rate could be as high as 30% in patients with multiple fractures (6, 7). Moreover, FES is associated with a high mortality rate (8), though its treatment is largely supportive.

The proposed pathophysiology of FES (5) includes endothelial injury followed by release of inflammatory cytokines and acute respiratory distress, hypoxemia, neurological deficit, thrombocytopenia and disseminated intravascular coagulation, all of which may contribute to detrimental outcomes. Currently, there is no established treatment for FES to improve its outcomes, and its care mainly involves supportive measures (5, 9). Early awareness of patients who are at risk for FES might be helpful. Unfortunately, the pathophysiologic mechanisms of FES have not been well-established (5).

Among the proposed diagnostic criteria of FES (5, 10), respiratory involvement (hypoxemia) is an important manifestation, which may result from endothelial injury and subsequent acute respiratory distress syndrome (5). Lipiduria (5) is another criterion for the diagnosis of FES that may be related to renal endothelial injury. Both lipiduria and hypoxemia are not well studied in patients with orthopedic fractures. As postoperative hypoxemia is not uncommon (11), we investigated factors associated with postoperative lipiduria and hypoxemia in patients undergoing surgery for orthopedic fractures in this study.



MATERIALS AND METHODS

This study was conducted in accordance with the Declaration of Helsinki. The study protocol was approved by the Institutional Review Board of Taichung Veterans General Hospital, Taichung, Taiwan (approval number: SF17001B). All patients provided written informed consent. We enrolled patients who presented to our emergency department due to traumatic fractures between 2016 and 2017. After initial assessment and preoperative preparation, these patients underwent surgical intervention for their fractures and were admitted. Patients’ anthropometric data, medical history, and laboratory test results were collected from electronic medical records.

We collected urine samples within 24 h after the operation to determine the presence of lipiduria. Approximately 5 mL of urine sample was mixed with 5 mL diethyl ether (E Merck, D-6100 Darmstadt, F.R. Germany), and the mixture was centrifuged at 1,500 rpm for 2 min (Figure 1). We removed the upper layer of transparent fluid, and extracted the opaque layer for determination of lipiduria. Neutral fat stain solution was added to the samples, which were then examined using a microscope. Figure 2 shows a sample with positive neutral fat stain.


[image: Figure 1]
FIGURE 1. (A) A urine sample before the experiment and (B) after mixing with 5mL diethyl ether (E Merck, D-6100 Darmstadt, F.R. Germany) and centrifugation at 1,500rpm for 2min. The black arrow indicates the opaque layer we extracted for determination of lipiduria.
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FIGURE 2. A urine sample stained with neutral fat stain solution observed using a microscope. (A) 100×. (B) 400×.


SpO2 <90% (∼PaO2 <60 mm Hg) (12) has been used to define FES (13). In this study, we defined hypoxemia as an SpO2 <95% (14) determined with a pulse oximeter during the hospitalization. The monitoring of SpO2 was accompanied with vital signs measurements (usually every 6–8 h). More frequent monitoring may be required, depending on the patients’ clinical condition. Patients’ renal function was determined using estimated glomerular filtration rate (eGFR) according to the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation (15). Information about operation time, blood loss, and blood transfusion was recorded according to the operation notes.

The statistical analyses were conducted using the Statistical Package for the Social Sciences (IBM SPSS version 22.0; International Business Machines Corp, NY, USA). We divided our patients into two groups according to whether or not they had lipiduria within 24 h after the operation. The statistical differences in continuous and categorical variables between the two groups were examined using the Student's t test and the Chi-square test, respectively. Logistic regression analyses were used to determine the associations of clinical factors with postoperative lipiduria and hypoxemia with multivariate adjustments. In all of the analyses, a two-sided P value of less than 0.05 was considered statistically significant.



RESULTS

A total of 144 patients were analyzed (mean age 51.3 ± 22.9 years, male 50.7%). Table 1 shows the characteristics of the study population according to whether or not they had lipiduria after the surgery. Patients who had lipiduria after operation had a higher proportion of diabetes (25.0% vs. 11.3%, p = 0.030), a longer operation time (214 ± 124 vs. 174 ± 84 min, p = 0.027), and a higher rate of postoperative hypoxemia (SpO2 <95%) (40.6% vs. 20.0%, p = 0.007) compared with those who had no lipiduria. There were no significant between-group differences in the other variables.


TABLE 1. Characteristics of the study population according to postoperative lipiduria.
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Table 2 shows the associations between clinical factors and postoperative lipiduria. In the univariate analysis, diabetes (odd ratio 2.630, 95% CI, 1.074–6.436, p = 0.034) and operation time (odd ratio 1.001, 95% CI, 1.000–1.007, p = 0.025) were significantly associated with postoperative lipiduria. The associations of diabetes (odd ratio 3.684, 95% CI, 1.256–10.810, p = 0.018) and operation time (odd ratio 1.005, 95% CI, 1.000–1.009, p = 0.029) with postoperative lipiduria remained significant after adjustments for age, sex, and other relevant variables (Table 2).


TABLE 2. Associations between clinical factors and postoperative lipiduria (dependent variable).

[image: Table 2]

We examined the associations between clinical factors and postoperative hypoxemia (SpO2 <95%), as shown in Table 3. Significant associations of age, diabetes, hypertension, eGFR, and operation time with postoperative hypoxemia were noted in the univariate analysis. After adjustments for relevant variables, age (odd ratio 1.034, 95% CI, 1.003–1.066, p = 0.029), body mass index (odd ratio 1.100, 95% CI, 1.007–1.203, p = 0.035), and operation time (odd ratio 1.005, 95% CI, 1.000–1.010, p = 0.033) were independently associated with postoperative hypoxemia.


TABLE 3. Associations between clinical factors and SpO2 <95% after operation (dependent variable).
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DISCUSSION

In this study, we demonstrated that diabetes and operation time were associated with postoperative lipiduria in patients with fractures undergoing surgical intervention (Table 2). Moreover, operation time was independently associated with postoperative hypoxemia (Table 3). Both postoperative lipiduria and hypoxemia are common presentations of FES (5, 11), which is an uncommon but severe postoperative complication with a poor prognosis (8, 16). Our findings are clinically relevant and might help identify patients with high risk of postoperative FES.

Lipiduria has been associated with nephrotic syndrome (17). The cause of lipiduria in nephrotic syndrome may be secondary to hyperlipidemia (18). Our finding that diabetes was associated with lipiduria (odd ratio 3.684, 95% CI, 1.256–10.810, p = 0.018, Table 2) is perhaps not surprising, as diabetes has been associated with proteinuria and nephrotic syndrome (19). We speculate that an increase in oxidative stress after acute trauma and surgical intervention (20–22) might be related to postoperative lipiduria. Oxidative stress has been reported to contribute to acute kidney injury after orthopedic trauma in an animal model (23). Oxidative stress may result in an increase in glomerular permeability (24), which has been associated with lipiduria (25, 26). This scenario may help explain the finding in a recent study (16) that showed delayed time to operation was associated with FES in patients with acute trauma, and may also account for our result, which indicated operation time (odd ratio 1.005, 95% CI, 1.000–1.009, p = 0.029) was independently associated with postoperative lipiduria.

Moreover, we found that operation time was independently associated with postoperative hypoxemia (odd ratio 1.005, 95% CI, 1.000–1.010, p = 0.033). An increase in oxidative stress associated with surgical intervention could lead to an increase in pulmonary permeability (22), which in turn may result in postoperative hypoxemia. Both age and body mass index were also independently associated with postoperative hypoxemia, and these findings were consistent with previous reports (27–29). Twenty-five of our patients had both lipiduria and hypoxemia after surgery for their fractures. The mean operation time of these patients was 227 ± 130 min, compared with 178 ± 82 min (p = 0.034) for the 64 patients who did not have postoperative lipiduria and hypoxemia. As bone marrow manipulation during orthopedic surgery might increase the risk of FES (30), it is reasonable to postulate that this could explain the association of operation time with postoperative lipiduria and hypoxemia. Based on our findings, we recommend that patients who had prolonged operation for fractures should be carefully monitored for clinical signs related to the FES.

There were several limitations in this study. First, the number of our study patients was relatively small. As the incidence of FES was less than 1% (4, 5), a larger number of patients are needed to investigate predisposing factors of this serious complication. Second, we did not investigate proteinuria and lipiduria before the operation for all study patients. We cannot exclude the possibility that some of our patients had preoperative lipiduria which was not related to the operation. Third, we used SpO2 <95% determined using a pulse oximeter, rather than low PaO2 determined by an arterial blood gas analysis, as the definition of hypoxemia. This must be acknowledged as a potential confounder, although low SpO2 (<90%) was used to define FES in a recent study (13).



CONCLUSION

In summary, we identified several factors independently associated with postoperative lipiduria and hypoxemia in patients with fracture undergoing surgical intervention. Operation time was associated with both postoperative lipiduria and hypoxemia, and we recommend that patients with prolonged operation for fractures should be carefully monitored for clinical signs related to FES.
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