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Abstract

BACKGROUND—Optimal surgical timing for definitive treatment of femur fractures in severely
injured patients remains controversial. This study was performed to examine in-hospital mortality
for patients with femur fractures with regard to surgical timing, Injury Severity Score (ISS), and
age.

METHODS—The National Trauma Data Bank version 7.0 was used to evaluate in-hospital
mortality for patients presenting with unilateral femur fractures. Patients were stratified into four
groups by surgical timing (ST) and four groups by 1SS. %2 tests were used to evaluate baseline
interrelationships. Binary regression was used to examine the association between time to surgery,
ISS score, age, and mortality after adjusting for patient medical comorbidities, and personal
demographics.

RESULTS—A total of 7,540 patients met inclusion criteria, with a 1.4% overall in-hospital
mortality rate. For patients with an isolated femur fracture, surgical delay beyond 48 hours was
associated with nearly five times greater mortality risk compared with surgery within 12 hours
(adjusted relative risk, 4.8; 95% confidence interval, 1.6-14.1). Only severely injured patients
(ISS, 26+) had higher associated mortality with no delay in surgical fixation (ST 1 < 12 hours)
relative to ST2 of 13 hours to 24 hours with an adjusted relative risk of 4.2 (95% confidence
interval, 1.0-16.7). The association between higher mortality rates and surgical delay beyond 48
hours was even stronger in the elderly patients.
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CONCLUSION—This study supports the work of previous authors who reported that early
definitive fixation of femur fractures is not only beneficial, particularly in the elderly, but also
consistent with more recent studies recommending at least 12-hour to 24-hour delay in fixation in
severely injured patients to promote better resuscitation. (J Trauma Acute Care Surg. 2014;00:
00-00. Copyright * 2014 by Lippincott Williams & Wilkins)

LEVEL OF EVIDENCE—Level II.
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The optimal time for definitive fixation of femur fractures is an important topic in
orthopedic surgery because it can impact the physiologic status and patient mortality. There
has been an evolution over time in what is considered the ideal time for definitive fixation.
Several studies in the 1980s supported early stabilization of long bone fractures in patients
with multiple injuries.1~10 In 1985, Johnson et al. reported that early stabilization of femur
fractures was associated with a fivefold reduction in the rate of adult respiratory distress
syndrome (ARDS) compared with late fixation. In a 1989 prospective study, Bone et al.11
showed that reamed intramedullary nailing of femur fractures within 24 hours of injury led
to fewer complications and a shorter hospital stay compared with delayed treatment.

In recent years, the concept of “damage-control orthopedics” with delay of definitive
fixation in patients with multiple injuries has taken hold.12 Whether an external fixator,13
traction, or an unreamed proximally unlocked retrograde nailll is used, proponents of
damage-control orthopedics agree that definitive surgery should be delayed until the patient
has more reserve and can tolerate a second inflammatory “hit.”14

Some have suggested that 2 days to 5 days after major injury is a potentially vulnerable time
when further surgery can result in a significant release of inflammatory mediators that may
increase the risk of ARDS, sepsis, and pneumonia.® Thus, those who advocate the
avoidance of a “second hit,”during this 2-day to 5-day window, would support the delay of
definitive fixation beyond 5 days.1~10 As the technology and understanding of the
physiology of major systemic injuries have progressed, whether delayed definitive fixation
offers a significant advantage over primary intramedullary nail fixation remains a
controversial question.

Although there have been many individual studies investigating this question, to date, few
have used large databases. Morshed et al.16 in 2009 used the National Trauma Data Bank
(NTDB) version 5.0 for 2000 to 2004 to look at severely injured patients (Injury Severity
Score [ISS] > 15) and found that delaying definitive fixation beyond 12 hours in these
patients, particularly those with abdominal trauma, resulted in a lower relative risk of
mortality. However, contrary to many surgeons’ personal experience and earlier findings
that early fixation is better, they found no disadvantage to delaying fixation beyond 120
hours.
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A 2012 systematic review by Nahm and Vallier}” examined the literature from 1946 to 2011
and found that 38 studies met their inclusion criteria. Because of the heterogeneity of the
studies, they were not able to obtain a pooled estimate but concluded that there was no
difference in ARDS or mortality for early versus delayed fixation. They did find increased
length of stay for those undergoing delayed fixation. The purpose of this study was to
investigate the optimal time for definitive fixation of femur fractures for patients with
varying levels of injury severity.

PATIENTS AND METHODS

Institutional Review Board Approval

Permission to perform this retrospective cohort study was obtained from the institutional
review board.

Data Source

Patients

The study used the NTDB (version 7.0) (http://www.facs.org/trauma/ntdb/ntdbapp.html).
This databank includes 1.48 million records at 712 hospitals from the years 2002 to 2006.

The target patient population was adults (>18 years of age) who sustained a unilateral open
or closed femoral shaft fracture and underwent open or closed reduction and internal
fixation.

Inclusion/Exclusion Criteria

Definitions

Patients were included in the study if they (1) were 18 years or older, (2) had a unilateral
closed or open fracture of the femoral shaft (DRG International Classification of Diseases—
9th Rev. code 821.01 or 821.11), and (3) underwent closed or open reduction and internal
fixation of the femur (Current Procedural Terminology code 79.15 or 79.35).

Patients were excluded from the cohort if they did not have a valid (1) mortality code based
on hospital discharge status, (2) ISS, or (3) time to procedure date. Patients were also
excluded if they (4) did not have a valid admission; (5) were transferred from another
facility, which could make time to procedure data misleading; (6) were transferred out of the
facility after surgery, which might bias in-hospital mortality; (7) were residing in a burn
unit, which might affect surgical timing; and (8) were missing patient sex designation.

Time to Surgery—~Patients were stratified into four groups based on timing of
intramedullary nailing from hospital presentation: (1) ST1 12 hours or less, (2) ST2 greater
than 12 hours to 24 hours, (3) ST3 greater than 24 hours to 48 hours, and (4) ST4 greater
than 48 hours to 30 days. These cohorts were selected to provide clinically relevant
information, while allowing each group to contain enough patients to provide sufficient
power to detect associations.
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ISS Classification—To evaluate the effect of injury severity on survival, patients were
stratified by ISS ranking into four groups as (a) mild (ISS, 9), (b) mild-to-moderate (1SS,
10-15), (c) moderate-to-severe (ISS, 16-25), and (d) severe (ISS > 26).

Patient age was dichotomized as 18 years to 64 years and older than 65 years.

Deyo-Charlson Comorbidity Index—The Deyo-Charlson comorbidity index was
computed based on preexisting comorbidities provided for each patient within the NTDB by
applying the protocol developed by Deyo et al 18

Limitations in the Data Source—Although it would be desirable to obtain information
about concomitant procedures or types of provisional stabilization used, in the format of a
large-database study, these details were not feasible to obtain. Further studies could certainly
be designed to investigate the effects of these variables.

Funding Source

There were no external sources of funding for this study.

Statistical Methods

RESULTS

Cohort

Sample descriptive statistics included means and SDs for continuous variables and
frequencies for categorical variables and were evaluated individually and relative to in-
hospital mortality.

Generalized linear modeling assuming a binary distribution using a Log link was used to
estimate unadjusted and adjusted relative risks (RRs and ARRs, respectively) and in-hospital
mortality rates associated with individual and multiple predictor models. The GLIMMIX
procedure was used in SAS (SAS Institute, Cary, NC) version 9.3 running under the
Windows Ultimate-64 operating system. The effects of surgical timing, injury severity, and
patient age group and the three 2-way interactions among these predictors were of primary
interest. Adjusting factors were sex, race (categorized as white, black, Hispanic, and other),
the Deyo-Charlson comorbidity index (dichotomized as 0 and 1+), fracture type (open or
closed), and surgical procedure (79.15 closed reduction internal fixation or 79.35 open
reduction internal fixation).

Within the NTDB, 14,046 patients (0.76%) had an open or closed femur fracture and
underwent fixation. Of this cohort, 10,214 (72.9%) were older than 18 years. Of the 10,214
patients meeting the inclusion criteria, 34 (0.3%) were excluded because of a missing
mortality code, 43 (0.4%) were excluded because of missing time to procedure codes, 73
(0.7%) were excluded because of missing or invalid ISS, 961 (9.6%) were excluded because
they did not have a valid admission record, and 1,563 (17.2%) were excluded because they
were transferred from another hospital. Thus, overall, 73.8% (7,540 of 10,214) of those
meeting inclusion criteria were included in the analyses. Figure 1 summarizes the
implementation of inclusion and exclusion criteria.
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As summarized in Table 1, patients in our cohort were largely younger than 65 years (88%),
were male (69%), were predominately white (64%), had a low incidence of life-threatening
comorbidities (10%), and had predominately closed femur fractures (80%). The majority of
patients (53%) were treated within 12 hours of admission, 23% between 12 hours and 24
hours of admission, 14% between 24 hours and 48 hours of admission, and 10% between 48
hours and 30 days of admission.

Relationship of Surgical Timing, ISS, and Age With In-hospital Mortality

Surgical time, ISS, and patient age groups each demonstrated significant main effects with
patterns consistent with clinical experience. The adjusted mortality rates for the surgical
timing, injury severity, interactions between surgical timing and age groups, as well as
interactions between injury severity and age group are summarized in Table 2. Graphics of
these interactions are shown in Figures 2 and 3. Selected adjusted relative risks are
summarized in Table 3.

For patients with an isolated femur fracture (ISS, 9), there was no statistical difference in
mortality if definitive surgery was performed within 12 hours, between 12 hours and 24
hours, or from 24 hours to 48 hours. Beyond 48 hours, the mortality rate increased
substantially, with nearly five times greater mortality risk (ARR, 4.8; 95% confidence
interval [Cl], 1.6-14.1) after adjusting for age, sex, and medical comorbidities in the group
where surgery was performed between 48 hours to 30 days versus the group where surgery
was performed in 12 hours or less. Mildly-to-moderately injured patients (ISS, 10-15) had
4.2 times (95% Cl, 1.28-13.74) greater risk of dying if surgery was delayed greater than 48
hours than if surgery occurred within the first 12 hours. For patients in the most severely
injured 1SS group (26+), surgical delay beyond 48 hours was also associated with
significantly increased mortality risk (ARR, 4.7 vs. within 25-48 hours; 95% Cl, 1.1-19.5).
The only group in which there was reduced mortality risk with surgical delay was in the
most severely injured patients (ISS, 26+) in whom surgical delay of greater than 24 hours
but less than 48 hours was associated with the lowest mortality risk compared with surgery
within 12 hours (ARR, 4.2; 95% ClI, 1.0-16.7) (Tables 4 and 5)

Age was a significant factor in mortality at nearly all time points, with patients older than 65
years having significantly higher risks of dying. This effect was most pronounced in the later
surgical timing groups with nearly nine times the risk in the 24-hour to 48-hour group and
nearly seven times the risk in the 48-hour to 30-day group. Figure 3 depicts the effect of age
on mortality by ISS.

DISCUSSION

Our findings show that most diaphyseal femur fractures in adults are treated with open or
closed reduction and internal fixation within 24 hours of hospital admission. For patients
with virtually all injury severity types, delaying definitive fixation beyond 48 hours was
associated with increased mortality. For severely injured patients, there did seem to be an
advantage in delaying definitive surgery by 12 hours to 24 hours. Presumably, this delay is a
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period of aggressive resuscitation that better prepares the patients for the stress of surgery.
Even in the most severely injured group, there was increased mortality risk associated with
delaying surgery beyond 48 hours.

The results of this investigation generally concur with other recent reports. In a similar
retrospective database study using the NTDB version 5.0, Morshed et al.6 found that
surgery in severely injured patients within the first 12 hours after hospital presentation was
associated with a higher mortality compared with the delayed groups. They attributed the
improved survival in the delayed groups to improved “resuscitation.” Delaying treatment
had the greatest improvement in survival for patients with serious abdominal injury. They
concluded that “damage-control” orthopedics and delayed definitive treatment of femur
fractures in patients with multiple injuries may “reduce adverse outcomes.”19 Unlike our
findings, however, the authors found that delaying surgery for more than 5 days resulted in
the lowest adjusted mortality rates.

We found that for patients across virtually all injury severity types, surgical delay beyond 48
hours was associated with a significantly increased mortality risk. This finding held true
after adjusting for age, sex, and medical comorbidities. These results are similar to those
published by Nahm et al. who found that definitive stabilization of femur fractures within 24
hours of injury is safe for “most patients with multiple injuries.”t” The only difference is our
finding that for severely injured patients, the 24-hour to 48-hour time frame may be safer
than the 0-hour to 12-hour period.

There are some areas requiring further investigation. It has been suggested that severely
injured patients may be particularly vulnerable to further surgical insult during the 2-day to
5-day period? as the inflammatory cascade peaks and a “second hit” could potentially lead to
ARDS and multisystem organ dysfunction. A recent study by Lefaivre et al.2% examined two
Level 1 trauma registries and examined multiple factors for three distinct surgical timing
groups. They found that femur fractures predicted mortality after controlling for other
factors and was associated with ARDS. They found that fracture fixation within the 8-hour
to 24-hour time window was associated with the lowest mortality compared with other time
points and that fixation greater than 24 hours was associated with higher rates of ARDS. Our
study supports these results and showed higher mortality rates when surgery was performed
beyond 48 hours, but we did not specifically look at the 2-day to 5-day period because there
were insufficient numbers in a group within this time frame.

One finding of the study that was puzzling to us was the predominance of the DRG
International Classification of Diseases—9th Rev. code for open reduction internal fixation,
rather than closed reduction internal fixation. In most cases, the dominant mode of fixation
for intramedullary nailing could be accomplished without opening the fracture site. Current
Procedural Terminology codes, which would likely be more specific for the procedure
performed, were not reliably able to be searched for within the NTDB. This is an interesting
result, which we presume represents differential coding for similar procedures
(intramedullary nailing) rather than a predominance of opening the fracture site.
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Moreover, patients with damage to specific organ systems might benefit from differential
treatment. Patients with chest/thoracic trauma have been identified as a group that precise
timing and decision to use an unreamed nail might be important to prevent ARDS,10:19.21-24
Patients with chest and abdominal injuries have also been shown to have much higher rates
of pulmonary complications, after controlling for other factors.2> Optimum timing for femur
fixation in patients with severe head injuries is also controversial, with some authors
advocating for surgical delay for severely injured patients and others claiming that there is
no significant effect.1926-29 Anglen et al.30 have shown that close monitoring and
aggressive resuscitation is especially important for patientswith severe brain injury to
prevent intraoperative hypotension and worsening cerebral perfusion pressure; therefore, for
these patients, damage-control principles might be warranted. Flierl et al.3! in their 2010
review article outline the physiologic considerations for patients with head injuries and
propose an algorithm for their treatment. Patients with severe damage in one of these or
other organ systems have unique characteristics with regard to surgical timing and mortality
that should also be considered.

There are some inherent limitations within the study design. It would be ideal to have further
information on the patient cohort, such as which other organ systems were affected, methods
of provisional stabilization, factors that led to a delay in the treatment, and additional
information about medical comorbidities. However, unlike smaller prospective or
retrospective studies, this type of information (such as external fixation or traction pin
placement) is less readily and reliably obtained from large database studies. However, the
large number of patients in the database improves the power of the study,32 and even
prospective studies on timing of fixation have led tovarying conclusions. Lozman et al.33 in
1986 found improved cardiac index and lower shunting with immediate fixation in patients
with femoral or tibial fractures randomized to immediate fixation versus traction or plaster
casts and concluded that there was less pulmonary dysfunction with immediate fixation. In
contrast, in a prospective evaluation using damage-control orthopedics for patients with
multiple injuries, Taeger et al.3* reported a 19.3% reduction in mortality compared with
what would have been expected based on ISSs. Diversity among these smaller prospective
studies suggests that although our study is retrospective, there may be some advantage to our
larger database study, although there is certainly the potential for unmeasured confounders
to affect the validity of the results.

Although the present study provides further evidence that early fixation of femur fractures is
beneficial, it cannot answer the question definitively. With the database, it is not possible to
control for factors before hospital presentation or for the potential diversity of initial
treatment strategies in patients who did not have immediate intramedullary nailing.
Although we stratified by injury severity, within each group, there is likely a spectrum of
severity and patients with more severe injuries may have been selected to have undergone
delayed fixation and had higher associated mortality. This is a source of potential
confounding that cannot be completely eliminated within this retrospective study. There are
potential interventions that might be proven to be beneficial such as the use of hypertonic
saline, which Agudelo et al.35 recently found in a small prospective trial to have an anti-
inflammatory effect, which are not amenable to study using a large database. Similarly, the
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rate of various complications such as ARDS and multisystem organ failure in the database is
not always complete, so the outcome of the study was mortality.

Despite some of these limitations, some conclusions emerged quite strongly. Elderly patients
(>65 years) were more adversely affected by surgical delay than their younger counterparts.
We know from the hip fracture literature that longer periods of immobility in this population
are associated with higher rates of complications and increased mortality.36-38
Unfortunately, all too often, this is the subset of patients in whom there is a delay for further
diagnostic testing or medical optimization. In their population-based study, Enninghorst et
al.3% demonstrated that elderly femur fractures in Australia are a growing group and that this
population often had delayed fixation beyond 24 hours. Our study lends further strength to
the importance of femur fracture fixation being performed as expeditiously as possible in
elderly patients.

Although the timing of femur fracture fixation will likely continue to be studied and
additional insight obtained, there are several points that can be concluded from our study
and are supported by a growing body of literature. First, definitive fixation within 12 hours
in patients with an isolated femur fracture leads to a low rate of complications and a low
mortality rate that persists up to 48 hours. Second, patients with multiple injuries will likely
benefit from resuscitation before definitive stabilization of femur fractures. Third, although
individual circumstances must be considered, for patients of all injury severity types, there
was no apparent benefit to surgical delay beyond 48 hours. In fact, this seemed to have an
adverse impact on mortality even after adjusting for other potential confounders. Finally, the
adverse effect was even more pronounced in elderly patients; therefore, when possible, early
fixation is even more important in this population.

Acknowledgments

We thank Dr. James Heckman for his critical revision and insightful suggestions to improve the quality of the
study.

References

1. Higgins TF, Horwitz DS. Damage control nailing. J Orthop Trauma. 2007; 21(7):477-481.
dicussion 481-484. [PubMed: 17762479]

2. Brundage SI, McGhan R, Jurkovich GJ, Mack CD, Maier RV. Timing of femur fracture fixation:
effect on outcome in patients with thoracic and head injuries. J Trauma. 2002; 52(2):299-307.
[PubMed: 11834992]

3. Tscherne H, Regel G, Pape HC, Pohlemann T, Krettek C. Internal fixation of multiple fractures in
patients with polytrauma. Clin Orthop Relat Res. 1998; (347):62—78. [PubMed: 9520876]

4. Johnson KD, Cadambi A, Seibert GB. Incidence of adult respiratory distress syndrome in patients
with multiple musculoskeletal injuries: effect of early operative stabilization of fractures. J Trauma.
1985; 25(5):375-384. [PubMed: 3999159]

5. Bone LB, Anders MJ, Rohrbacher BJ. Treatment of femoral fractures in the multiply injured patient
with thoracic injury. Clin Orthop Relat Res. 1998; (347):57-61. [PubMed: 9520875]

6. Pape HC, Rixen D, Morley J, Husebye EE, Mueller M, Dumont C, et al. Impact of the method of
initial stabilization for femoral shaft fractures in patients with multiple injuries at risk for
complications (borderline patients). Ann Surg. 2007; 246(3):491-499. discussion 499-501.
[PubMed: 17717453]

J Trauma Acute Care Surg. Author manuscript; available in PMC 2015 August 16.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cantu et al. Page 9

7. Boulanger BR, Stephen D, Brenneman FD. Thoracic trauma and early intramedullary nailing of
femur fractures: are we doing harm? J Trauma. 1997; 43(1):24-28. [PubMed: 9253903]

8. Al-Omran A, Sadat-Ali M. Is early mortality related to timing of surgery after fracture femur in the
elderly? Saudi Med J. 2006; 27(4):507-510. [PubMed: 16598329]

9. Rogers FB, Shackford SR, Vane DW, Kaups KL, Harris F. Prompt fixation of isolated femur
fractures in a rural trauma center: a study examining the timing of fixation and resource allocation. J
Trauma. 1994; 36(6):774-777. [PubMed: 8014997]

10. Charash WE, Fabian TC, Croce MA. Delayed surgical fixation of femur fractures is a risk factor
for pulmonary failure independent of thoracic trauma. J Trauma. 1994; 37(4):667-672. [PubMed:
7932901]

11. Bone LB, Johnson KD, Weigelt J, Scheinberg R. Early versus delayed stabilization of femoral
fractures. A prospective randomized study. J Bone Joint Surg Am. 1989; 71(3):336-340.
[PubMed: 2925704]

12. Pape HC. Effects of changing strategies of fracture fixation on immunologic changes and systemic
complications after multiple trauma: damage control orthopedic surgery. J Orthop Res. 2008;
26(11):1478-1484. [PubMed: 18524013]

13. Pape HC, Giannoudis P, Krettek C. The timing of fracture treatment in polytrauma patients:
relevance of damage control orthopedic surgery. Am J Surg. 2002; 183(6):622-629. [PubMed:
12095590]

14. Morley JR, Smith RM, Pape HC, MacDonald DA, Trejdosiewitz LK, Giannoudis PV. Stimulation
of the local femoral inflammatory response to fracture and intramedullary reaming: a preliminary
study of the source of the second hit phenomenon. J Bone Joint Surg Br. 2008; 90(3):393-399.
[PubMed: 18310768]

15. Bone LB, Babikian G, Stegemann PM. Femoral canal reaming in the polytrauma patient with chest
injury. A clinical perspective. Clin Orthop Relat Res. 1995; (318):91-94. [PubMed: 7671536]

16. Morshed S, Miclau T 3rd, Bembom O, Cohen M, Knudson MM, Colford JM Jr. Delayed internal
fixation of femoral shaft fracture reduces mortality among patients with multisystem trauma. J
Bone Joint Surg Am. 2009; 91(1):3-13. [PubMed: 19122073]

17. Nahm NJ, Vallier HA. Timing of definitive treatment of femoral shaft fractures in patients with
multiple injuries: a systematic review of randomized and nonrandomized trials. J Trauma Acute
Care Surg. 2012; 73(5):1046-1063. [PubMed: 23117368]

18. Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index for use with ICD-9-CM
administrative databases. J Clin Epidemiol. 1992; 45(6):613-619. [PubMed: 1607900]

19. Poole GV, Miller JD, Agnew SG, Griswold JA. Lower extremity fracture fixation in head-injured
patients. J Trauma. 1992; 32(5):654-659. [PubMed: 1588656]

20. Lefaivre KA, Starr AJ, Stahel PF, Elliott AC, Smith WR. Prediction of pulmonary morbidity and
mortality in patients with femur fracture. J Trauma. 2010; 69(6):1527-1535. discussion 1535—
1536. [PubMed: 21150530]

21. Weninger P, Figl M, Spitaler R, Mauritz W, Hertz H. Early unreamed intramedullary nailing of
femoral fractures is safe in patients with severe thoracic trauma. J Trauma. 2007; 62(3):692-696.
[PubMed: 17414349]

22. Pape HC, Regel G, Dwenger A, Sturm JA, Tscherne H. Influence of thoracic traumaandprimary
femoral intramedullary nailing on the incidence of ARDS in multiple trauma patients. Injury.
1993; 24(Suppl 3):S82-S103. [PubMed: 8168882]

23. Tornetta P 3rd, Tiburzi D. The treatment of femoral shaft fractures using intramedullary
interlocked nails with and without intramedullary reaming: a preliminary report. J Orthop Trauma.
1997; 11(2):89-92. [PubMed: 9057141]

24. Pape HC, Giannoudis PV, Grimme K, van Griensven M, Krettek C. Effects of intramedullary
femoral fracture fixation: what is the impact of experimental studies in regards to the clinical
knowledge? Shock. 2002; 18(4):291-300. [PubMed: 12392270]

25. Nahm NJ, Como JJ, Vallier HA. The impact of major operative fractures in blunt abdominal
injury. J Trauma Acute Care Surg. 2013; 74(5):1307-1314. [PubMed: 23609283]

J Trauma Acute Care Surg. Author manuscript; available in PMC 2015 August 16.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cantu et al.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Page 10

Giannoudis PV, Veysi VT, Pape HC, Krettek C, Smith MR. When should we operate on major
fractures in patients with severe head injuries? Am J Surg. 2002; 183(3):261-267. [PubMed:
11943123]

Townsend RN, Lheureau T, Protech J, Riemer B, Simon D. Timing fracture repair in patients with
severe brain injury (Glasgow Coma Scale score G 9). J Trauma. 1998; 44(6):977-982. discussion
982-983. [PubMed: 9637152]

Scalea TM, Scott JD, Brumback RJ, Burgess AR, Mitchell KA, Kufera JA, et al. Early fracture
fixation may be “just fine” after head injury: no difference in central nervous system outcomes. J
Trauma. 1999; 46(5):839-846. [PubMed: 10338401]

Starr AJ, Hunt JL, Chason DP, Reinert CM, Walker J. Treatment of femur fracture with associated
head injury. J Orthop Trauma. 1998; 12(1):38-45. [PubMed: 9447517]

Anglen JO, Luber K, Park T. The effect of femoral nailing on cerebral perfusion pressure in head-
injured patients. J Trauma. 2003; 54(6):1166-1170. [PubMed: 12813339]

Flierl MA, Stoneback JW, Beauchamp KM, Hak DJ, Morgan SJ, Smith WR, et al. Femur shaft
fracture fixation in head-injured patients: when is the right time? J Orthop Trauma. 2010; 24(2):
107-114. [PubMed: 20101135]

Lochner HV, Bhandari M, Tornetta P 3rd. Type-II error rates (beta errors) of randomized trials in
orthopaedic trauma. J Bone Joint Surg Am. 2001; 83(11):1650-1655. [PubMed: 11701786]

Lozman J, Deno DC, Feustel PJ, Newell JC, Stratton HH, Sedransk N, et al. Pulmonary and
cardiovascular consequences of immediate fixation or conservative management of long-bone
fractures. Arch Surg. 1986; 121(9):992-999. [PubMed: 3741107]

Taeger G, Ruchholtz S, Waydhas C, Lewan U, Schmidt B, Nast-Kolb D. Damage control
orthopedics in patients with multiple injuries is effective, time saving, and safe. J Trauma. 2005;
59(2):409-416. discussion 417. [PubMed: 16294083]

Agudelo JF, Flierl MA, Smith WR, Moore EE, Williams AE, Eckels PC, et al. Influence of
preoperative 7.5% hypertonic saline on neutrophil activation after reamed intramedullary nailing
of femur shaft fractures: a prospective randomized pilot study. J Orthop Trauma. 2012; 26(2):86—
91. [PubMed: 21904224]

Siu AL, Penrod JD, Boockvar KS, Koval K, Strauss E, Morrison RS. Early ambulation after hip
fracture: effects on function and mortality. Arch Intern Med. 2006; 166(7):766—771. [PubMed:
16606814]

Siu CW, Sun NC, Lau TW, Yiu KH, Leung F, Tse HF. Preoperative cardiac risk assessment in
geriatric patients with hip fractures: an orthopedic surgeons’ perspective. Osteoporos Int. 2010;
21(Suppl 4):S587-S591. [PubMed: 21057998]

Leung F, Lau TW, Kwan K, Chow SP, Kung AW. Does timing of surgery matter in fragility hip
fractures? Osteoporos Int. 2010; 21(Suppl 4):S529-S534. [PubMed: 21057992]

Enninghorst N, McDougall D, Evans JA, Sisak K, Balogh ZJ. Population-based epidemiology of
femur shaft fractures. J Trauma Acute Care Surg. 2013; 74(6):1516-1520. [PubMed: 23694881]

J Trauma Acute Care Surg. Author manuscript; available in PMC 2015 August 16.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Cantu et al.

Patients meeting Inclusion Criteria (Diagnosis code of 821.01
or 821.11 and procedure code of 79.15 or 79.35)

N = 14,045
Adults (18 years old or greater) -
(N=10,214) s N =3,831No
Y
Valid Mortality Code? N
Yes N = 10,108 *] H=sdbo
Y
Valid Time to Surgery? 9
YesN=10,137 ) N=43No
Y
Valid Injury Severity Score? .
Yes N = 10,064 »  N=73No
Y
Valid Admissions? 5!
Yes N'=9,103 #  N=lRa
Y
Transfer In?
No N = 7,540 N =1,563 Yes
Y
Transfer Out?
No N = 7,540 g H=0ies
Valid Gender? <
Yes N = 7,540 Ri=gblp
Y
Burn Unit
No N =7,540 ¥ N=oves

Identified Cohort Included in the Study
N=7,540
(73.82% of Cohort)

Figure 1.
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Figure 2.

Adjusted in-hospital mortality rates by timing of operative fixation for patients with isolated
femur fractures (1SS=9), mild to moderate injuries to other systems (ISS 10-15), moderate to
severe injuries to other systems(ISS 16-25) and severe multi-system injuries (1SS 26+).
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Adjusted in-hospital mortality rates by timing of operative fixation for patients under and

over 65 years of age.
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Patient Demographics and Adjusted” In-Hospital Mortality Rates With Selected Relative Risks

Total (n =7,540), n

Unadjusted Mortality Rate

Adjusted Mortality Rate

Variable Category (%) (95% ClI), % (95% ClI), %
Age, y 180 64 6,668 (88) 1.11 (0.88-1.39) 0.64 (0.47-0.87)
65+ 872 (12) 3.56 (2.50-5.06) 2.92 (1.91-4.46)
Sex Female 2,314 (31) 1.64 (1.19-2.26) 0.70 (0.45-1.08)
Male 5,226 (69) 1.28 (1.01-1.63) 0.74 (0.52-1.04)
Race White 4,821 (64) 1.70 (1.37-2.11) 0.90 (0.65-1.25)
Black 1,212 (16) 0.70 (0.39-1.43) 0.54 (0.27-1.06)
Hispanic 720 (10) 0.40 (0.13-1.29) 0.25 (0.08-0.81)
Other 787 (10) 1.40 (0.77-2.52) 0.80 (0.42-1.50)
Deyo-Charlson comorbidity index DC=0 6,819 (90) 1.33 (1.09-1.64) 0.73 (0.53-1.01)
DC =1+ 721 (10) 1.94 (1.15-3.28) 0.64 (0.34-1.19)
1SS 9 2,796 (37) 0.82 (0.55-1.24) 0.47 (0.31-0.74)
10to0 15 2,421 (32) 0.66 (0.41-1.08) 0.64 (0.41-1.02)
16to 25 1,264 (17) 1.90 (1.28-2.82) 1.80 (1.23-2.62)
26+ 1,059 (14) 3.97 (2.95-5.33) 3.57 (2.63-4.85)
Fracture type Closed 6,340 (80) 1.37 (1.11-1.69) —
Open 1,200 (16) 1.50 (0.94-2.38) —
Procedure CRIF (79.15) 2,279 (30) 1.36 (0.96-1.93) —
ORIF (79.35) 5,261 (70) 1.41 (1.12-1.77) —
Surgical timing <12h 4,003 (53) 1.15 (0.86-1.53) —
>12hto24h 1,751 (23) 0.80 (0.47-1.35) —
>24hto48h 1,027 (14) 1.36 (0.81-2.30) —
>48hto30d 759 (10) 4.08 (2.87-5.81) —

*
Adjusted for all variables in the model: surgical timing, ISS, patient age, sex, race, DC-CI, surgical procedure used to treat, and fracture type.

CRIF closed reduction internal fixation; DC-CI, Deyo-Charlson comorbidity index; ORIF, open reduction internal fixation.
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Adjusted Relative Mortality Risks Associated With Timing of Operative Fixation and 1SS

TABLE 4

Page 17

ISS Group Comparison Adjusted Relative Risk (ARR)  95% CI Lower Bound 95% CI Upper Bound
9 >12 to 24; reference, <12 h 1.18 0.29 4.75
9 >24 to 48; reference, <12 h 2.21 0.69 7.07
9 >48 h to 30 d; reference, <12 h 4.82 1.64 14.14
9 >24 to 48; reference, >12 hto 24 h 2.61 0.68 9.98
9 >48 h to 30 d; reference, >12hto 24 h 5.69 1.61 20.14
9 >48 h to 30 d; reference, >24 hto 48 h 2.18 0.81 5.85
10-15 >12 to 24; reference, <12 h 1.62 0.35 7.46
10-15 >24 to 48; reference, <12 h 1.66 0.45 6.13
10-15 >48 h to 30 d; reference, <12 h 4.19 1.28 13.74
10-15 >24 to 48; reference, >12 hto 24 h 2.69 0.48 15.17
10-15 >48 h to 30 d; reference, >12hto 24 h 6.79 1.32 34.97
10-15 >48 h to 30 d; reference, >24 hto 48 h 2.53 0.60 10.56
16-25 >12 to 24; reference, <12 h 1.74 0.69 4.40
16-25 >24 to 48; reference, <12 h 1.16 0.33 4.02
16-25 >48 h to 30 day; reference, <12 h 1.76 0.58 5.33
16-25 >24 to 48; reference, >12 hto 24 h 1.50 0.41 5.55
16-25 >48 h to 30 d; reference, >12 hto 24 h 1.01 0.31 3.28
16-25 >48 h to 30 d; reference, >24 hto 48 h 1.52 0.36 6.39
26+ >12 to 24; reference, <12 h 3.85 0.97 15.28
26+ <12; reference, >24 hto 48 h 4.16 1.03 16.75
26+ >48 h to 30 day; reference, <12 h 1.12 0.61 2.08
26+ >24 to 48; reference, >12 hto 24 h 1.08 0.16 7.13
26+ >48 h to 30 d; reference, >12hto 24 h 4.33 1.05 17.79
26+ >48 h to 30 d; reference, >24 hto 48 h 4.68 1.12 19.46

Statistically significant ARRs are in bold.
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