3

COPYRIGHT © 2009 BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED

Delayed Internal Fixation of Femoral Shaft
Fracture Reduces Mortality Among Patients with
Multisystem Trauma

By Saam Morshed, MD, MPH, Theodore Miclau III, MD, Oliver Bembom, PhD, Mitchell Cohen, MD,
M. Margaret Knudson, MD, and John M. Colford Jr., MD, PhD

Investigation performed at the Departments of Orthopaedic Surgery and Surgery, University of California at San Francisco, San Francisco,
California, and the Division of Epidemiology and Biostatistics, School of Public Health, University of California at Berkeley,
Berkeley, California

Background: Fractures of the femoral shaft are common and have potentially serious consequences in patients with
multiple injuries. The appropriate timing of fracture repair is controversial. The purpose of the present study was to
assess the effect of timing of internal fixation on mortality in patients with multisystem trauma.

Methods: We performed a retrospective cohort study with use of data from public and private trauma centers throughout
the United States that were reported to the National Trauma Data Bank (version 5.0 for 2000 through 2004). The study
included 3069 patients with multisystem trauma (Injury Severity Score, >15) who underwent internal fixation of a femoral
shaft fracture. The time to treatment was defined in categories as the time from admission to internal fixation: o (twelve
hours or less), t; (more than twelve hours to twenty-four hours), t> (more than twenty-four hours to forty-eight hours), t3 (more
than forty-eight hours to 120 hours), and t4 (more than 120 hours). The relative risk of in-hospital mortality when the four later
periods were compared with the earliest one was estimated with inverse probability of treatment-weighted analysis. Subgroups
with serious head or neck, chest, abdominal, and additional extremity injury were investigated.

Results: When compared with that during the first twelve hours after admission, the estimated mortality risk was
significantly lower in three time categories: t4 (relative risk, 0.45; 95% confidence interval, 0.15 to 0.98; p = 0.03), t3
(relative risk, 0.58; 95% confidence interval, 0.28 to 0.93; p = 0.03), and t4 (relative risk, 0.43; 95% confidence interval,
0.10 10 0.94; p = 0.03). Patients with serious abdominal trauma (Abbreviated Injury Score, >3) experienced the greatest
benefit from a delay of internal fixation beyond twelve hours (relative risk, 0.82 [95% confidence interval, 0.54 to 1.35]
for patients with an Abbreviated Injury Score of <3, compared with 0.36 [95% confidence interval, 0.13 to 0.87] for those
with an Abbreviated Injury Score of >3) (p value for effect modification, 0.09).

Conclusions: Delayed repair of femoral shaft fracture beyond twelve hours in patients with multisystem trauma, which
may allow time for appropriate resuscitation, reduces mortality by approximately 50%. Patients with serious abdominal
injury benefit most from delayed treatment. These results support delaying definitive treatment of long-bone injuries in
patients with multisystem trauma as a means of so-called damage-control in order to reduce adverse outcomes.

Level of Evidence: Therapeutic Level lll. See Instructions to Authors for a complete description of levels of evidence.
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patients with multisystem trauma is controversial. Several

observational studies'® and one randomized study® have
suggested that early stabilization of major long-bone fractures—
those of the shaft of the femur being most common—is as-
sociated with clinical benefits in terms of reducing the incidence
of pulmonary complications and mortality. Other studies have
suggested that internal fixation of long-bone fractures, either
with intramedullary nailing or plate osteosynthesis, may have
potentially deleterious effects in the acute setting, when systemic
hypoperfusion'® and inflammation'""” may increase susceptibility
to end-organ injury and increase morbidity. A meta-analysis"
demonstrated a large relative risk reduction (relative risk, 0.30;
95% confidence interval, 0.22 to 0.40) in respiratory complica-
tions in association with early operative fixation (usually within
twenty-four hours), whereas two systematic reviews'>'® dem-
onstrated no difference in morbidity or mortality between
early operative treatment (usually at less than twenty-four
hours) and late operative treatment of femoral shaft frac-
tures, either overall or within subgroups of patients with
associated head injuries or thoracic injuries. These incon-
sistent findings have left clinicians debating what effect
definitive fracture care has on adverse outcomes. Differences
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DELAYED FIXATION OF FEMORAL SHAFT FRACTURE IN
MULTISYSTEM TRAUMA PATIENTS

in treatment definition (both in terms of time cutoffs and the
type of fixation used), the inclusion of small samples limited
to single institutions, and inadequate control of confounding
variables all serve to limit the validity and generalizability of
previous findings. We studied the effect of the timing of de-
finitive care of femoral shaft fractures with use of a multilevel
definition of treatment time drawn from the largest available
multicenter database of patients with multisystem trauma
(the National Trauma Data Bank).

Materials and Methods
Study Cohort and Data Source

e identified our study cohort with use of the National

Trauma Data Bank (version 5.0), which draws from 567
trauma centers from around the United States'” and contains
nearly one million incident trauma cases that occurred over
the five-year period between January 1, 2000, and December
31, 2004. The National Trauma Data Bank contains pre-
hospitalization and hospitalization information compiled from
medical records during admission (including injury charac-
teristics, comorbidities, inpatient treatments, and outcomes),
which are submitted to the American College of Surgeons for
quality control and maintenance.

NTDB 5.0 Cohort

Subjects with femoral shaft fracture

Subjects undergoing definitive care
of femoral shaft fracture

ISS <15
Transfer or late admission
Age < 16
Patient with severe burns
Missing time of surgery
Missing or aberrant length of stay
Surgery > 2 weeks from admission

Missing data in W |

Final Study Sample

Study sample inclusion flow chart from the National Trauma Data Bank version 5.0 (2000 through
2004) (NTDB 5.0 Cohort). ISS = Injury Severity Score. W,,, = covariates associated with mortality

(p<0.2).
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TABLE | Summary Table of Bivariate Associations of Covariates with Mortality and Treatment Group

P Value
Treatment Group Means and Proportions (+ SD)* Association  Association
with with
to (N = 1759) t; (N = 540) to (N = 359) ts (N =272) 14 (N =139) Treatment Mortality
Covariates (W) T
Glasgow Coma 12.67 + 4.22 12.69 + 4.14 11.66 + 4.75 10.77 £ 5.13 9.68 + 5.20 <0.001 <0.001
Scale score
New Injury 27.35 + 8.97 27.21 + 8.33 29.20 + 9.62 32.31 +11.39 34.68 + 14.05 <0.001 <0.001
Severity Score
Maximum 1.71 + 1.65 1.76 £ 1.69 2.01 +1.68 2.32+£1.83 2.50 + 1.94 <0.001 <0.001
Abbreviated
Injury Score,
head/neck
region
Cardiac 0.13+0.34 0.17 £ 0.37 0.20 £ 0.40 0.28 £ 0.45 0.27 + 0.45 <0.001 0.002
comorbidity
Number of serious 1.65 + 0.94 1.42 + 0.73 1.54 + 0.86 1.67 +1.01 1.68 + 0.96 <0.001 <0.001
associated
extremity injuries
Arrival between 0.24 £ 0.43 0.07 £ 0.26 0.20 £ 0.40 0.18 £ 0.39 0.22 + 0.42 0.001 0.04
6 A.M. and 12 p.m.
Age 31.86 + 13.73 33.12 + 15.73 34.25+ 15.87 34.44 +16.33 33.38 + 15.05 0.01 0.01
Bilateral fracture 0.02 + 0.14 0.00 + 0.06 0.01 £ 0.12 0.02 £ 0.12 0.02 + 0.15 0.03 0.03
Teaching hospital 0.56 + 0.50 0.67 + 0.47 0.58 + 0.50 0.53 + 0.50 0.63 + 0.49 0.38 0.15
Hospitals from 0.08 + 0.27 0.10 £ 0.30 0.09 £ 0.29 0.11 £ 0.32 0.07 £ 0.26 0.54 0.00
Northeast region
Treated at level-1 0.39 + 0.49 0.39 £ 0.49 0.45 £ 0.50 0.45 £ 0.50 0.48 + 0.50 0.69 0.05
trauma center
Cerebrovascular 0.00 £ 0.04 0.00 + 0.04 0.01 + 0.08 0.00 + 0.06 0.00 + 0.00 0.74 0.01
comorbidity
Mortality (95% 3.7% 1.9% 4.2% 4.4% 4.3%
confidence interval) (2.3% t0 5.4%) (0.7%t0 3.3%) (2.2%t06.4%) (2.3%106.7%) (0.8% to 8.2%)
*SD = standard deviation. Treatment groups are defined as t, (twelve hours or less), t, (more than twelve hours to twenty-four hours), t, (more than
twenty-four hours to forty-eight hours), t3 (more than forty-eight hours to 120 hours), and t4 (more than 120 hours). TW,, = subset of covariates with
bivariate associations with mortality (p < 0.2).

We included patients in our study sample if they (1) had a
closed or open fracture (or fractures) of the femoral shaft as
identified by an International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) diagnostic code of
821.0 (fracture of femoral shaft/not otherwise specified—
closed), 821.01 (fracture of femoral shaft—closed), 821.1 (fract-
ure of femoral shaft/not otherwise specified—open), or 821.11
(fracture of femoral shaft—open); (2) had an International
Classification of Diseases-derived Injury Severity Score™" of
>15; (3) were sixteen years of age or older; and (4) underwent a
definitive treatment procedure involving internal fixation of the
femur as identified by an ICD-9-CM procedure code of 78.55
(internal fixation—femur), 79.15 (closed reduction and inter-
nal fixation—femur), or 79.35 (open reduction and internal
fixation—femur). A patient was excluded from the study sam-

ple if (1) the patient was received in transfer or was not ad-
mitted on the day of injury; (2) the record lacked information
on the time from admission to definitive fracture fixation, mor-
tality status, or length of hospitalization; (3) the patient had an
associated burn; or (4) the fracture was not definitively fixed
within two weeks after admission.

Because of the potential for treatment selection bias in an
observational study, we chose to include only subjects with
complete information on potentially relevant confounding co-
variates. An a priori list of baseline covariates available in the
National Trauma Data Bank 5.0 was generated on the basis of
the literature and clinical suspicion as potential confounders of
the relationship between treatment time and mortality. These
covariates included age, sex, race, maximum Abbreviated Injury
Score'® for each of the six anatomic regions (head/neck, face,
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TABLE Il Most Common Associated ICD-9-CM-Coded Injuries of the Head or Neck, Chest, Abdomen, and Extremities or Pelvis*

Body Region
of Associated Injuryt

Injury (ICD-9-CM Code)

Frequency (Number of Diagnoses/
Total Number of Region-Specific
Diagnoses with an AIS of >3)¥

Head or neck (n = 1146:202)

Chest (n = 1696:51)

Abdomen (n = 808:64)

Extremity or pelvis (n = 1222:126)

ring—closed (808.43)

1. C2 vertebral fracture—closed (805.02)

2. Skull base fracture: intracranial involvement and
loss of consciousness—not otherwise specified (801.00)

3. Traumatic subarachnoid hemorrhage: loss of
consciousness—not otherwise specified (852.00)

1. Lung contusion—closed (861.21)
2. Traumatic pneumothorax—closed (860.0)
3. Dorsal vertebral fracture—closed (805.2)

1. Lumbar vertebral fracture—closed (805.4)
2. Splenic parenchymal laceration (865.03)
3. Liver laceration—moderate (864.03)

1. Intertrochanteric fracture—closed (820.21)
2. Tibia with fibula fracture—open (823.32)
3. Pelvic fracture with disruption of pelvic

5.2% (84/1627)
3.2% (52/1627)

3.1% (51/1627)

40.1% (988/2447)
23.5% (574/2447)
8.5% (207/2447)

38.4% (385/1004)
12.3% (123/1004)
10.5% (105/1004)

7.3% (127/1731)
6.1% (106/1731)
4.9 % (84/1731)

*|CD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification. TThe n values indicate the number of subjects with the
diagnosis associated with an Abbreviated Injury Score of >3 and the respective number of unique diagnoses. FAIS = Abbreviated Injury Score.

chest, abdomen, extremity/pelvis, and skin), New Injury Severity
Score™*, Glasgow Coma Scale score on arrival, first systolic
blood pressure, blunt or penetrating trauma, the type of femoral
fracture (open or closed), the number of femoral fractures, the
number of serious extremity/pelvic injuries (Abbreviated Injury
Score, 23), the presence of alcohol or drugs in the bloodstream at
the time of admission, the year of the incident, the time of arrival
at the hospital (day divided into four quarters), the modified
Charlson comorbidity index”, and the presence or history of
specific comorbidities (coronary artery disease, including heart
failure; chronic obstructive pulmonary disease; stroke; hemato-
logic disease, including coagulopathy; diabetes; pregnancy; or
hepatorenal disease or failure) at the time of admission. Hos-
pital characteristics included the mean number of femoral shaft
fractures admitted to the treating facility per year, teaching
status, type of facility (public or private), American College
of Surgeons trauma center level, and geographic region of
the United States (Northeast, Midwest, South, West). We then
identified a subset of these covariates (W,,,) associated with
mortality (p < 0.2) with use of appropriate nonparametric
bivariate tests of association, adjusted for multiple testing with
the Benjamini-Hochberg procedure®, and excluding observa-
tions with missing values in Wy, in order to obtain a final
sample with complete data in all measured potentially con-
founding covariates for analysis.

Treatment Variables

We investigated whether the timing of definitive treatment of
femoral shaft fracture affects mortality. In order to provide clin-
ically relevant categories for treatment beyond a simple dichot-
omy at twelve or twenty-four hours, we chose five time periods a
priori on the basis of commonly used cut-points from the liter-
ature''>*"; t, (twelve hours or less), t; (more than twelve hours to
twenty-four hours), t, (more than twenty-four hours to forty-
eight hours), t; (more than forty-eight hours to 120 hours), and t,
(more than 120 hours). While twenty-four hours is the most
commonly used threshold before which “early” treatment has
been described in previous studies, we defined our referent group
(to) as treatment within the first twelve hours in order to repre-
sent those subjects who were most likely to have been inade-
quately resuscitated and in a state of occult hypoperfusion'®*. We
hypothesize that additional physiologic stress from definitive frac-
ture surgery in such patients could activate an adverse systemic
response leading to end-organ injury, multiple organ failure, and
excess mortality when compared with the findings in patients
managed later, when adequate resuscitation is more likely to have
been achieved.

Each procedure in the dataset is recorded with a number
of days, hours, and minutes after admission when it was per-
formed. Using this information, we calculated the time from
admission to definitive fracture fixation, as defined above with
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Inverse probability of treatment-weighted mortality estimates, with 95% confidence intervals (lines). An asterisk (*)

represents significant relative risk reduction (p < 0.05) in comparison with the referent (to) treatment group (the

group that was treated at twelve hours or less).

use of ICD-9-CM procedure codes. By excluding patients who
were transferred from other facilities or were admitted one or
more days after the injury, we assumed that the calculated
treatment time level was a reliable surrogate for the time from
the injury, underestimating the true elapsed time only by the
time required to reach the hospital.

Main Outcome Measure

In-hospital mortality was our sole outcome of interest. While
other studies of treatment time effect have focused on the
diagnosis of acute respiratory distress syndrome (ARDS) or
multiple-organ failure, the reporting of such outcomes is in-
herently subjective and prone to measurement error*. More-
over, one could not expect that such outcomes would be validly
or reliably measured over such a large number or diverse range
of treating centers. Other surrogate measures such as the
length of hospital stay are notoriously positively skewed”*,
making the effect of timing difficult to analyze and interpret. In
the absence of patient-centered outcomes (i.e., health-related
quality of life) and systematic assessment of morbid events
after treatment, mortality is the most objective, and therefore
likely valid, end point. While potentially lacking sensitivity in
the detection of morbid consequences of treatment, mortality
can be considered a very specific surrogate for clinically im-
portant morbidity.

Statistical Methods
The primary analytical strategy was based on marginal structural
models using inverse probability of treatment-weighted estima-
tors” (see Appendix). This method uses the reciprocal of the
conditional probability of a subject receiving an assigned treat-
ment given other covariates as a means of confounding control in
order to determine the effect of treatment. Unlike propensity
score analysis’™”', inverse probability of treatment-weighted
analysis can easily be adapted for use with multilevel categorical
treatment assignment. The likelihood of treatment within one of
the five time categories was estimated with use of data-adaptive
model selection”, and goodness-of-fit of the model was assessed
with use of the Hosmer-Le Cessie test™ (see Appendix). We were
also interested in the potential for differences of treatment effect
(effect modification) for different subgroups defined by the se-
verity of associated head or neck, chest, abdominal, or additional
extremity/pelvic injury. Therefore, we tested the hypothesis that
patients with serious injuries (defined as an Abbreviated Injury
Score™ of 23) in any one of these four anatomic regions would
have a greater relative risk reduction with fixation delayed beyond
the first twelve hours of hospitalization than those without such
associated injuries (see Appendix).

We attempted to select only patients who could plausibly
receive treatment during any of the five time categories. Esti-
mates could be severely biased by the inclusion of subjects who,
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TABLE Ill Comparison of Crude, Regression, and Marginal Structural Model Estimates of Effect of Treatment Time on Mortality

Estimate >12 to 24 Hr

>24 to 48 Hr

>48 to 120 Hr >120 Hr

Crude relative risk*
Point estimate 0.50 (0.18 to 1.01)
P value 0.06

IPTW relative risk*{
Point estimate 0.45 (0.15 to 0.98)
P value 0.03

Standardized risk ratio* ¥
Point estimate 0.47 (0.14 to0 1.11)
P value 0.07

1.13 (0.58 to 2.05)
0.69 0.52 0.77

0.83 (0.43 to 1.44)
0.49 0.03 0.03

0.94 (0.44 to 1.76)
0.85 0.09 0.05

1.19 (0.67 to 2.03) 1.17 (0.24 to 2.65)

0.58 (0.28 to 0.93)

0.43 (0.10 to 0.94)

0.58 (0.21 to 1.09) 0.43 (0.09 to 0.94)

*The point estimates are given with the 95% confidence intervals in parentheses. For all analyses, the to group (treated at twelve hours or less) was used
as the referent group. TInverse probability of treatment-weighted (IPTW) relative risk estimates were generated using a model for treatment assignment
controlling for the subset of covariates with bivariate associations with mortality (W,,,): New Injury Severity Score, Glasgow Coma Scale score, Northeast
region, age, arrival time, the number of serious extremity/pelvic or head/neck injuries, the number of femoral fractures, the presence of cardiac or
cerebrovascular comorbidities, teaching status, and American College of Surgeons level-1 designation. $The standardized risk ratio analysis involved the
use of the same treatment model as inverse probability of treatment-weighted analysis but modified weights to give the estimated proportionate risk that
would have been observed if the subjects in the early treatment group (group to) had received treatment at a later time.

because of injury severity or other factors, could not have been
managed early (within the first twelve hours). Only randomi-
zation could achieve an equal probability of treatment within
the several treatment categories, so an assumption of experi-
mental treatment assignment must be made when using non-
randomized data in order to make causal inferences. In the
Appendix, we present an empirical method for assessing the
sensitivity of inverse probability of treatment-weighted esti-
mates to the most likely violation of experimental treatment
assignment, specifically, that patients who were managed more
than twelve hours after admission could not feasibly have been
managed earlier. This approach is based on the standardized risk
ratio with use of modified inverse probability of treatment-
weighted weights™, which, in this case, gives an estimate of the
effect of delaying surgery for those subjects who were managed
early. If subjects managed after twelve hours vary enough from
those managed earlier to bias estimates of effect, the standard-
ized risk ratio—with its target population being the t,
group—should differ from the marginal inverse probability of
treatment-weighted estimate. Similarities between the stan-
dardized risk ratio and inverse probability of treatment-weighted
estimates would support exchangeability of patients in the early
treatment group with those managed later and therefore would
support the experimental treatment assignment assumptions
and the inverse probability of treatment-weighted population
estimate. Additionally, in the Appendix, we present the results
from a recently proposed quantitative method of checking
experimental treatment assignment with use of Monte Carlo
simulation®.

Confidence intervals and p values were nonparametrically
obtained with use of a modified bootstrap approach™ (see
Appendix) that takes into account correlations between patients
managed at the same hospital. The level of significance was set
at p < 0.05. We tested for effect modification by obtaining

bootstrap-based p values for the hypothesis that the relative
risk of mortality associated with treatment time is identical for
both levels (not serious and serious) defined by each of the
four potential effect modifiers discussed above. Because in-
teractions of this kind are difficult to identify, the level at which
significance was considered was relaxed to p < 0.2. All analyses
were carried out with R software (version 2.3.1)***.

Source of Funding

Direct support of this work came from a research grant from
the AIOD (100805-SMTM), who did not play any role in the
design, conduct, analysis, or reporting of this work.

Results

he National Trauma Data Bank 5.0 included 18,404 sub-

jects with at least one femoral shaft fracture who under-
went internal fixation. Figure 1 illustrates how the study
sample of 3069 subjects was selected on the basis of inclusion
and exclusion criteria. The average age (and standard devia-
tion) was 32.7 £ 14.7 years, and 2207 patients (71.9%) were
men. More than half of the patients (n = 1759) were managed
within twelve hours after admission, with decreasing numbers
being managed in each subsequent time period (Table I).
There was a total of 108 deaths in the study sample (mortality,
3.52%), and the unadjusted estimate of the mortality risk was
lowest for the group of patients who were managed between
twelve and twenty-four hours (1.9%; 95% confidence interval,
0.7% to 3.3%) and increased for those who were managed
later. The Glasgow Coma Scale score, New Injury Severity
Score, and maximum Abbreviated Injury Score in the head or
neck region were strongly associated (p < 0.001) with both
mortality and treatment, with a consistent trend toward more
severe injury among patients who were managed later. One
thousand, one hundred and forty-six subjects (37.3%) had
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Inverse probability of treatment-weighted mortality estimates, stratified according to the severity of associated injury (presence of serious

associated extremity/pelvis, abdominal, chest, and head or neck injury), with 95% confidence intervals (lines). An asterisk (*) represents

significant relative risk reduction (p < 0.05) in comparison with the referent (tp) treatment group. AIS = Abbreviated Injury Score.

associated serious head or neck injuries; 1696 (55.3%) had
associated serious chest injuries; 808 (26.3%) had associated
serious abdominal injuries; and 1222 (39.8%) had an addi-
tional serious extremity or pelvic injury other than the femoral
shaft fracture that was treated (Table II). The most common
serious associated injuries, by body region, were closed C2 frac-
ture, pulmonary contusion, lumbar vertebral fracture, and in-
tertrochanteric fracture.

The estimated mortality risk if all subjects had been man-
aged during any one of the five time periods is shown in Figure 2,
controlling for measured confounders. Mortality was estimated to
be highest if all subjects were managed within twelve hours after
admission. If treatment was performed between twelve and
twenty-four hours, between forty-eight and 120 hours, or after
120 hours, mortality was estimated to be reduced to between 43%
and 58% of this reference mortality level (Table III). A mortality
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TABLE IV Inverse Probability of Treatment-Weighted Estimates of the Relative Risk of Mortality Given Treatment Delay (Greater than

Twelve Hours) Stratified by Severity of Associated Injury

Low Severity (AIS <3)*

High Severity (AIS >3)*

Relative Risk Relative Risk
Associated Injury (95% Confidence Interval) N (95% Confidence Interval) N P Valuet
Extremity/ pelvic fracture 0.58 (0.33 t0 1.20) 1846 0.73 (0.39 to 1.36) 1223 0.63
Abdomen 0.82 (0.54 to 1.35) 2261 0.36 (0.13 to 0.87) 808 0.09
Chest 0.67 (0.32 to 1.37) 1373 0.64 (0.39 to 1.11) 1696 0.90
Head/neck 0.71 (0.37 t0 1.77) 1923 0.62 (0.40 to 0.99) 1146 0.74

*AIS = Abbreviated Injury Score. TThe p values test the equality of treatment effects between low and high-severity associated injury subgroups.

risk of 83% of the reference (t,) level was estimated for treat-
ment within the twenty-four to forty-eight-hour time frame,
although this finding was not significant. With the exception
of the >120-hour (t,) time frame, the Hosmer-Le Cessie test
showed acceptable fit of the selected treatment model (p values
for goodness-of-fit: 0.24, 0.56, 0.24, and 0.028, respectively).
In order to examine effect modification by the presence of
serious associated injuries and because the categorical analysis
showed similar mortality risk among the latter four treatment
groups, we dichotomized treatment at twelve hours. The mar-
ginal relative risk of mortality for later treatment was 0.65 (95%
confidence interval, 0.45 to 1.04; p = 0.06). For this dichotomous
comparison, the data-adaptively selected logistic regression model
for the treatment mechanism again showed acceptable goodness-
of-fit (p = 0.54; Hosmer-Le Cessie test). Figure 3 shows the es-
timated marginal mortality within groups defined by the presence
of serious head or neck, chest, abdominal, or additional limb or
pelvic injury, controlling for measured confounders. In general,
more severely injured patients appear to benefit more strongly
from delaying surgery for at least twelve hours. Only when the
data were stratified with regard to abdominal injury did we see
sufficient statistical evidence (Table IV) to suggest that the mar-
ginal relative risks for the two groups are different (p = 0.09). The
estimated marginal mortality associated with delayed treatment
for patients with no or low-severity abdominal injuries was 82%
(p = 0.39) of what it would have been if they all had been managed
early. This finding is in contrast to a reduction to 36% (p = 0.03)
of the risk of mortality with early treatment had all subjects with
serious abdominal injuries undergone delayed treatment. While
there was a marked decrease in estimated mortality for subjects
with serious head or neck injuries undergoing delayed treatment
(relative risk, 0.62; 95% confidence interval, 0.40 to 0.99; p =
0.04), there was insufficient statistical evidence to show a differ-
ence in effect as compared with subjects with no or low-severity
head or neck injuries. Therefore, with the exception of severity of
abdominal injury, it does not appear that subclassification by any
of the other tested associated injuries identifies subjects who
would experience a greater or lesser degree of mortality reduction
from delayed treatment than that estimated for the entire sample.
The estimates from the multivariate standardized risk ratio
analysis (Table III) were very similar to inverse probability of

treatment-weighted estimates. This analysis estimates the effect of
treatment delay for those patients who were actually managed
early. This provides the most conservative estimate of treatment
effect by targeting those who, given their other prognostic factors,
most likely could have been managed early. Multivariate stan-
dardized risk ratios and Monte Carlo simulation (see Appendix)
provided empirical and quantitative support to the robustness
and validity of inverse probability of treatment-weighted estimates.

Discussion

e conducted an analysis of the importance of timing of

definitive femoral shaft fracture fixation among subjects
with multisystem trauma in the National Trauma Data Bank.
Using an inverse probability of treatment-weighted analysis to
estimate the marginal (i.e., the population level) risk of mor-
tality for categorically defined treatment time, we found treat-
ment in all but one of four delayed treatment categories (with
the one exception being the twenty-four to forty-eight-hour
category) to significantly lower the risk of mortality to about
50% of that expected with early treatment (less than twelve
hours). We also showed that patients with serious associated
abdominal injuries have greater risk reductions from delayed
fixation when compared with those with less serious or no ab-
dominal injury. These findings were consistent with, but more
precisely estimated than, the results of multivariate standardized
risk ratios using the early treatment group as the standard pop-
ulation. These findings strongly support a cautious approach to
early definitive femoral shaft fracture fixation among patients
with multisystem trauma, especially those with serious associ-
ated abdominal injuries.

In two large studies™*' assessing the effect of timing of
internal fixation of femoral shaft fracture, subgroups of adult
patients with multisystem trauma (Injury Severity Score,
215) were defined with comparable demographics, associated
injuries, and crude mortality rates. Fakhry et al.* found a
significant decrease in mortality among groups that were
treated later but only adjusted for the Injury Severity Score.
Brundage et al.** did not report significant differences in mor-
tality in association with treatment time but did find significant
increases in complications such as pneumonia, acute respira-
tory distress syndrome, and the length of hospital stay among
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patients who were managed between two and five days after the
injury. We divided the first hospital day into two periods and
found a protective effect from delaying fixation even if only by
twelve hours, which may afford time for some degree of re-
suscitation. Given that our sample was five times larger than
the treated multisystem trauma subgroup in either of those
studies, it is likely that an increase in power allowed more
precise estimation of the protective effect of delayed treatment.

Several studies have indicated that patients with head or
chest injuries may be more susceptible to the effects of early
fracture fixation than patients without such associated trauma.
Pape et al.” reported on a cohort of 106 patients with multi-
system trauma with femoral shaft fractures (Injury Severity
Score, >18) with and without thoracic trauma (Abbreviated
Injury Score, 23). In a stratified analysis, they reported a sig-
nificant increase in the incidence of acute respiratory distress
syndrome among patients with chest injuries who were
managed with intramedullary nailing early (less than twenty-
four hours after admission) as compared with those without
chest injuries (33% compared with 7.7%), and a similar, but
not significant, difference in mortality (21% compared with
4%), suggesting that patients with chest injuries might benefit
from delayed treatment. The notion that intramedullary nail-
ing potentiates the development of acute respiratory distress
syndrome and further morbidity among patients who are
vulnerable because of thoracic injury has been supported by
human and animal studies showing embolization of marrow
products during intramedullary nailing"*’; however, the clin-
ical importance of this phenomenon continues to be debated.
Several observational studies™ involving patients with thoracic
injuries but without femoral shaft fractures as controls have
demonstrated no difference in the incidence of acute respira-
tory distress syndrome or mortality, suggesting that it is the
severity of the pulmonary injury, rather than timing or mode
of fixation, that determines the likelihood of an adverse out-
come. Among patients with associated head injuries, studies
have shown hypotension and decreased cerebral perfusion
pressure during early fracture care’® ™. Still, increased mortality
has not been shown when early treatment (at less than twenty-
four hours) has been compared with late treatment of femoral
shaft fractures®*"*"*. While the relative risk of mortality as-
sociated with delayed treatment (beyond twelve hours) among
patients with serious thoracic injuries (relative risk, 0.64; 95%
confidence interval, 0.39 to 1.11; p = 0.10) approached sig-
nificance and that among patients with serious head or neck
injuries (relative risk, 0.62; 95% confidence interval, 0.40 to
0.99; p = 0.04) just achieved significance in our study, there
was inadequate statistical evidence to support these subgroups
experiencing a greater protective effect of delayed treatment
than that expected in the rest of the sample.

The only factor for which there was evidence of modifi-
cation of the effect of treatment timing on mortality was the
presence of serious abdominal injury. For patients with serious
abdominal injuries, undergoing delayed treatment was associ-
ated with an estimated mortality risk that was 36% that of early
treatment, and this relative risk was significantly lower than that
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for patients without such injuries. Several studies have shown ab-
dominal injuries to be an important risk factor for mortality and
morbidity in the patient with multisystem trauma®®. Schulman
et al.* reported on a series of patients with blunt trauma under-
going a standardized resuscitation protocol and found only
Injury Severity Score, abdominal injury (Abbreviated Injury
Score, 23), and extremity and osseous pelvic injury (Abbre-
viated Injury Score, 23) to be significantly associated with
prolonged occult hypoperfusion. White et al.”® reported a
fivefold increase in the risk of acute respiratory distress syn-
drome when combined extremity and abdominal injuries were
present. In the present study, patients with associated serious
abdominal injuries who were managed early were likely under-
resuscitated and may have been particularly vulnerable to ad-
verse outcomes in association with a definitive orthopaedic
procedure that often involves substantial additional blood loss.
Early treatment in our study is a likely surrogate for treat-
ment in an under-resuscitated state when subjects were prone to
excess morbidity and mortality”®. In a study of patients with
multisystem trauma who had a femoral shaft fracture, Crowl
et al." showed that early intramedullary fixation of femoral shaft
fracture (less than twenty-four hours after admission) in the
setting of occult hypoperfusion (serum lactate, >2.5 mmol/L)
led to a significant increase in postoperative complications. Hy-
poperfusion resulting from trauma may prime the immune
system for an inflammatory response if such treatment is
undertaken prior to adequate resuscitation and can lead to
substantial end-organ injury’"”. The realization of this phe-
nomenon has led to the description of so-called “damage-
control orthopaedics,” whereby definitive treatment is delayed
until resuscitation of the patient has been adequately ach-
ieved™***  Our findings are consistent with this approach
and signify the potential benefits that may be realized with
delays in operative femoral fracture fixation of just twelve
hours, particularly for patients with associated abdominal in-
juries. The current end points used to guide resuscitation, such
as blood pressure, urine output, heart rate, base deficit, and
serum lactate levels, are global markers that may underestimate
occult tissue hypoperfusion. In the future, more sensitive
measures of tissue oxygenation involving polarographic or
near-infrared technologies® and markers of inflammation and
coagulation® that better reveal the physiologic condition of a
patient are likely to replace simple temporal distinctions. They
will provide more accurate criteria with which to determine
when a patient is “ready” for definitive internal fixation of a
femoral shaft fracture or other major orthopaedic injuries.
The retrospective observational nature of the present
study precludes ascribing a causal effect to the timing of treat-
ment. Unmeasured confounding by factors such as time from
injury to hospital admission could bias estimates of the effect
of treatment time. Moreover, missing information on mea-
sured covariates for subjects who otherwise would have been
eligible for inclusion in the study sample (Fig. 1) may have in-
troduced selection bias. While the National Trauma Data Bank
includes a very large sample of trauma centers from all over the
United States, it is a convenience sample. Still, this is the largest
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cohort used for investigation of this study question, and the
national representation of academic and nonacademic centers
of various levels provides far-reaching generalizability of these
results. The National Trauma Data Bank data provided ex-
tensive covariate information, which was used for compre-
hensive covariate adjustment, and robust analytical methods
were used to optimize model fit and to properly estimate
confidence intervals in the setting of potential correlations by
treatment center. The disparity between crude and adjusted
estimates (Table III), in light of higher injury severity and
mortality in the later treatment groups (Table I), demon-
strates the degree to which confounding by disease severity
may threaten valid inferences in studies similar to ours. We
employed statistically efficient analytical methods to address
this bias, and these methods provided unconditional esti-
mates of relative risk.

In conclusion, we have conducted an observational study
assessing the effect of timing of definitive fixation of femoral shaft
fracture in patients with multisystem trauma. We estimate an
approximate 50% reduction in the risk of mortality when treat-
ment between twelve and twenty-four hours and more than
forty-eight hours is compared with treatment within twelve
hours after admission; a nonsignificant reduction is estimated
when treatment occurs between twenty-four and forty-eight
hours. Patients with serious abdominal injuries (Abbreviated
Injury Score, 23) showed significantly lower estimated relative
risk in association with treatment delay than did those with low
abdominal Abbreviated Injury Score scores, indicating effect
modification by this set of associated injuries. These results
provide strong empirical evidence in support of a delayed or
“damage-control” approach to definitive fixation of femoral
shaft fracture among patients with multisystem trauma. While a
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randomized controlled trial is needed to prove the treatment
effects estimated here, debate is necessary to further define a
population in which such a trial would be ethical.

Appendix

@ Details of the statistical analysis are available with the
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