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Background: Urgent débridement of open fractures has been considered to be of paramount importance for the
prevention of infection. The purpose of the present study was to evaluate the relationship between the timing of the
initial treatment of open fractures and the development of subsequent infection as well as to assess contributing
factors.

Methods: Three hundred and fifteen patients with severe high-energy lower extremity injuries were evaluated at eight
level-I trauma centers. Treatment included aggressive débridement, antibiotic administration, fracture stabilization, and
timely soft-tissue coverage. The times from injury to admission and operative débridement as well as a wide range of
other patient, injury, and treatment-related characteristics that have been postulated to affect the risk of infection within
the first three months after injury were studied, and differences between groups were calculated. In addition, multivariate
logistic regression models were used to control for the effects of potentially confounding patient, injury, and treatment-
related variables.

Results: Eighty-four patients (27%) had development of an infection within the first three months after the injury. No
significant differences were found between patients who had development of an infection and those who did not when the
groups were compared with regard to the time from the injury to the first débridement, the time from admission to the first
débridement, or the time from the first débridement to soft-tissue coverage. The time between the injury and admission to
the definitive trauma treatment center was an independent predictor of the likelihood of infection.

Conclusions: The time from the injury to operative débridement is not a significant independent predictor of the risk of
infection. Timely admission to a definitive trauma treatment center has a significant beneficial influence on the incidence
of infection after open high-energy lower extremity trauma.

Level of Evidence: Prognostic Level II. See Instructions to Authors for a complete description of levels of evidence.

O
pen fractures routinely are listed among musculoskel-
etal diagnoses requiring urgent surgical intervention.
Prevention of deep infection by means of operative ir-

rigation and débridement within six hours after the injury is a

widely accepted standard of care1,2. Although urgent treatment
logically is appropriate for open fractures, an arbitrary time
window for optimum treatment cannot be justified on the basis
of existing medical evidence. Furthermore, early operative in-
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tervention often is problematic because of the need to transfer
patients with complex injuries to treatment centers with ad-
vanced capabilities and because of ongoing resuscitative requir-
ements for multiply injured patients. The purpose of the present
study was to evaluate the relationship between the timing of
initial treatment and the development of subsequent infection in
a cohort of 315 patients with severe open lower extremity frac-
tures that were treated at eight level-I trauma centers.

Materials and Methods
Study Population

The patients in the current analysis constituted a subgroup
of a larger study (the Lower Extremity Assessment Project

[LEAP]) that was conducted to assess the differences in out-
comes between amputation and reconstruction after limb-
threatening lower extremity trauma. The primary study was
described in detail previously3-5. Patients were eligible for the
present study if they were between the ages of sixteen and
sixty-nine years and had been admitted to one of eight par-
ticipating level-I trauma centers for the treatment of limb-
threatening lower extremity trauma distal to the femur.

Inclusion criteria for the current study were Gustilo Type-IIIB,
IIIC, and selected IIIA6 open tibial, ankle, pilon, and foot
fractures defined by the treating surgeon as representing limb-
threatening injuries. Patients were excluded if they had a
Glasgow Coma Scale score of <15 at twenty-one days after
hospitalization or discharge7, a spinal cord deficit, previous
amputation, or third-degree burn. Patients were also excluded
if they had been transferred to the definitive treatment center
more than twenty-four hours after the injury, if they did not
speak English or Spanish, if they had a documented psychiatric
disorder, or if they were on active military duty. The study
protocol required the involvement of an attending orthopaedic
surgeon during the initial evaluation and treatment of all
cases of major limb trauma. All patients were managed with a
protocol that included aggressive fracture débridement, anti-
biotic coverage, fracture stabilization, repeat débridement, and
early soft-tissue coverage. Three hundred and fifteen subjects
with open tibial, ankle, pilon, and foot fractures that were
treated with lower extremity reconstruction met the inclusion
criteria. Time to treatment and outcome data were available for
307 patients (97.5%).

Fig. 1A

Fig. 1-B

Figs. 1-A and 1-B Bar graphs illustrating the time from injury to admission for the group of patients who were admitted directly to the definitive trauma

treatment center (Fig. 1-A) and the group of patients who were transferred to the definitive trauma treatment center (Fig. 1-B). The mean time (and standard

deviation) was 3.9 ± 5.7 hours for the overall group (n = 307), 1.4 ± 1.3 hours for the direct group (n = 185), and 7.9 ± 7.2 hours for the transfer group (n =

122). The difference between the direct and transfer groups was significant (p < 0.0001).
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Procedures
Patients were enrolled in the study during a forty-month period
(from March 1994 through June 1997) and were followed pro-
spectively for a minimum of three months after the injury. Before
hospital discharge, patients were assessed by an orthopaedic

surgeon and a physical therapist and were interviewed by the
study coordinator. At each follow-up examination, the patients
were asked to participate in a musculoskeletal evaluation to
ascertain the occurrence of complications, including infection.
The patients’ medical records were abstracted after initial

TABLE I Time to Treatment and Risk of Infection

N

Time* (hr)

From Injury to
Admission

From Admission to
Débridement

From Injury to
Débridement

From Débridement to
Soft-Tissue Coverage

All infections

Present 84 5.2 ± 6.5† 6.5 ± 6.3 11.6 ± 9.3 117.8 ± 89.6

Absent 223 3.5 ± 5.2 8.0 ± 9.6 11.5 ± 10.6 131.1 ± 121.8

Major infections

Present 50 6.2 ± 7.5† 7.3 ± 7.4 13.5 ± 10.6 106.3 ± 79.8

Absent 257 3.5 ± 5.1 7.7 ± 9.1 11.2 ± 10.1 137.2 ± 118.4

*The values are given as the mean and the standard deviation. †P < 0.01, t test.

Fig. 2A

Fig. 2-B

Figs. 2-A and 2-B Bar graphs illustrating the time from admission to first débridement for the group of patients who were admitted directly to the definitive

trauma treatment center (Fig. 2-A) and the group of patients who were transferred to the definitive trauma treatment center (Fig. 2-B). The mean time (and

standard deviation) was 7.6 ± 8.8 hours for the overall group (n = 307), 7.8 ± 8.9 hours for the direct group (n = 185), and 7.3 ± 8.7 hours for the transfer

group (n = 122). The difference between the direct and transfer groups was not significant (p = 0.60).
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hospital discharge and after each rehospitalization during the
follow-up period. The study was approved by the institutional
review boards at the coordinating center and each study site.
Informed consent was obtained from all study participants.

Characterizing Patients and Their Injuries
Extensive baseline data were collected regarding patient envi-
ronment, demographic characteristics, and health habits. These

measures have been described previously4. All lower extremity
injuries were prospectively classified at the time of admission
and were assessed with use of standard classification systems
and limb-salvage indices proposed in the literature. For anal-
ysis, injuries were summarized according to (1) the type and
extent of bone injury according to the Orthopaedic Trauma
Association system for the classification of tibial fractures8,
the Arbeitsgemeinschaft für Osteosynthesefragen/Association
for the Study of Internal Fixation (AO-ASIF) system for the
classification of tibial fractures9, the Hannover Fracture Scale10,
the Limb Salvage Index11, and the Predictive Salvage Index12;
(2) the extent of skin, neurovascular, muscle, and tendon injury
according to the AO-ASIF system for the classification of soft-
tissue injury of the tibia, the Hannover Fracture Scale, the Limb
Salvage Index, and the Predictive Salvage Index; (3) plantar
sensation and shock as defined by the Mangled Extremity Se-
verity Score13; and (4) overall open fracture assessment with the
use of the Gustilo classification system6. Associated injuries were
classified with use of the Abbreviated Injury Scale14 and the
Injury Severity Score15; two scores denoting the maximum Ab-
breviated Injury Scale severity of contralateral and ipsilateral

TABLE II Time from Injury to Débridement and Risk of Infection*

Time from
Injury to

Débridement N
Percentage

with Infection
Percentage with
Major Infection

<5 hr 93 28.0 15.1

5 to 10 hr 86 29.1 14.0

>10 hr 128 25.8 18.8

*No significant differences were detected at the p < 0.05 level.

Fig. 3A

Fig. 3-B

Figs. 3-A and 3-B Bar graphs illustrating the time from débridement to soft-tissue coverage in the group of patients admitted directly to the definitive trauma

treatment center (Fig. 3-A) and the group of patients transferred to the definitive trauma treatment center (Fig. 3-B). The mean time (and standard deviation)

was 127.2 ± 113.3 hours for the overall group (n = 307), 129.1 ± 85.8 hours for the direct group (n = 185), and 124.6 ± 143.8 hours for the transfer group

(n = 122). The difference between the direct and transfer groups was not significant (p = 0.75).
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non-amputation-threatening lower extremity injuries also were
calculated.

The time of injury, the time of admission to each fa-
cility, and transfer times were abstracted from the medical
records by a trained study coordinator at each definitive
treatment site. At the time of the index operative débride-
ment, the treating orthopaedic surgeon recorded the time of
the injury and the time of the operative procedure. The time
of soft-tissue coverage also was recorded by the treating or-
thopaedic surgeon.

Outcome Measures
The primary outcome measure used in the present analysis
was the diagnosis of wound infection or osteomyelitis within
the first three months after the injury. The diagnosis was
made by the treating orthopaedic surgeon either at the
scheduled three-month study visit or during inpatient or
outpatient visits occurring before the three-month visit. At
both time points, surgeons were specifically asked whether a
diagnosis of infection was present. For this analysis, we cre-
ated two outcome variables: (1) any diagnosis of infection,
whether treated on an inpatient or outpatient basis (any in-
fection), and (2) a diagnosis of infection or osteomyelitis
resulting in rehospitalization (major infection). A patient was
defined as having any diagnosis of infection if an infectious
complication involving the injury site developed and was
treated on either an inpatient or an outpatient basis within
the first three months after the injury. Infections not in-
volving the injury site were excluded. External fixator pin-
track infections were included only if they involved the open
fracture site. Repeat débridements for the treatment of ne-
crosis were not automatically defined as representing an in-
fectious complication unless they were associated with a
specific diagnosis of infection by the attending surgeon.
When clinically indicated, culture results were assessed by the
attending orthopaedic surgeon.

Data Analysis
The primary goal of the analysis was to test the hypothesis
that the time to treatment predicts the likelihood of infection
after severe lower extremity trauma. The relationships be-
tween the two infection outcome measures and four time-to-
treatment variables were examined, both at the bivariate level
and with use of multivariate logistic regression techniques to
adjust for the effects of potential confounders. Significance at
the bivariate level was assessed with use of the chi-square and
t tests. The results of multivariate logistic regression are
presented as odds ratios with p values. Model selection was
guided by the results of bivariate analyses and previous
analyses16. Covariates with a significance level of p < 0.2 and
those whose removal changed the magnitude of the re-
maining regression coefficients were retained in the model.
Because two outcome measures were tested against four hy-
pothesized predictors, a Bonferroni-adjusted significance level
of 0.00625 was calculated to account for the increased pos-
sibility of a type-I error. For the outcome of ‘‘All Infections,’’

the study was powered at 0.8 to detect differences in infection
rates of ‡17%. For the outcome of ‘‘Major Infections,’’ the
study was powered at 0.8 to detect differences in infection rates
of ‡13%.

All p values reported as p < 0.01 also met this more
conservative significance criterion.

Source of Funding
Funding for the original LEAP study was provided through a
grant from the National Institutes of Health—National Insti-
tute of Arthritis and Musculoskeletal and Skin Diseases (NIAMS
R01-AR42659). Funds from this grant were used to support costs
associated with investigator time, data collection, and data anal-
ysis. No additional funding was provided for this particular sub-
analysis of the LEAP study.

Results

All patients who were admitted directly from the scene of
injury to the definitive trauma treatment center were

admitted within eight hours after the injury (Fig. 1-A). Patients
who were transferred to the definitive trauma treatment center
from another hospital arrived at variable times within the first
twenty-four hours after the injury (Fig. 1-B).

Three hundred and seven patients with high-energy
lower extremity trauma met the inclusion criteria. On bivariate
analyses, the patients with and without infection did not differ
with regard to age, sex, insurance status, level of education,
poverty status, smoking status, or number of comorbidities.
Among patients who had development of a major infection,
bivariate analyses demonstrated significant differences (p <
0.01) in infection rates for those with >2 cm of bone loss. In
addition, patients with Gustilo Type-IIIC tibial fractures were
significantly (p < 0.01) more likely to have development of
infection than those with Gustilo Type-IIIA or IIIB tibial

TABLE III Time from Injury to Admission and Risk of Infection

N
Percentage

with Infection
Percentage with
Major Infection

Patients admitted
directly to trauma
center

£2 hr 142 20.4 11.3

>2 hr 43 55.8* 30.2*

Patients transferred
to trauma center

1 to 3 hr 53 17.0 13.2

4 to 10 hr 33 27.3 12.1

11 to 24 hr 36 36.1† 27.8†

*The risks of infection and major infection were significantly higher for
patients for whom the time at the scene or in transit was prolonged (more
than two hours from the time of injury to admission) as compared with those
for whom the time from injury to admission was two hours or less (p < 0.01,
chi-square test). †The risks of infection and major infection were signifi-
cantly higher in the eleven-to-twenty-four-hour group as compared with the
one-to-three-hour group (p < 0.05, chi-square test of homogeneity).
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fractures, although no differences were observed in the rate of
major infection.

In comparisons of other injury characteristics of the
study population, including the degree of nerve damage,
muscle damage, relative size of the skin defect, Injury Severity
Score, and the surgeon’s perception of the degree of contam-
ination, bivariate analyses revealed no significant differences
between the group that eventually had development of infec-
tion and the group that did not.

When the study populations were compared on the basis
of treatment characteristics, patients who were managed with
intramedullary nail fixation were less likely to have develop-
ment of infection than those who were managed with external
fixation or a plate (p < 0.1). There were no other significant
differences between the patients with and without infection
when the groups were compared on the basis of treatment
characteristics.

An evaluation of the risk of development of any type of
infection (major or minor) showed that time from injury to

admission to the definitive trauma treatment center was a sig-
nificant predictor of the likelihood that infection would develop
(Table I). Time from injury to débridement and time from
admission to débridement (Figs. 2-A and 2-B) were evaluated
separately. Although the range of time from injury to débride-
ment in the present series was fairly narrow (with most injuries
being treated with operative débridement within twenty-four
hours after occurrence), within the context of that limitation, no
significant difference was observed in terms of the mean time to
débridement between the group of patients who had develop-
ment of infection and the group of patients who did not (Table
II). Similarly, the time from initial débridement to eventual soft-
tissue coverage (Figs. 3-A and 3-B) was not an independent
predictor of the development of infection on either multivariate
or bivariate analysis.

Table III examines the influence of prolonged pre-
hospital time and the effect of prolonged time at the initial
hospitals before transfer to definitive trauma treatment cen-
ters. Among patients who were primarily admitted to a de-

TABLE IV Multivariate Regression Model of Likelihood of Infection

All Infections Major Infections

Unadjusted* Adjusted† Unadjusted* Adjusted†

Patients admitted directly to trauma center

£2 hr Reference Reference Reference Reference

>2 hr 4.3‡ 5.4‡ (2.5 to 11.5) 2.7‡ 3.1‡ (1.4 to 7.0)

Patients transferred to trauma center

1 to 3 hr Reference Reference Reference Reference

4 to 10 hr 1.1 1.5 (0.6 to 3.6) 0.8 0.9 (0.3 to 3.1)

11 to 24 hr 1.6§ 1.9§ (0.9 to 4.3) 2.2§ 2.6‡ (1.1 to 6.2)

Bone loss

£2 cm Reference Reference Reference Reference

>2 cm 2.2§ 1.7§ (0.8 to 3.7) 3.3‡ 3.0‡ (1.3 to 6.5)

Tibial fracture

Grade IIIA/B Reference Reference Reference Reference

Grade IIIC 2.8‡ 1.9‡ (1.0 to 6.3) 1.4 1.5 (0.4 to 4.7)

Compartment syndrome

Absent Reference Reference Reference Reference

Present 2.0§ 1.7§ (1.1 to 7.3) 1.7 1.5 (0.4 to 5.3)

Fixation device

Nail Reference Reference Reference Reference

External fixator/plate 2.3§ 1.6§ (1.1 to 3.0) 2.2§ 2.0§ (0.8 to 4.9)

Education

No college Reference Reference Reference Reference

Some college 0.6§ 0.7 (0.3 to 1.2) 0.7 0.8 (0.4 to 1.8)

Smoking

Nonsmoker Reference Reference Reference Reference

Smoker 1.7§ 1.7§ (0.8 to 3.3) 1.7 1.5 (0.6 to 3.4)

*The values are given as odds ratios. †The values are given as odds ratios, with 95% confidence intervals in parentheses. ‡p < 0.01. §p < 0.1.
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finitive trauma treatment center, those for whom the time at
the scene or in transit was prolonged (more than two hours
from the time of injury to admission) were significantly
more likely to have development of infection than those for
whom the time from injury to admission was two hours or
less (56% compared with 20%, respectively, for all infections
and 30% compared with 11%, respectively, for major in-
fections; p < 0.01). Multivariate regression modeling of the
likelihood of infection, performed to control for additional
patient, injury, and treatment-related variables, showed that
patients who were admitted directly to a definitive trauma
treatment center more than two hours after the injury were
5.4 times more likely to have development of infection and
3.1 times more likely to have development of major infec-
tion (p < 0.01) as compared with those who were admitted
to the definitive trauma treatment center within two hours
after the injury (Table IV). Patients who were transferred
from the initial receiving institutions to the definitive
trauma treatment center within three hours after the original
injury were significantly less likely to have development of
infection than those who were transferred eleven to twenty-
four hours after the injury (Table III). This result also re-
mained true with similar multivariate regression modeling
(Table IV).

Discussion

The time from the injury to the initial operative dé-
bridement was not a significant independent predictor of

the risk of infection in this patient population; however, this
finding should not be interpreted as an argument that opera-
tive débridement of open fractures should not be accom-
plished urgently. At the time that the patients were recruited
into the present study, it was the treatment standard among the
institutions involved to proceed with operative débridement of
high-energy lower extremity injuries as safely and expedi-
tiously as possible within the context of the patient’s overall
physiological condition. Therefore, no control group of pa-
tients with severe high-energy lower extremity trauma who
were admitted to the definitive trauma treatment center un-
derwent delayed débridement of open fractures because of
surgeon or institutional convenience. Similarly, the results do
not indicate that emergent débridement of open fractures re-
duces the risk of infection. Although many authors have de-
clared débridement of open fractures to be an orthopaedic
emergency, this declaration seems to be based on theory and
minimal data. The results of the present study suggest that the
components of treatment associated with admission to a de-
finitive trauma treatment center are at least as critical as the
time to operative débridement with regard to the risk of de-
velopment of an infection.

In the present study, we included a mixed group of tibial
and foot injuries because it often is difficult for field providers
to ascertain the exact location of high-energy lower extremity
injury. Often, the zone of injury extends from the foot through
the lower extremity. Field providers often are faced with a
question of whether to transport a patient with an isolated

high-energy lower extremity injury to a trauma center that is
capable of extensive limb-salvage surgery or to a local facility.
The present study suggests that complication rates, at least in
terms of the rate of infection, were higher when patients were
first admitted to a center that did not definitively treat the open
lower extremity injury and when patients remained at the
initial treatment center for eleven hours or more than they
were when patients were transferred sooner or when they ar-
rived at the definitive treatment center directly from the scene
of the injury within two hours after the injury.

A very large difference in infection rates was shown
between patients who were admitted directly to a trauma
center from the scene of the injury more than two hours after
the injury and those who were admitted directly to a trauma
center from the scene of injury within two hours after
the injury, which possibly indicates that prolonged out-of-
hospital time is associated with higher infection rates. The
reasons for the prolonged time from the injury to the initial
admission to the hospital require additional investigation. It
is possible that the delayed patients were entrapped for a
prolonged period of time. It also is possible that the pro-
longed period of time represents a marker of increased injury
severity. Patients whose limbs were crushed or otherwise
pinned as a result of the index trauma might have been more
likely to sustain an infection than those whose lower ex-
tremity injuries were more rapidly mobilized. It also is pos-
sible that being in an ambulance in a less stable environment
outside the hospital increases the propensity for infection.
Finally, it is possible that the degree to which fluid resusci-
tation and the administration of antibiotics occur outside the
hospital is less than the degree to which they are accom-
plished within the hospital and that patients who were ad-
mitted to the trauma center directly from the scene more than
two hours after the injury were unlikely to receive prehospital
care that was comparable with the hospital care received by
the group admitted earlier.

The data indicate that patients who were transferred to
the trauma center one to three hours after admission to the
initial hospital had a trend toward lower infection rates than
those who were transferred four to ten hours after admission
to the outside institution and significantly lower infection
rates than those transferred to definitive trauma treatment
centers eleven to twenty-four hours after the index injury.
Regression modeling suggested that the differences were not
related to the severity of injury, patient characteristics, or
treatment characteristics. This finding strongly suggests that, if
transfer to an institution capable of extensive limb-salvage
surgery is deemed necessary for the definitive treatment of a
high-energy lower extremity fracture, such transfer should be
expedited. In most cases in which patients were transferred, we
do not know the exact time of admission to the original hos-
pital because that information was not included in the original
data set extracted from the medical records. It is possible that
for patients who were transferred to the definitive treatment
facility, delay in arrival at the initial treatment hospital was also
predictive of infection.
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The overall reported infection rate in the present series
(27%) was high compared with those in some other series of
open fractures reported in the literature17-19. We believe that
this infection rate was higher than those seen in some other
series for several reasons. First, our definition of infection was
intentionally broad. Our purpose was to determine whether
the timing of treatment was important in predicting the risk of
infection. We thus sought to be more inclusive in order to
avoid missing an effect of timing on the risk of infections not
postulated to be deep. Second, we believe that the level of
injury severity in the present study was higher than that in
other studies. Direct comparison of injury severity between
published series in the literature is difficult, making this hy-
pothesis difficult to test; however, the LEAP study was designed
to examine outcomes primarily in the subset of patients with
high-energy lower extremity trauma for whom amputation
was a serious treatment consideration.

Because the present analysis specifically addresses the
question of the role of time from injury to treatment as a risk
factor for the development of a complication, the accuracy of
the data regarding the time of injury is of importance. Infor-
mation about time of injury was recorded by the treating
surgeon at the time of the initial operative treatment of the
fracture. While it is possible that errors occasionally occurred
in determining the time of injury, it seems unlikely that any
consistent source of error associated with any bias was present.
It is also likely that this information is relatively accurate rel-
ative to that in other studies in the literature addressing the
timing of operative treatment of open fractures as our infor-
mation was collected prospectively. Information about the
time of admission to the initial treatment facilities and to the
definitive treatment facilities was also likely accurate given that
it was extracted directly from the medical records from the
individual hospitals involved. Cases were excluded from the
final analysis if reliable data were not available (with only eight
cases [2.5%] being excluded overall).

The diagnosis of infection in this patient population was
necessarily subjective in certain situations. For this reason, we
erred on the side of inclusion by considering even diagnoses
that were only potentially related to the timing of treatment,
such as pin-track infections involving the open fracture
wound, to be in the study group. It is possible that such in-
fections were primarily pin-track infections and that the open
fracture wound became involved only secondarily. Another
inherent weakness is that we were unable to determine when
serial operative débridements were necessitated by infection as
opposed to progressive tissue necrosis. We relied on the pro-
spectively recorded opinion of the treating surgeon in making
this determination. The strength of these data is that the sur-
geon was specifically questioned as to whether or not he or she
thought that infection was present. The weakness is that the
data on which the surgeon relied in making this determination
were inconsistent.

It also is possible that the administration of antibiotics
occurred earlier when patients were admitted directly to the
definitive trauma treatment center. Unfortunately, information

about the timing of administration of prophylactic antibiotics
was not included in the data collection during the initial LEAP
study. It also was not possible for us to reliably retrieve this
information retrospectively. This represents a major limitation
of the current study and eliminates our ability to determine the
effect of the time from the injury to antibiotic administration
on the risk of infection in this population. We believe that
prospective study of the relationship between the time of in-
jury, the time of antibiotic administration, the time of surgical
débridement, and the risk of infection is warranted to help
surgeons better understand the importance of decisions about
the timing of treatment in mitigating the risk of infection after
severe high-energy lower extremity fractures.

Several of the findings in the present study are consis-
tent with the widely held belief that injury severity is an
important predictor of the risk of infection. Patients with
compartment syndrome and those with >2 cm of bone loss
had an increased risk of infection. Both compartment syn-
drome and nerve injury are likely markers of injury severity.
The present study should not be interpreted to indicate that
injury severity is unimportant. Rather, our data indicate that,
after controlling for injury severity, the time from the injury
to the arrival at the definitive treatment center is an impor-
tant independent risk factor whereas the time from the injury
to the arrival in the operating room is not. In addition, it is
possible that fewer inspections of the wound were performed
before operative intervention when patients were admitted
directly to the definitive trauma treatment center. However,
this by itself does not necessarily explain why a patient who
had a short stay at an interim institution fared better than a
patient who had a prolonged stay. It is also possible that
another variable associated with arrival at the definitive
treatment center, such as resuscitation, contributes to the
mitigation of the risk of infection. Determining whether fewer
wound inspections or improved resuscitation or whether an-
other yet unapparent factor associated with arrival at the de-
finitive treatment facility is responsible for this effect is beyond
the scope of the present study but likely warrants additional
investigation.

These data indicate that rapid transfer to a trauma center
that is capable of definitively treating severe high-energy lower
extremity injuries might be associated with the possibility of
decreasing infection rates after injury. This effect seems to be
independent of any effect on time from the injury to the
surgical débridement of the open fracture. The results of the
present study suggest that prospective evaluation that allows
better investigation of the potential confounding effects of
variables such as the time from injury to antibiotic adminis-
tration and the time from injury to completion of resuscitation
is warranted. If the results of the current investigation were to
be confirmed, the findings would seem to support develop-
ment of protocols for Emergency Medical Service field pro-
viders dictating that patients with high-energy lower extremity
open injuries should be transferred expeditiously from the
scene of the injury to a center capable of definitive treatment of
the injuries whenever feasible. n
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