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Timing is everything: Impact of combined long bone fracture and
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BACKGROUND: Timing of extremity fracture fixation in patients with an associated major vascular injury remains controversial. Some favor tem-
porary fracture fixation before definitive vascular repair to limit potential graft complications. Others advocate immediate revas-
cularization to minimize ischemic time. The purpose of this study was to evaluate the timing of fracture fixation on outcomes in
patients with concomitant long bone fracture and major arterial injury.

METHODS: Patients with a combined long bone fracture andmajor arterial injury in the same extremity requiring operative repair over 11 years
were identified and stratified by timing of fracture fixation. Vascular-related morbidity (rhabdomyolysis, acute kidney injury, graft
failure, extremity amputation) andmortality were compared between patients who underwent fracture fixation prerevascularization
(PRE) or postrevascularization (POST).

RESULTS: One hundred four patients were identified: 19 PRE and 85 POST. Both groupswere similar with respect to age, sex, Injury Severity
Score, admission base excess, 24-hour packed red blood cells, and concomitant venous injury. The PRE group had fewer penetrat-
ing injuries (32% vs. 60%, p = 0.024) and a longer time to revascularization (9.5 vs. 5.8 hours, p = 0.0002). Although there was no
difference in mortality (0% vs. 2%, p > 0.99), there were more vascular-related complications in the PRE group (58% vs. 32%,
p = 0.03): specifically, rhabdomyolysis (42% vs. 19%, p = 0.029), graft failure (26% vs. 8%, p = 0.026), and extremity amputation
(37% vs. 13%, p = 0.013). Multivariable logistic regression identified fracture fixation PRE as the only independent predictor of
graft failure (odds ratio, 3.98; 95% confidence interval, 1.11–14.33; p = 0.03) and extremity amputation (odds ratio, 3.924; 95%
confidence interval, 1.272–12.111; p = 0.017).

CONCLUSION: Fracture fixation before revascularization contributes to increased vascular-related morbidity and was consistently identified as the
only modifiable risk factor for both graft failure and extremity amputation in patients with a combined long bone fracture and ma-
jor arterial injury. For these patients, delaying temporary or definitive fracture fixation until POST should be the preferred ap-
proach. (J Trauma Acute Care Surg. 2022;92: 21–27. Copyright © 2021 American Association for the Surgery of Trauma.)

LEVEL OF EVIDENCE: Prognostic study, Level IV.
KEYWORDS: Vascular trauma; amputation; long bone fracture.

C ombined orthopedic and major arterial injuries of the ex-
tremities continue to represent complex injury patterns re-

quiring multispecialty coordination for their management. The
appropriate order (or operative sequence) for their management
remains a point of contention among trauma, vascular, and or-
thopedic surgeons.

Many have argued that long bone fixation should be per-
formed before revascularization.1–5 This emphasis on orthope-
dic repair preceding revascularization has been driven, in large
part, by a fear of iatrogenic graft injury (e.g., graft thrombosis
or disruption). Conversely, others have argued for performing
long bone fixation after vascular repair in an effort to limit ische-
mia time.6–8

Given the continued controversy surrounding the appro-
priate operative sequence for patients with concomitant long
bone fractures and major arterial injuries, we sought to better
identify the impact of operative sequence on outcomes. Specifi-
cally, we hypothesized that revascularization before fracture fix-
ation would lead to decreased extremity-related morbidity (e.g.,
amputations) without increasing vascular graft complications
(e.g., thrombosis). Thus, the purpose of this study was to evalu-
ate the timing of fracture fixation on outcomes in patients with
concomitant long bone fractures and major arterial injury.

PATIENTS AND METHODS

Study Design, Identification of Patients, and
Data Collection

After approval from the institutional review board at the
University of Tennessee Health Science Center, a cohort study
design was used to evaluate the study population (adult patients
requiring operative repair of both a long bone fracture and a ma-
jor artery located in the same extremity) from an 11-year period
(April 2009 to June 2020). The study population was identified
from the trauma registry of a Level I Trauma Center (the Presley
Regional Trauma Center in Memphis, TN) (see Fig. 1) and
stratified by exposure (fracture fixation before vs. after revas-
cularization). The minimum size of the study population
(n ≥ 86) was determined via a power analysis (alpha = 0.05
and beta = 0.8) to detect a change in the proportion of patients
undergoing amputation from 0.1 to 0.35. The charts were re-
viewed for patient characteristics, mechanism and severity
of injury, severity of shock, time to revascularization, and out-
comes, including extremity amputation and mortality. These
data were merged with patient data from the trauma registry
(NTRACS version 3.5, Digital Innovations) to compile the data-
base for this study.

Patient characteristics evaluated included age (years),
sex (male or female), extremity injured (upper or lower),
presence of major venous injury (yes or no), fasciotomy
performed (yes or no), and intraoperative heparinization
(yes or no). Mechanism of injury was defined as penetrat-
ing or blunt. The Injury Severity Score (ISS) was used to
measure severity of injury. Admission systolic blood pres-
sure (mm Hg), base excess (mEq·L−1), and total packed red
blood cells (PRBC) transfused over 24 hours (units) were used
to evaluate severity of shock. Time to revascularization was
measured in hours.
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Outcomes
Outcomes including amputation, rhabdomyolysis, graft

failure, acute kidney injury, and in-hospital mortality were re-
corded and compared by group. Amputation was defined as pa-
tients requiring amputation of the extremity where the combined
vascular and long bone injuries were located. Rhabdomyolysis
was defined as those patients with a positive urine myoglobin.
Graft failure was defined as those vascular repairs with evidence
of hemorrhage requiring reoperation or occlusion. Acute kidney
injury was defined as those patients with stage 3 acute kidney in-
jury as defined by Kidney Disease: ImprovingGlobal Outcomes
(serum creatinine three times baseline, increase in serum cre-
atinine to ≥4 mg·dL−1, initiation of renal replacement therapy,
urine output <0.3 mL·kg−1·h−1 for ≥24 hours, or anuria for
≥12 hours).

Patient Management and Technique
Physical examination in combination with radiographic

imaging was used for the diagnosis of long bone fractures.
The diagnosis of associated vascular injuries relied predomi-
nantly on physical examination (e.g., active arterial hemorrhage,
nonpalpable distal pulses, or abnormal ankle-brachial indexes)
with only selective use of arteriography (either via computer to-
mography or angiography). The sequence of surgical interven-
tion was determined by the attending trauma/vascular surgeons.
Long bone fractures either underwent temporary or definitive
stabilization at the index operation. External fixation or percuta-
neous pinning was used to temporize, while external fixation or
surgical fixation (e.g., open reduction internal fixation) was used
as definitive treatment modalities. The choice of which approach
to use was at the discretion of the attending orthopedic surgeon.
Initial revascularization was performed via temporary shunt
placement or surgical repair at the discretion of the operative
surgeon. Vascular shunts were used either as a temporizing mea-
sure (to allow fracture reduction and fixation) or for damage
control in hemodynamically unstable patients. Arterial repairs

were performed with simple suture repair, resection and anasto-
mosis, reverse saphenous vein graft (as either an interposition or
bypass graft), patch repair, or polytetrafluoroethylene bypass.
Patients underwent intraoperative intravenous heparinization at
the discretion of the surgeon performing the repair (either the at-
tending trauma or vascular surgeon). Postoperatively, all patients
were admitted to the trauma intensive care unit.

Statistical Analysis
All analyses were performed using SAS version 9.4 (SAS

Institute, Cary, NC). Comparisons between the two groupswere per-
formed using a Student’s t test and χ2 analysis or Wilcoxon rank
sum test where appropriate. Variables exhibiting a significance
less than 0.05 were considered for inclusion in the full multiple
regression model. Multivariable logistic regression analysis was
then performed to identify significant predictors of extremity
amputation in the study population. A p value less than 0.05
was considered statistically significant.

RESULTS

Patient Characteristics
Over the study period (April 2009 to June 2020), 104 pa-

tients with long bone fractures requiring operative management
and concomitant major arterial injury requiring repair were iden-
tified. These patients ranged in age from 18 years to 73 years
(mean, 34 years) and included 88 men (85%) and 16 women
(15%). Mean admission systolic blood pressure (SBP) and ISS
were 120 (range, 61–180) and 15, respectively. Mechanism of in-
jury was penetrating in 55% (n = 57) of patients. Seventy-nine
percent (n = 82) of injuries were located in the lower extremity.
All long bone fixations were performed by attending orthopedic
surgeon. Sixty percent (n = 62) of vascular repairs were performed
by attending trauma surgeons. The remaining 40% (n = 42) were
performed by attending vascular surgeons.

Figure 1. Incidence and management of long bone fractures with concomitant major arterial injury.
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The overall mean time to revascularization was 18 hours (me-
dian, 6 hours), and 69% (n = 72) underwent fasciotomies. The most
common artery injured was the popliteal artery (40%, n = 42)
followed by the superficial femoral artery (31%, n = 33) and the bra-
chial artery (13%, n = 14). The remaining injuries involved the tibial
vessels (7%, n = 7), axillary artery (5%, n = 5), and the radial artery
(3%, n = 3). Associated major venous injury was identified in 37%
(n = 38) of patients, of which 61% (n = 23) were managed with liga-
tion. Only 8% (n = 8) had an associated nerve injury.

Approaches to revascularization varied. Eighty-eight per-
cent (n = 92) underwent intraoperative heparinization, and 70%
(n = 72) had completion angiography. Only 10% (n = 10) of pa-
tients underwent shunt placement. Reverse saphenous vein (64%)
(n = 67) used as an interposition graft or a bypass conduit served
as the most common operative technique for repair of arterial inju-
ries. Resection and anastomosis was utilized in 29% (n = 30) of
cases. The remainder underwent primary repair (1%, n = 1), patch
angioplasty (1%, n = 1), or bypass/interposition graft creation
with polytetrafluoroethylene (PTFE) (2%, n = 2).

Eighteen percent (n = 19) of all patients underwent frac-
ture fixation (either temporary or definitive) before undergoing
revascularization. Of those, 11% (n = 2) underwent primary
definitive fixation (i.e., open reduction internal fixation or
intramedullary nailing). The remaining 89% (n = 17) underwent
initial stabilization with external fixator (84%, n = 16) or trac-
tion pin placement (5%, n = 1). Simple linear regression was
performed, and fixation prerevascularization (PRE) did not vary
over time (beta = −0.07762, p = 0.5648).

Comparison
Table 1 demonstrates a comparison of demographics, in-

jury characteristics and outcomes between patients managed
with fracture fixation PRE and those with fracture fixation
postrevascularization (POST). The groups were similar with re-
spect to age, sex, severity of initial shock (as measured by initial
base excess, systolic blood pressure and 24-hour PRBC transfu-
sions), ISS, injury location (i.e., lower vs. upper extremity), as-
sociated major venous injury, and fasciotomy formation. Those
in the POST group were more likely that have a penetrating
mechanism of injury (60% [n = 51] vs. 32% [n = 6], p = 0.024).
Those in the PRE group were more likely to undergo extremity
amputation (37% [n = 7] vs. 13% [n = 11] p = 0.013), develop
rhabdomyolysis (42% [n = 8] vs. 19% [n = 16], p = 0.029),
and suffer failure of their arterial repair (26% [n = 5] vs. 8%
[n = 8], p = 0.026). There was also no difference in acute kid-
ney injury, new need for hemodialysis, or mortality between the
two groups.

Table 2 demonstrates a comparison of demographics, injury
characteristics and outcomes between patients who underwent
extremity amputation versus thosewho did not. Both groups were
similar with respect to sex, mechanism of injury, ISS, intraopera-
tive heparin administration, initial base excess, and admission
systolic blood pressure. Those who underwent amputation were
older (41 years vs. 27 years, p = 0.033), had higher 24-hour
PRBC transfusion requirements (13 units vs. 6 units, p = 0.0066),
more likely to undergo fasciotomy (89% [n = 16] vs. 65%
[n = 56], p = 0.047), and more likely to undergo fracture fixation
before revascularization (39% [n = 7] vs. 14% [n = 12], p = 0.013).
There was no difference in mortality between the two groups.

Regression Analysis
The results of a logistic regression model developed using

the database to predict amputation are shown in Table 3. After
adjusting for fixation PRE, time to revascularization, use of intra-
operative heparin bolus infusion, and penetrating mechanism of

TABLE 1. Comparison of Patients Managed With Fracture
Fixation Based on Time to Revascularization

PRE POST p

n 19 85

Age 34 (24, 52) 27 (22, 43) 0.18

Male (%) 17 (89) 71 (84) 0.52

Penetrating (%) 6 (32) 51 (60) 0.024

ISS 10 (9, 18) 10 (9, 19) 0.49

Lower extremity injury (%) 15 (79) 67 (80) >0.99

Time to revascularization, h 9.5 (6.5, 14.5) 5.8 (4.0, 7.8) 0.0002

Venous injury (%) 7 (37) 31 (36) 0.98

Fasciotomy (%) 12 (63) 60 (71) 0.53

Intraoperative heparin (%) 14 (74) 78 (92) 0.026

SBP 112 (107, 144) 123 (105, 140) 0.81

BE −3.4 (−5.8, −2.7) −4 (−7.6, −2) 0.57

24-h PRBC, units 4 (2, 14) 8 (4, 13) 0.35

Mortality (%) 0 (0) 2 (2) >0.99

Morbidity (%) 11 (58) 27 (32) 0.033

Amputation (%) 7 (37) 11 (13) 0.013

Rhabdomyolysis (%) 8 (42) 16 (19) 0.029

Graft failure (%) 5 (26) 7 (8) 0.026

Acute kidney injury (%) 0 (0) 3 (3.5) >0.99

Dialysis (%) 0 (0) 2 (2) >0.99

BE, admission base excess; Morbidity, vascular-related morbidity defined as any of the
following: postoperative amputation, graft failure, rhabdomyolysis, acute kidney injury, and
dialysis (defined as new need for renal replacement therapy).

Categorical variables are listed as numbers with percentage in parentheses. All continu-
ous variables are listed as medians with interquartile range in parentheses.

TABLE 2. Comparison of Patients WITH and
WITHOUT Amputation

With Without p

n 18 86

Age 41 (25, 53) 27 (22, 39) 0.033

Male (%) 15 (83) 73 (85) >0.99

Penetrating (%) 7 (39) 50 (58) 0.14

ISS 10 (7, 10) 10 (9, 14) 0.43

Lower extremity injury (%) 16 (89) 66 (77) 0.25

Time to revascularization, h 8.2 (5.5, 11.2) 6.2 (4.1, 8.8) 0.25

Venous injury (%) 7 (39) 31 (36) 0.82

Fasciotomy (%) 16 (89) 56 (65) 0.047

Intraoperative heparin (%) 18 (100) 74 (86) 0.092

SBP 111 (93, 143) 124 (108, 141) 0.46

BE −5.2 (−11, −2.8) −4 (−7, −2) 0.34

Fixation PRE 7 (39) 12 (14) 0.013

24-h PRBC, units 13 (6, 32) 6 (2, 12) 0.0066

Mortality (%) 1 (6) 1 (1) 0.32

Categorical variables are listed as numbers with percentage in parentheses. All continu-
ous variables are listed as medians with interquartile range in parentheses.
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injury, multivariable logistic regression found only fracture fixa-
tion before revascularization (odds ratio [OR], 6.38; 95% confi-
dence interval [CI], 1.62–25.13; p = 0.008) to be significantly
associated with amputation. Furthermore, stepwise multivari-
able logistic regression identified fracture fixation before revas-
cularization (OR, 3.924; 95% CI, 1.272–12.111; p = 0.017) as
the only independent predictor of extremity amputation.

The results of a logistic regression model developed using
the database to predict graft failure are shown in Table 4. After
adjusting for fixation PRE, time to revascularization, use of in-
traoperative heparin bolus infusion, and penetrating mechanism
of injury, multivariable logistic regression found only fracture
fixation before revascularization (OR, 4.2; 95%, CI, 1.05–16.87;
p = 0.04) to be significantly associated with amputation. Subse-
quently, stepwise multivariable logistic regression identified fracture
fixation before revascularization (OR, 3.98; 95% CI, 1.11–14.33;
p = 0.03) as the only independent predictor of subsequent graft
failure.

DISCUSSION

Long bone fractures have historically represented grim diag-
noses with mortality rates as high as 26% during the American
Civil War.9,10 Subsequent decades saw the introduction of anti-
septic technique, antibiotics, and improved methods of soft tissue
coverage. As a result, modern civilian series have seen mortality
rates improve to less than 5%.11 Similarly, extremity arterial inju-
ries conferred significant morbidity with amputation rates greater
than 40% reported during the SecondWorldWar.12 As operative
approach transitioned from ligation to revascularization at the
conclusion of World War II and the beginning of the Korean
War, amputations markedly declined with recent civilian series
reporting limb loss rates of only 3%.13–16 Although outcomes
have improved in patients with isolated long bone fracture and
major vascular injuries of the extremity, they remain especially
morbid diagnoses when presenting simultaneously in the same
extremity. In these patients amputation and mortality rates re-
main as high as 36% and 7%, respectively, highlighting the
added complexity of patients with combined vascular and ortho-
pedic injuries and underscoring the role that operative sequence
and timing may play in optimizing outcomes.6,17,18

Given the long-standing association between ischemia
time and subsequent morbidity in patients with major arterial in-
juries of the extremity, we expected that complications typically
associated with tissue ischemia (e.g., limb loss and rhabdomyoly-
sis) would be lower by prioritizing extremity revascularization
over surgical fixation of long bones.19,20 In this study, only
13% of those who underwent revascularization before fracture
fixation ultimately required amputation compared with 37% of
those who underwent a “fracture first” management strategy.

In addition, rhabdomyolysis rates were significantly lower in
the “vascular first” when compared with the “fracture first”
group (Table 1). These findings were in line with our hypothesis
that limb salvagewould be improved and rhabdomyolysis would
be limited by prioritizing revascularization over surgical fixation
of long bones.6,7,21

The “vascular first” approach to the management of these
injuries has not been previously embraced by others, in part, be-
cause of the theoretical risk of subsequent iatrogenic graft injury
during fracture fixation.5,7 This is thought to occur via manipu-
lation of the injured extremity after vascular repair (e.g., further
fracture reduction or hardware placement) resulting in either
graft thrombosis or disruption. We hypothesized that this would
not be the case for two reasons. First, routine practice at our in-
stitution has been to ensure that fractures are adequately manu-
ally reduced before performing vascular repair, which should
provide a degree of protection from subsequent manipulation.
Second, any benefit conferred by preventing further manipulation
through a “fracture first” approach would likely be superseded by
the deleterious effects of further delaying extremity revasculariza-
tion. Our results were consistent with our expectations, as those
who underwent “fracture first” management had significantly
higher graft failure rates than those who underwent a “vascular
first” approach (26% vs. 8%, respectively).

The use of temporary vascular shunts has grown in use
and popularity from its initial introduction in 1971.22,23 It can
be used as a means of damage control, allowing surgeons to per-
form formal vascular reconstruction after the patient’s metabolic
derangements have been corrected. Conversely, shunts may be
used in a semielective fashion, allowing for rapid revasculariza-
tion before formal orthopedic fixation. After operative fracture
fixation has been performed, the shunt can then be removed and
formal revascularization can be performed at the conclusion of
the case. In our study, only nine patients underwent shunt place-
ment. Of these, six were placed semielectively to allow for rapid
revascularization before orthopedic fixation. The remaining three
patients underwent shunt placement for damage control.

Based on these results, we recommend revascularization
before surgical fracture fixation as it is not only associated with
decreased limb loss and rhabdomyolysis, but also with fewer
graft failures. The type of revascularization (shunt vs. formal ar-
terial repair) should be tailored to the patient’s hemodynamic
status and overall injury pattern. Given the low number of pa-
tients managed semi-electively with shunts, we cannot defini-
tively advocate for shunt use in this fashion. What we do know,
however, is that early revascularization (either via shunt place-
ment or definitive repair)—before fracture fixation—decreases
ischemia time and improves outcomes in these patients, regard-
less of hemodynamic status.

TABLE 4. Predictors of Graft Failure

Adjusted OR 95% CI p

Fixation PRE 4.2 1.05–16.87 0.04

Intraoperative heparin 2.36 0.25–22.47 0.45

Penetrating mechanism of injury 0.76 0.2–2.81 0.68

Time to revascularization 1.0 0.99–1.01 0.96

TABLE 3. Predictors of Amputation

Adjusted OR 95% CI p

Fixation PRE 6.38 1.62–25.13 0.008

Penetrating mechanism of injury 0.59 0.18–1.91 0.38

Time to revascularization 0.98 0.94–1.03 0.39

Intraoperative heparin 999 0.01–999 0.96
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LIMITATIONS

The primary limitation of this study is that it was retro-
spective. Specifically, timing and method of revascularization
was performed at the discretion of the operative surgeon, poten-
tially introducing bias into the results. Lastly, as this study exam-
ined trauma patients exclusively from a single Level I Trauma
Center (The Presley Regional Trauma Center in Memphis, TN),
application of the results to other populations should be done cau-
tiously, especially when treatment modalities other than those
described above are applied.

CONCLUSION

Concomitant long bone fractures and major arterial inju-
ries represent complex injury patterns that require coordinated
multispecialty care to achieve optimal results. We recommend
that revascularization (either via temporary shunt or definitive
repair) be performed before operative fracture fixation in order
to minimize the risk of adverse outcomes, especially subsequent
extremity amputation and graft failure.
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DISCUSSION
DAVID T. EFRON, M.D. (Baltimore, Maryland): Dr.

Henry, Dr. Malhotra, members. Thank you for the privilege of
discussing this paper, this very well, clearly presented paper.

Limb salvage remains one of the most important relevant
topics in trauma surgery today. It is truly a multi-disciplinary
mission that requires not only seamless cooperation with care-
givers but smooth and timely interventions, as well.

The authors examined their experience and compare the
outcomes from injured limbs when definitive orthopedic fixation
as performed first versus reestablishment of vascular flow first.

Ultimately, they conclude that definitive orthopedic first
approach is associated with a greater incidence of limb loss. It
is my bias that the premise is correct. Time to vascular restora-
tion is paramount.

I have many questions regarding the study but I’ll limit it
to just a few.

Help me understand better some of your definitions. Ex-
ternal fixation was used to bring some of the patients out to
length as a temporary measure prior to vascular repair but was
also used as definitive fixation management in others. How
do you hand these?

You report in the manuscript that 61 percent of the patients
were managed in this way. This suggests that a majority of the
patients got an orthopedic procedure that at times would be con-
sidered definitive.

Sixty-eight percent of those 61 percent underwent subse-
quent definitive fixation but, ultimately, 11 percent were defini-
tively managed with an external fixator. Again, how do you in-
clude these in your analysis?

This is potentially problematic because placing an ex-fix
should take about the same amount of time, whether it’s defini-
tive or temporary. One can also imagine that a truly mangled ex-
tremity only has an ex-fix as an option.
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By the way, how, also, did you treat the shunts? In what
arm were they included when they were used as a temporary?
Was that considered vascular restoration or not?

It leads me to my second question. Ultimately, what were
the reasons for amputation? How many patients had severe
enough injury to include nerve damage or severe muscle dam-
age? And when did they actually fail?

When I hear this debate I relive the recurring dream of
when my orthopedic colleagues start playing their version of
“Name that Tune,” that is, “I can fix this limb in 20 minutes,”
“15 minutes.”

This is shortly followed by the argument over the potential
for graft disruption during subsequent fracture manipulation.
Can the authors tell us actually how many times this happened
in the group that underwent vascular repair first?

Finally, I would like to hear the authors comments on
their inclusion criteria. Both lower and upper extremities were
included with 13 percent brachial artery injuries included.
The upper extremity is often more forgiving with regard to
collateral flow.

They also included distal vessels such as tibial vessels, 7
percent, and radial artery, 3 percent. Should these really be in-
cluded for this type of analysiswhen the limb salvage is on the line?

Thank you, again, for the privilege of the podium.
DAVID P. BLAKE, M.D., M.P.H. (McLean, Virginia):

Thank you very much. That was a nicely presented study and it
does open some more questions, perhaps, than it may have an-
swered completely. But I do have a couple of questions for you.

First of all, Dr. Efron alluded to the placement of shunts.
My question is how many of those shunts were patent at the time
you went back to actually definitively re-vascularize these limbs?

Secondly, and you perhaps may have commented on it in
your presentation and I may have missed it, how many of these
limb injuries included a concomitant venous injury? And how
were those managed? Were those ligated or were those also
shunted since they may have been large vessels?

Again, I thank you very much for presenting that and
thanks for the floor.

DAVID LIVINGSTON, M.D. (Newark, New Jersey):
Yes, this is really very nice work. But the manuscript may have
a lot more data than the presentation, Dr. Efron touched a little
bit but is there a philosophical bias in Memphis about shunts be-
cause a lot of these?

To me the best management of these cases are like tag
team wrestling. Especially in places around the knee where the
displaced fractures really make fixing the vascular injury chal-
lenging. You control the hemorrhage and put in the shunt then
my ortho colleagues put on a couple of pins that may or may
not be perfect from an anatomic standpoint but they stabilize
the limb and then they tag you back. We come in and fix the
blood vessel, do a fasciotomy and then orthopedics come back
bring the limb into a more anatomic alignment.

If you’ve got a vascular injury in the mid-SFA in the set-
ting of a femur fracture it is far easier as bone lines up easily
and don’t move much even without fixation.

So I think anatomic location and mechanism (blunt versus
penetrating) are really important. In some cases, I have put

shunts in and then debrided a perfused limb only to find out that
everything was injured and everything was ischemic. These pa-
tients then underwent amputation because there was no soft tis-
sue to re-vascularize.

As with a lot of trauma issues, it’s complicated and the
approach has to be both flexible and situational. I am in total
agreement that time to restoration of blood flow is of para-
mount importance. Shunting allows the you to stop the clock
on ischemia.

RICHARD H. LEWIS, JR., M.D., M.A. (Memphis,
Tennessee): Thank you, Dr. Efron, and the floor for the insight-
ful questions.

So the first about the definitive versus temporizing fixa-
tion, essentially the comparison made here was that all patients
underwent some sort of orthopedic stabilization during the ini-
tial operation. It was either an external fixator or a traction pin
or primary ORIF.

Whether or not the ex-fix was used definitively, that’s re-
ferring to whether or not the external fixator placed at that time
was ultimately definitive management for that patient that left
the hospital.

And sowhy that would be, typically that was more related
to orthopedic concerns such as soft tissue injury, et cetera.

With regards to shunts and to what arm did they fall, the
shunt could have fallen in either group depending on the timing
it was placed. If it was placed prior to long-bone fixation it fell
in the pre group. If it was placed in the after fixation, it fell in the
post group.

Given that there was such low numbers of shunts used
over the study period there was no significant difference be-
tween the two groups.

Reasons for amputation/timing of failure, we did not look
at timing of amputation. Reasons for amputation were typically
largely associated with soft-tissue injury, rhabdiomyolysis and
graft failure.

With the question about the number of times the graft fail-
ure was present in the post group, I don’t have an exact number
but it was very rare.

With upper versus lower extremity, that’s a good point
about including those. We might include tibial injuries but there
was no difference in upper versus lower extremity between the
groups. They were overall similar, whichwas the reasonwe kept
them in comparison.

With the question of shunt failures, none of the shunts
failed. They were all quite successful.

With regards to venous injury, there were 37 percent of the
population sustained a concomitant venous injury and 61 per-
cent of these underwent ligation.

And then why not more shunts? I wouldn’t say that there
is a dogma against shunts but shunts can present their own com-
plications.

If you place an external fixator that can make performing
your subsequent vascular repair quite complicated so the bias of
many of the vascular surgeons at our institution has been typi-
cally – except in damage control circumstances – to perform de-
finitive repair first.

I’d like to thank you for your questions.
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