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The conflicts in Iraq and Afghanistan have 
extended over a decade, making the Global 
War on Terror the longest war in which the 

United States has been directly involved. One 

of the signature injury patterns is a major single 
injury or multiple extremity injuries second-
ary to blast-related trauma.1 Improvised explo-
sive devices are the most common cause of such 
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Background: Combat-related extremity injuries frequently require vascular 
repair within the combat theater before undergoing definitive reconstruction. 
This study examines the outcomes of early vascular repair with secondary soft-
tissue extremity reconstruction over the past decade of war trauma.
Methods: War-related extremity injuries necessitating a downrange vascular 
procedure followed by a definitive limb reconstruction were reviewed. Patient 
demographics, type and location of vascular injuries, vascular intervention, 
and soft-tissue reconstruction procedures were examined. Outcomes of vascu-
lar repair, tissue transfer, and limb salvage were analyzed.
Results: From 2003 to 2012, 79 extremities in 78 patients had a vascular injury 
requiring in-theater intervention followed by 87 staged flap reconstructions per-
formed distal to the vascular repair. Of the 74 arterial injuries requiring inter-
vention, 27 were proximally located, with 73 percent requiring bypass. The early 
primary patency rate was 66 percent and the early primary-assisted patency rate 
was 93 percent for proximal artery repair procedures. The flap complication 
rate was 31 percent. Overall complications were examined by subtype and were 
not significantly different compared with flaps performed without a proximal 
vascular injury in the same limb. The flap success rate (93 percent) and the 
limb salvage rate (81 percent) were similar to the comparison cohort.
Conclusions: This represents one of the largest series of traumatic extremity 
injuries requiring secondary limb reconstruction with tissue transfer following 
a vascular intervention. The authors identified no significant difference in 
outcomes related to flap coverage or limb salvage for patients with or without 
vascular injuries. Reconstructive options in combat extremity trauma are not 
limited by proximal vascular injury. (Plast. Reconstr. Surg. 135: 301, 2014.)
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extremity injuries.2–4 Blast-related injuries exhibit 
a complex injury pattern, with both high- and 
low-velocity penetrating and blunt mechanisms of 
injury that often result in extensive soft-tissue and 
bony destruction.3 These patients suffer from high 
rates of concomitant vascular and neurologic inju-
ries and severe orthopedic and soft-tissue extrem-
ity patterns of injury.

The majority of patients who die as a result of 
high-energy explosions do so within the combat 
field from bleeding and exsanguination.4 How-
ever, hemorrhagic deaths from extremity injuries 
have decreased substantially during the course of 
this war and compared with previous wars. Over 
90 percent of blast-related combat casualties sur-
vive, with the majority of survivors being subse-
quently treated at stateside military treatment 
facilities.5 The improved survival rates during the 
current conflict stem from early stabilization and 
aggressive resuscitation measures, universal adop-
tion and application of extremity tourniquets, 
and early advanced care measures and surgical 
intervention within the initial injury setting (i.e., 
in-theater military care system).

Complex extremity injuries often require 
immediate vascular assessment and repair to per-
mit potential secondary limb salvage measures. 
Such casualties typically require multiple proce-
dures and repeated débridements as they prog-
ress through the echelons of medical care and 
until they are ready for definitive reconstruction. 
Stateside military treatment facilities perform the 
majority of the definitive orthopedic stabilization 
and flap coverage procedures that are performed 
for limb salvage and preservation.

The objective of this study was to examine the 
outcomes of early vascular intervention followed 
by delayed flap coverage procedures for complex 
extremity injuries at risk for amputation. Our 
group examined vascular repair patency rates, 
flap success, limb salvage rates, and complications 
in this combat casualty care cohort. These results 
were compared with a cohort of extremity salvage 
cases that did not sustain vascular injuries in the 
same limb.

PATIENTS AND METHODS
A retrospective review of a single-institution 

database containing consecutively treated com-
bat casualty care patients who sustained extremity 
injuries necessitating flap coverage over a 10-year 
period (2003 through 2012) was performed. Wal-
ter Reed National Military Medical Center Insti-
tutional Review Board approval was obtained 

before this study. The aforementioned group was 
divided into two distinct cohorts: (1) patients who 
sustained a vascular injury within the extremity 
requiring secondary flap coverage procedures, 
and (2) patients who had extremity flap coverage 
procedures but did not suffer a major vascular 
injury. Patient demographics and outcomes were 
examined for both groups.

Patients with an extremity vascular injury 
necessitating an immediate vascular intervention 
in the combat theater and a concomitant soft-tis-
sue defect needing eventual reconstruction were 
evaluated. The type of vascular repair, conduit, 
and use of a vascular shunt were at the discre-
tion of the combat casualty care in-theater oper-
ating surgical teams. Soft-tissue and orthopedic 
injuries were typically treated with early surgi-
cal débridement followed by external fixator 
placement for fracture stabilization. Serial tissue 
débridements were completed throughout the 
course of care. On arrival to our stateside mili-
tary treatment facility (Walter Reed National Mil-
itary Medical Center), the individual treatment 
plans for severe extremity injuries were reviewed, 
with the reconstruction algorithm dependent 
on the tissue defect and coverage option and 
donor-site availability and with consideration of 
the patient’s concomitant injuries and eventual 
rehabilitation goals.

Duplex ultrasonography was performed for 
all patients who had an arterial bypass or pri-
mary arterial repair. Any necessary revision was 
performed before tissue transfer by the vascular 
surgery team. Indications for revision included an 
anastomotic peak systolic velocity greater than 3.5, 
decreased distal arterial waveforms, or technical 
problems with the graft or anastomosis. An ipsi-
lateral extremity arterial angiogram or computed 
tomographic angiogram was also obtained for 
all patients before any tissue transfer procedure. 
These studies confirmed patency of the vascular 
repair, examined the extremity’s distal runoff, and 
aided in preoperative planning for flap vessel tar-
get anastomotic sites.

Primary outcomes measured included pri-
mary and primary-assisted arterial patency rates, 
flap complication rates, extremity complication 
rates, and overall limb salvage rates. The Injury 
Severity Score was calculated in standard fashion 
using the highest Abbreviated Injury Scale scores 
from the most severely injured body regions.6 Pri-
mary patency was defined as a graft that remained 
patent throughout follow-up. Primary-assisted 
patency was defined as a graft that was patent at 
the completion of follow-up, including those that 
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required an intervention to maintain patency. 
Flap and extremity complications were defined as 
complications that required operative interven-
tion or a prolonged hospital stay for wound care. 
Failed limb salvage was defined as secondary limb 
amputation or amputation to a joint level above 
the previous amputation site.

Descriptive variables were compared using the 
t test for means and Mann-Whitney test for medi-
ans. Categorical variables were compared as a 
proportion using chi-square or Fisher’s exact test, 
as appropriate. Significance was defined as a two-
tailed value of p ≤ 0.05. Analysis was performed 
using IBM SPSS Statistics Version 22 (IBM Corp., 
Armonk, N.Y.).

RESULTS
Three hundred fifty-nine flap procedures were 

performed for tissue defects sustained during com-
bat trauma from 2003 through 2012. Eighty-seven 
procedures were performed distal to an associated 
vascular injury (24 percent) (Table 1). These 87 
procedures were performed on 79 extremities in 
78 patients. One patient had two separate extremi-
ties reconstructed in this series. The mean age of 
the patients was 26 years (SD, 6.3 years; range, 19 

to 50 years). All patients were healthy men with 
no documented comorbidities before injury. The 
mean Injury Severity Score was 19 (SD, 9.1; range, 
9 to 42). The mechanism of injury was an explo-
sion in 83 percent of patients, gunshot wound in 
12 percent, and blunt trauma in 5 percent. There 
were no differences in age or in Injury Severity 
Score for those patients who underwent flap pro-
cedures with or without proximal vascular injury 
(p = 0.572 and p = 0.976, respectively) (Table 2). 
The mean follow-up was 26 months.

Vascular Injuries and Intervention
Of the 79 reconstructed extremities with asso-

ciated vascular injury, 42 (53 percent) occurred 
in the upper extremities (Figs. 1 through 3) and 
37 (47 percent) occurred in the lower extremi-
ties (Fig. 4 and Table 1). Of 74 arterial injuries, 
28 occurred in a proximal artery and 46 occurred 
in a distal artery. Five patients sustained isolated 
venous injuries. Ninety percent of extremities 
had associated open fractures (Gustilo grade 
B or C) and 30 percent had concomitant nerve 
injuries. The most common proximal and distal 
upper extremity vessels injured were the brachial 
and radial arteries, respectively. The most com-
mon proximal and distal lower extremity vessels 
injured were popliteal and anterior tibial artery 
systems, respectively (Fig. 5).

For the 27 proximal vascular injuries, 74 
percent were treated with a bypass using an 

Table 1. Demographic and Clinical Factors for 
Patients and Extremities with Vascular Injury That 
Underwent In-Theater Intervention followed by a 
Secondary Procedure for Tissue Coverage

Factors Value (%)

Patient 
    No. 78
    Age, yr
     Mean 26
     SD 6.3
    ISS
     Mean 19
     SD 9.1
    Male sex 78 (100)
    Mechanism
     Blast 65 (83)
     Gunshot wound 8 (10)
     Blunt 5 (7)
Extremities
    No. 79
    Extremity
     Upper 42 (53)
     Lower 37 (47)
    Location
     Proximal arterial 28 (36)
     Distal arterial 46 (58)
     Venous only 5 (6)
    Concomitant arterial and venous injury 9 (11)*
    Concomitant fracture 71 (90)
    Concomitant nerve injury 27 (34)
ISS, Injury Severity Score.
*Concomitant venous injuries were likely not documented in the 
theater medical record and treated with ligation during arterial repair.

Table 2. Cohort Comparison

Vascular  
Injury 

(%)
No Vascular  
Injury (%) p

No. of patients 78 230
No. of procedures 87 272
Age, yr 0.572
    Mean 26.4 25.7
    SD 6.3  6.3
ISS 0.976
    Mean 18.8 18.7
    SD 9.1 9.5
Time to flap, days 0.580
    Mean 19 18.5
    SD 77 86
Prior procedures 0.235
    Mean 5 5
    SD 4 4
Transfer type
    Pedicled flap 42 (57) 169 (62)

0.321    Free flap 37 (43) 103 (38)
Tissue type
    Muscle 38 (44) 153 (56)

0.411
    Fasciocutaneous 48 (55) 118 (43)
    Other 1 (1) 1 (1)
Composite with bone 4 (5) 4 (1) 0.228
ISS, Injury Severity Score.
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autogenous conduit, with the saphenous vein 
used in 95 percent of the cases. The remaining 
injuries underwent primary arterial or patch 
angioplasty repairs. Complications required oper-
ative revision in nine grafts, resulting in an early 
primary patency rate of 66 percent. The most 
common complication necessitating revision was 

pseudoaneurysm formation, which occurred in 
19 percent of cases. Graft revision procedures sal-
vaged all grafts except two cases. In these cases, 
one patient required a new distal bypass and the 
other patient went on to undergo above-knee 
amputation for persistent inadequate perfusion. 
The primary-assisted graft patency rate was 93 per-
cent at 26 months.

Ninety percent of distal arterial injuries under-
went a direct ligation procedure. For two radial 
arteries that were repaired, a saphenous vein 
graft was used in one case and an omental flow-
through flap was used in another case for arterial 
reconstruction. Four of the five extremities (80 
percent) with isolated venous injuries underwent 
venous ligation during the primary procedure.

Flap Coverage Procedures and Outcomes
The average interval from vascular repair until 

definitive flap coverage was 33 days (median, 19 
days; SD, 77 days). There was an average of six wound 
irrigation and débridement procedures per patient 
before the definitive flap coverage procedure 

Fig. 1. (Above, left) Complex left upper extremity soft-tissue injury with segmental ulnar artery injury, exposed radial artery, and 
grade 3B both bone fracture. (Below, left) Omental flow-through flap reconstructing ulnar artery and soft-tissue defect covered 
with bilayer dermal regenerate matrix. (Above, right) Split-thickness skin grafting after free flap surgery. (Below, right) Appearance 
at 2-year follow-up.

Fig. 2. Free omental flow-through flap for a left upper extremity 
complex injury with segmental ulnar artery injury.
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(median, five procedures; SD, four procedures). 
Pedicled flaps were the most common type of flap 
transfer technique used, representing 57 percent 
of flaps (n = 50) performed. Free tissue transfers 
were used in the remaining 43 percent of cases (n 
= 37). Forty-eight muscle flaps (55 percent), 38 fas-
ciocutaneous flaps (44 percent), and one omental 
flap (1 percent) were used for extremity coverage 
procedures. Four flaps (5 percent) were composite 
flaps. There was no difference in preoperative care 
or flap characteristics between patients with and 
without vascular injury (Table 2).

The total flap complication rate was 31 per-
cent, with infection and hematoma occurring 
most frequently (Table 3). Flap or donor-site 
infections occurred in 10 percent of cases (n = 9), 
whereas flap or donor-site hematoma occurred in 
8 percent of cases (n = 7). Eight percent of the 
extremity flaps failed (n = 7). The most common 
cause of flap failure was venous congestion in four 
flaps (5 percent). These outcomes are similar to 
the flap complication (28 percent) and failure (10 
percent) rates in the cohort of patients undergo-
ing flap-based extremity reconstructions who did 
not suffer a concurrent vascular injury.

Extremity Outcomes
Fifty-four percent of extremities with vascular 

injuries had a non–flap-related complication dur-
ing the course of their care. These complications 
consisted of soft-tissue infection (15 percent), 
osteomyelitis (10 percent), chronic pain (10 per-
cent), heterotopic ossification (9 percent), bony 
nonunion (5 percent), or other complications 

such as dysfunction or poor perfusion (5 percent) 
(Table 3). The overall limb salvage rate was 81 per-
cent, with 15 limbs amputated during the observed 
study period. The average time to amputation was 
10 months, with the majority being lower extrem-
ity amputations (n = 13). Only one amputation was 
the result of a flap failure. The remaining ampu-
tations were performed primarily for persistent 
infection or chronic pain. However, one patient 
did go on to an above-knee amputation because 
of continued limb ischemia following a failed 
saphenous vein bypass for a popliteal artery injury 
despite multiple attempts at revision. Distal arterial 
ligation was performed in nine amputated limbs.

DISCUSSION
Thousands of combat casualties have been 

treated during the past 12 years of military opera-
tions. The high rates of blast trauma encountered 
during the Global War on Terror have led to a high 
volume of combat casualties suffering from severe, 
complex extremity injuries.5,7 Given this mecha-
nism of trauma, it is not surprising that casualties 
present with higher Injury Severity Scores, have 
large zones of injury with multiple concomitant 
injuries, and have worse wound contamination 

Fig. 4. (Above) Large left lower extremity injury with open joint. 
(Below) Appearance at 1-year follow-up after lateral gastrocne-
mius flap and skin grafting.

Fig. 3. Indocyanine green angiography demonstrating perfu-
sion through the omental flap. A, Ulnar artery anastomosis and 
flow during radial artery compression; B, proximally compressed 
radial artery preventing distal runoff from vessel; C, flow through 
the gastroepiploic vessels acting as interposition arterial graft to 
repair segmental ulnar artery defect.
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compared with typical civilian trauma popula-
tions.8 As a result, combat casualties provide chal-
lenging extremity reconstructions, including a 
relatively high percentage of vascular trauma in 
limbs that also require additional delayed tissue 
coverage for limb salvage.

Revascularization followed by tissue cover-
age was first described in the 1980s and has since 
become an acceptable approach in many patients 
with chronic disease states. Several studies have 
examined and reported good outcomes with 
revascularization followed by flap coverage for dis-
ease states such as peripheral vascular disease and 
diabetes mellitus.9–14 These studies have reported 
limb salvage rates between 70 and 80 percent, with 
acceptable flap outcomes for these disease states 
after the critical ischemia has been addressed with 
revascularization procedures.9–14 However, blast-
related trauma and associated outcomes in those 

combat casualties suffering significant extremity 
vascular injuries remain underreported.

The combat casualties examined in this study 
were primarily young, active men with minimal 
comorbidities. This study cohort thus had a low 
associated mortality rate and relatively low associ-
ated major morbidity rate compared with other 
populations studied. For example, the mortality 
and the combined incidence of myocardial infarc-
tion, pulmonary complications, and renal failure 
within the group was 0 percent. However, other 
morbidities and complications such as chronic 
pain, heterotopic ossification, bony nonunion or 
malunion, and soft-tissue infection/osteomyelitis 
had a combined incidence of 54 percent in our 
cohort, which was not statistically different from 
the complication rate of the comparison nonvas-
cular injury cohort (56 percent) (Table 3).

In reviewing the vascular outcomes for our 
population, the arterial bypass primary patency 
rate of 66 percent was lower than expected. This 
finding may be associated with several factors. 
Within the in-theater hospital setting, many of 
these patients entered the operating theater emer-
gently after transfer from varying hostile settings, 
under variable climates and exposure times, and 
having sustained multiple concomitant injuries, 
all of which predispose many of these patients to 
a hypotensive, hypothermic, and acidotic medi-
cal condition. Despite aggressive resuscitation 
measures, “damage-control” operations were 
performed under less-than-ideal or controlled 
circumstances. Furthermore, the massive tissue 

Table 3. Complications

Vascular  
Injury 

(%)
No Vascular 
Injury (%) p

No. 87 272
Total complications 27 (31) 76 (28) 0.446
    Infection 9 (10) 16 (6) 0.334
    Hematoma 7 (8) 15 (6) 0.183
Flap failure 7 (8) 28 (10) 0.322
Extremity
    No. 79 253
    Complications 43 (54) 141 (56) 0.576
     Soft-tissue infection 12 (15) 40 (14) 0.209
     Osteomyelitis 8 (10) 36 (13) 0.115
    Failed limb salvage 15 (19) 32 (12) 0.526

Fig. 5. Location of vascular injuries.
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defects that result from blast-related trauma often 
can lead to unusual and unfamiliar graft tunnel-
ing routes, which increases the potential for graft 
kinking and thrombosis. Finally, multiple trans-
fers between medical facilities and reexploration 
over subsequent days may have increased the risk 
of complications and graft occlusion.

Although the primary arterial bypass pri-
mary patency rate was lower than expected, our 
primary-assisted patency rate of 93 percent was 
acceptable and a reflection of close monitor-
ing and follow-up care provided throughout 
patients’ prolonged treatment courses. For our 
combat casualties suffering vascular injury, each 
patient with a vascular intervention performed 
in-theater underwent a vascular consultation and 
duplex ultrasound examination on arrival to Wal-
ter Reed National Military Medical Center. The 
duplex ultrasound examination was performed 
to ensure no evidence of a failing graft or tech-
nical issue. Regardless of the outcome of the 
ultrasound examination, all patients underwent 
arterial angiography or computed tomographic 
angiography before the flap procedure. This 
allowed for further imaging of the vascular repair 
and also assisted the reconstructive team with 
preoperative flap planning.

The flap success rate was 92 percent for our 
vascular injury cohort and is better than that of 
previous studies.9,10 Our study population con-
sisted of young healthy patients with devastating 
trauma yet relatively few comorbidities. Unlike 
other study populations, no patient in our cohort 
had chronic kidney disease, diabetes mellitus, or 
peripheral vascular disease. These other chronic 
medical conditions have a profound influence 
on flap-related outcomes and have been directly 
shown to increase the risk of complications, flap 
failure rates, and subsequent amputation rates 
and limb salvage failure.

The limb salvage rate of 81 percent did not 
differ from other military populations having sus-
tained high-energy lower extremity trauma under-
going extremity reconstruction.11,12 The extent of 
soft-tissue injury, number and extent of fractures, 
and Injury Severity Score have all been identified 
as independent risk factors for amputation in this 
study population. Not infrequently, patients suf-
fering from severe trauma progress to amputation 
and failed limb salvage despite having adequate 
perfusion and tissue coverage. In this study, 14 of 
15 patients who went on to undergo amputation 
had continuous in-line blood flow, whereas flap 
failure led to amputation in only one case of the 
entire cohort of patients.

The long-term complication rate of 54 per-
cent underscores the complexity of blast trauma 
and this cohort examined. The risk of heterotopic 
ossification increases with number of procedures 
and degree of tissue loss and likely contributed to 
the 10 percent rate of heterotopic ossification in 
our study patient population.13 The risk of chronic 
infection following combat casualties is well 
known, with rates exceeding 30 percent in many 
reports.14,15 Eighty-eight percent of patients had 
associated open orthopedic fractures, which also 
significantly increases the risk of infection, bony 
nonunion, and malunion.16,17 In addition, chronic 
pain remains a challenge in this population.18,19 
All of these significantly impacted amputation 
and failed limb salvage rates. These long-term 
risks also underscore the need for continued mul-
tidisciplinary follow-up.

To our knowledge, this is the largest series 
of combat extremity injuries in which patients 
required an immediate vascular intervention fol-
lowed by delayed tissue coverage for war-related 
trauma. Our results demonstrate that these proce-
dures can be performed with acceptable outcomes 
and successful limb salvage rates. Nonetheless, 
there are several limitations to this study. The 
Mangled Extremity Severity Score is recognized as 
a reliable indicator of limb injury severity and a 
predictor for limb salvage.20,21 Given that all inju-
ries were sustained distant from where the defini-
tive treatment occurred, this scoring system and 
limb salvage predictor was not available for this 
cohort. The Injury Severity Score was recorded 
and is a less accurate surrogate for limb injury 
severity. The challenges with retrospective studies 
are well documented. In addition, there was no 
ability to standardize the treatment of in-theater 
vascular injuries. Such decisions are dependent 
on the facility’s capabilities, the surgeon’s comfort 
level, and the available resources. Furthermore, as 
combat casualties are transported between mul-
tiple military treatment facilities over the course 
of many days to weeks, incomplete or inaccurate 
documentation is a significant risk.

Combat-related extremity injuries are signifi-
cant, complex, and challenging. They require a 
multidisciplinary approach beginning immedi-
ately after the injury to long after the patient’s 
return to a stateside hospital. This report out-
lines outcomes in extremity salvage patients 
who have suffered vascular injuries requiring an 
immediate vascular repair followed by delayed 
definitive soft-tissue coverage procedures. Our 
group has illustrated that despite the significant 
challenges encountered in this traumatic war 
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casualty population, successful limb salvage can 
be achieved in the majority of patients.

Ian L. Valerio, M.D., M.S., M.B.A. 
Department of Plastic and Reconstructive Surgery

Walter Reed National Military Medical Center
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