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Traurnatic hemorrhage and vascular injury manage-
ment have been concerns for both civilian and military
physicians. During the 20th century, advances in tech-
nique allowed surgeons to focus on vascular repair,
restoration of perfusion, limb salvage, and life preser-
vation. Military surgeons such as Makins, DeBakey,
Hughes, Rich, and others made significant contributions
to the field of surgery in general and vascular surgery
in particular. Casualties from combat in Afghanistan and
Iraq confront physicians and surgeons with devastating

injuries. The current generation of providers is chal-
ile expand-
ing upon the lessons taught by our predecessors. The
objective of this report is to review the historical expe-
rience with managing military upper extremity arterial
infuries and compare that experience with current

lenged with applving contemporary care wi

managemernt,
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World War 1

akins studied the British experience with vas-
cular imjuries during World War 1." From 2
! 1 series with compiete information, he analyzed
a total of 992 arterial war injuries in an era before
fateral suture repair was popular. Among 108 axillary
artery injuries, only 3 (2.7%) developed gangrene.
Brachial injuries were identified in 200 patients, and
gangrene developed in 8 (4.0%). Forearm arteries were
not included in his analysis. These resuits were much
better than the results from the lower extremity with
20% gangrene from femoral artery injury and 35%
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gangrene iromn popliteal artery injury. Makins made sev-
eral important observations. He noted, “The associated
contusion may have lowered the vitality of the margins
of the wound to a degree which ocular inspection may
be incapable of determining. The injury may be exten-
sive within the lumen. The intima may not only have
sutfered by contusion but that, as a result of stretching
by displacement the iatima mav be fissured at a con-
siderable distance {from the wound itself.” Based on
these observations, he developed 4 management rec-
ommendations. "Bleeding vessels in an open wound are
always to e ligated at the earliest possible moment.
When injured vessels, and especially those of large cal-
iber, are visible in cpen wounds they are to be ligated
whether bleeding or not. The vessel should be ligated
above and below the thrombused segment and later
excised. if the wound is through and through and there
is no expanding hernatoma or evidence of ischemia, then
dealing with a hematoma or pseudoaneurysm is pre-
terred over atternpted primary repuir in the front line.”

‘World War 11

DeBakey added to the management of vascular
war wounds through his Worid War I analysis.?
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Additionally, he identiflied what he termed medico-
military problems in treatment of acute arterial
njuries. Generally, the problems were time lag, practi-
ca? difficulties, status of the casualty, associated wound
, type of injury, and infection. He wrote: “Although
ihe restoration of the flow of blood through the origi-
nal channel is the desideratum; unfortunately, it can
only be achieved in limited numbers in civilian prac-
tice and even less in military practice.” In his series of
2471 arterial injuries, there were 74 axillary artery
injuries associated with a 43.2% limb loss. Brachial
artery injuries above the profunda occurred in 97
patients with a 35.7% limb loss, but there were 209
injuries below the profunda with a 25.8% limb loss.
A P’aougi‘; the percentages were much higher than
hose for Makins' data, DeBakev's data included
pdtients who had extensive infections and mangled
extremities. The data demonstrated the significance of
an intact profunda on overall limb salvage rate from
upper extremity arterial injury.

Vietnam

Rich's analysis of the Vietnam Vascular Registry evalu-
ated more contemporary management lechniques of
arterial injuries.”” At the time, his preliminary report
was published, complete records were available for 322
injuries. 'Fhere were 20 axillary artery injuries tre%e{f in
Vietnam: 2 lateral suture repairs, & eﬂ{i to-enc anasto-
moses, and 12 sapi'lerzous vein grafts. 'Thrombosis
occurced in 8 repairs: 4 vein grafts, 3 end-to-end
repairs, and one lateral suture repair. Four patients
with known thromboses were asymptomatic, as were
two pat‘ier;t% with stenotic repairs. Only one vascular
“epd;r failure required amputation. The brachial artery
was infured in 103 cases with 97 initial repalrs per-
?orm-:{i in Vietnam. Among the repairs were 2 lateral
repairs, 57 end-to-end anastomoses, and 32 vein grafts.
Thrombosis occurred in 1 lateral suture repair (50%
10 end-to- t]’id anastomoses (82% patency),
and 5 vein grafis (84% patency). Nine (56%) patients
with known thrombosls were asymptomatic. Amputa-
ticn was necessary in 3 (2.9%) patients due 1o infec-
tion. Forearm arteries were not part of the registry,

pﬁtEECV

Operation Enduring Freedom and
Operation Iraqi Freedom

AL US military casualties evacuated to Walter Reed
Army Medical Center (WRAMC) from December
2001 through May 2005 were screened for vascular

Table I. Mechanisms of Traumatic Injury
Mechanism No.
Fragmentation 43 (749
Gunshet woands }{)

Nonbatile injury

injuries. Patients with vascular injuries were evalu-
ated by a senior vascu‘xar surgeon. These patients
were prospectively entered inte a clinical database
and the data was retrospectively reviewed. Basi
demcgraphic data collected included patient age,
country where injured, and date of injury.

Specific patterns of injury were documented
noting the mechanism, site, vessel injured, associ-
ated trauma, and initial management. Vascular repairs
were analyzed by the type of repair performed, and
the use of autologous vein graf{‘;ag was compared
with the use of prosthetic grafting. The initial out
comes, mmudma patency and viability, were docu-
mented. Larly pdtency was defined as patency at the
initial evaluation at WRAMC which occurred between
3 and 14 days. Arteriographic findings, including
occult injury and the use of catheter-based tech-
niques, were documented.

Demographics

During the 42-month study period, 3057 soldiers
were evacuated to WRAMC for me
Of those, 1177 (39%) sustained injuries. Known or
suspected vascuiar injuries occurred in 304 (26%) o
which 58 (20%) had injuries to the upper extremit
arteries. These 58 patients comprise our study group
Four were injured in Afghanistan during Operation
Enduring Freedom (OEF), and 54 were injured during
OpEfatior ragi Freedom (OIF}) OF the 58 patients,
51 {88%) were male and 7 (12%) were £

~dical evaluation.

femnale. The
average age was 26.7 years (range, 19-55 years).

Mechanism of Wounding

The majority of injuries {74%) were from fragment-
producing weapons. The weapons include grenades.
mines, artillery, and Improvised explosive device

(IEDs). High-velocity gunshot wounds caused upper:
extremity vascular injuries in 17% patients. Nonbatil

injury (NBI) to the upper extremity arteries resulted
from four motor vekicle accidents and one tiger bite
S% of patients (Table 1),
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Table 2, Management by Anatomic Locaiion
Artery Ligation Lateral Suture End-to-end Vein Graft Prosthetic Graft Endovascular Total
Axiliary { 3 0 2 1 1 8
Brachial i 10 i 18 1 2 33
Radial ) 1 0 6 0 i 16
Uinar 2 1 0 3 0 ¢ 6
Total 2 i3 1 29 2 4 63
Tzble 3.  Associated Amputation Percentage Tabie 5. Early Vein Graft Patency
Ariery Ligation Failed Graft Artery Vietnam OEF/OIF
Axdllary 0 0 Axillary 67% 30%
Brachial 0 3 Brachial 85% 7%
Radial 0 Radial N/R 50%
Uipar ¢ 0 Ulnar N/R a87%
Table 4. Early Lateral Repair Patency in 1 (33%) of the grafted wounds and was throm-
Artery Vietnam OEE/OIE 5-’3{)5,6(1 ait presentation. The gi_'aft was exE‘ESffd gnfi
replaced with a saphenous vein graft at WRAMC,
Axillary 50% 100¢% Endovascular management with a Viabahn stent
bmfhi"il 0% 100% graft was used to manage 1 {12.5%) of the axillary
Radial N/R +00% artery injuries with a 100% early patency {Table 4)
LUinar N/R 100% aItery e & ¢ Y pat Y 2abe b,

Anatomic Location of Wounds

The 58 patients with upper extremity arterial wounds
presented with a total of 63 distinct arterial injuries. The
axillary artery was injured in 8 patienis {13%). The
brachial artery was injured in 33 patients {52%).
The radial artery was injured in 16 patients (25%), and
the ulnar artery was injured in 6 patients (10%).

Wound Management by Location

Axillary artery inmjuries were managed with a variety
of techniques {Table 2).
(12.5%) was managed with ligation to control hem-

Of these 8§ injuries, 1

orrhage in a traumatically amputated arm {Table 3).
There were no end-to-end repairs and 3 {37.5%)
injuries managed with lateral repairs with a 100%
early patency (Table 4). Interposition grafting was
pecformed for 3 axillary artery wounds (37.5%). Two
{67%) of these grafted wounds were managed with
reversed saphenous vein grafts with a 50% early
patency (Table 3). The thrombosed graft was suc-
cessfully revised at Walter Reed Army Medica! Center
(WRAMC). Polytetrafluoroethylene (PTFE) was used

Brachial arteries were injured 33 times in this
series. Of these patients, 1 {3%) was successfully
managed with primary ligation. One patient (3%)
was managed with end-to-end anastomosis with
160% early patency. Latera! repairs were performed
to manage 10 (36%) brachial artery injuries with &
100% early patency. Interposition gralting was used
to manage the brachial artery injury in 19 patients:
18 {95%] swith reversed saphenous vein and 1 {3%)
with 6mm PTFE. Five of the saphenous vein grafts
were thrombosed—a 72% early patency rate. Of the
5 patients with thrombosed vein grafts, 4 {(80%)
were asymptematic and 1 (20%) was symptomatic.
Ultimately, the 4 asymptomatic patients underwent
successiul revision, The symptomatic patient also had
a mangled hand and forearm and was ultimately man-
aged with below-elbow amputation. The | PTFE graft
was exposed, thrombosed, presumed infected, and ulti-
mately excised and replaced by a vein graft. Endovas-
cular techniques were successfully used to manage
2 arterial injuries: | thrembectomy and 1 stent.

Radial arteries were injured in 16 patients. Ligation:
was used in 8 {50%) patients, all of whom were
asymptomatic. Primary repair was used for 1 patient
who had 100% early patency. Interposition vein
grafting was used to manage 6 injuries and no PTFE
grafts were used. Three of the radial artery vein
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Table 6. Early Patency Percentage
Artery Lateral Suture End-to-end Vein Graft Prosthetic Grall Endovascula:
Axillary 100 afa 50 0 130
Brachial (00 109 72 0 130
Radial 109 nia 53 n/a 100
Ulnar 109 nifa 47 afa n/a

grafts were thrombosed and asvmptomatic: 50%
early patency. Endovascular technigue, thrombee-
tomy, was successfully used in [ patient.

Ulnar arteries were injured in 6 patients. Ligation
was used in 2 (33%) patients, all of whom were
asymptomatic. Primary lateral repair was used in ?
patient (17%) with 100% early patency. Saphenous
vein grafts were used in 3 (50%) patients with 67%
early patency. The occluded vein graft was asympto-
matic. There were ne PTFE grafts and no endovas-
cular technigues used,

Conclusion

Historical data demonstrates that arterial injuries to
the upper extremity have better results than arterial
injuries to the lower extremities.'”” Furthermore,
upper extremity arterial injuries below the profunda
have better results than injuries above the pro-
funda.” All these retrospective reviews lack the sta-
tistical power and long-term follow-up to make
definitive management recommendations, but they
suggest management strategies that may serve for
the basis of further study and treatment.

Appropriate upper extremity arterial injuries man-
aged with lateral repair and end-to-end anastomosis
can be expected to have excellent patency. Wounds
with more extensive arterial injury can be success-
fully managed with grafting where vein is superior to
PTER. If grafting is used, it should bhe covered and
routed outside the zone of injury if possible. In
highly selected patients, thrombectomy and stent
grafting can produce excelient patency results.

A patent profunda brachial artery may provide
adequate perfusion to maintain viability of the arm
and hand when the brachial artery is interrupted.
Based on Makins’, DeBakey's, und Rich’s observa-
tions, we suggest the following strategy to manage
brachial artery injuries in the setting of war and
poly-trauma. With the brachial artery temporarily
occluded, hand perfusion is assessed. If a palpable
pulse or audible Doppler signal is preseat in the

radial or ulnar arteries, then the brachial artery
injury may be ligated and arterial repair deferred. if
adequate perfusion is not present, then a vein graft
outside the zone of injury should be performed.
the patient is vein-limited either from trauma or pre-
vious operation, then a PTFE graft can be used to
restore perfusion with the expectation of poor earl
patency. However, the temporary PTFE graft could
serve as a sutured shunt until definitive vein grafting
could be performed. This strategy conserves the vein
for use when better graft patency could be expected:

Forearm arterial injuries may be managed by lig-
ation with low rates of critical ischersia. In the OEF-
OIF study, no patients in either the forcarm artery
ligation group or the failed forearm bypass group
required an amputation.

The data from this study show that ligation of
upper extremity arierial injuries do not invariabl
lead to critical ischemia. Overall, 19% of wounc
were successfully managed with ligation. Later:
repairs of tangential upper extremity arterial injuries
were associated with [00% early patency. End-te-
end anastomosis was only used to manage 1 injury
This technique is most appropriate for wounds with
limited zones of injury such as stab wounds or low
velocity missile wounds. In this series, the majority of
wounds were from kigh-energy fragmentation asso-
ciated with extensive soft tissue disruption. Upper
extremity grafting was used fo restore perfusion in
patients with extensive segments of arterial injury.
Overall, there were 31 grafis performed. Twenty
nine vein grafts had @ 65% early patency and 2 PTFE
grafts had a 0% early patency. Despite the rather
poor patency results, only 1 patient with a failed
bypass and a mangled extremity required amputa-
tion. New technologies and devices will be adapted
for the treatment of wartime injuries. Endovascular
techniques were successfully used in 4 highly selected;
patients with an overall 100% early patency. Receni!
the use of temporary vascular shunts, as described in
DeBakey's analysis, has regained popularity, although
their use was not documented in any of the patients
in this series.”
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