Successful treatment and survival after gunshot wound to the
aortic arch with bullet embolism to superficial femoral artery
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ABSTRACT

Mortality after gunshot wounds to the thoracic aorta ranges from 92% to 100%. Survival is almost always in patients with
injury from low-caliber, low-velocity bullets with hemorrhage contained by the wall of the aorta. Bullet embolization,
even rarer with a reported incidence of 0.3% of vascular injuries, is most commonly found during autopsy. We report the
successful treatment and survival of a patient who presented with a large-caliber gunshot wound to the aortic arch with
contained rupture and bullet embolization from the aortic arch to the superficial femoral artery. The patient remained
functionally independent and was discharged without complication. (J Vasc Surg Cases and Innovative Techniques

2019;5:283-8.)
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Vascular bullet embolization is an unusual and unex-
pected finding after firearm injuries. Bullet embolism
should be suspected when there are an odd number of
bullet wounds and the location of embolism is sug-
gested by the presence of ischemia. Penetrating gunshot
injuries to the thoracic aorta with subsequent bullet
embolism to a peripheral artery are exceedingly rare.
Bullet embolism is often found during autopsy evalua-
tion because of the extremely high mortality associated
with such thoracic injuries.” In those unusual cases
reported in the literature in which the patient survived,
historically the vascular injuries were repaired by open
surgery followed by embolectomy to extract the bul-
let.>> Advances in endovascular surgery in the past two
decades have changed the standard of care for blunt
traumatic injuries of the thoracic aorta and aortic arch,
with both trauma and vascular surgery literature recom-
mending endovascular stenting as a first-line approach
because of improved outcomes.®” Endovascular repair
of penetrating aortic injuries is also possible, but associ-
ated injuries as well as lack of emergently available
endovascular capabilities frequently mandate open
exploration with poor survival. We present a case of gun-
shot injury to the aortic arch with bullet embolization to
the left superficial femoral artery (SFA) that was
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successfully treated with thoracic endovascular aortic
repair (TEVAR) and removal of the bullet. The patient
provided consent for this case report, and it was exempt
from Institutional Review Board approval at our
institution.

CASE REPORT

A 34-year-old man sustained a gunshot to the chest just above
the suprasternal notch from an assailant who shot him through
a door with a high-caliber handgun. He was taken to a local
emergency department, where he had stable vital signs and
underwent computed tomography angiography (CTA) of his
chest, which demonstrated an injury to the aortic arch proximal
to the left subclavian artery origin with associated mediastinal
hematoma and left hemothorax. He was urgently transferred
to our facility for higher level of care.

On presentation to our institution, the patient was hemody-
namically stable with a heart rate of 87 beats/min and blood
pressure of 114/64 mm Hg, with a wound just above the sternal
notch and no other wounds to suggest an exit site. The only
other abnormal finding was a lack of palpable pulses in his left
lower extremity, which was warm with Doppler signals and
asymptomatic. A chest radiograph demonstrated a left hemo-
thorax and no retained bullet (Fig 1, A). To evaluate his access
vessels, CTA of his chest, abdomen, and pelvis was repeated
(Fig 1, B and C), which confirmed the injury to the aortic arch
with pseudoaneurysm, mediastinal hematoma, and left hemo-
thorax and demonstrated a hyperdense object in the left
proximal SFA.

The patient was urgently taken to a hybrid operating room for
TEVAR. Coverage of the left subclavian artery was planned, given
the location of the injury. Bilateral vertebral arteries were patent
and equal in size. TEVAR was performed with two conformable
TAG endografts (CTAG; W. L. Gore & Associates, Flagstaff, Ariz)
because of size mismatch in aortic diameter at the proximal
(24 mm) and distal (20 mm) landing zones. A 26- x21- x100-mm
CTAG was deployed distal to the left subclavian artery, and a
28- x28- x100-mm CTAG was then deployed distal to the left
common carotid artery without shuttering.
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SUPINE

Fig 1. A, Chest radiograph demonstrating left hemothorax with no retained bullet. B, Sagittal reconstruction
demonstrating aortic injury (upper arrow) and hyperdense object in left superficial femoral artery (SFA) with
occlusion (lower arrow). C, Aortic injury proximal to left subclavian artery (arrow) with associated mediastinal

hematoma and left hemothorax.

Angiography revealed left subclavian artery retrograde filling
with type Il endoleak into the area of injury (Fig 2, A). Therefore,
a 12-mm Amplatzer Vascular Plug Il (Abbott Laboratories,
Abbott Park, Ill) was deployed into the proximal left subclavian
artery through left brachial access without covering the left
vertebral artery. Completion angiography from the left arm
revealed exclusion of the endoleak (Fig 2, B). His blood pressure
gradually worsened, and a left chest tube was then placed with
evacuation of 500 mL of blood. He was then taken to the inten-
sive care unit with a plan for left groin exploration after further
resuscitation. Despite the foreign body in the SFA, anticoagula-
tion was not started postoperatively given his hypotension, con-
cerning for continued bleeding.

The patient was resuscitated and recovered well in the inten-
sive care unit. His blood pressure was supported to maintain a
mean arterial pressure above 80 mm Hg for 24 hours in the

immediate postoperative period per our standard protocol to
decrease the risk of spinal cord ischemia. There was no evidence
of spinal cord ischemia, left arm ischemia, or left leg ischemia,
and the patient regained a left radial pulse on postoperative
day 2. Gastrografin esophagography was negative for esopha-
geal injury, and bronchoscopy ruled out tracheal injury.

On return to the operating room, intraoperative ultrasound
revealed a hyperechoic foreign body within the left SFA (Fig 3,
A). A longitudinal skin incision was made over the left common
femoral artery, extending to the SFA. The common femoral
artery, SFA, and profunda femoris artery were circumferentially
dissected and controlled. There was an obvious mass in the
SFA and no palpable pulse distally (Fig 3, B). A transverse arterio-
tomy over the mass revealed the bullet embolus, which was
removed and sent for ballistic evaluation as part of the police
investigation (Fig 3, C). Fogarty balloon embolectomy proximally
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Fig 2. A, Angiogram after repair with type Il endoleak and extravasation from aortic injury. B, Angiogram after
left subclavian plug placement with exclusion of aortic injury and no endoleak.

Fig 3. A, Ultrasound revealing hyperechoic foreign body in the superficial femoral

/. S
artery (SFA). B, Exposure of

left common femoral artery, SFA, and profunda femoris artery with intraluminal mass in SFA (forceps). C,
Transverse arteriotomy demonstrating bullet embolus in the SFA.

and distally removed thrombus and restored pulsatile inflow
and brisk backbleeding.

Distal pulses were not immediately regained after closure of
the arteriotomy and release of the clamps, so on-table angiog-
raphy was performed, demonstrating residual thrombus in the
popliteal and tibial arteries (Fig 4, A). Additional embolectomy
restored inline flow to the foot (Fig 4, B and C). Palpable pedal

pulses returned the following day. The patient was prescribed
aspirin and maintained on a low-dose heparin drip at 500
units/h for 48 hours postoperatively. Postoperative CTA revealed
successful exclusion of the aortic arch injury with plug of the
proximal left subclavian artery (Fig 5). The chest tube was
removed on postoperative day 7, and he was discharged
home on postoperative day 9 on aspirin alone.
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Fig 4. A, Angiogram with occlusion of distal popliteal artery and tibial arteries. B, Angiogram after embolec-
tomy of popliteal and tibial arteries. C, Preserved runoff to pedal vessels.

Fig 5. Postoperative computed tomography angiography
(CTA) demonstrating thoracic endovascular aortic repair
(TEVAR) and left subclavian artery plug with no endoleak.

DISCUSSION

Bullet embolization, a rare consequence of firearm
injury, is most commonly discovered on postmortem
examination. For a projectile to embolize through the
vascular system, it must exhaust all kinetic energy just
after penetrating the vessel wall so that it comes to rest
within the vessel lumen. Contributing factors include
velocity and caliber of the projectile; low-velocity, small-
caliber bullets are more likely than large-caliber, high-ve-
locity bullets to dissipate all their energy within the body.
In addition, the bullet diameter must be small enough to
fit within the lumen of the vessel injured.®

Large studies of wartime injuries report that only 0.3%
of 7500 vascular injuries during the Vietnam war and
1.1% of 346 injuries from the Afghanistan and Irag wars

presented with projectile emboli, many of which were
sustained as fragments from explosions.®'® The inci-
dence of arterial bullet emboli is estimated to be four
times higher than that of venous emboli, probably
because of the increased wall thickness of arteries.® For
arterial emboli, >70% of bullets enter by penetrating
the aorta or left cardiac chambers? however, penetrating
trauma to the thoracic aorta carries a mortality rate well
above 90%." Systemic bullet emboli most commonly
lodge in the iliofemoral arteries (34%), carotid arteries
(30%), and innominate and subclavian arteries (7%)." In
case reports of bullet emboli to the lower extremity,
the site of embolism is to the popliteal artery in 50% of
cases.”"*"* When bullet emboli are observed in the lower
extremity arteries, they are three times more likely to be
found on the left than on the right side, presumably
because the left common iliac artery branches more
acutely (30 degrees) than the right common iliac artery
(45 degrees).®

It is estimated that 10% of bullet emboli to peripheral
arteries have an entry site within the venous circulation
and embolize paradoxically through a traumatic arterio-
venous fistula or a congenital patent foramen ovale.!*'®
Usually, projectiles that enter the venous system will
migrate with blood flow to the central circulation, but
15% of venous bullet emboli will travel inferiorly by grav-
ity, such as a report of a bullet entering the left subcla-
vian vein and settling within the right popliteal vein.'*'®

There are only four reports of bullet embolism in
patients with gunshot wounds to the thoracic aorta in
the last 20 years.>®'7'® Olsun et al'” reported a case of a
‘dummy” bullet penetrating the thoracic aorta with
embolization to the right renal pelvis in a patient pre-
senting with signs of cardiac tamponade. The aortic
injury was surgically repaired with cardiopulmonary
bypass, and the bullet was discovered incidentally on a
postoperative radiograph. Pavy et al'® reported a case
of a 21-year-old man presenting with gunshot wound
to the left thorax, hemothorax, and unilateral leg pain.
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A bullet embolism to the popliteal artery was diagnosed
by radiography, and he was treated with aortic stent
graft implantation and open embolectomy. This case dif-
fers from ours in that the injury was to the distal
descending thoracic aorta. The injury we describe was
at the aortic arch, where repair is associated with more
technical complexity, risk of stroke, and arm ischemia.
Biswas et al® and Slobodan et al? each reported cases
of bullet embolism to the popliteal artery found on radi-
ography, but neither patient survived.

The diagnosis of arterial bullet embolism from projec-
tile trauma begins with a thorough initial evaluation.
An odd number of wounds implies a retained bullet, so
the lack of identification of the foreign body in the bullet
track on radiography should suggest bullet emboliza-
tion. Thorough physical examination is critical as 66%
of patients with arterial bullet embolism display signs
and symptoms of ischemia, namely, limb weakness,
decreased sensation, paresthesia, and diminished
peripheral pulse'” The severity of symptoms depends
on the collateral circulation, degree of existing athero-
sclerotic burden, and amount of time after the injury.
Cases of bullet emboli have been found up to 80 days
after the initial injury because the onset of symptomatic
vascular insufficiency was delayed by progressive
occlusion of the affected artery with distal thrombosis.
Confirmatory imaging by CTA, radiography, or ultrasound
is necessary in asymptomatic patients when there is
clinical suspicion.

Early surgical management of arterial bullet emboli is
indicated to prevent progressive vascular insufficiency,
especially to minimize the risk of amputation associated
with intravascular bullets retained in major limb
arteries.”” Transverse arteriotomy and embolectomy are
preferred, followed by careful examination of the integ-
rity of the intima and balloon thrombectomy to remove
distal thrombus. Angiography should be performed if
palpable pulses are not promptly returned. Although
endovascular retrieval has been described, open embo-
lectomy is recommended to minimize damage to the
intimal lining during extraction.?®

Aortic injury and TEVAR. Bullet embolism is rarely an
emergent problem, so initial management requires
treatment of the life-threatening injuries caused by
gunshot wounds to the thorax and zone 1 of the neck
(sternal notch to cricoid cartilage). It is critical to rule out
cardiac injury and pericardial tamponade with a focused
assessment with sonography for trauma examination,
followed by chest radiography to evaluate for hemop-
neumothorax, which should be treated with immediate
tube thoracostomy. If the patient is hemodynamically
stable without hard signs of vascular injury, CTA of the
chest, abdomen, and pelvis can provide valuable infor-
mation on the trajectory of the projectile and potential
injuries to the great vessels, esophagus, trachea, and
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lungs.?'?? Injuries to the great vessels are diagnosed on
CTA of the chest in 5% of gunshot wounds to thorax.?>
Endoscopy to rule out injury to the trachea and esoph-
agus should be considered.

In the United States, blunt thoracic aortic injury is
substantially more common than penetrating aortic
injury. Multiple prospective and retrospective cohort
studies have shown the advantage of TEVAR over open
repair of blunt traumatic aortic injury with lower overall
mortality and lower rates of paraplegia, kidney injury,
and infection.”?* 2% |In the largest meta-analysis of blunt
thoracic aortic injury, Murad et al?” found the mortality
rate associated with endovascular repair to be 9% vs
19% with open repair. The Society for Vascular Surgery
guidelines recommend endovascular repair of blunt
thoracic aortic injuries if it is available over open repair.°
These guidelines cannot be extrapolated to penetrating
aortic injuries because patients rarely survive and endo-
vascular options may not be immediately available.
Nonetheless, if a contained aortic injury is seen on CTA
and it is anatomically amenable to endovascular repair,
this can be a lifesaving intervention if it is performed
expeditiously.

CONCLUSIONS

Survival with discharge to home after a large-caliber bul-
let injury to the aortic arch with subsequent embolization
is remarkable. Gunshot wounds to the thoracic aorta with
associated bullet embolism are extremely rare because of
the high mortality rate associated with the inciting injury.
Methodical physical examination can often lead to the
diagnosis. Management requires initial treatment of life-
threatening injuries. In this case, the patient underwent
emergent TEVAR for traumatic injury to the aortic arch
with extravasation into the mediastinum and left
hemithorax to prevent exsanguination, followed by
delayed removal of the bullet embolism and discharge
home with normal functional status.

REFERENCES

1. Demetriades D. Penetrating injuries to the thoracic great
vessels. J Card Surg 1997;12(Suppl):173-9; discussion: 179-80.

2. Slobodan S, Slobodan N, Djordje A. Popliteal artery bullet
embolism in a case of homicide: a case report and review of
the tangible literature. Forensic Sci Int 2004;139:27-33.

3. Trimble C. Arterial bullet embolism following thoracic gun-
shot wounds. Ann Surg 1968;168:911-6.

4. Shannon J3, Vo NM, Stanton PE, Dimler M. Peripheral arterial
missile embolization: a case report and 22-year literature
review. J Vasc Surg 1987;5:773-8.

5. Garzon A, Gliedman ML. Peripheral embolization of a bullet
following perforation of the thoracic aorta. Ann Surg
1964;160:901-4.

6. Lee WA, Matsumura 3JS, Mitchell RS, Farber MA,
Greenberg RK, Azizzadeh A, et al. Endovascular repair of
traumatic thoracic aortic injury: clinical practice guidelines
of the Society for Vascular Surgery. J Vasc Surg 2011;53:
187-92.


http://refhub.elsevier.com/S2468-4287(19)30033-4/sref1
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref1
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref2
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref2
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref2
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref3
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref3
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref4
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref4
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref4
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref5
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref5
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref5
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref6
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref6
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref6
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref6
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref6

288

10.

18.

Kuo et al

. DuBose 1], Leake SS, Brenner M, Pasley J, O'Callaghan T, Luo-

Owen X, et al. Contemporary management and outcomes
of blunt thoracic aortic injury: a multicenter retrospective
study. J Trauma Acute Care Surg 2015;78:360-9.

. Biswas S, Cadot H, Abrol S. Gunshot wound of the thoracic

aorta with right popliteal artery embolization: a case report
of bullet embolism with review of relevant literature. Case
Rep Emerg Med 2013;2013:198617.

. Rich NM, Collins GJ, Andersen CA, McDonald PT, Kozloff L,

Ricotta JJ. Missile emboli. J Trauma 1978;18:236-9.

Aidinian G, Fox CJ, Rasmussen TE, Gillespie DL. Varied pre-
sentations of missile emboli in military combat. J Vasc Surg
2010;51:214-7.

. Sandler G, Merrett N, Buchan C, Biankin A. Abdominal

shotgun wound with pellet embolization leading to bilateral
lower limb amputation: case report and review of the liter-
ature of missile emboli over the past 10 years. J Trauma
2009;67:E202-8.

. Mattox KL, Beall AC, Ennix CL, DeBakey ME. Intravascular

migratory bullets. Am J Surg 1979;137:192-5.

. Shen P, Mirzayan R, Jain T, McPherson J, Cornwell EE. Gun-

shot wound to the thoracic aorta with peripheral arterial
bullet embolization: case report and literature review.
J Trauma 1998;44:394-7.

. Michelassi F, Pietrabissa A, Ferrari M, Mosca F, Vargish T,

Moosa HH. Bullet emboli to the systemic and venous cir-
culation. Surgery 1990;107:239-45.

. Schurr M, McCord S, Croce M. Paradoxical bullet embolism:

case report and literature review. J Trauma 1996;40:1034-6.

. Schmelzer V, Mendez-Picon G, Gervin AS. Case report:

transthoracic retrograde venous bullet embolization.

J Trauma 1989;29:525-7.

. Olsun A, Duzyol C, Gur AK, Kaplan M, Sahin S, Tosun R. Bullet

embolism after gunshot injury: a case report. Heart Surg
Forum 2008;11:E193-4.

Pavy C, Lebreton G, Sanchez B, Roques F. Aortic bullet
embolization revealed by peripheral ischemia after a
thoracic gunshot wound. Interact Cardiovasc Thorac Surg
2011;12:520-2.

Journal of Vascular Surgery Cases and Innovative Techniques

20.

21.

22.

23.

24,

25.

26.

27.

September 2019

. Adegboyega PA, Sustento-Reodica N, Adesokan A. Arterial

bullet embolism resulting in delayed vascular insufficiency:
a rationale for mandatory extraction. J Trauma 1996:41:
539-41.

Miller KR, Benns MV, Sciarretta JD, Harbrecht BG, Ross CB,
Franklin GA, et al. The evolving management of venous
bullet emboli: a case series and literature review. Injury
2011;42:441-6.

Karmy-Jones R, Namias N, Coimbra R, Moore EE,
Schreiber M, Mcintyre R, et al. Western Trauma Association
critical decisions in trauma: penetrating chest trauma.
J Trauma Acute Care Surg 2014;77:994-1002.

Sperry JL, Moore EE, Coimbra R, Croce M, Davis JW, Karmy-
Jones R, et al. Western Trauma Association critical decisions
in trauma: penetrating neck trauma. J Trauma Acute Care
Surg 2013;75:936-40.

Demetriades D, Velmahos GC. Penetrating injuries of the
chest: indications for operation. Scand J Surg 2002;91:41-5.
Azizzadeh A, Charlton-Ouw KM, Chen Z, Rahbar MH,
Estrera AL, Amer H, et al. An outcome analysis of endovas-
cular versus open repair of blunt traumatic aortic injuries.
J Vasc Surg 2013;57:108-14; discussion: 115.

Demetriades D, Velmahos GC, Scalea TM, Jurkovich GJ,
Karmy-Jones R, Teixeira PG, et al; American Association for
the Surgery of Trauma Thoracic Aortic Injury Study Group.
Operative repair or endovascular stent graft in blunt
traumatic thoracic aortic injuries: results of an American
Association for the Surgery of Trauma Multicenter Study.
J Trauma 2008;64:561-70; discussion: 570-1.

Jonker FH, Giacovelli JK, Muhs BE, Sosa JA, Indes JE. Trends
and outcomes of endovascular and open treatment for
traumatic thoracic aortic injury. J Vasc Surg 2010;51:565-71.
Murad MH, Rizvi AZ, Malgor R, Carey J, Alkatib AA, Erwin PJ,
et al. Comparative effectiveness of the treatments for
thoracic aortic transection [corrected]. J Vasc Surg 2011;53:
193-9.e1-21.

Submitted Jan 9, 2019; accepted Feb 27, 2019.


http://refhub.elsevier.com/S2468-4287(19)30033-4/sref7
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref7
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref7
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref7
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref8
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref8
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref8
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref8
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref9
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref9
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref10
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref10
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref10
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref11
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref11
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref11
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref11
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref11
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref12
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref12
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref13
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref13
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref13
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref13
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref14
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref14
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref14
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref15
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref15
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref16
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref16
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref16
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref17
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref17
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref17
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref18
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref18
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref18
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref18
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref19
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref19
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref19
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref19
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref20
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref20
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref20
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref20
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref21
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref21
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref21
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref21
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref22
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref22
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref22
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref22
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref23
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref23
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref24
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref24
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref24
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref24
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref25
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref25
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref25
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref25
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref25
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref25
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref25
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref26
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref26
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref26
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref27
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref27
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref27
http://refhub.elsevier.com/S2468-4287(19)30033-4/sref27

	Successful treatment and survival after gunshot wound to the aortic arch with bullet embolism to superficial femoral artery
	Case report
	Discussion
	Aortic injury and TEVAR

	Conclusions
	References


