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Peripheral arterial emboli due to bullet projectile: diagnosis 
confirmed by vascular ultrasound
Embolia arterial periférica por projétil de arma de fogo em civis: diagnóstico confirmado pelo 
ultrassom vascular 
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Introduction

Peripheral arterial embolism caused by firearm bul-
lets (cardio arterial or arterio-arterial) is very rare1. To 
become an embolus, the bullet must penetrate the vessel 
lumen or the heart with only enough energy to cross one 
of the walls into the vessel, atrium or ventricle. For periph-
eral arterial embolism to occur, it should be transported in 
the blood stream from the entrance wound into the pul-
monary circulation or from  the left side of the heart or 
the aorta until the arterial point of occlusion2-21. Despite 
the existence of some cases in the literature of arterial and 
venous embolism due to trauma, cases in which the bullet 
becomes the arterial embolus itself are rare. We present 

such a case and a eview of other similar situations that 
have been published since 1990 (Table 1).

Case report

A 16-year-old male patient was admitted to Hospital 
Universitário Regional, to the North of Paraná, with history 
of being shot, which resulted in multiple injuries (five shots). 
The injuries were located on the posterior trunk (three), one 
to the side of the trunk, and one on the right arm. The pa-
tient was conscious, with blood pressure of 120/80 mmHg 
and regular pulse. All peripheral pulses were palpable and 
symmetric. Considering the multiple thoracic (without he-
mothorax) and abdominal injuries, x-rays were performed.
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The patient was then submitted to the placement of bi-
lateral thoracic drainage tubes and to exploratory laparoto-
my. The drainage by the thoracic ducts was minimum, and 
lapatoromy showed no intra-abdominal lesions. Peripheral 
pulses in the lower limbs were present and symmetric. 

The patient was admitted, and approximately after 8 
hours he began to present signs of cooling and absence 
of all pulses in the left lower limb (femoral, popliteal 

and tibial). The Vascular Surgery Service was consulted 
and raised the diagnostic hypothesis of acute arterial 
occlusion, which was confirmed by a vascular ultra-
sound that showed the absence of arterial flow and in-
traluminal hypoechogenic image in the left superficial 
femoral artery (Figure 1). Associated with the absence 
of local arterial flow, the image was interpreted as early 
thrombosis, which caused the acute arterial occlusion. 

Table 1. Arterio-arterial embolisms since 1990.

CT–computed tomography; AT–anterior tibial; PT–posterior tibial; FIB–fibular; POP-popliteal.

Reference Entrance vessel
Location of embolism
(occluded arteries)

Time for 
diagnosis

Arterial 
ischemia

Diagnosis of embolism
Removing the 
embolism

Result

Keele (2010)2 Proximal aorta Descending thoracic 
aorta

4 days No Simple x-rays, angio Pressure catheter Full recovery

Sandler (2009)3 Infrarenal abdominal 
aortic transection

Fibular and right PT 1 day Yes Physical examination, 
x-rays, angio

Embolectomy Transtibial
bilateral 
amputation

Ntlhe (2008)4 Pulmonary vein (?) Right internal carotid 2 months Yes Stroke, angio Excision and 
ligature of the 
internal carotid D

Improvement 
stroke

Olsun (2008)5 Ascending aorta Right renal interlobar Hours Yes X-ray Non-removed 
embolism

Full recovery

Nguyen (2006)6 Left ventricle Right external carotid Imediate No CT, X-ray Arteriotomy Full recovery

Ronsivalle (2005)7 Pulmonary vein Right axillary vein Imediate Yes Physical examination, CT, 
angio

Arteriotomy Full recovery

Schwoerer (2004)8 Abdominal aorta Right popliteal Imediate Yes Computed tomography Arteriotomy Full recovery

Harirchi (2004)9 Right ventricle 
(interventricular 
septum?)

Right axillary Imediate Yes Physical examination Arteriotomy Full recovery

Duncan (2002)10 Heart Internal carotid Imediate Yes Left paresis
Angio

Non-removed 
embolism

Partial recovery

Kurt (2001)11 Left atrium Right external iliac Imediate No Laparotomy Arteriotomy Death (stroke?)

Shen (1998)12 Distal thoracic aorta Right external iliac Imediate Yes Physical examination Arteriotomy Death

Rajamani (1998)13 Pulmonary vein Right internal carotid 16 hours Yes Angio Arteriotomy Death

Adegboyega (1996)14 Abdominal aorta Left popliteal 14 months No Not performed at initial 
care. Angio 

Non-removed 
embolism

Amputation 
(thigh)

Bilsker (1996)15 Left ventricle Right subclavian 2 weeks No Angio Arteriotomy Full recovery

Yoshioka (1995)16 Right external iliac Right deep femoral Imediate Yes Embolectomy catheter Non-removed 
embolism

Full recovery

Nikolic (1994)17 Descending aorta Right common iliac Hours Yes Angio Arteriotomy Not reported

Khalifeh (1993)18 Left ventricle Right superficial femoral Imediate No Simple x-ray Arteriotomy Full recovery

Kerr (1993)19 Right pulmonary 
vein

Right axillary Imediate Yes Physical examination, 
angio

Arteriotomy Full recovery

Bradham (1991)20 Pulmonary vein (?) Aortic valve 3 days No Angio Local aortotomy Full recovery

Bongard (1991)21 Right superficial 
femoral
Left superficial 
femoral 
Right brachial
Left external iliac

AT, PT and right fib
Left pop trifurcation
Right ulnar
Left pop trifurcation

Imediate
Imediate
Imediate
Imediate

Yes
Yes
Yes
No

Physical examination
Physical examination
Physical examination
Intraoperative angio

Arteriotomy
Embolectomy
Non-removed 
embolism 
Arteriotomy

Revascularization
Full recovery
Amputation 
neurologic lesion
Full recovery
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The presence of early thrombosis in the superficial 
femoral artery and the clinical picture of acute arterial 
occlusion in the left lower limb led to the hypothesis of 
the occlusion of iliac arteries (common and external), 
which were previously normal. Since this acute occlu-
sion could possibly affect the left aortoiliac segment, an 
acute arterial occlusion caused by trauma was consid-
ered, thus leading to a new laparotomy. 

At laparotomy, a bullet was noticed when examin-
ing the left iliac bifurcation (Figure 2). The bullet was 
removed by an arteriotomy of the left iliac bifurcation, 
which did not show local lesions in the intima.  The 
Fogarty catheters were introduced by the arteriotomy 
and the early thrombus (about 20 cm long) was removed. 
Circulation was restored by arteriorrhaphy. 

The patient did not receive systemic anticoagulation, 
only local. In the postoperative period, the patient had sym-
metric peripheral pulses, with ankle-brachial index of 0.98 
and normal vascular ultrasound. The entrance point of the 
bullet in the artery was not defined. The patient was dis-
charged without sequelae. 

Discussion

“The occurrence of bullets in the blood flow, even 
if rare, has become more than a surgical curiosity, and 
its presence must be taken into account when unex-
pected symptoms are observed after injuries caused 
by a firearm, especially when the bullet cannot be 
visualized”22. Right after the First World War, in 1917, 

this editorial in Lancet was already concerned about 
the arterial embolism caused by projectiles. Currently, 
with the increased urban violence, this notice is more 
than adequate.

Firearm bullets penetrating the pulmonary veins, 
left heart, aorta or large-caliber arteries of the thorax, 
abdomen and limbs may have enough energy to pen-
etrate, but not to transfix the vessel, thus becoming an 
embolism. So, they travel through the blood flow un-
til occluding a peripheral artery in a site that is distant 
from the initial perforation2-21. As in all emergencies, an 
accurate diagnosis should made as soon as possible in 
order to minimize complications. In case of acute arte-
rial occlusion, when the arterial embolism consists of 
a firearm bullet, diagnosis is rarely taken into account, 
especially because the acute arterial occlusion is far 
from the trauma site.  Therefore, knowing this type of 
arterial embolism is important for those who work in 
trauma centers. 

The migration of a firearm bullet through the cir-
culatory tree can cause symptoms that mislead assis-
tant doctors10,12, thus causing doubts as to diagnosis and 
treatment. Complications of such injuries also include: 
infection, pseudoaneurysm, and hemorrhage in the 
place where the projectile entered the circulation14. In 
case of proximal arterial lesions9, the distal emboli are 
not treated and can lead to ischemia in places that are 
distant from the injury site (proximal); unless there is 
clinical suspicion or the diagnosis is made with the con-
sequent removal of the emboli, the limb can suffer an 

Figure 1. Examination of the left proximal superficial femoral artery (A FEM 
SUP PROX ESQ) showing the absence of flow in the spectral analysis.

Figure 2. Projectile (arrow) after arteriotomy of the external iliac artery.
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irreversible ischemia, despite the success of a proximal 
arterial reconstruction10,13,15.

Even though it has been described since 1834 by 
Thomas Davis1, arterial embolism caused by a projectile 
is rare in cases of trauma, especially in combat situations. 
The frequency of these cases during the Vietnam war is 
usually described as 0.3% of the arterial trauma cases1. 
However, the reports were referred to arterial embolism 
caused by explosive debris, (0.25% of arterial trauma 
cases), and these were caused by a projectile, which re-
sults in the frequency of 0.04% when it comes to arterial 
trauma. A possible explanation for the low frequency of 
embolism caused by projectiles during wars is the use 
of high energy bullets (and high speed), which tend to 
destroy the vessel instead of penetrating it. In order for 
a projectile to enter the systemic circulation, its energy 
must be only sufficient to penetrate the vessels or the 
heart, and not to transfix the structure1,5,8.

One of the causes that can determine the rarity of 
arterial embolism caused by projectile in the emergency 
rooms is that injuries involving the heart and major ves-
sels are usually lethal, so patients die before the emergen-
cy care11. The mortality rate of patients with peripheral 
arterial embolism increases from 21%, when the bullet 
comes into the circulation by the heart, to 47%, when 
it enters by the thoracic aorta. This rate can increase to 
70% when the bullets come in by the abdominal aorta1, 
maybe because of excessive bleeding. 

Since it is rare, most reports consist of single cases, 
or with a small number of patients2-21,23-26. In civil trauma, 
80% of the causes are caused by low-caliber bullets, with 
low speed2-21.

In case of acute arterial ischemia in a patient with 
trauma caused by firearm, the possibility of embolism 
caused by a projectile should be taken into account when 
it is not possible to visualize an exit hole, when the signs 
and symptoms are different from those expected due to 
lesions in organs that are in the supposed path of the 
projectile, and when the projectile is not visualized in 
imaging examinations8,9,15 – considering that most ar-
terial injuries caused by firearm are owed to lesions in 
the arterial wall, directly or indirectly. The possibility of 
arterial embolism caused by a projectile should also be 
considered when signs of ischemia cannot be explained 
by the entrance wound, or when the patient presents sig-
nals of arterial ischemia in a limb that had not been pre-
viously involved3,4,7.

When the projectile enters the blood flow, its path de-
pends on the anatomy and on arterial hemodynamics, as 

well as on the effects of gravity7-12. Most bullets causes em-
bolism in the arteries of the lower limbs1,3,8,12,14,16, especially 
when the projectile enters through the descending or ab-
dominal aorta due to anatomy and position of the patient at 
the time of the trauma, as well as respiratory and muscular 
movements made by the patient12. When the projectile en-
ters through the descending aorta, the tendency is for it to 
be transported to the brachiocephalic trunk due to its di-
ameter and anatomic location9.

In young patients, the penetration in the aorta may be 
tamponade, which makes the diagnosis more difficult7,9. The 
fact that the entrance wound is located in the right ventricle 
does not rule out the possibility of an arterial embolization 
being originated in this site10, probably due to the presence 
of patent foramen ovale. 

As to symptomatology, in 66.7% of the cases, pa-
tients presented with signs and symptoms of arte-
rial ischemis; 13.3% presented only with neurological 
symptoms, and 20% of the patients were asymptomatic 
(Table 1)9. In another review, there were signs of arte-
rial ischemia in only 40.7% of the cases3,4,12,16, possibly 
due to collateral circulation.

The recommended treatment is to remove the 
bullet, preferably by local arteriotomy, with visual in-
spection of the intima in the site6-9,11-13,15,17-21, instead of 
catheter embolectomy due to the risk of intimal lesions. 
In one of the cited cases, the projectile was removed 
with a pressure catheter2. The indication to remove the 
asymptomatic arterial embolism includes the risk of 
a new distal embolism, clotting and potential arterial 
occlusion5,14,16,21.

Embolism caused by a projectile in a paradoxical 
way, in which the entrance point is the venous part of 
the circulation (systemic veins, pulmonary artery, right 
atrium and right ventricle) (Table 2) is even rarer6,23-26. 
The embolism should pass to the blood flow through 
interventricular communication (IVC) and interatrial 
communication (IAC), or even by an arteriovenous 
fistula6,23-26. Since only 6% of the population presents 
IAC (most common anatomic malformation), whose 
diameter is sufficient to enable the passage of a bullet, 
paradoxical embolism is unusual6,23-26.

Review of case reports  

The bibliographic review was based on cases indexed 
in PubMed (www.PubMed.gov), from the review by 
Michellassi, in 19901-21,23-36, and includes only cases of em-
bolism that impacted peripheral arteries caused by firearm 
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bullets (single bullets or pellets) in patients who went to the 
emergency room. Autopsy reports, embolism caused by de-
bris and venous embolism were excluded. 

In this review, “embolism projectiles” were only con-
sidered when the embolism consisted of the projectiles 
themselves, and lead pellets (Table 1). In cases of civil 
trauma, embolism is usually caused by low caliber2-21,23-26 

or low speed bullets, so kinetic energy enables vascular 
penetration, but not the transfixing of heart chambers of 
blood vessels. 

One of the broadest bibliographic reviews showed 
153 cases of arterial and venous embolism caused by 
bullets up to 19901, and demonstrated the entrance site 
in the arterial tree was defined in less than 50% of the 
cases (71 out of 153; 46.4%). Among the 58 cited cases, 
the entrance site was the aorta for 22 patients (37.9%), 
the left ventricle for 10 (17.2%), the abdominal aorta for 
9 (15.5%), the heart for 5 (8.6%), the left atrium and the 
pulmonary vein for 3 (5.2%), and each of the following 
sites for 1 patient (1.7%): right atrium, right ventricle, left 
common iliac, right common femoral and left common 
carotid arteries. From the bullets that entered the sys-
temic circulation, 10 out of 26 (38.47%) migrated to the 
brachiocephalic trunk (BCT) (7 to the right subclavian, 2 
to the common carotid and 1 for the distal BCT). Out of 
the 16 left, 1 migrated to the left common carotid, and 15 
(93.75%) went to the descending aorta. To these 15 were 
added 29, which perforated the descending aorta. Out 
of the 44 embolisms present in the descending aorta, 10 
(22.27%) moved to the right external iliac artery, and 15 
(34.1%) to the left external iliac1.

Since 1990, we have found a total of 20 case reports 
of arterial embolism, with 23 arteries occluded by arterio-
arterial embolism (Table 1)2-21,23-26. In this period, other 

five cases of paradoxical embolism were published, that 
is, venous-arterial (Table 2). The arteries that suffered em-
bolism were more commonly in the lower limb (11 out 
of 22 cases, 50%). In nine cases (82%), the arteries of the 
right side were also occluded. In the lower limbs, the most 
affected arteries were the popliteal (three cases) and the 
external iliac artery (two cases).

Even though the authors in the 1990s have mentioned 
that diagnosis took a long time1, in most of the cases ana-
lyzed in our review, diagnosis was immediate (14 cases out 
of 23; 60.86%) (Table 2), possibly due to the easy access to 
angiography, which was used for diagnosis of 11 (47.8% 
out of the 23 cases. Physical examination was used for the 
early diagnosis of 7 (30.43%) out of the 23 cases. There 
were signs of arterial ischemia in 16 (69.56%) out of the 
23 cases. The embolisms were removed by direct arteri-
otomy in 14 (60.86%) cases, and there was full recovery in 
13 (56.52%) cases (Table 2).
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