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Abstract

Pellet embolization to the pulmonary artery from  much subtle compared to bullet embolism per se. Af-
a shotgun injury is a rare event. Our current experi-  ter entry into the venous system, smaller sized pellets
ence with this entity is described. We reviewed the can easily lodge into the distal segments of pulmo-
literature of Bullet Embolization with emphasis on  nary artery but tend to have less deleterious effect as
management. We believe that shotgupellet pulmo-  compared to bigger sized bullet. We therefore recom-
nary artery embolism should be regarded as a sepa- mend non-surgical management of pellet pulmonary
rate entity from bullet embolism. The mechanism of embolism with clinical follow up to determine emer-
injury and its sequelae, leading to complication is very gence of complications.
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Introduction

Embolization to the pulmonary artery from shotgunare valid options versus non-operative management. We
wounds is a rare event. Gunshot wounds without atiescribe a case of a shotgun injury with pellet emboliza-
exit should incite a high index of suspicion for this protion to the pulmonary artery.
cess. The kinetic energy of shotgun pellets is highly vari-
able, depending on the barrel length, choke, gauge, c&ase report
tridge type, size and number of pellets. The small size
and the large number of pellets make shotgun injuries A?24-year-old female was evaluated in the Emergency
more likely to result in intravascular pellet location.  Department after a shotgun injury. She was a victim of

There are three types of bullet embolization describeaissault and was shot with a shotgun at close range. The
in the literature: arterial, venous, and paradoxical. Incipatient was clinically stable on arrival to the Emergency
dence of arterial embolization is higher than venous enbepartment. On initial evaluation, there was bleeding
bolization [1]. When embolization is suspected, work-ugrom a single 5-centimeter irregular wound in the left
should include plain x- rays, CT scans and the addition ¢dwer quadrant over the iliac crest. She had associated
echocardiography (transthoracic and transesophagealxiftaneous powder burns. Vital signs upon admission to
indicated. Management is variable and should be indemergency Department showed a blood pressure of 110/
vidualized depending on the presenting signs and sym@® mmHg, heart rate of 99 beats/min in sinus rhythm,
toms, pellet location and its complications. Open surgiespiratory rate of 20 breaths/min and a temperature of
cal, percutaneous or endovascular techniques for remoa&.9 °C. Pulse oximetry on room air showed an oxygen
saturation of 99%.

Initial assessment and management were performed
based on standard ATLS protocol. Neurologic examina-
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the iliac crest. There were hypoactive bowel sounds; thibe left hemipelvis with a multi-fragmentary fracture of
abdomen was soft to palpation with left lower quadrarthe left ilium extending to the acetabuluffigure la
tenderness. Back, flanks and axillae showed no injurieandFigure 1b). FAST examination did not demonstrate
Rectal examination was normal with no gross or occuftericardial or peritoneal fluid collection.

blood. Afoley was placed draining clear and yellow urine.  Given the patient’'s examination findings, the patient
Pulses on both lower extremities were bounding andias brought to the operating room for emergency explo-
equal. All four extremities showed no neurologic deficitration. Exploratory laparotomy revealed no intra-perito-
Radiologic evaluation followed. The chest x-ray showedeal injury. A left pelvic hematoma was found directly
no pneumohemothorax, no cardiac enlargement anohder the wound site. Exploration of the hematoma with
multiple radiopaque densities (pellets) within the lungoroximal and distal vascular control showed a small left
fields. There were multiple shotgun pellets projecting oveexternal iliac vein injury approximately 5 mm, which was
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repaired with a single figure of eight technique using 4-8can of the chest was performed to evaluate the three
prolene suture. The iliac arterial vessels were grossly ithoracic radiopaque particles (assumed to be pellet em-
tact. Subsequent exploration did not demonstrate amplization at that time). It revealed that the three pellets
additional injuries. The patient underwent primary abwere lodged in the pulmonary arteRidure 2a, Figure
dominal closure and packing of groin wound with salin@b and Figure 3a, Figure 3b). A transesophageal
gauze. She remained hemodynamically stable and washocardiogram was done to exclude the possibility of
transferred to Trauma Intensive Care Unit, intubated aridtracardiac localization. It showed that the pellets were
supported by mechanical ventilation. A postoperative Cibcated outside the heart.
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The finding of multiple pellets in the pulmonary vas-on admission and was given once daily thereafter. We
culature raised several concerns: 1. lung infarction 2eld giving therapeutic heparinization because there was
thrombosis proximal to the pellet and 3. thrombus fomo evidence of thrombosis on CT scan combined with
mation at or around the repaired iliac vein injury. To adthe recent surgery. The patient did well with no clinical
dress these concerns, we followed up the patient wigtvidence of pelvic or lower extremity venous thrombo-
repeat chest spiral CT scan with intravenous contrast asig and a negative lower extremity doppler study.
showed no radiographic signs of infarction or thrombo- CT scan of the pelvis revealed an anterior column
sis. Deep vein thrombosis (DVT) prophylaxis was startedcetabulum fracture with no displacement of the articu-
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lar surface, but with multiple displaced fragments of the  Bullet embolism should be suspected in any victim
ilium. Additionally, multiple lead particles were locatedwho has sustained a penetrating gunshot injury without
posterior to the ilium. On hospital day 2, the orthopedian exit wound [12,13], when the signs and symptoms do
team performed a second debridement of the wountbt correlate with those expected from the suspected
through an iliac incision. Multiple loose fragments ofcourse of the missile, and when radiologic investigation
bone, shotgun wadding and lead pellets were removetiows that the missile location deviates from the sup-
from the deep confines of the wound. Copious irrigatioposed path of penetration [4].

and debridement of devitalized muscle was then per- The laws of ballistics play an important role in this
formed. Avacuum assisted closure (A@ressing was process. Bullet emboli are usually associated with small
applied. caliber, low velocity missiles [13]. The factors affecting

The patient was subsequently extubated on hospitégsue penetration and eventual missile destination are as
day 3 without respiratory compromise. She was trangellows: 1. kinetic energy, 2. bullet or pellet diameter, 3.
ferred to the floor on hospital day 5 and remained stabiescular anatomy, 4. gravity, 5. position of patient, and 6.
from a cardiopulmonary standpoint, so a decision waw dynamics [1]. Shotgun pellet injury can be predis-
made to leave the intra-thoracic fragments in place. Sipgsing to the process of embolization due to the small
was then transferred from the hospital to a rehabilitatiosize and large number of pellets [14], and due to the rela-
center seven days after injury. tively low kinetic energy upon entry to the blood vessel.

Multiple approaches to treating missile embolization
have been reported. One of the most controversial is the

Discussion removal of the missile from the pulmonary artery [6,15,16].
Management should be individualized based on the de-

Thomas Davis reported in 1834 the first case of bulgree of symptoms, size and location of the pellet embo-
let embolization in a 10 y/o boy. Awooden missile fraglism and its presenting or anticipated complications.
ment had moved to his right ventricle [2]. Sir ArthurSymbas and Harlaftis [16hoted that patients not under-
Keith in 1917 stressed the rarity in the pathology literagoing bullet embolectomy had a higher mortality, and they
ture of bullet embolization to the pulmonary artery [2].recommended that all missile emboli to the lung be re-
Modern era reports of bullet embolization to the pulmoved. Other authors have concluded that small emboli
monary artery started in 1975 with Stephenson’s repoctin be left in place in the pulmonary artery without unto-
of two patients and a review of the literat{8¢ When ward sequelae. There is general consensus that manage-
a bullet enters a vessel, it may cause: 1. hemorrhage nZent should be individualized based on the degree of symp-
thrombosis, 3. sepsis, 4. erosion or vascular occlusiotmms, size and location of the pellet embolism and present-
5. ischemia, infarction leading to gangrene and 6. ség or anticipated complications. Conservative manage-
vere sometimes incapacitating cardiac necrosis [3]. Haent in these patients necessitates continued surveillance
also suggested that operative removal of a bullet in tHer anticipated complications especially wedge infarction,
pulmonary artery is necessaryjowever, this was a re- which may lead to gangrene, infection and sepsis or throm-
port of large caliber bullets and there was no mention difosis of the pulmonary artery proximal to the pellet lead-
shotgun pellets. ing to pulmonary artery hypertension.

Michelassiin 1988 reviewed 153 cases of bulletem- We believe that shotgupellet pulmonary artery
bolism. Fifty-three out of 153 were venous and 8 out ambolism should be regarded as a separate entity from
53 venous cases lodged into the pulmonary circulatidoullet embolism. The mechanism of injury and its se-
[4]. Rich,et al reported 22 cases of bullet emboli out ofguelae, leading to complication is very much subtle com-
7500 (0.3%) vascular trauma cases during the Vietnapared to bullet embolism per se.

War [5]. Mattox reported 28 cases of civilian bullet  Conservative management with surveillance moni-
emboli at the Ben Taub General Hospital, Houstortpring is highly recommended due to the small size of the
Texas (12 yr review of cases from 1965 to 1977). Sevepellets. We also recommend clinical and radiological
of the 28 cases were lodged to the pulmonary artergvaluation for pellet embolization in extremities at risk
Five out of seven were left in place [6]. The article didduring the secondary survey. Pulmonary embolism may
not mention the bullet caliber. There was no mention déad to respiratory failure and ventilator management [17].
shotgun injury. Rarely, depending on the severity of the presenting signs

Several case reports of bullet that entered the venoaed symptoms and the degree of infarction and pulmo-
circulation embolized and stayed within the right vennary hypertension, acute operation may be required. Pa-
tricle but never went to the pulmonary artery [7-11].  tients with a main or secondary pulmonary artery bullet
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should have localization determined using intra-opergeint. The few lead fragments in the ilium that could not be
tive fluoroscopy [18,19] because bullet may re-embolizetcemoved at the time of surgery were left in place, as it was
to the opposite pulmonary artery during operatiomlecided that the risks of removal outweighed the benefit.
[2,19,20]. Segmentectomy or lobectomy was recom- This case illustrates several important principles in
mended in patients with delayed discovery of bullet enthe treatment of shotgun injuries: embolization of bullet
bolus to the lung [21]. or pellet fragments can occur and can be life threatening.
Close range (< 14 ft) shotgun wounds should be treatddhorough and ongoing clinical and radiographic analy-
as high-velocity gunshot wounds due to the tissue damagis is necessary to recognize and treat the potential com-
caused by the multiple fragments, and the potential for fgplications of embolization. Clinical judgment should
eign body (wadding and cloth) in the wound. Thus, tetaguide the team in deciding when surgery is indicated.
nus prophylaxis, broad-spectrum antibiotics, operative exzlose-range shotgun wounds cause extensive injuries, ne-
ploration, aggressive debridement of devitalized tissue, agdssitating thorough debridement. CT scans will help to
open wound management are the standard. localize the region of tissue destruction and foreign body
In general, the potential for plumbism with retained leatbcation. Close-range shotgun wounds must be inspected
fragments is small [22], but is most likely to occur with leador shotgun wadding. Multiple specialists working in
fragments which remain in a bone, a bursa, or a joirose coordination will provide optimal treatment to pa-

[13,23,24]. In this case, there was no lead inside the hijents with these potentially devastating injuries.
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