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Gunshot  wounds  to the cardiac  region  usually  result  in devastating  injuries.  However,  if bullets  embolize
into  the  myocardium  without  significant  damage  to the  organ,  optimal  evaluation  and  management
remains  unclear.  We  present  the  case  of  a hemodynamically  stable  gunshot  wound  patient  who  presented
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with a bullet  to the  heart.  Sternotomy  revealed  that the  bullet  had  embolized  through  the  superior  vena
cava  and  embedded  into  the  apex  of  the right  ventricle.  The  patient  was  managed  without  retrieval  of
the  bullet  and  continues  to be well  despite  a retained  intracardiac  bullet.  We  discuss  cases  of  bullet
embolization  to the  heart  and  the  emergence  of  minimally-invasive  approaches  for  management.

© 2020  The  Authors.  Published  by  Elsevier  Ltd  on  behalf  of  IJS Publishing  Group  Ltd.  This is  an  open
he  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
unshot wound access  article  under  t

. Introduction

Gunshot wounds (GSWs) to the cardiac region usually result in
evastating injuries with a high mortality rate [1]. Survival from
ardiac injury may  be predicted from the presence of cardiac tam-
onade, physiologic status on presentation, injury to one or more
ardiac chambers, and the need for resuscitative thoracotomy [2]. In
are cases, bullets may  penetrate the pericardium but not directly
amage the heart [3,4]. Even less commonly, bullets may  travel
ith the blood into the heart and injure the endocardium [5–9].

he management of a hemodynamically unstable patient with car-
iac GSW is universally operative [10]. However, management of

 hemodynamically stable patient after a GSW to the cardiac area
ith no clear signs of penetrating cardiac injury, may  proceed with-

ut initial operation [11].
We  present the case of a hemodynamically stable young male

ho suffered a GSW to the right chest. Computed Tomography (CT)
can performed because of his stability, demonstrated a bullet in
lose proximity to the heart. Sternotomy revealed bullet emboliza-
ion through the superior vena cava (SVC) to the right ventricle that
hen embedded in the apical endocardium, obviating safe retrieval.

e discuss the literature on bullet embolization to the heart and

ptions of observation, endovascular and open surgical manage-
ent.

∗ Corresponding author at: NYU Langone Health, NYU Winthrop Hospital, 222
tation Plaza North, Suite 300, Mineola, NY 11501, United States.

E-mail address: Gerard.Baltazar@nyulangone.org (G.A. Baltazar).

ttps://doi.org/10.1016/j.ijscr.2020.06.090
210-2612/© 2020 The Authors. Published by Elsevier Ltd on behalf of IJS Publishing G
reativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. Entry site of bullet (black-outlined arrow).

2. Presentation of case

A 37-year-old male with no significant medical history pre-
sented to a level 1 trauma center as a level 1 trauma activation
after suffering a single GSW to the right anterior chest just lateral

to the midclavicular line at approximately the level of the fourth
thoracic vertebra (Fig. 1). On presentation, his only complaint was
pain localized to the GSW. All vital signs were stable. A chest x-
ray and focused abdominal sonogram for trauma were emergently
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ig. 2. Preoperative radiographic studies attempting to localize bullet. 2a. Chest x-ra
o  intra-ventricular septum. 2c. Axial CT with bullet track through anterior chest w
etween inferior border of heart and diaphragm.

erformed. Imaging revealed no pneumothorax, hemothorax, peri-
ardial effusion, or intra-abdominal free fluid. The patient was
aken for a CT scan which showed a focused area of parenchymal
ung injury in the right anterior upper lobe with an adjacent first
ib fracture.

The bullet was noted to be anterior to the apex of the heart
n the pericardial fat (Fig. 2). Laboratory values were within the
ormal limits, including a hemoglobin of 14.7 g/dL, base deficit of

 mEq/L and troponins <0.1 ng/mL. An electrocardiogram demon-
trated normal sinus rhythm with heart rate of 79 beats per minute.

A transthoracic echocardiogram was unable to clarify whether
he bullet was outside or within the pericardial sac, and a three-
imensional reconstruction of the initial CT scan was performed.

nterpretation by a dedicated thoracic radiologist was  that the bul-
et was not within the pericardium. The presence of an upper

ediastinal hematoma raised moderate suspicion that the bullet
ad migrated inside the pericardial sac from its entry site in the
nterior mediastinum. Due to concern for future cardiac irritation
nd endocardial erosion, the decision was made for exploration
erformed by thoracic and cardiac surgeons.

A subxiphoid pericardial window did not reveal a bloody peri-
ardial effusion or the presence of a bullet. This was converted
o a sternotomy because of a high index of suspicion, and this
lso did not reveal the bullet in the pericardial sac or in either
leural space. There were no outward signs of myocardial injury.

e identified a moderately-sized hematoma in the right hilum,

urrounding the SVC, without active bleeding. Fluoroscopy con-
rmed the location of the bullet to be midline and in the region
wing hyperdensity (bullet) sitting to left of midline. 2b. Axial CT with bullet anterior
d lung parenchymal contusion in region of the SVC. 2d. 3D reconstruction of bullet

of the heart. We  lifted the apex of the heart, and the bullet was
palpated in the right ventricular myocardium just lateral to the
septum. A simple ventriculotomy failed to allow access to the bul-
let. The bullet had embedded through the endocardium into the
deep myocardium, and retrieval would have likely necessitated
cardiopulmonary bypass with extensive cardiac dissection.

The decision was made to leave the bullet in place, and the ven-
triculotomy was  repaired and the chest closed. The patient had
an uneventful recovery. At 3-month follow up, the bullet had not
changed position on chest x-ray.

3. Discussion

We  present the case of a healthy, hemodynamically stable young
male, who suffered bullet embolization through the SVC into the
endocardium of the right ventricle. (Fig. 3). The rarity of his case
combined with benign presentation and inconclusive imaging cre-
ated challenges with regard to choice of treatment modality. Few
cases of bullets or bullet fragments embolizing to the right heart
exist in the literature, and most are isolated case reports or case
series [5–9]. Thus, definitive guidelines for evaluation and man-
agement have yet to be developed.

In 2018, Yoon et al. performed a systematic review of 54 articles,

reporting 62 patients with thoracic bullet emboli [11]. The authors
found that 64.7% of bullet emboli that enter the venous system
migrate into the right heart with most such emboli being caught
in the chordopapillary apparatus or ventricular trabeculae. In line
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ig. 3. Bullet entry (circle), embolization track through superior vena cava (dashed
ine), and final site of embedding in right para-septal ventricular myocardium (bul-
et).

ith our case, Yoon et al. found that nearly 90% of such cases are
symptomatic on initial presentation [11].

The workup of patients with GSWs to the chest begins with
dvanced Trauma Life Support protocols and guidelines. Patients
ho remain stable may  undergo adjunct imaging to help determine

he specific location of the bullet as a guide for management.
Suspicion for bullet emboli should occur in the setting of

adiographic evidence of a missile and ongoing hemodynamic
tability. Imaging options include X-ray, Computed Tomogra-
hy, and transthoracic and/or transesophageal echocardiography.
ashimi et al. found transesophageal echocardiography superior to

ransthoracic echocardiography for the localization and character-
zation of intracardiac bullet fragments [12]. Indeed, localization is
ssential for the surgeon contemplating observation versus opera-
ive intervention [13].

In addition to observation and open operative retrieval,
ndovascular extraction of intracardiac missiles has emerged as a
iable option. In Yoon et al’s review, endovascular retrieval was
uccessful in 53% of attempts. Of the endovascular attempts that
ailed, 28.6% were successfully observed, and 71.4% underwent
pen retrieval [11]. Thus, despite clinical earnest to retrieve intrac-
rdiac bullets, observation in the asymptomatic patient may  be a
atisfactory approach particularly if the bullet appears to be small
aliber or firmly lodged and immobile [11,13]. To leave the bul-
et and observe or to remove the bullet invasively is not an easy
ecision, and discussion should occur between the patient and
reatment team. Embolization of intracardiac bullets into the distal
ulmonary artery branches is unlikely to have a significant impact
ased on available literature on fractured IVC filter fragments lead-

ng to benign pulmonary artery embolization [14].
This case report has been reported in line with the SCARE 2018

riteria [15].

. Conclusion

Our review of the literature and current experience suggests that
he initial management of hemodynamically stable patients with

uspected intracardiac bullet emboli can be non-operative. Non-
perative management should include intensive care observation
long with transesophageal echocardiography to better-localize
he bullet. Considering endovascular approaches with preparation
PEN  ACCESS
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for possible open operative intervention is a valid alternative that
carries a higher risk of morbidity and mortality, in comparison to
non-operative management [12,13]. Intracardiac bullets can be left
in place, with no significant impact.
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