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Introduction: Penetrating cardiac injuries are emergencies that require prompt surgical manage
ment. Most of these injuries are caused by gunshots or stab wounds however the incidence of nail- 
gun injuries is rising due to their availability and widespread use. Cardiac injuries caused by nail- 
guns are often self-inflicted. These injuries almost always require operative management with a 
sternotomy or thoracotomy. 
Case report: This case report describes a 47-year-old male with two self-inflicted nail-gun wounds 
to the chest. He presented in a stable condition and subsequently underwent an emergency 
sternotomy to repair a penetrating cardiac injury. We highlight our diagnostic and operative 
approach to this injury and present a contemporary narrative review of similar cases. 
Conclusion: Almost all cases of penetrating trauma caused by nail-gun injuries require urgent 
surgery. Some cases require the use of cardiopulmonary bypass. In this case, the use of the 
Medtronic® urchin apical suction device, usually reserved for off pump cardiac surgery, facili
tated exposure and repair of the lateral wall of the left ventricle.   

Introduction 

Penetrating cardiac injuries are emergencies that require prompt surgical management. Although commonly caused by gunshots 
and stab wounds, case reports detailing penetrating injuries caused by pneumatically fired nail-guns have also been described [1–3]. 
The incidence of these injuries is on the rise as nail-guns are being utilised more frequently in industrial and civil settings [3]. The 
majority of cases encompass orthopaedic trauma caused by nail-guns fired accidentally into the non-dominant arm [1]. Cardiac in
juries caused by nail-guns are often self-inflicted [2]. The mortality rate given the relative infrequency of these injuries remains unclear 
[3]. These injuries generally require operative management in the form of a sternotomy or thoracotomy [3]. The right ventricle is most 
commonly affected due to its anterior location; however, reports exist of injury to the left ventricle, atria and even the thoracic aorta 
[3,4]. This case report describes a 47-year-old male with two self-inflicted nail-gun wounds to the chest. We highlight our diagnostic 
and operative approach to this injury and present a contemporary narrative review of similar cases. 
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Case report 

A 47-year-old male presented to the emergency department four hours after a suicide attempt in which he fired two nails into his 
chest. He remained stable and on examination, there were two puncture wounds noted; one in his third intercostal space (ICS) left of 
the sternal border and one in the 3rd intercostal space, midclavicular line (Fig. 1). Chest X-ray revealed two nails overlying the apex of 
the cardiac silhouette, with no evidence of a haemothorax or pneumothorax (Fig. 2). A formal ultrasound demonstrated a 1.5 cm 
pericardial effusion adjacent to the left ventricle. He subsequently underwent a cardiac gated CT scan that one nail penetrated the 
myocardium, with a surrounding pericardial effusion and the second nail was abutting the left ventricle (Fig. 3). The decision was then 
made to take the patient emergently to the operating theatre for exploration and repair. 

An intraoperative trans-oesophageal echocardiogram (TOE) was performed, demonstrating a pericardial effusion with early evi
dence of tamponade. We performed a median sternotomy and had a cardiopulmonary bypass (CPB) circuit primed if needed. On 
entering the pericardium, a moderate volume of blood and clot was released under pressure, however initially the nails were not 
visible. Three small tears were noted on the lateral wall of the left ventricle with no evidence of active bleeding (Fig. 4). A pericardial 
stay was placed, and the apex of the heart was lifted using the Medtronic® urchin apical suction device, providing excellent exposure to 
the myocardial injuries on the lateral wall of the heart (Fig. 4). There was no haemodynamic compromise as a result of lifting the heart. 
The myocardial injury was sealed with Bioglue® with a bovine pericardial patch placed overlying the injuries to reinforce the repair 
(Fig. 5). Attention was then drawn to the location of the second nail. The left pleura was opened revealing the path of the nail (Fig. 6). 
There was no lung injury or active bleeding, and the nail was removed under direct vision. The mediastinum was washed with copious 
warm saline, and three drains (two pericardia and left pleural) were placed. 

The patient remained stable and was extubated postoperative-day one. He remained on broad spectrum intravenous antibiotics 
during his hospital admission. He was discharged to a mental health facility on postoperative day 7. A narrative review of case reports 
pertaining to nail-gun related cardiac injury was performed [4–20] (Supplementary Table 1). Medical illustrations and case reports of 
paediatric patients (under 16) were excluded. 

Discussion 

Pneumatic nail-guns have been in use since the 1960's. These tools can be divided into low- and high-velocity types, with speeds up 
to 150 m/s. Currently, the majority of nail-gun trauma are inadvertent orthopaedic injuries in the non-dominant arm, however, the 
incidence of nail-gun related cardiac injuries is on the rise due to their widespread use and availability [3,19]. A series of 16 cases by 
Vosswinkel et al. demonstrated a mortality of 25% (4/16) [3]. In comparison, the mortality of other penetrating aetiologies (stab 
wounds, gunshot wounds) is 22–62% and 60–90% respectively [25]. The majority of presentations in our review were hemody
namically stable. Those who were unstable were due to pericardial effusion causing tamponade. A few cases describe a delayed 

Fig. 1. Location of wounds.  
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presentation, up to 24 h after injury [22,23]. Bargoud et al. hypothesized that the annular ribbing found on nails provides a nidus for 
platelet aggregation, especially when a low-pressure chamber such as the right ventricle were affected, effectively tamponading the 
bleeding [22]. Nonetheless, all cases described were managed operatively. 

Patients with penetrating nail-gun injuries to the chest require urgent imaging. Bedside transthoracic echocardiography (TTE) is 
useful in determining the presence of a pericardial effusion, cardiac tamponade or in rare cases, valvular involvement [17,19,25]. Nails 
can be up to 6 cm long with unclear, trajectories, and can hence involve multiple structures. Assumptions of injury on the basis of 
surface anatomy can therefore be misleading. A case by Ho et al detailed a single nailgun injury to the 4th intercostal space affecting the 
right ventricle, left atrium and diaphragm [1]. Consequently, a contrast enhanced CT (CECT) scan can be used to determine the 
trajectory of the nail and outline the spectrum of injuries [1,19,26]. In addition, it will give useful information as to the position of the 
nail in the patient, aiding in removal [1,26]. In this case, a CECT scan was useful in determining the position of the nails: one nail was 
abutting the apex of the left ventricle whereas the second was embedded within the myocardium. As the patient was hemodynamically 

Fig. 2. Chest-Xray with nails evident.  

Fig. 3. Axial CT (reconstructed window) with nails.  
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stable and in a level 1 trauma centre, obtaining a timely CECT scan was tenable. Patients' who have unstable presentations require 
prompt transfer to the operating theatre. In these instances, there should be no delay in treatment with further CT imaging. 

The right ventricle is commonly injured due to its anterior location [3]. This was injured in 12/22 cases. Less commonly, the left 
ventricle and lung parenchyma are affected. In these instances, a wedge resection was required to remove the damaged segment of 
lung. Jodati et al details a case whereby the anterior mitral valve leaflet was transfixed, resulting in moderate MR and heart failure [19]. 
In this instance, a mitral valve repair was performed utilising cardiopulmonary bypass. One case details a nailgun injury to the thoracic 
aorta, requiring transection of the affected segment and replacement with a tubular graft [24]. In this case, the patient sustained an 
uncommon injury to the apex of the left ventricle. These injuries can be fraught with added danger, as they may be compounded by 
coronary artery involvement [21]. 

Presentations vary from chronic to acute, and from stable to unstable [8,12,22,23]. Some patients have had missed injuries, and 

Fig. 4. Off pump retractor and view of myocardial injury.  

Fig. 5. Bioglue and bovine pericardial patch.  
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present with complications years later [8]. These injuries commonly require operative management. Patients who have unstable 
presentations to a peripheral centre may be temporized with a pericardial drain or fluid resuscitation, and when in extremis, require an 
emergency room thoracotomy [12,14]. Patients who are stable enough require prompt transfer to a centre with cardiothoracic and 
trauma expertise [12,14,27]. In terms of approach, a median sternotomy provides excellent exposure to the heart and mediastinal 
structures. The pleura may also be opened bilaterally to allow access to the lungs. This approach provided adequate exposure to the 
myocardial injury in our case. When the second nail was not able to be located within the mediastinum the left pleura was opened and 
sternum retracted upwards, providing excellent visualization (Fig. 6). 

The patient in our case had multiple superficial myocardial breaches caused by a single nail. We opted to repair the defects with 
Bioglue®, reinforced with a bovine pericardial patch. Cases of transmural injuries were repaired with a prolene® or polypropylene 
pledgeted sutures [1,6,7,10,12–14,16–18]. Haemostasis with the use of fibrin sealants and pericardial patches have also been reported 
in literature [4,9]. We opted against suture repair due to the bleeding caused by multiple suture holes. Cardiopulmonary bypass may be 
necessary to repair these injuries and should be initiated immediately if there are anatomical and physiological concerns [6]. Car
diopulmonary bypass may also be unsafe in certain situations due to heparinisation, and this should be considered in the context of the 
patients' other injuries [7]. In this case, the left ventricle was repaired without the use of CPB however a circuit was primed as a 
contingency. We used the Medtronic® urchin apical suction device to expose the lateral wall. The use of this device is usually reserved 
for off pump cardiac surgery, and no cases exist detailing its use in penetrating cardiac trauma. In this instance, it provided excellent 
exposure to the lateral wall of the heart facilitating repair without causing haemodynamic compromise by lifting of the heart. 

Conclusion 

This case highlights the management of an uncommon injury. A chest X-ray and TTE should be done to assess for a pneumothorax, 
haemothorax and/or pericardial effusion. Select patients should get a CECT to assess the trajectory of the nail. The majority of cases are 
self-inflicted and require urgent surgical management. The use of the Medtronic® urchin apical suction device provided excellent 
exposure of the lateral wall of the heart, facilitating repair. 

Supplementary data to this article can be found online at https://doi.org/10.1016/j.tcr.2022.100649. 
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