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Penetrating Nail-Gun
Injury of the Heart

Managed by Adenosine-Induced
Asystole in the Absence of a Heart-Lung Machine

During his work, an 18-year-old carpenter-in-training overbalanced and shot himself in the
left median thorax with a nail gun. The patient was delivered to our thoracic surgery unit
with a tentative diagnosis of penetrating lung trauma. An emergent computed tomogram
showed a heart-penetrating nail injury. The patient was taken to the operating room, where
he underwent emergency surgery that included sternotomy, pericardiotomy, extraction of
the nail, and trauma treatment of the heart injury. The surgery was performed in a unit
without a heart-lung machine. For that reason, asystole was chemically induced by the
intravenous administration of adenosine. The surgery was successful, and the patient was
discharged from the hospital on the 10th postoperative day.

In cases of penetrating injuries of the heart, especially those with a foreign body re-
tained in situ, we believe that the intravenous administration of adenosine is an elegant
solution for the rapid provocation of asystole. In contrast to other methods, adenosine-
induced asystole enables relatively safe myocardial manipulation in the absence of a car-
diac surgical unit and a heart-lung machine. (Tex Heart Inst J 2014,;41(4):429-32)

neumatic nail-gun injuries occur fairly often and usually involve the hands and

the limbs."? Penetrating injuries of the heart are rare, often performed with

suicidal intention.* We present a case of accidental self injury and discuss the
appropriate sequence of evaluation and treatment in the absence of a cardiac surgery
unit and a heartlung machine.

Case Report

During his work in May 2007, an 18-year-old carpenter-in-training overbalanced and
shot himself with a nail gun, in the left median thorax. The injury, in appearance,
was a small, lightly bleeding inframammary wound (Fig. 1). Because he collapsed,
the patient received emergency treatment (perfusion, intubation, and ventilation) by
the physician who arrived by ambulance. He was then delivered by helicopter to our
thoracic surgery unit with the tentative diagnosis of “penetrating lung trauma.”

The patient was in stable condition at admission to the emergency ward. This
enabled a clarifying computed tomographic scan (Figs. 2 and 3), which showed a
penetrating heart injury and cardiac retention of the fired nail. Further, left-sided
hemopneumothorax was diagnosed. The abdominal scan showed no injuries. Sud-
den circulatory failure set in with hypotension, progressive bradycardia, and jugular
congestion, so the patient was taken immediately to the operating room.

After sternotomy, a pericardiotomy released a massive amount of blood from the
pericardial sac. As a consequence of this maneuver, the circulatory failure was overcome,
but sinus tachycardia began. Inspection of the operative site showed a left-sided medial
pleural injury and a barbed nail deeply penetrated in the left ventricle (Fig. 4). The
computed tomographic scan had not revealed the barbs, because of their small size.

In preparation for extraction of the barbed nail, we induced chemical asystole
through intravenous injection of adenosine (12 mg) over a central venous catheter.
During this short-term asystole (1015 s), we removed the nail by carefully twisting
it. Simply pulling the nail out of the myocardium could have ruptured the wound
margins of the ventricular wall. Inspection of the posterior wall of the heart showed
no injury; the entry wound on the anterior ventricular wall was then closed with non-
resorbable, felt-sheathed sutures.
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Discussion

Nail-gun injuries of the heart are potentially fatal' for
multiple reasons, not least of which is failure of the pri-
mary diagnosis.>*”” The small penetration wound, the
often unrecognizable foreign body, and the absence of
classical cardiac tamponade or ECG alteration**" lead
to an underestimation of the fundamental threat or to
a misdiagnosis, such as acute coronary syndrome.? At
first, the victim is usually in shock, and only symptom-
atic conditions are treated.

Sufficient blood volume is crucial to the maintenance
of adequate cardiac output, because an “empty” ventricle
collapses quickly in response to pericardial pressure." "

Fig. 1 Preoperative photograph shows the chest injury as a Although pericardial tamponade is at first life-saving, it
small, lightly bleeding, inframammary wound. leads over time to a fatal outcome, as a result of cardiac

Fig. 3 Computed tomogram (axial view) shows the nail (arrows).
Fig. 2 Computed tomogram (3-dimensional reconstruction)
shows the chest during the emergency scan. Note cardiac
retention of the fired nail (arrows).

About 15 to 20 seconds after the intravenous admin-
istration of adenosine, cardiac function resumed spon-
taneously. After inserting the chest drain and substernal
drains, we ended the procedure by fastening the ster-
num with wire and closing the wound. The patient was
transferred to our intensive care unit and was extubated
on the next day.

Repeated echocardiographic and electrocardiographic
(ECG) checkups, as well as laboratory tests, showed no
indication of other cardiac injuries. Throughout, the
ECG showed no disturbance of rthythm. Wound-heal-
ing was primary. On the 10th postoperative day, the £ 4 nraoperative photograph shows the nail, having
patient was discharged from the hospital; he still works  penetrated the left ventricle.
as a carpenter.
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failure.”'*" When a circulatory decompensation (sys-
tolic blood pressure, <80 mmHg) sets in after a chest
injury, especially when decompensation no longer re-
sponds to volume supply, the patient needs to be taken
to the nearest appropriate surgical facility.'>'¢"

Treatment of the impending cardiac arrest (extreme
bradycardia, no peripheral pulse) requires at least a
temporary discharge of blood through a pericardial
window, for the rapid relief of tamponade.”***" A sub-
xiphoid relief puncture of the pericardium is rarely suc-
cessful, because the pericardial blood has coagulated; it
can even produce a lesion of the hear.7>!1#2022

In addition to volume substitution,”** oral intuba-
tion"?' is needed to delay the cardiac decompensation.
Intubation also enables the administration of a general
anesthetic agent, which can suppress the pain-related
tachycardia, in this manner preventing more rapid
“empty pumping” of the heart. The restlessness caused
by pain can move the intracardiac foreign body in such
a way as to enlarge the myocardial defect.®

Because simultaneous injury of the lung often oc-
curs,'™*?! the insertion of a chest tube is indicated at the
least suspicion of a pulmonary lesion, especially if heli-
copter transport has to be arranged. Many patients die
of tension pneumothorax, before the penetrating heart
injury can kill them.

The cardiovascular situation of the patient determines
further therapy. Indications for immediate sternotomy
are volume-refractory shock, fluid in the pericardium
(as detected by sonography), and a visible wound in the
region of the heart.””'#2°2* If all of these conditions
are present and severe hypotension sets in or cardiopul-
monary resuscitation becomes necessary,**" immedi-
ate sternotomy becomes obligatory.

If cardiovascular conditions are stable, computed to-
mography should be performed with the patient under
continuous monitoring, in order to precisely capture the
location of the foreign body and the extent of additional
injury.>¢*"* Prolonged transport to a specialized cardiac
clinic''*"* is forbidden if cardiovascular shock or clini-
cal signs of pericardial tamponade are present.

During the primary-care period, relief of the tam-
ponade and surgical closure of the penetration wounds
should stay in the foreground. In rare cases, a heart-lung
machine is needed**" for secondary care,** such as the
surgical correction of additional cardiac lesions (septal
defects or heart-valve injuries). An intensive cardiologic
evaluation must be carried out immediately after the
primary operation, in order to detect intracardiac le-
sions. These would be treated secondarily in a cardiac
surgery unit. >

Adenosine has several times shown its benefits in di-
agnostic and therapeutic procedures.”**? Under emer-
gency conditions, the administration of this drug is the
fastest way?"* to completely immobilize the myocar-
dium and to enable (in contrast to electrical fibrillation
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of the ventricle?) cardiac manipulation with very little
potential for injury.®® The beating, traumatized heart
is highly vulnerable and can, under manipulation,
quickly decompensate because of severe thythm distur-
bances.” This is especially the case if the heart must
be “lifted” for inspection of the posterior myocardium.
Moreover, the wound can rupture further.”* Uncoor-
dinated contractions of the ventricles greatly complicate
safe closure of the penetration.” These problems are all
manageable by the quick central-venous injection of 12
mg of adenosine (0.15-0.3 mg/kg body weight), which
leads to short-term asystole (10-15 s) by blocking the
sinus and the atrioventricular node.?**?*

Upon total relaxation of the cardiac muscle, sutures
can be placed more safely, the posterior myocardium
can be inspected (or even sutured) without provocation
of rthythm disturbances, and the foreign body can be
removed without risk>72+%2%

Conclusion

In the event of penetrating heart injuries, especially with
the foreign body retained in situ, the intravenous ad-
ministration of adenosine is an elegant way to provoke
rapid asystole. In contrast with other methods, this en-
ables relatively safe myocardial manipulation, especially
if no cardiac unit with a heart-lung machine is avail-
able. This case report describes the successful operative
extraction of a barbed nail from a penetrating heart
wound with the aid of adenosine-induced asystole, in
the absence of a heart-lung machine.

References

1. Beaver AC, Cheatham ML. Life-threatening nail gun inju-
ries. Am Surg 1999;65(12):1113-6.

2. Comoglio C, Sansone F, Boffini M, Ribezzo M, Rinaldi M.
Nail gun penetrating injury of the heart mimicking an acute
coronary syndrome. Int ] Emerg Med 2010;3(2):135-7.

3. Catarino PA, Halstead JC, Westaby S. Attempted nail-gun
suicide: fluid management in penetrating cardiac injury. In-
jury 20005;31(3):209-11.

4. Eren E, Keles C, Sareyyupoglu B, Bozbuga N, Balkanay M,
Yakut C. Penetrating injury of the heart by a nail gun. ] Tho-
rac Cardiovasc Surg 2004;127(2):598.

5. Nolke L, Naughton P, Shaw C, Hurley J, Wood AE. Acciden-
tal nail gun injuries to the heart: diagnostic, treatment, and
epidemiological considerations. ] Trauma 2005;58(1):172-4.

6. Takagi H, Mori Y, Murase K, Hirose H. Nail gun penetrating
cardiac injury. Eur ] Cardiothorac Surg 2003;23(5):841.

7. Degiannis E, Bowley DM, Westaby S. Penetrating cardiac
injury. Ann R Coll Surg Engl 2005;87(1):61-3.

8. Najm HK. Intracardiac fluid resuscitation in penetrating car-
diac wounds. Injury 1997;28(3):231-2.

9. Arom KV, Richardson JD, Webb G, Grover FL, Trinkle JK.
Subxiphoid pericardial window in patients with suspected
traumatic pericardial tamponade. Ann Thorac Surg 1977;23
(6):545-9.

10.  Ariyarajah V, Spodick DH. Cardiac tamponade revisited: a
postmortem look at a cautionary case. Tex Heart Inst ] 2007;

34(3):347-51.

Penetrating Nail-Gun Injuries of the Heart 431

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-05



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

432

Reece IJ, Davidson KG. Emergency surgery for stab wounds
to the heart. Ann R Coll Surg Engl 1983;65(5):304-7.
Arreola-Risa C, Rhee P, Boyle EM, Maier RV, Jurkovich GG,
Foy HM. Factors influencing outcome in stab wounds of the
heart. Am J Surg 1995;169(5):553-6.

Attar S, Suter CM, Hankins JR, Sequeira A, McLaughlin JS.
Penetrating cardiac injuries. Ann Thorac Surg 1991;51(5):711-
6.

Knott-Craig CJ, Dalton RP, Rossouw GJ, Barnard PM. Pen-
etrating cardiac trauma: management strategy based on 129
surgical emergencies over 2 years. Ann Thorac Surg 1992;53
(6):1006-9.

Sagrista-Sauleda J, Angel J, Sambola A, Permanyer-Miralda
G. Hemodynamic effects of volume expansion in patients
with cardiac tamponade. Circulation 2008;117(12):1545-9.
Wilder JR, Dhar N, Kudchadkar A, Kryger S. Penetration
injury to the heart. Nine consecutive cases at a community
hospital. JAMA 1980;244(18):2080-1.

Taggart DP, Reece IJ. Penetrating cardiac injuries. Br Med J
(Clin Res Ed) 1987;294(6588):1630-1.

Trinkle JK, Toon RS, Franz JL, Arom KV, Grover FL. Affairs
of the wounded heart: penetrating cardiac wounds. ] Trauma
1979;19(6):467-72.

McDonald JR, McDowell RM. Emergency department tho-
racotomies in a community hospital. ] Am Coll Emerg Physi-
cians 1978;7(12):423-8.

Mattox KL, Walkes JC. Advances in the management of tho-
racic vascular injury. Scand J Surg 2002;91(1):46-51.
Velmahos GC, Butt MU. Cardiac and pulmonary injury. Eur
J Trauma Emerg Surg 2008;34(4):327-37.

Penetrating Nail-Gun Injuries of the Heart

22.

23.

24.

25.

26.

27.

28.

29.

30.

Harris DG, Papagiannopoulos KA, Pretorius J, Van Rooyen
T, Rossouw G]J. Current evaluation of cardiac stab wounds.
Ann Thorac Surg 1999;68(6):2119-22.

Beach PM Jr, Bognolo D, Hutchinson JE. Penetrating car-
diac trauma. Experience with thirty-four patients in a hospital
without cardiopulmonary bypass capability. Am J Surg 1976;
131(4):411-4.

Yanar H, Aksoy M, Taviloglu K, Unal ES, Kurtoglu M, Nisli
K. Trans-sternal cardiac injury caused by a hooked needle.
Emerg Med ] 2005;22(10):751-3.

DuBose RA, Karmy-Jones R. Delayed diagnosis and manage-
ment of an “occult” stab wound to the heart. Am Surg 2005;
71(10):879-81.

Lippmann M, Kakazu C, Fang TD, Bui H, Donayre C,
White RA. Adenosine’s usefulness in vascular surgery. Tex
Heart Inst ] 2007;34(2):258-9.

Schwarte LA, Hartmann M. Intentional circulatory arrest to
facilitate surgical repair of a massively bleeding artery. Anesth
Analg 2003;97(2):339-40.

Lim R, Gill IS, Temes RT, Smith CE. The use of adenosine
for repair of penetrating cardiac injuries: a novel method. Ann
Thorac Surg 2001;71(5):1714-5.

Robicsek F, Matos-Cruz M. Artificially induced ventricular
fibrillation in the management of through-and-through pene-
trating wounds of the aortic arch: a case report. Surgery 1991;
110(3):544-5.

Gill IS, Lim R, Temes RT, Smith CE. Induced ventricular
fibrillation in the management of aortic arch trauma: reply.

Ann Thorac Surg 2002;73(1):342.

Volume 41, Number 4, 2014

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-05



