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Abstract

Aim: Penetrating cardiac injuries (PCI) are mostly caused by sharp objects and comprise pericardial and myocardial deformation, which
lead to myocardial dysfunction. Fifty percent of overall mortality in penetrating chest injuries are caused by PCls. The aim of this study
is to evaluate the results of patients who underwent cardiac surgery due to PCls.

Methods: In this retrospective cohort study, twenty-seven cases undergoing cardiac surgery due to PCI in Van Yuzuncu Yil University
Hospital, Yozgat City Hospital and Bozok University Hospital between 2012 and 2019 were evaluated in terms of clinical findings,
treatment methods and surgical techniques.

Results: There were 3 females and 24 males. The mean age was 34.2 (13.2) years (range: 14-65 years) years. Firearms caused two and
penetrating stab wounds caused twenty-five injuries, respectively. The patients were transported to the hospital within a mean time of
29.7 (14.6) minutes (range: 15-98 minutes). 29 injuries were observed in 27 patients, 18 (62.06%) of which were isolated cardiac
injuries, and 11 (37.94%) were mixed type. Fourteen patients (51.8%) were operated following a transthoracic echocardiography, 12
patients (44.5%) due to clinical findings and one patient (3.7%) due to the contrast-enhanced thoracic computed tomography (TCT)
result. The mean pericardial blood volume was 290 mL (range 140-460 mL) in patients with a cardiac tamponade. The most frequently
injured cardiac section was the right ventricle, followed by the left ventricle. Coronary artery injuries were observed in two patients.
Overall mortality rate was 44%.

Conclusion: Early diagnosis, fast and safe transport, providing qualified surgical equipment, and a multidisciplinary approach are
mandatory to decrease mortality and morbidity rates. It is also crucially important to prevent individual armament in preventing
penetrating cardiac surgery cases.

Keywords: Penetrating cardiac injury, Mortality

Oz

Amag: Penetran kalp yaralanmalar1 (PKY) siklikla kesici-delici alet yaralanmalari sonucu gelisir ve perikard ile miyokard hasarina
sebep olarak miyokardial disfonksiyona yol agar. Penetran gogiis yaralanmalarinda goriilen mortalite oraninin %50’den fazlasindan
PKY sorumludur. Bu ¢aligmanin amac1 PKY sebebiyle kalp cerrahisi uygulanan hastalarin sonuglarini degerlendirmektir.

Yontemler: Bu calisma retrospektif kohort galigmasi olarak tasarlanmistir. Van Yiiziincii Y1l Universitesi Hastanesi, Yozgat Sehir
Hastanesi ve Bozok Universitesi Hastanesinde 2012 ve 2019 yillari arasinda PKY sebebiyle kalp cerrahisi uygulanan 27 hasta klinik
bulgulari, tedavi ve cerrahi teknikleri agisindan retrospektif olarak degerlendirilmigtir.

Bulgular: Hastalarin 24°ii erkek 3’ii kadin, 24°ii erkek idi. Yas ortalamas1 34,2 (13,2) (14 ila 65 yas araliginda) idi. iki vakada atesli silah
yaralanmasi, 25 vakada kesici delici alet yaralanmasi mevcuttu. Hastaneye olay yerinden intikal siiresi 29,7 (14,6) (15 ila 98 dakika
araliginda) dakikaydi. 27 hastada 29 kardiyak yaralanma mevcuttu. Bu vakalarm 18’inde (%62,06) izole kalp yaralanmasi, ve 11’inde
(%37,94) birden fazla yaralanma mevcuttu. iki hastada koroner arter yaralanmasi vardi. On dért hasta (%51,8) transtorasik
ekokardiyografi, 12’si (%44,5) klinik bulgular ve bir hasta (%3,7) kontrastli toraks tomografisi sonras1 operasyona alindi. Tamponat
klinigi veren vakalarda perikardiyal kan hacmi ortalama 290 ml (140-460 ml araliginda) idi. En sik yaralanan kalp bolgesi sag ventrikiil
idi ve ikinci sirada sol ventrikiil gelmekteydi. Iki hastada koroner arter yaralanmas tespit edildi. Genel mortalite orani %44 olarak tespit
edildi.

Sonug: Mortalite ve morbiditenin azaltilmasinda olay yerinden baslayarak erken tani, dogru ve hizli transport, deneyimli cerrahi travma
ekipleri ile multidisipliner yaklasim faydali olacaktir. PK'Y’de hayatta kalmay1 artirmamiz igin saglik hizmetlerinin gelistirilmesinin yani
sira bireysel silahlanmanin nlenmesine dzellikle dikkat gekmek isteriz.

Anahtar kelimeler: Penetran kalp yaralanmalari, Mortalite
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Introduction

Penetrating cardiac injuries (PCI) are mostly caused by
sharp objects and comprise deformation of pericardium and
myocardium, which lead to myocardial dysfunction. PCI is life-
threatening due to bleeding, cardiac tamponade, coronary arterial
and valvular injuries. Fifty percent of the overall mortality rate of
penetrating chest injuries are caused by PCls. Clinical
presentation may range from a stable condition to cardiac arrest
[1,2]. Hemodynamic stability strongly depends on the kind and
volume of trauma, time of transportation to the hospital,
intravascular volume loss, and the occurrence of cardiac
tamponade [3].

In this multicenter study, we evaluated 27 patients
undergoing cardiac surgery due to PCI in terms of associated
traumas, the means of the trauma, operational techniques,
clinical outcomes, and results.

Materials and methods

Study design and patient population

This retrospective cohort study was conducted in Van
Yuzuncu Yil University Hospital, Yozgat City Hospital and
Bozok University Hospital, in accordance with the standards
defined by the Declaration of Helsinki. Twenty-seven cases
undergoing cardiac surgery due to penetrating cardiac injury
between 2012 and 2019 were evaluated. Patients with
hemodynamic instability underwent emergent surgery without
preoperative tests. Hemodynamically stable patients underwent
electrocardiography (ECG), transthoracic echocardiography
(TTE), chest radiography, and thoracic computerized
tomography. Pericardiocentesis was not performed to any patient
for diagnosis or treatment. Thoracotomy, sternotomy, or both
were performed in some cases. Cardiac tamponade was relieved,
hemorrhage was controlled, and traumatic section was repaired.
Two patients required coronary artery bypass grafting due to
coronary arterial injuries. 3-0 and 5-0 pledged prolene sutures
were preferred in ventricular and atrial injuries, respectively. The
injuries around the coronary arteries were repaired by
longitudinal sutures crossing under the coronary artery. A
pericardial window was formed to allow pericardial drainage
through the pleural cavity. Before discharge and at the end of the
2" postoperative month, all patients underwent TTE.

Exclusion criteria

Poisoning and toxicity cases, patients with submersion
injuries, strangulation, asphyxiation, anoxic brain death and
electrocution cases were excluded.

Statistical analysis

Statistical analysis was conducted with the SPSS for
Windows software package (ver. 17; SPSS Inc., Chicago, IL,
USA). All variables were evaluated using visual (histograms,
probability plots) and analytical (Kolmogorov Smirnov test)
methods to determine whether they were normally distributed.
Continuous variables were reported as mean (SD) for normally
distributed variables, and median with interquartile ranges for
non-normally distributed variables. Categorical variables were
presented as numbers and percentages.
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Results

The mean age of 27 patients, out of which three were
females, was 34,2 (13,2) years (range: 14-65 years). Two
patients had firearm injuries, while 25 patients were injured with
sharp objects. The patients were transported to the hospital
within a mean time of 29.7 (14.6) minutes (range: 15-98
minutes). Twenty-one patients (77.8%) were transported to
hospital by ambulance and 6 patients (22.2%) with unqualified
vehicles. 29 injuries were observed in 27 patients, 18 (62.06%)
of which were isolated cardiac injuries and 11 (37.94%), mixed
type injuries (Table 1).

Fourteen patients (51.8%) underwent operation
following TTE, 12 patients (44.5%) due to clinical findings and
one patient (3.7%), due to contrast-enhanced thorax computed
tomography findings. The mean pericardial blood volume was
290 mL (range 140-460 mL) in patients with a cardiac
tamponade. Accompanying abdominal injury was observed in
three patients. Twelve patients had hemodynamic instability and
three underwent operation with cardiac resuscitation. A left
anterolateral thoracotomy was performed to 14 patients, a
median sternotomy was performed to eight patients and a right
anterolateral thoracotomy was performed to two patients. In
three patients, both a left anterolateral thoracotomy and median
sternotomy were used. One patient required both left and right
thoracotomy. Splenectomy was performed in three patients, and
laparotomy was performed due to abdominal injuries. Injured
cardiac sections are listed in Table 2.

Two patients had coronary artery injuries. The mean
length of the injuries was 2.3 cm (range: 0.4-5 cm). The cardiac
injuries of 25 patients were repaired primarily and two patients
required a cardiopulmonary bypass. Two patients underwent a
postoperative explorative laparotomy operation. Atelectasis was
observed in eight patients and cerebrovascular insufficiency was
seen in five patients. Mortality was encountered in 12 patients,
among which three patients underwent operation with cardiac
resuscitation, five patients had a cerebral infarct due to
cerebrovascular insufficiency, two patients had multiple injuries
and two patients had multiple cardiac injuries. Mortality rate was
44.5%.

Table 1: Type of injuries

Injured area \ Number (n) Percentage (%)
Isolated heart 18 62.06

Mixed type injury 11 37.94
*Isolated abdomen + PCI 1 3.44

*Isolated lung + PCI 7 24.13
*Abdomen + lung + PCI 2 6.89

PCI: Penetrating cardiac injury

Table 2: Localization of cardiac injuries

Localization | Number (n)

Right ventricle 14

Left ventricle 8

Right atrium 5

Left atrium 2
Discussion

Until early 1950s it was not possible even to think of
cardiac suturing or repairing [4]. Cardiac injuries still have an
increased rate of morbidity and mortality. In emergent
operations, chest trauma is seen in 10.4% of the cases and only
1% of the cases comprise cardiac injuries [5]. Although the
incidence is lower in comparison to other traumatic cases,
cardiac injuries are important due to high mortality rates [6,7].
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Time of transportation of the patient to the hospital is one of the
major factors affecting the mortality rates. Only 6% of the PCI
patients are transported to the hospital alive, and only 50% of
them survive [8,9].

Naughton MJ et al. published a statistical analysis of a
study consisting of peroperative exitus cases involving
prehospital deaths. According to this study, 33% of the patients
transported to the hospital with a helicopter, 76% of the patients
transported with an ambulance and 100% of patients transported
with unqualified vehicles did not survive [10]. In our study, the
mean time of transportation of the patient to the hospital was
29.7 minutes; 77.8% were transported with an ambulance and
22.2% with unqualified vehicles. Overall mortality rate was
44.5%, and the mortality rate of patients transported with
unqualified vehicles was 83.5%.

PCI is mostly seen in the young, male population
[1,2,5]. In our study, among 27 cases, 24 (88.9%) were male and
3 (11.1%) were female. The mean age was 34.2 (13.2) years
(range: 14-65 years).

The survival rates of PCI cases vary with clinical
presentation. Even in asymptomatic PCI cases, the mortality rate
remains high, which is why early diagnosis of a possible PCI can
be lifesaving. In all injuries located between the areolas, jugulum
and upper abdomen, cardiac injury must be suspected unless
otherwise specified [11]. The most important means of detecting
a possible cardiac injury is echocardiography. Even in thoracic
traumas, cardiac injury must be eliminated via echocardiography,
because it is the main factor affecting surgical success
[2,4,7,12,13]. In 51.8% of cases, we performed preoperative
echocardiography, and 44.5% of patients underwent emergency
surgery due to clinical findings. The entrance and the exit points
of the injury are important in the management of the case
[2,12,14]. Hypotension, tachycardia, and congestion in cervical
veins may indicate a cardiac tamponade. Pericardiocentesis can
be performed for diagnosis, but it is not appropriate for treatment
in PCI cases [1,14,15]. We did not perform pericardiocentesis to
any of patients, and PCIl suspected asymptomatic patients
underwent preoperative TCT.

Firearm injuries were present in two cases and sharp
object injuries were observed in 25 cases. Firearm cardiac
injuries cause larger deformities in the pericardium and
myocardium in comparison to sharp object injuries of the heart.
Cardiac tamponade is observed in 80-90% of the sharp object
injuries of the heart, but only in 20% of the firearm cardiac
injuries [16,17]. The mortality of firearm injuries of the heart is
much higher than that of sharp object injuries. Henderson et al.
found the mortality rates of firearm and sharp object injuries
were 93.5% and 62.9%, respectively, in a series of 251 cases
[18]. In this study, we included two cases who were admitted to
the emergency service with cardiac arrest due to firearm cardiac
injury and underwent emergent surgery with CPR. They could
not survive. The mortality rate of firearm cardiac injury was
100% in our study, and overall mortality of 27 cases were 44%.

Firearm cardiac injuries are more commonly seen in the
USA compared to England and South Africa due to the
convenience of individual armament, resulting with higher
mortality rates [19-21]. In recent studies of the Turkish
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community, sharp object injuries of the heart are reportedly
higher than firearm cardiac injuries [4-6].

Limitations

Due to the retrospective nature of the study, certain
variables specifically related to cardiac injuries are not available,
including specific cardiac imaging or diagnostic tests. Another
limitation of our study is the lack of autopsy of sudden deaths
following a cardiac injury, which could not be included in the
statistical analysis. There were not any resuscitative thoracotomy
cases among our patients. Further multi-center studies involving
larger number of cases would provide more realistic and
meaningful statistical results.

Conclusion

Technological improvements result in complicated and
mixed type cardiac injuries. To decrease mortality and morbidity
rates, early diagnosis, fast and appropriate transport, a
multidisciplinary approach with experienced surgical teams are
mandatory. In addition to improving health services, preventing
individual armament would be beneficial in increasing the
survival rates of PCls.
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