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SUMMARY
Introduction In the world with constantly increasing incidence of violence and trauma on one side, and 
more and more specialized surgeons on the other, the question about the role of abdominal surgeons 
in cardiac trauma emerges. The objective of this article is to show personal experience of an abdominal 
surgeon in managing heart trauma.
Outlines of cases We present two penetrating injuries and one blunt trauma of the heart successfully 
managed by an abdominal surgeon.
Conclusion Abdominal surgeons should feel comfortable with the decision to operate on greatly physi-
ologically deranged patients with penetrating chest trauma, and not to delay the operation with con-
servative measures or with time-consuming transport to remote specialized facilities, since that could 
lead to greater death percentage of these patients.
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INTRODUCTION

Traumatic injuries are the leading cause of death 
among people younger than 45 years [1, 2]. 
Right after injuries of the brain and spinal cord, 
cardiac injuries are the second most common 
cause of lethal outcome of trauma victims [2]. 

Heart can be injured in two possible man-
ners, by non-penetrating/blunt trauma (blunt 
cardiac injury) and penetrating trauma [3, 4]. 

Trauma caused from blunt forces can have 
a wide clinical presentation, from practically 
silent presentation or transient arrhythmias to 
fatal cardiac rupture [5, 6], with the latter as the 
most common cause of death in 64% of blunt 
cardiac injury cases, followed by tears at the 
venous–atrial confluence (33%) and dissection 
of coronary arteries (2%) [7]. The most com-
mon site of myocardial rupture is the wall of 
the right ventricle, usually immediately fatal. 
Those who survive long enough to reach the 
hospital can present with cardiac tamponade 
or pseudoaneurysm [8, 9]. 

One of the most lethal medical emergencies 
is certainly penetrating injury of the heart [10]. 
Estimations are that almost 94% of the injured 
die before reaching the hospital [10]; reports 
about in-hospital death rate vary 8.5–50% or 
even more [10, 11, 12]. The range of mortal-
ity in these reports can be explained by patient 
inclusion criteria, variety of conjoined injuries, 
and the mechanism of the occurrence. As in 
blunt cardiac injuries, the right ventricle is the 
most common site of injury in penetrating 

injuries, but with similar percentage of injury 
for both ventricles [2, 10]. Cardiac tamponade 
is the common manifestation in initial survi-
vors, who are usually young males, with stab/
gunshot wound to the chest [3].

Objective of this article is to show personal 
experience of an abdominal surgeon in manag-
ing heart trauma.

Surgery of the wounded heart – the 
beginnings

The first steps in cardiac surgery were made 
in trauma, as lifesaving procedures [13, 14]. 
The first attempt to suture a human heart was 
performed by a Norwegian doctor named 
Axel Hermansen Cappelen in 1895. The pa-
tient was a young male with a stab wound to 
the left ventricle. After initial improvement, 
the patient died on the third postoperative day 
[15]. The first successful suture of the heart is 
considered to be the one performed by Ludwig 
Rehn on September 9, 1896 in Frankfurt am 
Mein. He operated on a 22-year-old male with 
a stab wound to the right ventricle. As a pecu-
liarity, the unfortunate patient got stabbed two 
days earlier, and Rehn operated after returning 
from a journey. After the procedure, the patient 
completely recovered [16]. The first success-
ful suture of the left ventricle described in the 
literature was done in Rome, Italy, by Antonio 
Parrozzani on April 18, 1897. The patient was 
also a young male with a stab wound to the left 
side of the chest. The man recovered completely 
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after a 75-minute-long operation [17]. The first large series 
of successfully managed heart wounds was published by 
Dwight Harken, an American war surgeon [14, 15]. 

First steps in Serbia 

The first successful operation of a wounded heart in Serbia 
was performed in 1928 by Jovan Mijušković, in the city of 
Valjevo [14, 18]. The patient was a 15-year-old male with 
a gunshot wound to the right ventricle. The operation was 
performed in local anesthesia, and lasted only 35 min-
utes as the author described it. The postoperative period 
was long and with numerous complications, but eventu-
ally the boy was discharged in good condition [18]. This 
operation was the very first step in surgery of the heart, 
decades before cardiac surgery even emerged as a separate 
field, in former Kingdom of Yugoslavia, now Serbia. Jovan 
Mijušković (1886–1944) studied medicine in Vienna, and 
conducted his surgery residency in Vienna and Belgrade. 
He was chief of surgery in the cities of Ćuprija and Valjevo. 
In 1936 he was appointed as a professor for the subject 
History of Medicine, at the Faculty of Medicine, University 
of Belgrade. During his career, he published numerous 
papers in domestic and foreign scientific Journals [14]. He 
was briefly the minister of health during World War II. In 
1942 he founded Department of Surgery at the Belgrade 
City Hospital, currently Nikola Spasić Surgical Clinic, 
Zvezdara University Clinical Center in Belgrade [14]. One 
of the cases was managed at this institution, at which some 
of the authors of this paper practice surgery.

The role of general surgeons in heart trauma,  
in the era of modern cardiac surgery 

Several authors published results of specialized centers in 
managing heart wounds, combining interventional, radio-
logic, and also surgical approach [19–22]. It is obvious that 
diagnosis made swiftly and very early, with an organized 
and available heart team (interventional cardiologists, ra-
diologists, and cardiac surgeons), which are available in 
specialized centers, provide favorable results [4, 22]. In 
some parts of the world, where trauma and cardiothorac-
ic surgeons are not easily available, penetrating thoracic 
trauma is becoming more frequent, as well as the need for 
thoracotomy [10, 23]. It is also worth mentioning that gen-
eral surgeons and general surgery residents are becoming 
more specialized by the day, and less “adventurous” when it 
comes to operating beyond their area of specialization [24]. 
Fear of being sued in case of failure, is the most frequent 
reason for referring chest trauma to more specialized cen-
ters and staff [24]. In recent years, some authors published 
results with an intent to encourage general surgeons to 
engage in cardiac trauma and emergency thoracotomy in 
general [24, 25]. Doll et al. [24] stated that in all cardiac 
wounds they applied a simple direct suture of the heart 
wall, highlighting that there was no need for an exper-
tise of a cardiac surgeon nor extracorporeal circulation. 
They speculated that patients with complicated injuries 
which would require bypass of the heart would most likely 

die before reaching the hospital. It is their strong opin-
ion that, apart from mediastinal vessels and esophageal 
injuries, a great majority of penetrating thoracic trauma 
can be managed with simple operative techniques. They 
concluded that general surgeons should feel comfortable 
with the decision to operate on greatly physiologically de-
ranged patients with penetrating chest trauma, and not to 
delay the operation with conservative measures or with 
time-consuming transport to remote specialized facili-
ties, since that could lead to greater death percentage of 
these patients.

REPORTS OF CASES 

Case 1

A 23-year-old patient was immediately admitted to the 
Clinic of Emergency surgery, University Clinical Center 
of Serbia in Belgrade for suicide attempt, stabbed in the 
epigastrium. He was hemodynamically unstable with clini-
cal signs of hemorrhagic shock. An emergency operation 
was performed. Abdominal cavity was opened by medial 
laparotomy, penetrating injuries of the left liver lobe, the 
diaphragm, and the diaphragmatic side of the left heart 
ventricle were verified intraoperatively. Furthermore, left 
ventricle penetrating hole was sewn by transdiaphragmatic 
approach with several interrupted stiches preserving left 
coronary artery (Figures 1 and 2). Then, the diaphragm 
was reconstructed and the left lobe of the liver was sutured. 

The postoperative period was uneventful and the psy-
chiatrist has been consulted. The hospital discharge took 
place on the 10th postoperative day. The patient was in 
good condition.

Case 2 

A 75-year-old man with blunt thorax injuries was hospital-
ized at the Clinic of Emergency Surgery, University Clinical 
Center of Serbia in Belgrade, due to a fall from a height 
of approximately 2.5 m. In this case, there were fractures 
of ribs V–VIII and consequential hemopneumothorax. 
Firstly, the thoracic tube was placed through the second 
intercostal space rightward on the midclavicular line. 
Initially, air and blood appeared in the tube, after which 
the lung re-expansion and blood control was achieved. 

The next day, the massive hemothorax was treated and 
the patient underwent emergency surgery. 

Right posterolateral thoracotomy was performed 
through the fifth intercostal space. Intraoperatively, he-
mothorax and laceration of the right atrium auricle as a 
consequence of previous adhesions following acceleration-
deceleration injuries was verified. A vascular clamp was 
placed under laceration and auricle sutured continuously 
(Figures 3 and 4).

The postoperative period was uneventful. The patient 
was discharged on the 12th postoperative day in relatively 
good condition.

Heart injuries and abdominal surgeon
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Case 3

A young 17-year-old patient was found lying down on 
the street, in close proximity to the Nikola Spasić Surgical 
Clinic, with a penetrating wound through the left side of 
the chest, close to the sternum. According to an eyewitness, 
no more than 10 minutes had passed since the stabbing, 
by an unknown perpetrator. He was immediately admitted 
to an intensive care unit, hemodynamically unstable and 
somnolent, with hemoglobin values of 10.7 g/dl and hema-
tocrit 31.5%. Inotropes were administered along with mas-
sive fluid resuscitation, two units of fresh frozen plasma 
and two units of erythrocytes. A stab wound through the 
chest wall at the intersection of the fifth intercostal space 
and left midclavicular line was identified with moderate 

Figure 1. Case 1, transabdominal view of the sutured heart, sutured 
liver, and the rupture point of the diaphragm

Figure 2. Case 1, view of the sutured heart as seen transabdominally 
through the ruptured diaphragm

Figure 3. Case 2, clamped auricle of the right atrium of the heart

Figure 4. Case 2, sutured auricle of the right atrium of the heart

Figure 5. Case 3, interrupted sutures on the myocardium of the left 
ventricle

Karamarković R. A. et al.
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active bleeding. Immediately after the admission to the 
Intensive Care Unit, chest X-ray revealed a massive hemo-
thorax, and a chest tube was inserted through the wound. 
After a short period of observation, the tube evacuated a 
total amount of 1500 ml of blood, and a sudden drop in 
hemoglobin values to 4.9 g/dl and in hematocrit to 14.5% 
occurred. He was promptly transferred to the operating 
room, with continuous norepinephrine and dopamine i.v. 
drip; two additional units of fresh frozen plasma and three 
units of blood were administered, as well as one unit of 
cryoprecipitate. Left hemithorax was opened via antero-
lateral thoracotomy through the fifth intercostal space. A 
stab wound through the full thickness of the left ventricle 
wall was identified, with the breach of endocardium and 
synchronous, pulsatile bleeding. The myocardial wound 
was approximately 4 cm long, with much wider pericar-
dial laceration. Also, left internal thoracic artery was in-
completely transected, with a lesion of the sternum at the 
same level and hemothorax and hemopericardium present. 
Other intrathoracic and mediastinal organs were intact. 
The myocardium was closed with prolene 2.0 and 3.0 in-
terrupted sutures; pericardium was sutured in the same 
fashion, with narrow drain inserted in the pericardial space 
(Figure 5). The internal thoracic artery was suture ligated, 
and after thorough rinsing of the hemothorax and chest 
tube placements, the chest wall was closed. Postoperatively, 
regular transthoracic echocardiographs were performed on 
five occasions, with no rhythm or hemodynamic irregulari-
ties. On the second postoperative day he was extubated. 
Due to renal impairment caused by massive blood loss, a 
nephrologist was called into consult twice, but significant 
therapeutic changes and dialysis were not necessary. On 
the third postoperative day, due to right pleural effusion, 
a pleural punction and fluid evacuation was performed 
(Figures 6 and 7). All drains and tubes were gradually 
pulled out. The patient received 11 units of blood, 10 
units of fresh frozen plasma, one unit of thrombocytes, 
and six units of cryoprecipitate. The patient spent seven 
days in the Intensive Care Unit and four more days in the 

Semi-Intensive Care Ward, and was finally discharged on 
the 12th postoperative day in good condition.

Written consent for publication of this article has been 
obtained by the patients or the patients’ family members.

DISCUSSION

The incidence of cardiac injuries has risen in the past few 
decades severalfold. In civilian settings, most penetrating 
injuries are stab wounds, with an increasing percentage 
of fire arm lesions [24, 26]. Already recognized as one of 
the most lethal medical emergencies, penetrating heart 
injuries have an in-hospital death rate, as said earlier in 
this paper, from 8.5% to 50% or even more [10–12]. We 
had the fortune to see all three of our patients successfully 
discharged alive.

“The quadrangle of death” is the most frequent localiza-
tion of cardiac injuries on the chest wall. It goes above the 
diaphragm, under the clavicles and medial to the nipples. 
Some previous authors reported that one chamber injury 
accounts for 70%, and multiple chamber injury accounts 
for 30% of all injuries [27]. This complies with our small 
series, in which all three patients had one chamber injury, 
two left ventricle injuries, and one right atrium auricle 
injury. According to previous findings, in penetrating inju-
ries, both ventricles are affected with similar frequency, but 
with the right ventricle as more common site of entry, since 
it forms most of the anterior surface of the heart. In only 
three cases (66.66%), injuries were of the left ventricle [2].

At least one of the three symptoms of Beck’s trin-
ity (hypotension, elevated central venous pressure, dull 
heart murmurs) is present in penetrating heart injuries 
[4]. One must have in mind that tension pneumothorax, 
also a chest injury, can mimic all of these symptoms, but 
with auscultatory silence on the affected side. Full pre-
operative diagnostics can only be conducted in hemody-
namically stable patients [4]. On the other hand, when 
we face massive bleeding, cardiac tamponade, parasternal 

Figure 6. Case 3, chest X-ray before pleural punction on the right side 
due to pleural effusion, third postoperative day

Figure 7. Case 3, chest X-ray after pleural punction on the right side 
due to pleural effusion, third postoperative day

Heart injuries and abdominal surgeon
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wounds, unstable patients in general, immediate thora-
cotomy, without detailed diagnostics, is mandatory [4, 
24]. Echocardiography, if allowed by hemodynamic sta-
bility, is very useful in detecting trauma of the heart [28]. 
One of very informative but time-consuming diagnostic 
procedures, heart catheterization, is by some authors not 
necessary in the initial phase of diagnostics, but is very 
important in solving complex injuries, and practically 
mandatory in the post-surgical phase, in order to exclude 
secondary complications, which can be expected in up to 
10% of cases [4, 22].

Swift and precise diagnosis, reanimation, expeditious 
transport and timely surgical intervention are of utmost 
importance in managing cardiac injuries. Equipped centers 
and specialized cardiac teams are certainly ideal for in-
jured patients. However, even in the era of more and more 
specialized branches in medicine and surgery, the role of 
abdominal surgeons in cardiac trauma is still important. 
Apart from mediastinal vessels and esophageal injuries, 

a great majority of penetrating thoracic trauma can be 
managed with simple operative techniques. Abdominal 
surgeons should feel comfortable with the decision to oper-
ate on greatly physiologically deranged patients with pen-
etrating chest trauma, and not to delay the operation with 
conservative measures or with time-consuming transport 
to remote specialized facilities, since that could lead to 
greater death percentage of these patients.
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САЖЕТАК
Увод У свету у ком се стално повећава инциденца насиља 
и повреда, а хирурзи се едукују за све уже хириршке гра-
не, поставља се питање о улози абдоминалних хирурга у 
кардијалној трауми. 
Циљ овог рада је да прикаже лична искуства абдоминалног 
хирурга у решавању повреда срца.
Прикази болесникâ Приказана су два случаја пенетрантне 
повреде срца и једна тупа повреда срца, које је успешно 
излечио абдоминални хирург.

Закључак Требало би да се абдоминални хирурзи слободно 
упусте у операцију хемодинамски нестабилних болесника са 
пенетрантним повредама грудног коша. Не треба да одлажу 
операцију спровођењем конзервативних мера или транс-
портовањем у удаљене специјализоване центре, јер то може 
довести до веће смртности ових болесника.
Кључне речи: повреде срца; пенетрантне повреде; абдо-
минални хирург
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