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SUMMARY
For a long time, any heart-based injury was an off-limits area for surgeons; a patient with a 
traumatic cardiac injury was doomed to die. Little more than one hundred years have passed since 
the first surgical correction of  a penetrating cardiac injury and there is still a high rate of  mortality, 
despite the medical advances. We present the case of  6 patients with penetrating cardiac injuries 
that were repaired at a third level hospital of  Mexico, alongside relevant findings on the literature 
about the topic. From 2019 to 2020, an incidence of  6 patients with penetrating cardiac injuries 
was present; all men aged 30 years or older. The etiology of  4 (67%) patients was stab wounds 
and 2 (33%) gunshot wounds. Left anterolateral thoracotomy was used on 5 (83%) patients and 
midline sternotomy on 1 (17%) patient. 2 (33%) injuries on the left ventricle presented along with 
coronary arteries injuries. Left ventricle and right atrium injuries presented each 50% of  mortality. 
The mortality was of  33%, 1 patient died due to intraoperative complications and another one 
due to massive cerebral infarction and polyuric syndrome because of  diabetes insipidus. There is a 
long path ahead of  the surgical field on this topic and further to be analyzed. An excellent tool for 
cardiac tamponade diagnosis due to penetrating cardiac injuries is cardiac ultrasound, therefore it 
should be used on every hemodynamic unstable patient in the context of  PCI. Definitively, time is 
of  the essence, and the survival of  patients depends on immediate transport to a hospital and an 
opportune surgical intervention.

Keywords: heart injuries, thoracic injuries, heart injuries diagnosis, heart injuries surgery

1. Introduction
For a long time, any heart-based injury was an off-limits area for surgeons, as every attempt to 

correct the defect would be found desperate and unnecessary. Hence, a patient with a traumatic 
cardiac injury was doomed to die. (Asensio et al., 2009; Flécher, Leguerrier and Nesseler, 2020) It was 
first described on Homer’s Iliad, but it was not until year 1895 when Axel Cappelen made the first 
attempt to correct a cardiac injury by applying stitches; but unfortunately the patient died of  sepsis.
(Söreide and Söreide, 2006) A year later, Ludwig Rehn performed the first successful repair of  a right 
ventricle injury with sutures. And later on, in 1907 the lethality was reported as high as 60%. (Asensio 
et al., 2009)

Penetrating cardiac injuries (PCI) can be subdivided in two major groups depending on the 
mechanism of  injury: gunshot wounds (GSW) and stab wounds (SW). PCI’s must be suspected in any 
injury performed on the cardiac box; this is area has been delimited as the one between the sternum 
superiorly, xiphoid process inferiorly and in between the nipples. It has been described as an area of  
major heart compromise risk whenever a penetrating injury is performed throughout this breadth.
(Kim et al., 2020) However, the heart is approachable from any other chest site, even though the 
abdomen. A cardiac injury should be suspected whenever a thoracic penetrating injury is present.

The clinical presentation of  each group varies depending on many factors, such as the affected 
structures, the depth of  the injury, patient’s vital signs, time to hospital arrival, and prompt treatment.

Men are the most affected sex on this type of  injury, as on any other traumatic injury. This could 
be due to the more frequent involvement of  men in violent situations, which has been reported in 88-
96% of  all cases, usually at a young age, between 27-33 years old. (Seamon et al., 2009; Bamous et al., 
2016; Stranch, Zarzaur and Savage, 2017; Kim et al., 2020)

SW are different than GSW not only on mechanism, but they also differ on mortality, possible 
outcomes and complications. (Bamous et al., 2016) GSW tend to have a deeper path, thus affect 
more structures, and have a worse prognosis. Both ventricles are the most affected areas of  the heart, 
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although there is evidence of  higher incidence in right ventricle compared to the left. (Kang et al., 
2009; Seamon et al., 2009; Stranch, Zarzaur and Savage, 2017)

Mortality of  these injuries goes around 40-90% (Clarke et al., 2011; Kaljusto et al., 2015; Bamous 
et al., 2016; Morse et al., 2016) and the survival rates have been reported as wide as 3-84% (Tyburski 
et al., 2000; Kang et al., 2009; Kaljusto et al., 2015).

Little more than one hundred years have passed since the first surgical correction of  a PCI and 
there is still a high rate of  mortality, despite the medical advances. The relevance of  this topic relies on 
the fact that there is a long path ahead of  the surgical field, and further to be analyzed and discovered. 
We present the case of  6 PCI that were repaired on our third level hospital, alongside relevant findings 
on the literature about the topic.

2. Case series report
From 2019 to 2020, an incidence of  6 patients with PCI was present; all men aged 30 years or 

older. The etiology of  4 (67%) patients was SW and 2 (33%) GSW. All of  them presented hypotension 
at their arrival to the ER. 2 (33%) presented tachycardia, 1 (17%) bradycardia and, 3 (50%) blood 
pressure between normal parameters. 1 (17%) presented normocytic normochromic anemia. 4 (67%) 
patients had low- grade acidosis, 1 (17%) moderate-grade and 1 (17%) between normal parameters. 
They were all admitted during the night shift.

At their arrival, 3 (50%) patients presented Beck’s triad. Hypovolemic shock was present in 3 (50%) 
patients, but only 1 (17%) patient was hemodynamically stable. During the physical examination, 
4(67%) patients presented jugular venous distention.

5 (83%) patients showed hemodynamic instability at their arrival, and 4 (67%) of  them passed 
through cardiac evaluation using cardiac ultrasound, which turned out positive in all of  them rushing 
them urgently to an operating room.

The surgical approach used in 5 (83%) of  them was a left anterolateral thoracotomy. And 1 (17%) 
patient was treated with midline sternotomy. Measurement of  blood loss was with the necessity of  
intraoperative blood products transfusion. It was necessary to transfuse more than ten units in 3 (50%) 
patients, 4 to 6 units in 1 (17%) patient and, 1 to 3 units in 2 (33%) patients.

The location of  the PCI was on the left ventricle in 2 (33%) patients, with a 50% rate of  mortality; 
right ventricle in 2 (33%) patients, with 0% mortality; right atrium in 2 (33%) patients, with 50% 
mortality. Coronary artery lesion was present in 2 (33%) patients, alongside injuries on the left 
ventricle, and 1 of  them died.

Hemostasis was done in 4 (67%) of  the patients using a Foley catheter. (Figure 1) And in the other 2 
(33%) with digital pressure. The definitive cardiac repairment was with a 3-0, non-absorbable suture, 
of  Prolene material, with a horizontal or vertical mattress stitch. (Figure 2)

We report mortality of  2 (33%) patients, from which 1 (17%) died on the first week of  the 
postoperative due to complications of  massive cerebral infarction and polyuric syndrome as a result of  
diabetes insipidus; the other patient died intraoperatively. The 4 (67%) survivor patients had a mean 
intrahospital length of  stay of  7 days. Among them, the most common complication was pneumonia 
which was present in 2 of  them.
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Figure 1. 
A Foley catheter is placed inside the injury and the balloon is inflated with a slight traction, thus 
creating temporary closure of  the wound. This helps the surgeon to control the bleeding while 

getting ready to place a definitive closure.

Figure 2. 
Definitive closure of  PCI with a vertical mattress stitch using a 3-0 non-absorbable Prolene suture.
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3. Discussion
The main mechanism of  PCI was SW with an incidence of  67%, which is in accordance with 

literature, that reports an incidence from 43 to 74%. (Jones et al., 2014; Kaljusto et al., 2015; Stranch, 
Zarzaur and Savage, 2017; Góes Junior et al., 2019) However, different authors have reported an 
increase of  GSW over SW, which could be best explained for the easy access to guns in different 
countries. (Campbell et al., 1997; Asensio et al., 2009; Seamon et al., 2015; Morse et al., 2016)

Ventricles were compromised on 67% of  the cases, and that may be best explained for its size. 
They remain the most affected chambers of  the heart, around 60-70% (Thorson et al., 2012; Besir, 
Gokalp and Eygi, 2015; Kaljusto et al., 2015; Seamon et al., 2015). However, the right ventricle is the 
most affected chamber (Topal, Celik and Eren, 2010; Thorson et al., 2012; Morse et al., 2016; Góes 
Junior et al., 2019); this can be explained due to the anatomical disposition, as the right ventricle lies 
just posterior to the sternum, and it is more approachable to SW.(Kang et al., 2009)

Diagnosis

Clinical manifestations
Almost everything related to the initial management relies on the clinical presentation at the 

patient’s arrival to the ER. If  the clinical status allows it, a detailed diagnostic workup should be done 
to rule out any diagnosis that could be missed out in the hurry and that might affect the treatment or 
prognosis. Not every cardiac injury demands immediate surgical intervention so there is some time 
that could be spared to make an even more thorough analysis of  the injuries.

The clinical presentation depends mainly on the hemodynamic status and the presence or absence 
of  cardiac tamponade, which can be present in 80-90% of  the patients with SW. (Ivatury and Rohman, 
1992; Embrey, 2007) Contrary to SW, GSW rarely present hemopericardium. Around 65% of  the 
patients arrive to the emergency department with no detectable blood pressure. (Tyburski et al., 2000) 
We found detectable vital signs an all our patients, although hemodynamic instability on 83%.

The way a PCI manifest also depends on the involved structures. If  the pericardium is affected, 
blood could rapidly accumulate and because it cannot be distended, the pressure rises increasingly, 
pushing the heart to its center. This causes the blood return to the right side of  the heart to decrease, 
thus declining the blood output. All these events manifest as an increase of  frequency and contractility 
of  the heart. However, there could also be an exsanguination caused directly from the wound to the 
heart. If  the cardiac conduction system compromises, it could lead to arrhythmias or even cardiac 
arrest. Nevertheless, cardiac dysfunction can be the result of  single or multiple injuries on different 
structures, such as blood supply to the heart, the myocardium or its valves. (Kang et al., 2009)

To save time on the initial approach of  a PCI, the ER physician must keep in mind all the possible 
ways a cardiac injury could manifest. As previously stipulated, PCI must always be suspected on 
penetrating injuries to the thorax or upper abdomen and with concomitant hypotension. (Kang et 
al., 2009)

The physical examination begins with the inspection at the patient’s arrival to the emergency 
department. The type of  injury may provide important information on etiology, whether GSW or SW 
is being dealt with. The ER physician must first analyze the size and depth of  the injury and follow 
the appropriate Advanced Trauma Life Support recommendations for hemorrhage control if  this 
happens to be present.
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A cardiac tamponade is a serious and often lethal complication of  penetrating heart injuries and 
it has the potential to aggravate any underlying problem, so it must be treated as soon as detected. 
(Bellister, Dennis and Guillamondegui, 2017) The Beck’s Triad has been described as three signs found 
in physical examination that suggest the presence of  cardiac tamponade. These are hypotension, 
jugular venous distention, and muffled heart sounds. However, this triad might not be present on 
patients with this complication. The triad was present on 50% of  the patients, although jugular 
venous distention was seen on 67%. This indicates that not all the signs may be present for the patient 
to have a cardiac tamponade. For this reason, it is not a completely reliable finding on the physical 
examination to rule out a cardiac tamponade. It is a good indicator to suspect cardiac tamponade, but 
in its absence, a cardiac tamponade cannot be ruled out.

A cardiac tamponade has the potential to cause a decrease of  blood output, thus leading to 
cardiogenic shock. Keeping this in mind, other clinical signs that may be identified on the presence of  a 
cardiac tamponade include signs of  shock, such as tachycardia, tachypnoea, hypotension, diaphoresis, 
and cool extremities with loss of  peripheral pulses. (Kang et al., 2009)

Even though physical examination and echocardiography are usually enough to build up a proper 
diagnosis and lead to adequate decision making on the next step, other studies can give important 
information to take into consideration. (Long, 2019)

Imaging
Imaging findings of  PCI depend on the affected areas. These could be shown as a pericardial 

tamponade, either with blood or air or as a tension pneumopericardium, which commonly involves 
adjacent pulmonary affection. These are usually identified with a chest radiograph or Computed 
Tomography (CT). Hemopericardium on the other hand, is usually not so righteous to detect on 
a chest radiograph, so an additional CT needs to be ordered. Another fast and reliable option to 
detect an hemopericardium is with the usage of  sonography. PCI may also manifest on imaging as 
a pericardial rupture, which main concern is herniation. It is also possible, although rare, to detect 
direct injury on the myocardium during CT imaging. (Mirvis, 2004)

Echocardiography has the characteristic of  being dynamic, which allows to assess the motion of  
cardiac chambers, valves, and left ventricular ejection fraction. Moreover, it can show abnormalities 
such as pericardial effusion as small as 25 mL, or even cardiac tamponade. (Co et al., 2011) An important 
advantage is that it can be performed in the ER with a portable ultrasound, thus shortening times 
and stablishing diagnosis in a more efficient way. The downsides of  this modality is that it is operator 
dependent; and there are some other circumstances that makes it hard to identify all structures, such 
as obese people, subcutaneous emphysema, or hemopericardium (because of  the inward pression that 
collapses the chambers). (Baker, Almadani and Ball, 2015; Kong et al., 2015; Nicol et al., 2015)

Generally, on stable patients a CT is a good option to analyze the cardiac injury. On the other hand, 
on unstable patients the Focussed Assessment with Sonography for Trauma (FAST) is the proper way 
to go due to its accessibility, rapidness, and bedside location. This diagnostic imaging is usually done 
by surgeons in many parts of  the globe, and it is a bedside evaluation. In this case series, FAST further 
focussed for cardiac imaging showed 100% sensibility, as all the patients evaluated with this modality 
showed positive findings for free liquid on pericardial sac and were prompted to the OR.

A transthoracic view should be used in everyone whenever possible if  the clinical status allows 
it. It has the disadvantage that if  it is taken just after the injury, it could mislead to other diagnosis, 
due to cardiac oedema, occluding coagulin plugs and non-dilated cardiac chambers. (Thandroyen 
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and Matisonn, 1981; Sugiyama et al., 2011). If  free air is found, as in a pneumothorax or in surgical 
emphysema, the correct interpretation of  the results could be difficult.

Transoesophageal echocardiography is a good alternative when it is not possible to perform a 
transthoracic view. It has been described as a recommended study to perform intraoperatively, to 
evaluate repairs. (Reddy and Muckart, 2014) It provides higher definition of  the cardiac anatomy, 
giving the benefit to evaluate in a better way possible any injury missed during the first investigation. 
It is advantageous to observe cardiac tamponade, shunts, valve injury or coronary artery injuries. 
(Abou-Leila and Voronov, 2017)

Even though transesophageal echocardiogram can provide useful information, it is not necessary 
on the initial approach of  acute trauma patients, as it is invasive and requires sedation. Besides, there 
are other imaging studies that can provide the same information, such as multidetector CT, that may 
demonstrate papillary muscle rupture. (Lee et al., 2009; Co et al., 2011)

Computed Tomography is a reliable exam to perform on stable patients. When talking about 
penetrating cardiac injuries, Góes Junior et al., (2019) found a sensitivity of  56.5%, specificity of  85.7%, 
positive predictive value of  65% and negative predictive value of  80.7%. (Góes Junior et al., 2019)

Possible findings that must be ruled out during CT to identify heart injury are pneumopericardium 
and hemopericardium. However, if  a hemopericardium is first identified in an ultrasound, time should 
not be wasted to perform a CT, for it could worsen the clinical status of  the patient. (Plurad et al., 2013)

Furthermore, the CT gives the advantage to evaluate the lungs, searching for sings of  lesions, 
such as looking for hemothorax in the pleural space, or hemomediastinum, pneumomediastinum, or 
mediastinal hemorrhage. (Plurad et al., 2013; Góes Junior et al., 2019)

It is also effective to detect pericardial or myocardial lacerations, cardiac luxation, path of  a 
projectile, or location of  a foreign body. (Hanpeter et al., 2000; Shanmuganathan and Matsumoto, 
2006; Raptis, Bhalla and Raptis, 2019) Valvular compromise should be suspected whenever a 
pulmonary edema develops after a penetrating cardiac injury. (Co et al., 2011)

Nummela et al., (2019) recommend the use of  arterial phase whole-body CT as multiple injuries and 
active bleeding are common. As well as a CT after emergency surgery. (Nummela et al., 2019)  

Chest x-rays are usually helpful in giving an overview of  the patient state and some life-threatening 
pathologies that could be missed in the attempt to treat the most serious and obvious injuries. 
This could include pneumothorax, haemothorax, pneumopericardium, mediastinal hematoma, or 
displaced heart, pulmonary involvement presenting contusions, etc. (Co et al., 2011; Thorson et al., 
2012; Long, 2019) Nonetheless, it is very important to not overestimate the information any chest 
x-ray offers. Apparently normal x-rays, which are not that rare, in the context of  a cardiac wound, 
could lead to a misdiagnosis. (Kang et al., 2009) For example, it can only show pericardial fluid greater 
than 200 mL (Co et al., 2011)

If  one might not perform a FAST, a subxiphoid pericardial window (SPW) is the best path to 
take. (Stranch, Zarzaur and Savage, 2017) It consists in a small incision on the pericardium and 
this procedure must be done under general anesthesia, so it requires an operating room for it to be 
performed. Having said that, it opens up the way for a thoracotomy to be done if  needed. (Thorson 
et al., 2012) It serves as diagnostic and therapeutic management of  the pathology, but it is merely 
transitory. (Kaljusto et al., 2015)

SPW was the gold standard for many years. (Reis et al., 2012; Karigyo Toshiyuki et al., 2013) Now, 
even though SPW is getting less used due to the advent of  new technologies, it still is the ideal study 
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whenever a surgeon wants to confirm the results of  positive, inconclusive, equivocal, or negative FAST 
with a significant hemothorax. (Ball et al., 2009) Bamous et al., (2016) suggested that SPW should be 
performed on stable patients with delayed presentation of  traumatic pericardial effusion. (Bamous et 
al., 2016) Contrastingly, Góes Junior, (2019) showed on his results that SPW should not be used as a 
screening or routine exam.(Góes Junior et al., 2019)

The result is positive when blood located inside the pericardium sac is evacuated through the 
incision. Then it is indicated to perform a subsequent approach, such as a medium sternotomy or a 
left anterolateral thoracotomy, depending on the suspected location of  the injuries.

The literature reports a sensitivity of  97% and specificity of  100% either for FAST or SPW. 
(Uchimura et al., 2010; Co et al., 2011; Hommes et al., 2013; Karigyo Toshiyuki et al., 2013; Kaljusto 
et al., 2015; Raptis, Bhalla and Raptis, 2019)

Nowadays echography offers some remarkable advantages which allows it to be considered even 
priorly to SPW, such as its non-invasive nature and easy access. And because of  that, it should be 
available in every trauma center.(Kang et al., 2009; Uchimura et al., 2010; Karigyo Toshiyuki et al., 
2013)

Treatment
Usually, PCI demands immediate surgical attention. However, if  the patient clinical status allows it, 

they can be approached through a planned and semi-elective surgery. This come with the advantage 
of  allowing for more studies to be held prior to the intervention, to identify all the possible injuries, 
and to stablish a thorough plan of  action before any intervention in the operating room (OR).

On the other hand, unstable patients with signs of  shock, cardiac tamponade, or excessive 
hemorrhage demand a more aggressive approach, and they must be treated in an OR immediately. 
If  they cannot make it to the OR, an emergency department thoracotomy (EDT) must be performed.

Pre-hospital mortality is as high as 90% (Thorson et al., 2012; Kong et al., 2015; Nicol et al., 2015) 
In this type of  injury, getting to the operating room is imperative. Very little can be done before this 
vital approach and time should not be wasted in attempts to resuscitate prior to hospital transport, or 
even any other attempts to maneuver at the encounter site. Immediate surgical intervention can lead 
to 24-60% of  survival rate. (Asensio et al., 1998; Monteiro Tavares Pereira et al., 2013; Kaljusto et al., 
2015)

An EDT is often the “Hail Mary” for a surgeon as it is the last resource to save a patient. Only 
certain patients in the context of  PCI would benefit from an EDT. As the western trauma association 
committee and many other authors have stablished, EDT is indicated on patients with PCI and with 
refractory shock or on those that required prehospital cardiopulmonary resuscitation no longer than 
15 minutes. (Embrey, 2007; Burlew et al., 2012; Abou-Leila and Voronov, 2017; Long, 2019)

Its praxis does not usually have the best outcomes, with surviving rates being reported from 1 to 
35%. (Rhee et al., 2000; Seamon et al., 2009; Burlew et al., 2012; van Waes et al., 2012; Rabinovici, 
2014; Stranch, Zarzaur and Savage, 2017; Long, 2019) Although if  the patient arrives without 
vital signs on admission, it has a survival rate less than 1% (Burlew et al., 2012; Bamous et al., 2016) 
Notwithstanding, it is usually the only logical course of  action to save a patient’s life.

In the context of  an EDT, the most useful approach is to perform a left anterolateral thoracotomy 
(LAT) to have direct access to the heart. It is the easiest and fastest approach to undermine an injury. 
(Tun et al., 2017)
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However, when the patient is to be treated in an OR, there are two approaches that could be 
performed on a PCI: a midline sternotomy or a LAT. When an injury on a different place, other than 
the heart, is suspected (esophageal, descending aorta or the posterior side of  the heart) a LAT is the 
ideal approach as it allows to visualize these structures. (Embrey, 2007)

Midline sternotomy offers a better exposure of  the heart, its vessels and bilateral pleural spaces, 
(Kang et al., 2009; Bamous et al., 2016) It is ideal when the right side of  the heart is compromised. 
(Embrey, 2007) It is also the preferred approach if  the patient is stable enough to be transferred into 
an operating room.(Tun et al., 2017) However, it comes with the disadvantage of  sternal wound sepsis 
risk. (Reddy and Muckart, 2014)

When comparing these two approaches, Besir et al., (2015) reported a mortality of  26.9% for 
thoracotomies and 14.2% for sternotomies, although no difference in prognosis whatsoever between 
the two approaches. (Besir, Gokalp and Eygi, 2015) Hence, the approach depends merely on the 
urgency of  the situation and the location of  the injuries.

Jones et al. (2014) reported on their series that pericardial drainage is a good option to treat 
patients with cardiac tamponade on the emergency department. The Seldinger technique was used 
in the subxiphoid location to place a catheter with gravity drainage or continuous aspiration while 
transporting the patient to the operating room. Results showed a slight decrease on mortality, but the 
number of  patients on their study was too small to consider statistical significance. They also found no 
complications on the procedure, and no delay on the operative intervention. (Jones et al., 2014)

On unstable patients, a pericardiocentesis could be performed to temporarily relieve the pressure. 
However, it could take a considerable amount of  time that could worsen the patient’s prognosis. 
(Long, 2019)

Whenever the general condition of  a patient is stable and the studies performed show no injury 
whatsoever, it is a general practice to place a chest tube drainage and wait for the patients clinical 
evolution.(TOMASELLI et al., 2003)

When the heart has an adequate exposure and the surgeon is ready to perform the definite 
correction, there are some measures that comes in handy. On atrial injuries, the surgeon could perform 
digital pressure on the injury to control the hemorrhage or place a vascular clamp.

It is a common and creative practice to temporary close the defect by placing a Foley catheter 
inside the injury, inflate the balloon once inside the cardiac chamber, apply slight traction, being 
cautious to prevent the injury from becoming larger, and then place a clamp on the catheter just on its 
way out of  the heart, so it can create temporary hemostasis.(Tun et al., 2017)

The direct closure of  the injuries must be made with sutures. The ideal type is a non-absorbable 
pledgeted suture, in a U-fashion way. (Embrey, 2007)

When a coronary artery is compromised, it is important to go underneath the artery when suturing, 
since direct repair of  the wound through sutures or even digital pressure can lead to heart ischemia. 
Hence, alternative treatment to coronary artery injuries should be taken into consideration These 
possible courses of  action include an intracoronary shunt in primary way, to then proceed with the 
definitive solution, such as suture of  the artery or vein angioplasty. (Embrey, 2007)

Septal injuries closure could lead to failure on the treatment since many of  them tend to close on 
their own after a few days or weeks, hence, such injuries should not be definitely repaired on the initial 
operation. (Embrey, 2007)
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Some other ways to close a cardiac injury have been described, such as fibrin patches. Topical 
hemostatic agents provide a fibrin rich patch, allowing better clotting formation whenever a suture 
repair could compromise adjacent arteries. (Butts et al., 2019) So this is a good alternative to take into 
consideration, and that can be helpful on patients with coagulation disorders. (Chiara et al., 2018)

There has been described an innovative way of  closing ventricular septal defects in a percutaneous 
transcatheter way. (Dehghani et al., 2009; Suh and Kern, 2009) It is a considerable good course of  
action whenever a surgical approach cannot be performed. (Reddy and Muckart, 2014) But despite 
that, a valve injury or any other kind of  injury is usually present, requiring surgical approach, thus not 
having a lot of  usefulness performing a percutaneous transcatheter closure.

Cardiopulmonary bypass is one of  the greatest advents on cardiac surgery. It allows the body to 
keep its normal perfusion and the surgeon to work with a stable heart and make precise decisions 
on its repair. The indications to perform a cardiopulmonary bypass include left ventricular injuries 
that are too large or too dangerous to repair on the beating heart. A proximal coronary artery injury 
could sustain a great risk of  ischemia if  direct digital hemostasis or sutures are attempted. Valvular 
injury is another situation that not only demands surgical correction, but also cardiopulmonary 
bypass, for it would be almost impossible to repair a moving valve. Any defect on a ventricular septum 
of  considerable size, with or without cardiac shunting, requires a bypass as well. (Abou-Leila and 
Voronov, 2017; Stranch, Zarzaur and Savage, 2017)

Prognosis
Risk factors for mortality include the presence of  cardiac tamponade, extra cardiac associated 

injuries and right ventricle injury. (Bamous et al., 2016) Tyburski et al., (2000) included the physiologic 
status at the patient’s arrival to the ER. The involvement of  multiple chambers or great vessels has also 
been associated with higher mortality (Tyburski et al., 2000; Morse et al., 2016) The etiology of  the PCI 
plays a fundamental role, as GSW has worse prognosis than SW.(Kaljusto et al., 2015)

Even though the injury is in a principal organ, the causes of  death are not usually directly related to 
the injury itself, but due to the complications that may develop afterwards, such as cardiac tamponade 
or exsanguination which lead to hypovolemic shock. (Kang et al., 2009; Karigyo Toshiyuki et al., 2013; 
Kaljusto et al., 2015; de Araújo et al., 2018)

Cardiac tamponade is a feared complication of  a penetrating cardiac injury as it is the main cause 
of  death on these patients. It could lead to subendocardial ischemia, malignant arrhythmias or cardiac 
arrest. (Jones et al., 2014)

Thorson et al. found on their series that around 30% of  the patients with hemopericardium 
caused by penetrating trauma on a pericardial window, had a nontherapeutic sternotomy, that means, 
they had no injury to be repaired. (Thorson et al., 2012) So apparently not every hemopericardium 
demands a surgical approach, or at least, not all of  them has something to be repaired. Be that as it 
may, it is comprehensible if  one does not want to take such risk of  not being completely sure of  the 
absence of  a potentially mortal injury. It is wise to further analyze each stable patient, for they might 
not even need a thoracotomy at all.

Cardiac tamponade or exsanguination, on the other hand, demand immediate attention to treat 
and resolve such complications. Notwithstanding, the possible attempts to treat these are merely 
transitory for the underlying cardiac injury must be repaired as soon as possible in an operating room.

The literature shows heterogeneous results on mortality among chambers. Tyburski et al., (2000) 
reported highest rate of  survival on injuries on right ventricles, with 60%. (Tyburski et al., 2000) 
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Stranch et al., found increased risk of  death on injuries on right atrium and great vessels. (Stranch, 
Zarzaur and Savage, 2017) Other authors have found that no difference whatsoever on mortality 
among chambers (Asensio et al., 1998)

GSW have worst prognosis and higher mortality rates than SW. This difference is mainly 
explained by the object and the force of  impact, (Gunn et al., 2014; Durso, Caban and Munera, 2015; 
Lichtenberger et al., 2018) and the fact that bullets can affect multiple and deeper structures than sharp 
objects. Moreover, sharp objects often function as temporary hemostasis, preventing profuse bleeding 
on the site of  injury until the surgical team can approach and correct the defect on a controlled 
environment. (Nummela et al., 2019)

SW are the most prevalent cause of  surgical intervention of  PCI (39-81.4%) (Uchimura et al., 2010; 
Karigyo Toshiyuki et al., 2013; Besir, Gokalp and Eygi, 2015; Khorsandi et al., 2015), even though 
GSW has been reported as the main etiology of  PCI, it often presents higher mortality rate prior to 
the arrival into the OR. (Albadani and Alabsi, 2013; Kaljusto et al., 2015; Melo et al., 2017; de Araújo 
et al., 2018)

4. Conclusion
There is still a long road ahead in the surgical field, and further to be improved. Although the 

data collected is of  a small number of  patients, the literature supports our findings. In the imaging 
diagnostic area, great advancements have taken place and that has helped to PCI diagnostic accuracy, 
thus of  better-planned surgeries and different approaches according to the situation. However, PCI 
still have a high mortality rate, and very little can be done other than correct the defect in an OR. 
PCI will remain a high mortality injury despite medical advancements because many of  them are 
fatal at the encounter site. Definitively, time is of  the essence, and the survival of  patients depends on 
immediate transport to a hospital and an opportune surgical intervention.

5. Ethical aspects
Patients consent to be included in the present study was obtained. It had ethical approval by the board.

6. Conflict of  interest
The authors declare there is no conflict of  interest

7. Fundings
This research did not receive any specific grant from funding agencies in the public, commercial, 

or not-for-profit sectors.

8. Acknoledgments
We express our sincere gratitude to our colleague Priscila Elizabeth Contreras-Olvera for providing 

language help and writing assistance.



12
Héctor Vergara-Miranda, Luis Adrian Alvarez-Lozada, Josefina Belem Leyva-Alamillo,  
Raúl Omar Martínez-Zarazua, Lourdes Paola Chapa-Montalvo & Luis Rodrigo Gómez-Alvarez

References
Abou-Leila, A. and Voronov, G. (2017) ‘The journey of  harmless bullet: The perioperative care 

of  penetrating cardiac injury’, Anesthesia: Essays and Researches, 11(3), p. 790. doi: 10.4103/0259-
1162.194578.

Albadani, M. N. and Alabsi, N. A. (2013) ‘Management of  Chest Injuries: A prospective study’, Yemeni 
Journal for Medical Sciences, 5, pp. 23–27. Available at: https://ust.edu/ojs/index.php/yjmp/article/
view/257.

de Araújo, A. O. et al. (2018) ‘Fatal cardiac trauma in the city of  manaus, Amazonas State, Brazil’, 
Revista do Colegio Brasileiro de Cirurgioes, 45(4), pp. 1–8. doi: 10.1590/0100-6991e-20181888.

Asensio, J. A. et al. (1998) ‘One Hundred Five Penetrating Cardiac Injuries’, The Journal of  Trauma: 
Injury, Infection, and Critical Care, 44(6), pp. 1073–1082. doi: 10.1097/00005373-199806000-00022.

Asensio, J. A. et al. (2009) ‘Penetrating Cardiac Injuries: A Historic Perspective and Fascinating Trip 
Through Time’, Journal of  the American College of  Surgeons. American College of  Surgeons, 208(3), 
pp. 462–472. doi: 10.1016/j.jamcollsurg.2008.12.011.

Baker, L., Almadani, A. and Ball, C. G. (2015) ‘False negative pericardial Focused Assessment with 
Sonography for Trauma examination following cardiac rupture from blunt thoracic trauma: a case 
report’, Journal of  Medical Case Reports. Journal of  Medical Case Reports, 9(1), p. 155. doi: 10.1186/
s13256-015-0640-6.

Ball, C. G. et al. (2009) ‘A Caveat to the Performance of  Pericardial Ultrasound in Patients With 
Penetrating Cardiac Wounds’, Journal of  Trauma: Injury, Infection & Critical Care, 67(5), pp. 1123–
1124. doi: 10.1097/TA.0b013e3181b16f30.

Bamous, M. et al. (2016) ‘Evaluation of  penetrating cardiac stab wounds’, Scandinavian Journal of  
Trauma, Resuscitation and Emergency Medicine. Scandinavian Journal of  Trauma, Resuscitation and 
Emergency Medicine, 24(1), p. 6. doi: 10.1186/s13049-015-0190-3.

Bellister, S. A., Dennis, B. M. and Guillamondegui, O. D. (2017) ‘Blunt and Penetrating Cardiac 
Trauma’, Surgical Clinics of  North America. Elsevier Inc, 97(5), pp. 1065–1076. doi: 10.1016/j.
suc.2017.06.012.

Besir, Y., Gokalp, O. and Eygi, B. (2015) ‘Choice of  Incision in Penetrating Cardiac Injuries: Which 
one we must prefer? Thoracotomy or Sternotomy’, Turkish Journal of  Trauma and Emergency Surgery, 
21(4), pp. 266–270. doi: 10.5505/tjtes.2015.52882.

Burlew, C. C. et al. (2012) ‘Western Trauma Association Critical Decisions in Trauma’, Journal of  
Trauma and Acute Care Surgery, 73(6), pp. 1359–1363. doi: 10.1097/TA.0b013e318270d2df.

Butts, C. A. et al. (2019) ‘Sutureless Repair of  a Full-Thickness Cardiac Stab Wound Adjacent to the 
Right Coronary Artery Using Evarrest® Patch’, The American Surgeon, 85(8), pp. 419–420. doi: 
10.1177/000313481908500820.

Campbell, N. C. et al. (1997) ‘Review of  1198 cases of  penetrating cardiac trauma’, British Journal of  
Surgery, 84(12), pp. 1737–1740. doi: 10.1002/bjs.1800841225.

Chiara, O. et al. (2018) ‘A systematic review on the use of  topical hemostats in trauma and emergency 
surgery’, BMC Surgery. BMC Surgery, 18(1), pp. 1–20. doi: 10.1186/s12893-018-0398-z.



13Solving the impossible. Penetrating cardiac injuries, a case series of  diagnostic workup and management

Clarke, D. L. et al. (2011) ‘Emergency operation for penetrating thoracic trauma in a metropolitan 
surgical service in South Africa’, The Journal of  Thoracic and Cardiovascular Surgery. The American 
Association for Thoracic Surgery, 142(3), pp. 563–568. doi: 10.1016/j.jtcvs.2011.03.034.

Co, S. J. et al. (2011) ‘Role of  Imaging in Penetrating and Blunt Traumatic Injury to the Heart’, 
RadioGraphics, 31(4), pp. E101–E115. doi: 10.1148/rg.314095177.

Dehghani, P. et al. (2009) ‘Post-traumatic ventricular septal defects--review of  the literature and a 
novel technique for percutaneous closure’, J Invasive Cardiol, 21(9), pp. 483–7.

Durso, A. M., Caban, K. and Munera, F. (2015) ‘Penetrating Thoracic Injury’, Radiologic Clinics of  
North America. Elsevier Inc, 53(4), pp. 675–693. doi: 10.1016/j.rcl.2015.02.010.

Embrey, R. (2007) ‘Cardiac Trauma’, Thoracic Surgery Clinics, 17(1), pp. 87–93. doi: 10.1016/j.
thorsurg.2007.02.002.

Flécher, E., Leguerrier, A. and Nesseler, N. (2020) ‘An odyssey of  suturing cardiac wounds: Lessons 
from the past’, Journal of  Cardiac Surgery, 35(7), pp. 1597–1599. doi: 10.1111/jocs.14675.

Góes Junior, A. M. de O. et al. (2019) ‘O uso da tomografia computadorizada na triagem da lesão 
cardíaca penetrante.’, Revista do Colégio Brasileiro de Cirurgiões, 46(3), pp. 1–8. doi: 10.1590/0100-
6991e-20192154.

Gunn, M. L. et al. (2014) ‘Current concepts in imaging evaluation of  penetrating transmediastinal 
injury’, Radiographics, 34(7), pp. 1824–1841. doi: 10.1148/rg.347130022.

Hanpeter, D. E. et al. (2000) ‘Helical computed tomographic scan in the evaluation of  mediastinal 
gunshot wounds’, Journal of  Trauma - Injury, Infection and Critical Care, 49(4), pp. 689–695. doi: 
10.1097/00005373-200010000-00017.

Hommes, M. et al. (2013) ‘Subxiphoid pericardial window to exclude occult cardiac injury after 
penetrating thoracoabdominal trauma’, British Journal of  Surgery, 100(11), pp. 1454–1458. doi: 
10.1002/bjs.9241.

Ivatury, R. R. and Rohman, M. (1992) ‘Penetrating cardiac trauma’, The Annals of  Thoracic Surgery, 
54(6), pp. 1247–1248. doi: 10.1016/0003-4975(92)90121-J.

Jones, T. S. et al. (2014) ‘Emergency department pericardial drainage for penetrating cardiac wounds 
is a viable option for stabilization’, The American Journal of  Surgery. Elsevier Inc, 207(6), pp. 931–934. 
doi: 10.1016/j.amjsurg.2013.08.042.

Kaljusto, M.-L. et al. (2015) ‘Survival predictor for penetrating cardiac injury; a 10-year consecutive 
cohort from a scandinavian trauma center’, Scandinavian Journal of  Trauma, Resuscitation and Emergency 
Medicine. ???, 23(1), p. 41. doi: 10.1186/s13049-015-0125-z.

Kang, N. et al. (2009) ‘Penetrating cardiac injury: Overcoming the limits set by Nature’, Injury, 40(9), 
pp. 919–927. doi: 10.1016/j.injury.2008.12.008.

Karigyo Toshiyuki, C. J. et al. (2013) ‘Trauma cardíaco penetrante’, Rev. Med. Res., 15(3), pp. 198–206.

Khorsandi, M. et al. (2015) ‘Major cardiothoracic trauma: Eleven-year review of  outcomes in the 
North West of  England’, The Annals of  The Royal College of  Surgeons of  England, 97(4), pp. 298–303. 
doi: 10.1308/003588415X14181254789169.



14
Héctor Vergara-Miranda, Luis Adrian Alvarez-Lozada, Josefina Belem Leyva-Alamillo,  
Raúl Omar Martínez-Zarazua, Lourdes Paola Chapa-Montalvo & Luis Rodrigo Gómez-Alvarez

Kim, J. S. et al. (2020) ‘Penetrating injury to the cardiac box’, Journal of  Trauma and Acute Care Surgery, 
89(3), pp. 482–487. doi: 10.1097/TA.0000000000002808.

Kong, V. Y. et al. (2015) ‘Penetrating cardiac injuries and the evolving management algorithm in 
the current era’, Journal of  Surgical Research. Elsevier Inc, 193(2), pp. 926–932. doi: 10.1016/j.
jss.2014.09.027.

Lee, H. et al. (2009) ‘New-onset heart failure caused by spontaneous papillary muscle rupture: 
Diagnosis with dual-source computed tomographic coronary angiography’, The Journal of  Thoracic 
and Cardiovascular Surgery. The American Association for Thoracic Surgery, 137(1), pp. e19–e21. 
doi: 10.1016/j.jtcvs.2008.02.054.

Lichtenberger, J. P. et al. (2018) ‘Imaging of  Combat-Related Thoracic Trauma - Review of  Penetrating 
Trauma’, Military medicine, 183(3–4), pp. e81–e88. doi: 10.1093/milmed/usx034.

Long, B. (2019) ‘Cardiac Trauma’, in The Emergency Medicine Trauma Handbook. Cambridge University 
Press, pp. 193–212. doi: 10.1017/9781108647397.015.

Melo, A. S. A. de et al. (2017) ‘Tomographic aspects of  penetrating thoracic trauma: injuries from 
firearms and other weapons’, Radiologia Brasileira, 50(6), pp. 372–377. doi: 10.1590/0100-
3984.2016.0167.

Mirvis, S. E. (2004) ‘Diagnostic imaging of  acute thoracic injury’, Seminars in Ultrasound, CT and MRI, 
25(2), pp. 156–179. doi: 10.1016/j.sult.2004.02.001.

Monteiro Tavares Pereira, B. et al. (2013) ‘Penetrating cardiac trauma: 20-y experience from a university 
teaching hospital’, Journal of  Surgical Research, 183(2), pp. 792–797. doi: 10.1016/j.jss.2013.02.015.

Morse, B. C. et al. (2016) ‘Penetrating cardiac injuries’, Journal of  Trauma and Acute Care Surgery, 81(4), 
pp. 623–631. doi: 10.1097/TA.0000000000001165.

Nicol, A. J. et al. (2015) ‘Screening for occult penetrating cardiac injuries’, Annals of  Surgery, 261(3), pp. 
573–578. doi: 10.1097/SLA.0000000000000713.

Nummela, M. T. et al. (2019) ‘Imaging of  penetrating thoracic trauma in a large Nordic trauma 
center’, Acta Radiologica Open, 8(12), p. 205846011989548. doi: 10.1177/2058460119895485.

Plurad, D. S. et al. (2013) ‘Penetrating cardiac injury and the significance of  chest computed tomography 
findings’, Emergency Radiology, 20(4), pp. 279–284. doi: 10.1007/s10140-013-1113-0.

Rabinovici, R. (2014) ‘Sixty-seven consecutive resuscitative thoracotomies by a single surgeon’, 
Scandinavian Journal of  Surgery, 103(2), pp. 156–160. doi: 10.1177/1457496914529931.

Raptis, D. A., Bhalla, S. and Raptis, C. A. (2019) ‘Computed Tomographic Imaging of  Cardiac 
Trauma’, Radiologic Clinics of  North America, 57(1), pp. 201–212. doi: 10.1016/j.rcl.2018.08.009.

Reddy, D. and Muckart, D. J. J. (2014) ‘Holes in the heart: an atlas of  intracardiac injuries following 
penetrating trauma’, Interactive CardioVascular and Thoracic Surgery, 19(1), pp. 56–63. doi: 10.1093/
icvts/ivu077.

Reis, A. L. F. d’Ávila et al. (2012) ‘Janela pericárdica : história e seu uso nos dias atuais’, Rev Med Minas 
Gerais, 22(Supl 5), pp. 32–34.

Rhee, P. M. et al. (2000) ‘Survival after emergency department thoracotomy: Review of  published data 
from the past 25 years’, Journal of  the American College of  Surgeons, 190(3), pp. 288–298. doi: 10.1016/
S1072-7515(99)00233-1.



15Solving the impossible. Penetrating cardiac injuries, a case series of  diagnostic workup and management

Seamon, M. J. et al. (2009) ‘Emergency Department Thoracotomy for Penetrating Injuries of  the 
Heart and Great Vessels: An Appraisal of  283 Consecutive Cases From Two Urban Trauma 
Centers’, The Journal of  Trauma: Injury, Infection, and Critical Care, 67(6), pp. 1250–1258. doi: 10.1097/
TA.0b013e3181c3fef9.

Seamon, M. J. et al. (2015) ‘An evidence-based approach to patient selection for emergency 
department thoracotomy: A practice management guideline from the Eastern Association for the 
Surgery of  Trauma’, Journal of  Trauma and Acute Care Surgery, 79(1), pp. 159–173. doi: 10.1097/
TA.0000000000000648.

Shanmuganathan, K. and Matsumoto, J. (2006) ‘Imaging of  Penetrating Chest Trauma’, Radiologic 
Clinics of  North America, 44(2), pp. 225–238. doi: 10.1016/j.rcl.2005.10.002.

Söreide, K. and Söreide, J. A. (2006) ‘Axel H. Cappelen, MD (1858-1919): First Suture of  a Myocardial 
Laceration from a Cardiac Stab Wound’, The Journal of  Trauma: Injury, Infection, and Critical Care, 
60(3), pp. 653–654. doi: 10.1097/01.ta.0000196327.89501.7c.

Stranch, E. W., Zarzaur, B. L. and Savage, S. A. (2017) ‘Thinking outside the box: re-evaluating the 
approach to penetrating cardiac injuries’, European Journal of  Trauma and Emergency Surgery, 43(5), pp. 
617–622. doi: 10.1007/s00068-016-0680-7.

Sugiyama, G. et al. (2011) ‘Traumatic ventricular septal defect’, Annals of  Thoracic Surgery. Elsevier Inc., 
91(3), pp. 908–910. doi: 10.1016/j.athoracsur.2010.08.071.

Suh, W. M. and Kern, M. J. (2009) ‘Transcatheter closure of  a traumatic VSD in an adult requiring 
an ASD occluder device’, Catheterization and Cardiovascular Interventions, 74(7), pp. 1120–1125. doi: 
10.1002/ccd.22141.

Thandroyen, F. T. and Matisonn, R. E. (1981) ‘Penetrating thoracic trauma producing cardiac shunts’, 
Journal of  Thoracic and Cardiovascular Surgery. American Association for Thoracic Surgery, 81(4), pp. 
569–573. doi: 10.1016/s0022-5223(19)39489-9.

Thorson, C. M. et al. (2012) ‘Does hemopericardium after chest trauma mandate sternotomy?’, Journal 
of  Trauma and Acute Care Surgery, 72(6), pp. 1518–1525. doi: 10.1097/TA.0b013e318254306e.

TOMASELLI, F. et al. (2003) ‘Severe heart laceration in penetrating chest trauma: thoracoscopy as 
a key to diagnosis’, Interactive Cardiovascular and Thoracic Surgery, 2(3), pp. 270–272. doi: 10.1016/
S1569-9293(03)00057-4.

Topal, A. E., Celik, Y. and Eren, M. N. (2010) ‘Predictors of  Outcome in Penetrating Cardiac 
Injuries’, The Journal of  Trauma: Injury, Infection, and Critical Care, 69(3), pp. 574–578. doi: 10.1097/
TA.0b013e3181bc783a.

Tun, M. et al. (2017) ‘“Mending A Broken Heart!” (a few technical tips on repairing penetrating 
trauma to the heart)’, Chirurgia, 112(5), p. 619. doi: 10.21614/chirurgia.112.5.619.

Tyburski, J. G. et al. (2000) ‘Factors Affecting Prognosis with Penetrating Wounds of  the Heart’, The 
Journal of  Trauma: Injury, Infection, and Critical Care, 48(4), pp. 587–591. doi: 10.1097/00005373-
200004000-00002.

Uchimura, M. M. et al. (2010) ‘Epidemiological analysis of  pericardiotomys held in a university 
hospital of  Curitiba’, Revista do Colegio Brasileiro de Cirurgioes, 37(2), pp. 92–95. doi: 10.1590/s0100-
69912010000200004.



16
Héctor Vergara-Miranda, Luis Adrian Alvarez-Lozada, Josefina Belem Leyva-Alamillo,  
Raúl Omar Martínez-Zarazua, Lourdes Paola Chapa-Montalvo & Luis Rodrigo Gómez-Alvarez

van Waes, O. J. F. et al. (2012) ‘Immediate thoracotomy for penetrating injuries: Ten years’ experience 
at a Dutch level I trauma center’, European Journal of  Trauma and Emergency Surgery, 38(5), pp. 543–
551. doi: 10.1007/s00068-012-0198-6.

RESUMEN
Durante mucho tiempo las heridas en el corazón eran un área prohibida para el cirujano. 
Cualquier persona con herida penetrante cardíaca estaba condenada a morir. Poco más de cien 
años han transcurrido desde la primera corrección quirúrgica de una herida penetrante cardíaca y 
sigue habiendo una tasa alta de mortalidad, a pesar de los avances médicos. Se presenta una serie 
de casos de 6 pacientes con heridas penetrantes cardíacas que fueron reparadas en un hospital 
de tercer nivel de México, junto con revisión de la literatura. Desde el 2019 al 2020, hubo una 
incidencia de 6 pacientes con heridas penetrantes cardíacas; todos fueron hombres de 30 años 
o mayores. La etiología en 4 (67%) casos fueron heridas por arma blanca y 2 (33%) por herida 
por proyectil de arma de fuego. Se usó el abordaje por toracotomía anterolateral izquierda en 5 
(83%) pacientes y esternotomía media en 1 (17%) paciente. Dos (33%) heridas se suscitaron en 
el ventrículo izquierdo en conjunto con heridas en arterias coronarias. Heridas en el ventrículo 
izquierdo y atrio derecho presentaron una mortalidad del 50% cada una. La mortalidad total fue 
de 33%, 1 paciente falleció por complicaciones intraoperatorias y otro más por infarto cerebral 
masivo y síndrome poliúrico causado por diabetes insípida. Hay un gran camino por recorrer 
en el ámbito quirúrgico de este tipo de heridas y más por ser analizado. Una herramienta útil 
para el diagnóstico del taponamiento cardíaco por heridas penetrantes cardíacas es el ultrasonido 
cardíaco, y, por ende, debe ser usado en todo paciente con inestabilidad hemodinámica en el 
contexto de una herida penetrante cardíaca. Definitivamente, el tiempo es vida, y la sobrevivencia 
de estos pacientes depende del transporte inmediato a un hospital y una intervención quirúrgica 
oportuna.

Palabras clave: heridas cardíacas, heridas torácicas, diagnóstico de heridas cardíacas, cirugía de 
heridas cardíacas.
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