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BACKGROUND

Cardiovascular injuries after trauma present with high mor-
tality. The aim of the study was to present our experience in
cardiac and great vessel injuries after chest trauma.

METHODS

During the 10-year period, 104 patients with cardiac (n=94)
and great vessel (n=10) injuries presented to our hospital.
The demographic data, mechanism of injury, location
of injury, other associated injuries, timing of surgical
intervention, surgical approach, and clinical outcome were
reviewed.

RESULTS

Eighty-eight (84.6%) males presented after chest trauma.
The mean age of the patients was 32.5£8.2 years (range:
12-76). Penetrating injuries (62.5%) were the most com-
mon cause of trauma. Computed tomography was per-
formed in most cases and echocardiography was used in
some stable cases. Cardiac injuries mostly included the
right ventricle (58.5%). Great vessel injuries involved the
subclavian vein in 6, innominate vein in 1, vena cava in 1,
and descending aorta in 2 patients. Early operations after
admission to the emergency were performed in 75.9% of
the patients. Thoracotomy was performed in 89.5% of the
patients. Operative mortality was significantly high in pen-
etrating injuries (p=0.01).

CONCLUSION

Clinicians should suspect cardiac and great vessel trauma
in every patient presenting to the emergency unit after chest
trauma. Computed tomography and echocardiography are
beneficial in the management of chest trauma. Operative
timing depends on hemodynamic status, and a multidisci-
plinary team approach improves the patient’s prognosis.
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AMAC

Gogiis travmasina bagli kardiyovaskiiler yaralanmalari
yiiksek bir mortaliteye sahiptir. Bu ¢alismanin amaci, go-
Siis travmasi sonrasinda gelisen kalp ve biiyiik damar yara-
lanmalariin tedavisinde tecriilbemizi sunmaktir.

GEREC VE YONTEM

On yillik siire iginde 104 hasta kalp (n=94) ve biiyiik damar
(n=10) yaralanmalari ile basvurdu. Bu hastalarda demogra-
fik bilgiler, yaralanma sebepleri, yaralanma yerleri, ek ya-
ralanmalar, cerrahi girisimin zamanlamasi, cerrahi yakla-
sim ve klinik sonuglar gézden gegirildi.

BULGULAR

Gogiis travmast sonrasinda 88 (%84,6) erkek hasta basvur-
du. Tiim hastalarin ortalama yas1 32,5+8,2 yil (dagilim 12
ile 76 yas) idi. Penetran yaralanmalar (%62,5) en sik sebep
olarak karsimiza ¢ikti. Bigisayarli tomografi genel olarak
uygulanirken, durumu stabil olgularin bir béliimiine ekokar-
diyografi yapildi. Kalp yaralanmalarinda siklikla sag ventri-
kiil (%58,5) etkilendi. Biiylik damar yaralanmalart subkla-
viyen ven (6), innominate ven (1) ve desendan aorta (2) da
tespit edildi. Hastalarm %75,9’una acil servise basvurduk-
tan sonra erken déonemde ameliyat yapildi. Torakotomi has-
talarin %89,5’inde uygulandi. Cerrahi mortalite penetran
yaralanmalarda anlamli derecede yiiksekti (p=0,01).

SONUC

Klinisyenler acil servise gogiis travmasi ile basvuran her
hastada kalp ve damar yaralanmasi olasiligini diisiinmelidir.
Bilgisayarli tomografi ve ekokardiyografi gogiis travmasi-
nin klinik takibinde faydalidir. Cerrahi girisimin zamanla-
mast hastalarin hemodinamik durumlarina baglidir ve multi-
disipliner yaklagim hastalarin prognozunu iyilestirir.

Anahtar Sozciikler: Kalp yaralanmasi; biiyiik damar yaralanmast;
gogls travmasi.
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Thoracic trauma associated with blunt or penetrat-
ing injury is a major cause of hospitalization in the
world and carries a mortality rate ranging from 15 to
77%. 111t comprises 10-15% of all traumas, and 25% of
the deaths can be directly related to thoracic trauma.
In chest trauma, cardiovascular injuries are the second
cause of death after central nervous system injuries.
Despite recent advances in diagnostic modalities and
surgical techniques, cardiac and great vessel injuries
are still an important predictor of the outcome fol-
lowing chest trauma. Our clinical experience in chest
trauma, as a trauma hospital in Istanbul with a large
patient population, has confirmed that these injuries
almost always require an aggressive multidisciplinary
approach in the emergency unit setting. Patients with
cardiac injury often require immediate surgical explo-
ration, whereas injuries to the great vessels after chest
trauma may require an injury-oriented management.

The purpose of this study was to present our trau-
ma experience in cardiac and great vessel injuries, to
determine the incidence of primary injuries and asso-
ciated pathologies, to assess the current management
strategy, and to evaluate hospital outcome at a single
institution for a 10-year period.

MATERIALS AND METHODS

Our hospital is a trauma center and an education
hospital in Istanbul, Turkey. Because our hospital
covers a large region with an intense patient popula-
tion and is located near an important motorway, the
incidence of chest injury is relatively higher than at
other centers in nearby areas. Between January 2000
and January 2010, 104 trauma victims presented with
cardiac or great vessel injury after chest trauma. Great
vessel injuries were injuries to vascular structures
within the thorax that included the great arteries and
veins. The demographic data, mechanism of injury,
Injury Severity Score (ISS), location of injury, other
associated injuries, timing of surgical repair, surgical
approach, and the resultant mortalities (outcome of
cardiovascular trauma) were reviewed. On diagnosis,
chest X-rays and chest computed tomography (CT)
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were preferred on admission. Transthoracic echocar-
diography (TTE) imaging was not used in unstable
cases, but it was used in stable cases. For the purposes
of our study, surgical interventions performed prompt-
ly in unstable patients were termed as ‘early’, while
those performed in stable patients after clinical and
radiological work-up were termed ‘late’.

This is a descriptive study. Statistical calculations
were performed using the GraphPad Prisma V.3 pro-
gram for Windows (GraphPad Software, Inc., La Jolla,
CA, USA). All values were expressed as mean and
standard deviation. A p value less than 0.05 was con-
sidered to be significant.

RESULTS

During the 10-year period, 104 patients presented
to our hospital with cardiac (n=94) and great vessel
(n=10) injuries after chest trauma. There were 88 male
and 16 female patients, with a mean age of 32.5+8.2
years (range: 12-76). The injury mechanism was
penetrating in 62.5% of patients and blunt in 37.5%
of patients (Table 1). No patient was identified as
having both major blunt and penetrating injuries. Stab
wounds were the leading cause of penetrating injuries,
whereas traffic accidents were the most common in
blunt injuries.

Tube thoracostomy was performed in 78 (75%) pa-
tients with pleural complications such as hemopneu-
mothorax. Drainage was set to a mild evacuation level
to avoid recurrent life-threatening massive bleeding.
With respect to timing of surgical explorations, the
number of early operations was significantly higher
than of late operations (p=0.01, Table 2). Of all pa-
tients, 79 (75.9%) underwent an early operation. In
these operations, penetrating cardiac injuries (69.6%,
55/79) were the most common cause. The most com-
mon indication of early procedures was pericardial
tamponade in 61.5% of patients. Thoracotomy inci-
sion was performed in 89.5% of cases according to
the localization and suggested mechanism of injuries
(62.5% left anterolateral thoracotomy; 26.9% right an-

Table 1. The causes of chest trauma and distribution of cardiac and great vessel injuries
Cardiac injury Great vessel injury
Etiology Causes Artery Vein
Penetrating injury (n=65, 62.5%) Stab wounds 54 (50.9) - 3(2.8)
Gunshot wounds 7(6.7) - -
Foreign body - - 1(0.9)
Blunt injury (n=39, 37.5%) Traffic accidents 31 (28.8) 2(1.9) 3(2.8)
Falls 2(1.9) - 1(0.9)
2 8
Total 94 (90.4) 10 (9.6)

* Data are presented as number of patients (percentage).
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Table 2. Distribution of patients according to the
etiology of trauma and timing of surgery

Table 3. Distribution of cardiac and great vessel injuries
according to the cause of chest trauma

Timing of surgery
Etiology Early Late p
Penetrating injury 55(52.8) 10 (9.6) 0.01
Blunt injury 24 (23.1) 15 (14.5) 0.03
Total 79 (75.9) 25(24.1) 0.01

* Data are presented as number of patients (percentage).

terolateral thoracotomy). Sternotomy was performed
in only 10.5% of the cases.

Table 3 shows the distribution of cardiac and great
vessel injuries according to the cause of chest trauma.
Injury to the right ventricle was observed in 58.5% of
patients, and it was common in both penetrating and
blunt chest trauma. In our series, only one patient had
a postmortem diagnosis of combined right ventricular
injury and ventricular septal defect after a penetrating
trauma. Primary suturing reinforced with Teflon pled-
gets or felts was used for the repair of cardiac injuries.
Cardiopulmonary bypass (CPB) was not used due to the
unavailability of surgical equipment and trained person-
nel in our hospital. Some patients were transferred to
a nearby specialized cardiovascular surgery center for
repair; these patients were not included in this series.

Great vessel injuries included subclavian vein inju-
ry in six, innominate vein injury in one, superior vena
cava injury in one, and descending aortic transection
in two patients. Venous injuries were repaired by pri-
mary suturing in this series. Patients with acute aortic
transection were unstable and had a widened medias-
tinum on chest radiographs and CT scans. Because pa-
tients” hemodynamic instability prevented their trans-
fer to a specialized cardiovascular surgery center, they
were taken immediately to the operating room, and
left anterolateral thoracotomy was performed. Aortic
transections distal to the left subclavian artery were
repaired by tube graft interposition (Dacron graft, no.
22) with favorable outcomes. Total aortic clamping
times in these cases were 30 and 25 minutes.

Additional injuries are presented in Table 4. Pul-
monary lacerations, diagnosed in 12.5% of patients,
were the most common injury in this series, followed
by intercostal vessel injuries in 11.5% of patients.
Multiple rib fractures (more than 3 ribs) and sternum
fracture presented only in blunt injuries, with ratios of
9.6% and 7.6%, respectively. Internal thoracic (7.6%)
and coronary artery (3.8%) injuries were detected in
penetrating injuries. The other injuries included dia-
phragm rupture in three patients, hepatic laceration
in two and ventricular septal defect associated with a
penetrating injury in one. The diagnosis of ventricular
septal defect was made postmortem.
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Penetrating  Blunt Total
injury injury
Cardiac injury (n=94)
Right ventricle 35 19 54
Right atrium 19 5 24
Left ventricle 9 2 11
Left atrium 3 1 4
Right ventricle + VSD 1 - 1
Great vein injury (n==8)
Subclavian vein 3 3 6
Innominate vein - 1 1
Superior vena cava 1 - 1
Aortic injury (n=2)
Descending aorta
(transection) - 2 2

VSD: Ventricular septal defect.

Table 4. Additional injuries diagnosed during surgical

exploration
Penetrating  Blunt Total
injury injury
Pulmonary laceration 8 (7.6) 5(4.8) 13(12.5)
Intercostal vessel injury 8 (7.6) 4(3.8) 12(11.5)
Rib fracture (>3 ribs) - 10 (9.6) 10(9.6)
Sternum fracture - 8(7.6) 8(7.6)
LITA injury 4 (3.8) 1(0.9) 5(4.8)
Coronary artery injury 4 (3.8) - 4(3.8)
Left anterior descending 2 (1.9) - 2 (1.9)
Diagonal 2(1.9) - 2(1.9)
RITA injury 3(2.8) - 3(2.8)
Diaphragm rupture - 3(2.8) 3(2.8)
Hepatic laceration 2(1.9) — 2(1.9)
Ventricular septal defect 1(0.9) - 1(0.9)

* Data are presented as number of patients (percentage).
LITA: Left internal thoracic artery; RITA: Right internal thoracic artery.

The overall morbidity rate in our series was 43.2%.
Atelectasia was the most common morbidity, with an
incidence of 60%, followed by respiratory failure in
9.6% of patients. Two patients (4.9%) with blunt trau-
ma had increased cardiac enzyme levels and required
inotropic support in the postoperative period. They
were accepted as having myocardial contusion. Only
28 cases were followed-up in the intensive care unit
(ICU). Echocardiographic examination of all patients
before discharge did not demonstrate pericardial col-
lection after surgery.

In this series, the mortality rate in all patients was
18.2% (Table 5). Only five patients with blunt injury
were lost during the ICU stay (3 due to cranial injuries,
2 due to renal failure). Operative mortality occurred in
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Table 5. Analysis of the patients according to type of injury, mortality, injury severity

score, and hospital stay

Penetrating Blunt p Total
injury injury
Overall mortality 10 (9.6) 9 (8.6) NS 19 (18.2)
Operative mortality 10 (9.6) 4(3.8) 0.01 14 (13.4)
Injury Severity Score 18.4+4.8 16.6+1.2 NS -
Hospital stay (days) 12.1+4.3 9.5+2.2 NS -

* Data are presented as number of patients (percentage) and mean values with standard deviation.

A p value less than 0.05 was considered significant.

14 patients (13.4%). Four of them died after blunt in-
jury to the liver (2 patients), right atrium (1 patient) and
subclavian vein (1 patient). The other 10 patients died
during operations after penetrating injury to the left ven-
tricle (3 patients), right ventricle (2 patients), left atrium
(2 patients), right ventricle and ventricular septum (1
patient), superior vena cava (1 patient), and subcla-
vian vein (1 patient). Operative mortality of penetrat-
ing injuries was significantly higher than that of blunt
injuries (p=0.01). Hospital stay and ISS score were
higher in penetrating injuries. The mean hospital stay
was 12.143.6 days (range: 5-28) (9.5 days in blunt and
12.1 days in penetrating injuries). The mean ISS was
16.6%1.2 in blunt and 18.4+4.8 in penetrating injuries.

DISCUSSION

Thoracic trauma remains a major cause of hospi-
talization in developing countries. Blunt injuries, es-
pecially traffic accidents, are generally much more
frequent than penetrating injuries in general chest
trauma.* In our series, we observed that cardiac and
great vessel injuries presented with an incidence of
2% within general chest trauma. The major cause of
cardiac and great vessel injuries in the current series
was penetrating injuries. Similarly, the ratio of associ-
ated injuries in chest trauma has been reported as up
to 35% in the literature, and cardiac injuries develop
in less than 2% of the victims who are able to admit to
the hospital. These injuries can be highly lethal imme-
diately after trauma and on admission of the victims.

In our series, 62.5% of all cases with cardiovascu-
lar trauma had penetrating injuries, of which 87.6%
were due to stab wounds. Penetrating heart traumas
were generally observed in young patients with low
socioeconomic status. It has been reported that cardio-
vascular injuries are frequently caused by penetrating
chest trauma such as stab wounds and less commonly
by gunshots.*3! Conversely, the incidence of cardiac
injury after blunt chest trauma is difficult to deter-
mine, but ranges from 8% to 76%.!% This wide range
is mainly due to the variation in diagnostic criteria
used and the fact that there is no gold standard test
for the diagnosis. Although CT and echocardiography
are both widely used modalities in the emergency unit,
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the clinical presentation of patients and hemodynamic
instability on hospital admission may affect the calcu-
lation of the exact ratio of such injuries.

Greater than 90% of injuries to the great vessels
occur after penetrating trauma.”’ Similarly, in our ex-
perience, great vessel injuries in penetrating trauma
were mostly due to stab wounds. These injuries fre-
quently involved the subclavian vein, followed by the
superior vena cava and innominate vein. We observed
that localization of the body of the sternum in the ana-
tomic midline and the ribs on each side prevented an
injury to the mediastinal great vessels including the
vena cava, pulmonary artery and ascending aorta.
Nevertheless, in some cases, chest wall damage after
trauma, such as rib or sternum fracture, was associated
with venous injuries.

According to the principles of Advanced Trauma
Life Support (ATLS), the management of such injuries
necessitates an urgent and specific approach as a pri-
mary survey because a life-threatening massive hem-
orrhage may complicate the prognosis of patients. Our
experience in chest trauma proved that the management
is based on prompt diagnosis and treatment.”*! The man-
agement strategy for cardiac and great vessel injuries
at our institution is based upon the location and type of
injury, and involves a multidisciplinary team approach.
Cardiovascular surgeons manage cardiovascular inju-
ries, thoracic surgeons address associated pulmonary
parenchymal lacerations, and orthopedic or general
surgery consultations are made when necessary.

On arrival to the emergency department, the hos-
pital triage doctor, who was a specialist in emergency
medicine, first assessed the victims and requested con-
sultation of surgery fellows. Cardiothoracic surgeons
determined the priority for admission to the emergency
room or operating theater. We used an algorithm in the
management of patients (Fig. 1). Based on the loca-
tion and mechanism of chest injury, underlying injuries
to the mediastinal structures were suggested. Patients
presenting with hypotension or massive blood loss
were evaluated immediately on admission. Clinically,
cardiac injuries and associated pericardial tamponade
presented with a variable degree of hypotension, brady/
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Fig. 1. Management algorithm for cardiac and great vessel
injuries after chest trauma.

Clinical follow-up
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tachycardia, sweating, dyspnea, and sometimes dimin-
ished cardiac sounds. Great vessel injuries mostly pre-
sented with unstable vital signs, dyspnea, hemothorax,
and mediastinal enlargement. Chest X-rays were taken
on admission, and chest CT imaging was performed in
all stable patients. TTE was not used in unstable cases
on admission, but was used in stable cases. All patients
with cardiac injury had a 2-dimensional echocardio-
gram before hospital discharge.

In our clinical practice, the trauma victims present-
ing with stable clinical state were managed after initial
assessment and fluid replacement. All these patients
were investigated with a chest roentgenogram and
CT imaging to diagnose intrathoracic pathologies in
detail. If mediastinal enlargement or a considerable
amount of pericardial effusion was evident, TTE was
performed to clarify the diagnosis and to assess myo-
cardial performance, valve functions, and integrity of
the atrioventricular septum. Burack et al.®! noted that
unstable patients with mediastinal injuries require sur-
gery, but in stable cases, TTE and chest CT are effec-
tive screening tools. All stable patients in the current
series eventually underwent surgical exploration. Our
experience showed that patients with blunt injuries
had a considerable time to be managed before surgery;
however, those with penetrating injuries required a
prompt intervention to repair the anatomical defects
that might affect the outcome.

We observed that 75.9% of the victims under-
went early operations due to the presence of unstable
hemodynamic state on admission, and most had a
penetrating injury. Considering the timing of surgery,
we observed that the total number of patients undergo-
ing early operations was significantly higher in both
penetrating and blunt injuries. This might show the
severity of cardiovascular injuries and may be a warn-
ing for emergency staff to be aware of the necessity
of surgical exploration. However, no difference was
determined in ISS between patients with blunt versus
penetrating injuries. Liman et al.”’ noted that mortality
of chest trauma is higher if ISS is >16. The authors
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concluded that patients having significantly higher
risk for morbidity and mortality necessitate the estab-
lishment of treatment priorities and efficient manage-
ment of existing injuries. In our series, the mean ISS
was 16.6+1.2 in blunt and 18.444.8 in penetrating in-
juries. Therefore, emergency staff should always keep
in mind that an injury to the mediastinum can be mor-
tal and may require prompt surgery.

In general, patients with cardiac or great vessel in-
jury triage themselves between the operative interven-
tion or evaluation and observation. The initial presen-
tation of the victims determines the severity of trauma
and the decision to perform a prompt operation for ex-
ploration. An unstable hemodynamic state was deter-
mined by the presence of cardiac arrest or near arrest,
cardiac tamponade, persistent ATLS class III shock
despite fluid resuscitation, chest tube output >1500
ml on insertion, >500 ml/hour for the initial hour, or
>200 ml hourly for 4 hours, and massive hemothorax
after chest tube drainage. In the current series of 104
patients, 75.9% presented with unstable hemodynam-
ics and all underwent an early operation. Of these
cases, 69.6% presented with penetrating chest injury.
For purposes of our study, surgical interventions per-
formed promptly in unstable patients were recorded as
‘early’, while those performed in stable patients after
clinical and radiological work-up were termed ‘late’.

Intercostal tube drainage is usually used as a
routine preoperative procedure for chest trauma if
pleural complications such as hemopneumothorax are
evident. However, the use of tube thoracostomy in
suspected cardiovascular injuries should be controlled
and be set to a level of mild evacuation of blood. In-
creased evacuation may cause a life-threatening re-
current bleeding from the cardiac wound because of
decompression and clot dislodging. This event is also
true after operations if insidious bleeding from the
laceration site continues despite surgical repair. In our
experience, tube thoracostomy was performed in 75%
of patients with pleural complications. Chest tubes
were always placed in the operating room and before
surgical incision. Drainage was set to a mild evacua-
tion level under supervision of the surgeon to avoid
life-threatening massive bleeding. Similarly, Gao et
al.'% recommended that tube drainage should be in-
stituted for penetrating cardiac injury with hemopneu-
mothorax immediately before the initiation of general
anesthesia. Additionally, pericardial tube drainage
or pericardiocentesis in the emergency unit was not
performed to avoid massive bleeding and associated
mortality. In patients who underwent pericardial ex-
ploration through the thoracotomy incision, pericar-
dial window above the phrenic nerve was performed.

Despite evolving advances in endoscopic surgery,
cardiac and mediastinal great vessel injuries are com-
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monly treated with conventional open repair tech-
niques. Thoracotomy and sternotomy incisions are the
two choices for surgical exploration. In our clinical
practice, the decision regarding the type and site of sur-
gical incision is made according to the localization and
suggested mechanism of the injuries. In unstable hemo-
dynamics, we performed mostly anterolateral thoracot-
omy as the first choice, and this incision was extended
laterally if further exposure was needed. Conversely,
sternotomy was performed in 10.5% of the cases. This
incision is generally used after the diagnosis of pericar-
dial fluid collection by echocardiography. These cases
were stable clinically before surgery. Although sternot-
omy incision is preferred for better exposure in isolated
cardiac injuries, thoracotomy incision can be useful in
patients with chest trauma and associated injuries, es-
pecially in cardiac and great vessel injuries.!'*!!]

Emergency room thoracotomy is known to be a
very useful tool and should be in the surgeon’s ar-
mamentarium as a lifesaving procedure to repair car-
diovascular injuries. This intervention can be the first
choice in hemodynamically unstable patients associat-
ed with blood loss into the pleural or pericardial space,
but it remains a challenging procedure and may not be
easily accessible to all surgeons.!'? In our hospital, an
operating theater is located in the emergency unit, and
thoracic surgery staff are available around the clock.
Therefore, all unstable patients are transferred directly
to the operating room, rather than having a surgical in-
cision done in the emergency resuscitation room. Our
approach appears to be more suitable to prevent infec-
tion and to manage patients in an optimal location.

Penetrating injuries cause damage to the cardiac
chambers or vessels through the tract of predisposing
trauma. There may be an isolated injury to the cardiac
chambers or a combined pathology with surrounding
structures such as the lungs, pericardium or pleura. '
Conversely, possible mechanisms of injuries after blunt
trauma differ from penetrating injuries on several points.
The predisposing mechanisms include a direct blow to
the chest, compression of the heart through bidirection-
al forces, deceleration, or rapid rotation with fixation of
the great vessels, transmission of venous pressure fol-
lowing compression of the abdomen, and rupture of the
myocardium by a fractured rib.' Of note, deceleration
trauma can be responsible for cardiac lacerations. The
vena cava, aorta, pulmonary trunk, and the pulmonary
arteries and veins firmly support the superior and pos-
terior portion of the heart. During deceleration, the an-
terior part of the heart moves rapidly forward and this
may cause cardiac injury in the absence of sternum or
rib fractures. In survivors of cardiac injury, hemorrhage
can sometimes be tamponaded by surrounding tissues
in the mediastinum or pericardial sac, and this may al-
low the survivors to admit to the hospital. Cardiac con-
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tusion and concussion are also major pathologies that
should be kept in mind after blunt trauma. Autopsy
studies noted that the incidence of cardiac concussion
ranged between 14% and 16%.["! In such cases, con-
tusion is usually confined to the traumatized cardiac
muscle bundles that include patchy necrosis and hem-
orrhage causing myocardial dysfunction.

In our series, the right ventricle was the most com-
monly injured chamber in both penetrating and blunt
chest trauma; 58.5% of patients with cardiac injury pre-
sented with right ventricular injury, of which 38.2% was
due to penetrating injury and 20.2% to a blunt injury.
There was no injury to more than one cardiac chamber
in this series. Our results were similar to the literature.
B3.11-131 Rodrigues et al.'® noted that 94.3% of the cases
with penetrating injury had only one cardiac chamber
injured, which was usually the right ventricle (37%).

Most injuries of the great venous structures are
usually due to penetrating trauma. Blunt trauma as
the cause is rare, presumably because of their disten-
sibility and low pressure. The overall incidence of
great vessel injury in penetrating trauma is approxi-
mately 5% with gunshot wounds and 2% with stab
wounds.!'! In our series, both penetrating and blunt
injury caused great vein injury with an incidence of
3.7%. We believe that choice of surgical incision
should be made based on mechanism of injury and
clinical suspicion. Our experience showed that tho-
racotomy incision provided an excellent exposure in
the surgical repair of vascular injuries as well as in
the presence of associated pathologies including pul-
monary lacerations, rib fractures and diaphragmatic
injury. On the other hand, median sternotomy pro-
vided excellent access to the heart in isolated cardiac
injuries, but this incision was used in rare cases.

The overall mortality in this experience was 18.2%,
and the operative mortality accounted for 73.6% of
deaths. The operative mortality rate was 13.4% for all
cases, and was generally associated with penetrating
cardiac injuries. All these cases were unstable at ad-
mission, and they were early operations. Nevertheless,
the operative mortality in penetrating injuries was
15.3%. Most cardiac injuries were due to stab wounds,
and this ratio was lower than the operative mortality
of penetrating cardiac injuries from gunshot wounds,
reported as between 20% to 35%.11%11 Rodrigues et
al.l'l noted that overall mortality in penetrating car-
diac injury was 32.9% for patients who arrived at
the hospital alive. In our series, the mortality rates
of penetrating and blunt injuries in unstable patients
were 18.1% and 16.6%, respectively. Meanwhile, we
observed that penetrating injuries had a significantly
higher operative mortality than blunt injuries. In blunt
trauma, operative mortality occurred in 3.8% of the
patients. These cases were unstable on admission due
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to rupture of the right atrium and subclavian vein inju-
ry; however, the mortalities occurred due to associated
injuries, such as liver laceration. Of note, the entire
operative mortality of penetrating cardiac injuries was
associated with primary chest injury.

In our series, 26.3% of the mortality developed
during the ICU follow-ups and in patients with blunt
chest injury; there was no operative mortality for late
operations. Considering the high mortality risk of car-
diovascular injuries, this late mortality might be relat-
ed to hemodynamically stable presentation at admis-
sion and the presence of associated injuries. Multiple
injuries such as cranial injuries associated with car-
diovascular trauma and renal failure in the postopera-
tive period were the major cause for mortality in this
series. Conversely, there was no mortality in the ICU
follow-ups for penetrating injuries; all deaths occurred
in the perioperative period.

In addition to laceration or rupture of cardiac cham-
bers, intracardiac pathologies are important predictors
of survival after penetrating or blunt injuries.' These
pathologies include valvular damage, chordal or papil-
lary muscle rupture and defect in the atrioventricular
septum. Although the risk of intracardiac injuries in
penetrating chest trauma is more frequent, blunt trau-
ma may cause such pathologies in the early or late pe-
riod of trauma.!'¥ Penetrating injuries causing a septal
defect or acute valvular insufficiency may cause rapid
deterioration in a patient’s hemodynamic state, neces-
sitating an urgent intervention. The diagnosis can be
established by preoperative or intraoperative echo-
cardiography.”’ Surgical repair necessitates the use of
CPB. In our series, only one patient with penetrating
injury had ventricular septal defect. Unfortunately, the
diagnosis in this patient was made postmortem.

The role of CPB in the treatment of penetrating car-
diac injuries is still controversial. Equipment for CPB
and related staff are occasionally provided in trauma
centers. Technically, injuries to the cardiac chambers
can be treated with different surgical techniques with-
out using CPB. However, CPB can be used to repair a
proximal lesion of coronary arteries, multiple-chamber
wounds and intra-cardiac lesions such as septal defects
and valve dysfunction. In such cases, patients should
be promptly transferred to a specialized center if preop-
erative diagnosis is made by echocardiography and the
patients are hemodynamically stable. Nevertheless, this
may not be possible in most trauma centers because of
unstable presentation of most patients on admission.

In conclusion, cardiac and great vessel trauma after
blunt and penetrating trauma carries a high mortality,
and most patients present with unstable hemodynam-
ics. All stable patients should undergo CT scanning
of the chest and echocardiographic examination. Any
penetrating wound of the thorax or upper abdomen
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should alert physicians to the possibility of cardiac
injury. The emergency staff should be aware of the ne-
cessity of prompt surgical exploration. Operative tim-
ing should be based on hemodynamic status and the
presence of other life-threatening injuries.
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