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SUMMARY

Motor vehicle collisions are the leading 
cause of blunt chest trauma, including 
blunt cardiac injury (BCI) and sternal 
fracture (SF). Blunt cardiac injury oc-
curs in about 20% of blunt chest trauma 
reaching to 76% in polytrauma patients. 
Reported SF rates range from 1.6% to 
42%. This review evaluates the link be-
tween SF and BCI with focus on inci-
dence, diagnosis and implications for 
patient management.

A systematic search of the scientific 
literature in online databases over the 
past 15 years was conducted. The final 
set included 31 studies, predominantly 
retrospective, which were subsequently 
analyzed with emphasis on the defini-
tion of BCI, its occurrence and its asso-
ciation with SF.

BCI refers to a heterogeneous group 
of cardiac injuries resulting from a 
common traumatic mechanism. The 
term is often used interchangeably 
with myocardial contusion, thereby 
limiting the comparability of study re-
sults. Clinically significant injury can 
range from mild arrhythmias to car-
diogenic shock, while some cases of 
BCI may remain completely asympto-
matic. SF is common and indicates a 
substantial force to the chest. Patients 
are often categorized into two groups: 
those with an isolated sternal fracture, 
which is usually a benign injury without 
cardiac involvement, and those with 
a combined sternal fracture, which is 
common in polytrauma patients. The 
association between SF and BCI re-
mains controversial. Some studies re-
gard SF as a general indicator of overall 
trauma severity, whereas others iden-
tify it as an independent risk factor for 
BCI. There are multiple approaches 

in diagnostics of BCI. Initial screen-
ing includes electrocardiography and 
monitoring of troponin I levels. If both 
are within normal limits, BCI is unlikely. 
Echocardiography is recommended for 
hemodynamically unstable patients or 
when initial test results are abnormal. 
Management includes continuous ECG 
monitoring, treatment of arrhythmias 
and analgesia.

Current recommendations support 
screening for BCI following blunt chest 
trauma. Evidence is mixed on whether 
SF alone predicts the presence of BCI. 
Further prospective studies using a uni-
form definition of BCI are required to 
confirm the clinical significance of SF 
in the diagnosis and patient prognosis. 
Physicians should maintain a high index 
of suspicion for BCI in patients after 
high-energy chest trauma.

Key words: sternal fracture, blunt car-
diac injury, chest trauma.

INTRODUCTION
Blunt chest trauma most often occurs in motor vehicle colli-
sions (MVC), reported in up to 60% of cases (14). Other mech-
anisms include falls from height, crush injuries and physical 
assaults. MVC are also the leading cause of both, blunt car-
diac injury (BCI) and sternal fracture (SF) (11, 18, 43, 45), and 
account for up to 90% of all SFs (1, 9, 45).

BCI is implicated in approximately 25% of post-traumatic 
deaths, according to autopsy studies (28, 40). The true inci-
dence of BCI cannot be reliably determined, as some inju-
ries remain asymptomatic and diagnostic criteria have not 
yet been established. Among patients admitted with blunt 
chest trauma, the incidence of BCI is approximately 20% (11) 



Acta Chir Orthop Traumatol Cech., 93, 2026, No. 3, p. 178–188   /179

and rises to as high as 76% in cases involving severe thoracic 
trauma or polytrauma (29, 40, 50).

Sternal fracture remains closely associated with BCI. Al-
though several studies have considered SF to be a  benign 
injury, particularly when isolated (1, 7, 21), its potential asso-
ciation with cardiac injury should not be overlooked. With the 
anterior chest impact the heart may be compressed between 
the sternum and the spine, while a concomitant fracture can 
directly damage the myocardium with the fragments or even 
perforate the chamber (27). The incidence of SF in patients 
with blunt chest trauma has ranged from 1.6% to 42% accord-
ing to the literature over the past 15 years (9, 21, 29, 55).

The aim of this review is to evaluate studies from the past 
15 years on the relationship between SF and BCI, focusing on 
incidence, diagnosis and the clinical relevance of SF for pa-
tient management.

Methodology

The literature search was conducted in the PubMed and 
Google Scholar databases for the period 2011–2025. The fol-
lowing keywords and Boolean operators were used: (sternal 
fracture OR sternum fracture) AND (blunt cardiac injury OR 
cardiac contusion). A  total of 1,010 articles were identified, 
438 in PubMed and 572 in Google Scholar (Fig. 1).

Only articles meeting the following inclusion criteria were 
considered: those that mentioned both SF and BCI and were 
published in English. The following were excluded: studies 
focused on only one of the topics (BCI only or SF only); ani-
mal models; pediatric patients; injuries incurred during car-
diopulmonary resuscitation; penetrating chest injuries; case 
reports; autopsy studies.

After excluding these studies, a  total of 47 articles re-
mained. This set consisted of retrospective and prospective 
studies, meta-analyses, and review articles. If a  finding in 
a review article was directly cited from the original work and 
had not been updated with a new standpoint, the original work 
was retrieved, but the review was not included in the final list. 
After excluding these reviews, 31 studies were included, pre-
dominantly retrospective in design. In analyzing the studies, 
we focused on defining BCI, its incidence and its association 
with SF.

Definition and pathophysiology of BCI

The term BCI is often exchanged for cardiac or myocardial 
contusion. Histopathologically, myocardial contusion is de-
fined as trauma-induced myocardial ecchymoses with is-
chemic and necrotic changes of the myocardium. Its defini-
tive diagnosis can be made only postmortem (49). In surviving 
patients, a  standardized diagnostic approach has not been 

clearly established. Severe forms can be excluded using ECG, 
laboratory testing, echocardiography (ECHO) and others (6). 
If these tests are not performed, we cannot be certain that 
it is merely a contusion. For example, echocardiographic evi-
dence of abnormal valvular motion, papillary muscle rupture 
or a septal laceration indicates more than just a simple contu-
sion.

BCI is defined as any cardiac injury resulting from blunt 
mechanism of trauma (9). Marcolini and Keegan began their 
review with a  quote from Burchell, “and always with a  heart 
contusion arise both doubt and much confusion” underscor-
ing the persistent ambiguity in definitions and the inconsis-
tency of terminology (5, 29). It complicates further research 
as well as the accurate determination of incidence and di-
agnosis. Mattox et al. were the first to propose the elimina-
tion of the terms “cardiac contusion” and “cardiac concus-
sion”, suggesting instead the use of terminology based on the 

Fig. 1. Methodology diagram.
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mechanism of injury, with further characterization according 
to the specific finding such as septal rupture, coronary artery 
dissection or arrhythmia (30). The American Association for 
the Surgery of Trauma defines BCI by its mechanism and cate- 
gorizes it based on additional findings (Table 1) (2).

The nature of BCI depends on the anatomical location of 
the heart in the chest and on the filling of the cardiac cham-
bers at the moment of trauma (17). Blunt chest trauma involves 
a direct impact on the chest, usually to the anterior wall, most 
often resulting from MVC, and it may cause compression of 
the heart between the sternum and the thoracic spine. Fur-
thermore, additional mechanical forces may contribute to 
cardiac injury. Shoar et al. described these patterns (42):

�� direct impact to the chest such as steering wheel trauma; 
�� sternal fracture leading to compression of the heart 

against the vertebral column;
�� acceleration-deceleration impact leading to a  torsion at 

the fixation sites such as the pulmonary trunk;
�� hydraulic effect transmitting the increased intra-abdom-

inal pressure to the right atrium via the draining inferior 
vena cava;

�� blast injury.

The pathophysiology of BCI is also related to an interesting 
finding from a retrospective study of the Japan Trauma Data 
Bank, in which the authors investigated the association be-
tween BCI and the “type“ of patient, that included drivers and 
passengers, motorcyclists, cyclists, pedestrians, falls from 
height and slips (18). Drivers showed a clear association with 
BCI, probably due to steering wheel impact. Gao et al. ob-
served the same pattern (11). Another possible mechanism of 
cardiac injury in blunt chest trauma is direct injury caused by 
sharp fragments of the sternum or ribs (27), resulting in sec-
ondary cardiac damage. 

The heart is most vulnerable at the end of diastole when 
the ventricles are fully filled (17). Autopsy-based studies re-
port that the right ventricle is the most frequently injured car-
diac chamber (up to 40%), due to its anterior position relative 
to the other cardiac chambers, followed by the right atrium 
(11, 47, 57). Other sites susceptible to injury are located at the 
junctions of the veins and the atria, where deceleration may 
cause tearing (47, 57).

Patients with BCI can be divided into two groups, those 
who die at the scene and those who survive long enough to 
reach the hospital. Fatal cases most often show transmural 
rupture of one or more chambers (64%), tears at the venoatri-
al junctions and coronary artery injury (47, 57). Survivors usu-
ally present with less severe forms of BCI, such as intramural 
hematoma, cardiac tamponade, valvular injury and coronary 
artery injury (including dissection, laceration or thrombosis) 
with infarction (38), a condition referred to as traumatic acute 
coronary syndrome (TACS) (11). Other findings include septal 
injury and arrhythmias (sinus tachycardia, atrial fibrillation, 
ventricular extrasystoles, AV blocks, ventricular tachyarrhyth-
mias) (57).

Sternal fracture

Sternal fracture commonly occurs as a result of blunt chest 
trauma caused by a  direct impact or chest compression/
flexion associated with spinal injury (41). Traffic accidents are 
the most common cause of SF (11, 32). Andrews and McAfee 
described SF as part of the “seat belt syndrome”, an injury 
pattern related to the restraint by the three-point seat belt 
during a MVC, even before the mandatory installation of seat 

Table 1. AAST Heart Injury grading scale (2)

Grade I

1. �Blunt cardiac injury with minor EKG abnormality (non specific ST 
of T wave changes, premature atrial or ventricular contractions, or 
persistent sinus tachycardia

2. �Blunt or penetrating pericardial wound without cardiac injury, 
tamponade, or cardiac herniation

Grade II

1. �Blunt cardiac injury with heart block or ischemic changes without 
cardiac failure

2. �Penetrating tangential cardiac wound, up to but not extending 
through endocardium, without tamponade

Grade III

1. �Blunt cardiac injury with sustained or multifocal ventricular 
contractions

2. �Blunt or penetrating cardiac injury with septal rupture, pulmonary 
or tricuspid incompetence, papillary muscle dysfunction, or distal 
coronary artery occlusion without cardiac failure

3. Blunt pericardial laceration with cardiac herniation
4. Blunt cardiac injury with cardiac failure
5. �Penetrating tangential myocardial wound, up to but not through 

endocardium, with tamponade

Grade IV

1. �Blunt or penetrating cardiac injury with septal rupture, pulmonary 
or tricuspid incompetence, papillary muscle dysfunction, or distal 
coronary artery occlusion producing cardiac failure

2. �Blunt or penetrating cardiac injury with aortic or mitral 
incompetence

3. �Blunt or penetrating cardiac injury of the right ventricle, right or left 
atrium

Grade V

1. �Blunt or penetrating cardiac injury with proximal coronary artery 
occlusion

2. Blunt or penetrating left ventricular perforation
3. �Stellate injuries, less that 50% tissue loss of the right ventricle, right 

or left atrium

Grade IV

1. Blunt avulsion of the heart
2. �Penetrating wound producing more than 50% tissue loss of a 

chamber 
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belts in automobiles (3, 43). This finding was later confirmed 
by Porter and Zhao, who demonstrated that SF occurred pre-
dominantly in patients restrained by seat belts (39, 43). Other 
studies failed to confirm the effect of seat belts (7, 24), which 
may be explained by the blunt impact of unrestrained occu-
pants against the steering wheel or airbag, producing similar 
injuries (24).

The sternum consists of the manubrium, the body, and 
the xiphoid process. Although the location of the fracture 
varies, several studies have shown that the fracture line 
most commonly involves the sternal body (up to 93% of 
cases) (45, 51). In contrast, Simsek et al. found that fractures 
most often occurred in the manubrium, which are typically 
caused by higher-energy mechanisms than fracture of the 
(anatomically wider) sternal body and were significantly as-
sociated with a  higher incidence of pneumomediastinum, 
pneumothorax and hemothorax (41, 43). Son et al. reported 
that patients with manubrial fracture have a sevenfold high-
er risk of concomitant injuries (45). Scheyerer et al. noted 
that such patients had higher ISS, mortality rates and inci-
dence of associated injuries (41).

Based on the studies, patients with SFs can be divided into 
two groups. The first group includes patients with an isolated 
sternal fracture (ISF), defined as a  SF without any associ-
ated thoracic or abdominal injury, occurring in approximately 
13–36% of cases (24, 28, 37, 55). The second group consists 
of patients with combined sternal fractures (CSF), in whom 
additional injuries are present, this group represents most 
cases and includes polytrauma patients (1, 35). The most fre-
quently associated injuries in CSF are rib fractures, pulmo-
nary contusions, pneumothorax, hemothorax and thoracic 
vertebral fractures (18, 35, 43, 45). The understanding of ISF 
has evolved over time. According to recent studies, ISF rep-
resents a  benign condition that does not require admission 
to an intensive care unit (1, 24). Some authors have even sug-
gested that these patients can be discharged home directly 
from the emergency department (7, 28, 49). The classification 
into these two clinical entities plays an important role in pa-
tient management and allows better allocation of healthcare 
resources (7, 34).

Because of the potential for associated injuries in SFs, 
computed tomography (CT) is considered the diagnostic mo-
dality of choice in patients with a significant trauma mecha-
nism and suspected SF. The fracture may not always be vis-
ible on plain radiographs, thus sagittal 2D reconstruction 
is essential for precise diagnosis (37, 45). The availability of 
2D and 3D reconstructions is gradually replacing the use of 
X-ray in this indication. CT also provides a  higher detection 
and assessment of other thoracic injuries. CT has become 
an indispensable component of trauma center equipment, 
where hemodynamically stable patients after severe trauma 
undergo a “trauma protocol” (“pan-scan”). The growth in CT ex-
aminations is also responsible for rising incidence of SF (37), 

and not solely the seat belt legislation, as suggested by some 
authors (39, 51).

The Johnson and Branfoot classification (Fig. 2) divides 
SFs into four grades (20): 

Grade I: fracture with incomplete thickness.
Grade II: full-thickness fracture, but without displacement.
Grade III: displaced fracture, without complete displace-

ment.
Grade IV: completely displaced fracture, leading to sternal 

instability.

Another classification of SFs was published by the AO (Ar-
beitsgemeinschaft für Osteosynthesefragen) group in 2018. 
It divides SFs into three main groups according to their ana-
tomical location (manubrium, body, xiphoid process) and then 
into subgroups according to the fracture line morphology (31). 

Sternal fracture as a predictor of blunt 
cardiac injury 

Blunt thoracic trauma itself is a recognized risk factor for BCI 
(40). Consequently, the presence of a SF should warrant fur-
ther diagnostic evaluation. The relationship between SF and 
BCI remains inconclusive in the literature. Analysis of studies 
from the last 15 years failed to demonstrate consistent evi-
dence supporting this association. 

Fokin et al. reported that no BCI occurred in patients with 
ISF. BCI was observed only in those with concomitant inju-
ries (9). Similar findings were also reported by other authors 
(1, 7, 22, 23, 35, 56). A  sternal fracture may merely serve as 
an indicator of significant force applied to the chest, which 
can result in injury to the surrounding structures, including 
the heart (12). Conversely, these findings suggest that an ISF 
reflects a  less destructive impact mechanism and therefore 
a minimal risk of cardiac injury.

Heidelberg et al. demonstrated that displacement of a SF 
alone does not correlate with the incidence of BCI, physicians 
should, however, pay attention to concomitant injuries (15). 
According to Scheyerer et al., the location of the fracture line 

Fig. 2. Schematic illustration of the Johnson and Branfoot classification 
(author’s illustration).
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is not associated with the occurrence of BCI (41). These find-
ings were also confirmed by Uz et al (48).

Kuru and Sahinoglu reported a direct correlation in patients 
with SF: the more severe the injury, the higher the risk of BCI 
(25). Odell et al. found a very low incidence of BCI in patients 
with SFs,  reaching only 1.8% (34). Saglam Gürmen and Tulay, 
Kunhivalappil et al., and Perez et al. reported no statistically 
significant correlation between SF and BCI (24, 37, 40).

Conversely, the study by Ishida et al. identified a significant 
positive association between SF and BCI based on multivari-
ate logistic regression analysis. SF occurred in 12.7% of pa-
tients with BCI (18). Gao et al. confirmed an association be-
tween BCI and SF, in their analyzed cohort, 72% of patients 
with BCI had a SF. They also linked them through the mecha-
nism of trauma, both injuries most frequently resulted from 
MVC (11). 

Grigorian et al. analyzed the National Trauma Data Bank 
and identified SF as the second strongest independent pre-
dictor for BCI, after hemopneumothorax. Their results also 
demonstrated a  correlation between the degree of SF dis-
placement and the incidence of BCI (12). Comparable find-
ings were reported by Hanschen et al. based on their trauma 
registry analysis. They reported a high incidence of SFs even 
in mild BCI (20% of patients) and identified SF as a strong pre-
dictor of BCI (14). 

According to Jiang et al., the presence of SF was signifi-
cantly associated with BCI, patients with SF had a sevenfold in-
creased risk of BCI compared with those without. The authors 
regarded SF as an important warning indicator for BCI (19).

Clancy et al., in the Eastern Association for the Surgery of 
Trauma (EAST) guidelines, concluded that SF alone is not a re-
liable indicator of BCI, and monitoring or further diagnostic 
evaluation is not indicated if ECG and troponin I  (TnI) values 
are normal. The diagnostic algorithm should be the same as 
for other patients with suspected BCI, independent of wheth-
er a SF is present (6).

Diagnosis of BCI in patients with sternal 
fracture

The diagnosis of BCI is complicated by the variability in clini-
cal, imaging and laboratory parameters across studies. Meth-
ods that have been used include ECG, various cardiac en-
zymes, echocardiography, chest CT and CT angiography, MRI 
and coronary angiography. Each method has its limitations, 
and a  combination of several methods is often required to 
establish the diagnosis. Notably, the only definitive confirma-
tion of BCI is obtained at autopsy (49).

The first question for the physician is when to suspect 
BCI. During the initial contact with a  polytrauma patient in 
the emergency department, cardiac injury is rarely the first 
thing on physician’s mind. A history of major trauma, including 

high-speed MVC or falls from height, combined with chest in-
jury should prompt suspicion of BCI (18, 32, 42). BCI frequently 
coexists with other thoracic injuries, including the chest wall 
trauma (SF, thoracic spine fracture, serial rib fractures) and 
intrathoracic lesions such as pulmonary contusion, hemotho-
rax or pneumothorax (15, 49, 57). These associated injuries 
may suggest BCI; Hanschen et al. described them as “indica-
tor injuries” warranting further cardiac evaluation (14).

Clinical signs and symptoms in such patients are fre-
quently nonspecific. Patients report chest pain, dyspnea and 
palpitations. However, in many cases patients with BCI have 
concomitant injuries, whose symptoms may mask those of 
BCI, such as altered consciousness after head trauma (18). 
Physical examination may reveal signs of “seat belt injury” 
(anterior chest wall ecchymoses), as well as muffled heart 
sounds or murmurs, which are difficult to detect in the emer-
gency department (29). Important are the symptoms of Beck‘s 
triad, which indicative of cardiac tamponade (increased jugu-
lar venous filling, hypotension, muffled heart sounds), and 
signs of shock that cannot be explained by hemorrhage. If the 
patient is hemodynamically unstable after a significant mech-
anism of trauma and does not respond to fluid resuscitation, 
a possible BCI should be considered (6, 14). On rare occasions, 
the squeezing anginal pain occurs, which may indicate TACS. 
Angina pectoris can be further specified by the simultaneous 
occurrence of palpitations, pallor, ECG changes and relief af-
ter nitroglycerin administration (11).

All these symptoms may be accompanied by hypotension 
(14, 18). According to Ishida et al., there is a significant asso-
ciation between BCI and hypotension at hospital admission. 
Post-traumatic chest hypotension may result from hypo- 
volemic shock (hemorrhage), obstructive shock (cardiac tam-
ponade, tension pneumothorax), cardiogenic shock (direct 
myocardial injury) or, rarely, distributive shock (thoracic spi-
nal cord injury). The mechanism of BCI can produce a combi-
nation of these pathophysiological states (18).

Patients after severe chest trauma are examined using 
imaging methods, which may indicate the reason for closer 
cardiac evaluation. If the patient is hemodynamically stable, 
CT is usually performed, in cases of hemodynamic instability, 
FAST and bedside chest X-ray is indicated, according to ATLS 
recommendations (10).

A  twelve-lead ECG is the primary screening method and 
should be performed in all patients with blunt chest trauma, 
especially with severe chest-wall injury (6, 52). According to 
Marcolini and Keegan, ECG should also be considered in pa-
tients without obvious chest injury if the mechanism of trau-
ma places them at high risk for BCI (29). The most common 
abnormal ECG finding is supraventricular tachycardia, where 
pain and hypovolemia may be responsible for its persistence 
(15), other common findings are atrial fibrillation and ventricu-
lar extrasystoles. When such arrhythmias are detected, trau-
matic shock must first be excluded (29, 57). Other common 
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arrhythmias include bundle branch block, ST-segment devia-
tion or atrioventricular block (9). ECG must be interpreted in 
the context of the patient’s history, where some findings may 
be pre-existing. A  negative ECG alone does not exclude BCI 
(6, 16, 29, 57). A normal ECG finding may be influenced by the 
location of the injury. Most commonly the right ventricle and 
the right atrium are injured, on the other hand ECG is more 
sensitive to trauma of the left ventricle due to its larger mus-
cle volume (14).

Another basic screening test is measuring cardiac en-
zymes, which are routinely used to evaluate myocardial in-
farction and are released from the myocardium after injury. 
Creatine kinase and its CK-MB isoenzyme are neither suffi-
ciently sensitive nor specific for the detection of BCI and are 
not recommended for diagnostic purposes (6, 14, 26, 46). In 
the past, there has been debate over whether troponin I (TnI) 
or troponin T (TnT) are more suitable for BCI detection. TnT 
carries a higher risk of false positive results. The concentra-
tion of its cardiac isoform may be confounded by the release 
of TnT from skeletal muscle. Furthermore, its concentration 
is affected by renal function, which may be impaired during 
the shock caused by trauma. For these reasons, many studies 
have used TnI (4, 40).

TnI therefore appears to be a much more specific marker 
of cardiac injury. The problem is that neither the optimal sam-
pling time after trauma nor the threshold value at which BCI 
be suspected has been established (6). According to Saglam 
Gürmen et al., the main diagnostic time point is reassess-
ment of TnI at 4 hours after the trauma. TnI levels remained 
elevated in patients with clinically significant BCI but normal-
ized in the others (40). Further studies have confirmed the 
importance of repeated TnI measurement (26, 46). Velmahos 
et al. reported that the combination of a normal ECG and nor-
mal troponin levels at admission and again 8 hours later is suf-
ficient to exclude BCI (50). Regarding the TnI cut-off for BCI, 
several studies converge on 40 ng/L. Becker et al. found that 
at this threshold TnI provides the best balance between sen-
sitivity and specificity (4, 33). 

However, some studies have shown that the recently im-
plemented high-sensitivity TnT provides results comparable 
to TnI and is less prone to error than conventional TnT (24, 37).

In combination with ECG, measurement of troponin I  is 
sufficient to rule out clinically significant BCI. A normal ECG 
together with a negative TnI result has a negative predictive 
value of 100%, and such patients are not at risk of cardiac in-
stability (6, 44). Moreover, cardiac enzyme levels, particularly 
troponin, are more accurate than ECG findings for confirming 
cardiac injury (24).

Echocardiography (ECHO) is considered when screening 
tests are abnormal or when the patient’s clinical status de-
teriorates despite thorough resuscitative therapy. Marcolini 
and Keegan reported that valvular injuries may be associ-
ated with normal ECG findings and cardiac enzyme levels but 

are accompanied by significant clinical manifestations (29). 
ECHO provides both functional and structural assessment 
of the heart, allowing localization of wall motion abnormali-
ties, detection of valvular damage or cardiac tamponade (29). 
Wiener et al. also take the ISS into account when indicating 
ECHO, particularly in patients with ISF (52). Sztulman et al. 
developed a protocol for transthoracic ECHO in polytrauma 
patients with an ISS of 16 or higher. This protocol was im-
mediately implemented at a level 1 trauma center and in this 
study, they reported frequent findings of mitral regurgitation 
(50% of patients) and tricuspid regurgitation (30%) within 
24 hours of injury (46). Nevertheless, current recommen-
dations do not support the use of ECHO as a screening test 
and instead reserve it for symptomatic patients (6), such as 
those with new persistent arrhythmia, hemodynamic insta-
bility or syncope (1). Transthoracic ECHO may be difficult to 
perform in patients with chest wall injury, wound dressings 
or pneumothorax (13).

In hemodynamically unstable patients, FAST (Focused 
Assement with Sonography in Trauma) is an important tool. 
It is rapid, non-invasive, and provides an overview of the pa-
tient’s condition. In addition to the abdominal cavity, it as-
sesses the pericardium and in its extended form (eFAST) the 
pleural space. Point-of-care echocardiography as part of PO-
CUS (point-of-care ultrasound) also provides a rapid assess-
ment of post-trauma cardiac status, however, including ejec-
tion fraction, chamber size, wall motion abnormalities and 
dilatation or collapse of the inferior vena cava. A key advan-
tage of POCUS echocardiography is that it can be performed 
by emergency physicians or intensivists (54).

CT often serves as the diagnostic “gateway” to trauma cent-
ers. Besides the “indicator injuries” (14), patients with high-
grade BCI often show traumatic changes in the mediastinum 
that are already visible on CT, ranging from mediastinal he-
matoma and pericardial effusion to pericardial “stranding”, 
characterized by increased attenuation of pericardial fat, and 
injury to adjacent organs. These findings may be regarded as 
indirect signs of BCI (13). The sensitivity of CT for direct signs 
of BCI is very low, only exceptionally are hypodense myo- 
cardial areas observed, and are more often seen in the left 
than in the right ventricular injury due to anatomical consid-
erations (13). In cases of uncertainty, CT angiography may be 
performed, especially if traumatic acute coronary syndrome 
(TACS) is suspected (for example coronary artery dissection) 
(11) or when acute myocardial infarction (AMI) is suspected. 
Distinguishing BCI from AMI is important as it determines 
subsequent approach, such as coronary catheterization or 
anticoagulation, which may be beneficial in AMI, but is poten-
tially harmful for patients with BCI, especially in the presence 
of concomitant trauma (6).

ECG-gated CT or cardiac MRI are reserved imaging mo-
dalities for clinically unclear findings with an unexplained 
cause of arrhythmia or for further evaluation after the acute 
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post-trauma phase. These modalities allow assessment of 
contrast enhancement synchronized with myocardial wall 
motion. In the acute phase, myocardial contusion may mimic 
a pattern like AMI, demonstration of patent coronary arteries 
is therefore crucial. In the case of TACS, by contrast, the pa-
thology is in the coronary arteries. Another limitation of these 
methods is their availability, MRI requires a hemodynamically 
stable patient and is time-consuming (6, 13).

In 2012, the EAST updated its 1998 recommendations on 
the screening for and exclusion of BCI. The final recommen-
dations are available below, organized according to evidence-
based medicine principles (6).

Level 1 recommendations are based on prospective random-
ized controlled trials or on strong retrospective or prospec-
tive analyses using reliable data, especially when the clinical 
question does not lend itself to randomized testing:
�� An admission electrocardiogram (ECG) should be perfor-

med on all patients in whom BCI is suspected. 

Level 2 recommendations are based on retrospective or pro-
spective analyses, observational and cohort studies and are 
strongly supported by expert opinion:
�� If the admission ECG reveals a new abnormality (arrhythmia, 

ST changes, ischemia, heart block), the patient should be 
admitted for continuous ECG monitoring. For patients with 
preexisting abnormalities, comparison should be made to 
a previous ECG to determine need for monitoring.

�� In patients with a normal ECG result and normal troponin 
I level, BCI is ruled out. The optimal timing of these measu-
rements, however, has yet to be determined. Conversely, 
patients with normal ECG results but elevated troponin I le-
vel should be admitted to a monitored setting. 

�� For patients with hemodynamic instability or persistent 
new arrhythmia, an echocardiogram should be obtained. If 
an optimal transthoracic echocardiogram cannot be per-
formed, the patient should have a transoesophageal echo-
cardiogram. 

�� The presence of a sternal fracture alone does not predict 
the presence of BCI and thus should not prompt monito-
ring in the setting of normal ECG result and troponin I level. 

�� Creatinine phosphokinase with isoenzyme analysis should 
not be performed because it is not useful in predicting 
which patients have or will have complications related to 
BCI. 

�� Nuclear medicine studies add little when compared with 
echocardiography and should not be routinely performed.

Level 3 recommendations are based on analyses of databas-
es, registries, and case reports:
�� Elderly patients with known cardiac disease, unstable 

patients, and those with an abnormal admission ECG re-
sult can safely undergo surgery provided, that they are 

appropriately monitored. Consideration should be given 
to placement of a pulmonary artery catheter in such ca-
ses.

�� Troponin I should be measured routinely for patients with 
suspected BCI; if elevated, patients should be admitted to 
a  monitored setting and troponin I  should be followed up 
serially, although the optimal timing is unknown. 

�� Cardiac computed tomography (CT) or magnetic resonance 
imaging (MRI) can be used to help differentiate acute myo-
cardial infarction (AMI) from BCI in trauma patients with 
abnormal ECG result, cardiac enzymes, and/or abnormal 
echo to determine need for cardiac catheterization and/or 
anticoagulation. 

Most trauma centers use protocols that include ECG, labora-
tory testing, followed by serial ECGs and TnI measurements 
for monitoring. The management of these patients should be 
undertaken in collaboration with a cardiologist (14).

Therapy and management

This section can be divided into two parts: management of 
patients with BCI and management of patients with SF. These 
groups overlap at certain points.

Patients with blunt chest injury should undergo thorough 
diagnostic evaluation, including ECG, cardiac enzymes, CT 
examination, etc. The diagnostic findings and the patient’s 
overall clinical status should guide management. In patients 
in whom blunt cardiac injury is suspected on basis of clinical 
symptoms, elevated cardiac enzymes and ECG abnormalities, 
hospital admission with continuous ECG monitoring for 24-48 
hours is recommended. Treatment of cardiac arrhythmias in-
cludes optimization of the internal environment, oxygen ther-
apy, administration of antiarrhythmic drugs or defibrillation 
for shockable rhythms (29). The most common arrhythmia in 
trauma patients is sinus tachycardia, in which it is essential 
to exclude another possible cause besides BCI and to treat it, 
if necessary – with fluid resuscitation, adequate analgesia or 
blood transfusion. Some patients may develop ST segment 
changes. According to Marcolini, Keegan and Plautz et al., in 
patients with ST-segment elevation on ECG and anginal chest 
pain who are candidates for coronary angiography, adminis-
tration of nitroglycerin may be considered (29, 38). Physicians 
must not overlook TACS, in which thrombolysis is contraindi-
cated in the setting of trauma (11). AMI may occur as a conse-
quence of trauma, the presence of trauma does not exclude 
this diagnosis. 

According to Gao et al., it is possible to include steps in the 
therapy management to protect the myocardium from over-
load, such as restriction of fluids and salt, administration of 
corticosteroids, infusion of hypertonic glucose solution, and 
diuretics (11), which is controversial in the management of 
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patients with severe polytrauma in whom a decrease in circu-
lating volume is undesirable.

High-energy chest trauma may result in injuries that re-
quire emergent thoracotomy (myocardial or valvular rupture) 
(8), or pericardiocentesis, which, however, does not represent 
definitive treatment of the injury and the surgeon should ulti-
mately proceed to operation (11). Surgical treatment is also re-
quired for patients with cardiac herniation or dislocation even 
without direct myocardial or intracardiac injury. The usual ap-
proach is an anterolateral thoracotomy, as injuries are typi-
cally located on the anterior surface of the heart, and this in-
cision allows a thorough inspection of the entire hemithorax 
(11).

Management of patients with sternal fractures depends 
on associated injuries. In cases of ISF, treatment is conserva-
tive – analgesia, respiratory rehabilitation, and rest. Several 
studies have shown that patients with ISF do not need to be 
admitted to a  monitored bed for 24 hours (1, 24). According 
to a  single-center study, there was no clinically significant 
manifestation of any cardiac damage in a group of such pa-
tients, and BCI was not confirmed (7). In accordance with 
these results, the 2012 EAST guidelines recommend screen-
ing for BCI using ECG and troponin I in all patients with ISF. If 
at least one of these indicators is abnormal, hospitalization 
and monitoring are indicated. If both tests are negative, BCI is 
considered excluded (6). In the controversy surrounding this 
recommendation, hospitalization of patients with ISF for ob-
servation is still considered the standard of care (24). Accord-
ing to Karangelis et al., this standard is related to the fact that 
patients with ISF have not been evaluated separately. They 
created a simple algorithm to help physicians decide wheth-
er the patient requires hospitalization or not. A patient with 
ISF without other injuries can be safely discharged after 6–12 
hours of observation on oral analgesic therapy if he meets the 
following criteria: normal ECG, ECHO and chest X-ray, normal 
cardiac enzymes, no significant history and the patient is in 
stable condition (22).

No specific protocol has been established for the con-
servative management. The base is pain relief, rest, respira-
tory rehabilitation, and with an optional administration of 
nebulization or other expectorants (24). All these measures 
are essential for preventing respiratory complications. In this 
context, hospitalization of patients with SF is not necessarily 
indicated based solely on suspected BCI. Risk groups (elderly 
or immunocompromised patients) may benefit from hospi-
talization where adequate therapy can be provided. These 
patients are at increased risk of atelectasis and pulmonary 
complications (7). With the higher prevalence of comorbidi-
ties and more frequent positive cardiac history in elderly pa-
tients, some authors also recommend short-term hospitali-
zation (22, 50).

Indications for surgical stabilization of SF in the acute 
phase include significant displacement of the fragments or 

fracture instability (7, 43). Fixation options include transfixa-
tion with wires or osteosynthesis using screws or a plate (24). 

Patient follow-up is performed to monitor the pain man-
agement and the healing process. No specific diagnostic or 
interventional treatment is necessary in patients with SF dur-
ing follow-up unless the patient‘s symptoms require it (7).

Patients with combined SF are hospitalized and monitored 
regarding the mechanism of injury and associated injuries. 
Treatment is focused on the concomitant extra- and intratho-
racic injuries and would be provided even if SF were not pre-
sent (37).

DISCUSSION AND CONCLUSION

The relationship between SF and BCI remains somewhat con-
troversial. This is largely due to the nature of BCI itself, which 
lacks precise definitions and diagnostic criteria. Compound-
ing the problem, some authors do  not distinguish between 
BCI and cardiac contusion. There are large differences in the 
available studies, most often because they employ different 
methodologies. EAST attempted to establish at least a gener-
al approach in 2012, however, this recommendation ultimately 
underlines the ambiguities in this topic.

BCI may be clinically silent at first and manifest only with 
deterioration of the patient’s condition (for example during 
surgery) or it may be clinically significant from the beginning. 
Clinically significant BCI can present with cardiogenic shock, 
arrhythmias requiring treatment, structural posttraumatic 
cardiac defects, or unexplained hypotension requiring further 
therapy. Key questions are, when clinically significant BCI oc-
curs, whether it is associated with SF, and how it can be de-
tected at an early stage (1, 50).

Authors do not fully agree on the definition of isolated SF. 
Several studies show that the risk of clinically significant BCI 
is minimal in patients with CT-confirmed ISF, if ECG is nor-
mal, cardiac enzymes are not elevated, no abnormal clinical 
findings are present in a  hemodynamically stable patient, 
and the history shows no major comorbidities with empha-
sis on a  negative cardiac history.  Al-Khouja et al. used AIS 
to define ISF as SF without other significant injuries, that is, 
with AIS < 2 for the head and neck, face, abdomen, and ex-
tremities (1). Wiener et al. defined ISF as the presence of ISF 
in a patient with ISS of 5 or less (52). The issue of polytrauma 
patients with SF remains unresolved. The further problem 
is the terminology and the definition of the “second group” 
of patients, those without ISF. Some studies compare the 
ISF group with a group of polytrauma who also have SF (28), 
whereas others compare them with patients who have only 
associated injuries of ribs, thoracic spine, pneumothorax 
or other thoracic injuries, who do not necessarily meet the 
criteria for polytrauma. Polytrauma is defined as trauma in-
volving two or more systems, with at least one injury directly 
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threatening the patient’s life. The stricter and more recent 
Berlin definition, established by an international consensus 
of trauma societies and published in 2014, characterizes 
polytrauma as severe injury (AIS ≥ 3) in two or more body 
compartments in combination with the presence of at least 
one of the following five criteria: hypotension, unconscious-
ness, acidosis, coagulopathy or age ≥ 70 years (36). So far, 
this definition has not been applied in published studies oth-
er than the cited work.

According to the Centers for Disease Control and Preven-
tion in the United States, trauma is the leading cause of death 
in individuals under 44 years of age, and 25% of these deaths 
are due to BCI (53). Hanschen et al. reported that, among sur-
viving patients transported to hospital, BCI was associated 

with early mortality in 7.2% and an overall mortality rate of 
13.9% (14). Ishida et al. reported an in-hospital mortality rate 
of up to 23% for BCI (43). Deaths in patients with SF are usu-
ally not directly related to the fracture itself, but rather to as-
sociated injuries such as vertebral fractures, pulmonary con-
tusions/lacerations, hemopneumothorax, mediastinal injury, 
and, in fact, BCI itself (43).

In conclusion, BCI should be considered in patients after 
high-energy trauma with multiple associated injuries. ECG 
and measurement of cardiac enzyme represent the basic 
screening methods. The implementation of standardized 
diagnostic protocols – ECG and cardiac enzyme monitor-
ing – would facilitate early identification patients with BCI and 
timely initiation of appropriate treatment. 
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