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Myocardial contusion injury (MCI) is a complication of
blunt thoracic trauma, which may occur at relatively low
velocities. MCI may also occur from chest compressions
during cardiopulmonary resuscitation. We review the
clinical pathology, diagnostic tools, and treatment for MCI.
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lunt thoracic trauma represents 25% of all
traumatic fatalities and is commonly associated with work related injuries and motor
vehicle accidents.1 In a study of 525 fatalities
associated with construction workers in North
Carolina between 1978 and 1994, 27% were due
to deceleration injuries associated with falls.2
During 2000, there were 6 356 000 motor vehicle
related accidents in the USA,3 40% of which were
associated with blunt thoracic trauma.
Myocardial contusion injury (MCI) is a complication of blunt thoracic trauma. Minimal force
is required for a deceleration type contusion
injury, and may occur with a body moving at a
relatively low velocity of 20 miles/hour.1 Patients
may also acquire a MCI from chest compressions
during cardiopulmonary resuscitation.1 2 The
incidence of MCI among blunt chest trauma
victims ranges from 0% to 76% depending on
whether a diagnosis was made clinically or at
post-mortem.1 4–8 The difficulty in making a
definitive diagnosis of MCI in the acute trauma
situation is due to the injury being definitively
diagnosed by the presence of necrotic myocardial cells, histological changes that can only be
seen during an autopsy. Hence, physicians
must rely on various diagnostic tests to arrive
at a diagnosis of MCI.9–11 Currently, the methods
used in the assessment of blunt chest trauma
include medical history and physical examination, plain chest radiography, electrocardiography (ECG), cardiac markers, echocardiography,
and nuclear imaging (table 1). The purpose
of this paper is to review the current literature on MCI and to present an algorithm for
the management of patients presenting to the
emergency department with blunt chest trauma
and possible MCI.

PATHOLOGY AND SEQUELAE OF INJURY
Regardless of the mode of blunt cardiac trauma,
the myocardium becomes injured when the
impact applies pressure to the heart within the
thoracic cavity. The myocardium may also
sustain damage from impact against adjacent
bony structures such as the sternum or vertebrae,
or by shearing stress forces caused by a sudden
increase in the intrathoracic pressure.12 13 The

cardiac insult induces histological changes that
are characteristic of and diagnostic for MCI.
At the cellular level, myocardial muscle fibres
become necrotic, and red blood cells permeate
into the myocardial tissue.12 These changes may
not be visible on gross examination of the heart.
The epicardial surface may demonstrate changes
suggestive of a small area of haemorrhage,
although there may be extensive haemorrhage,
necrotic cells, and polymorphonuclear leucocytes
extending intramurally or transmurally.12 As a
result of the cellular damage, the myocardial
cells leak creatinine phosphokinase (CPK) into
the circulation. During the healing process,
the haemorrhage is absorbed gradually in a
patchy, irregular pattern with subsequent scar
formation.
Certain areas of the heart are more susceptible
to MCI. The right ventricle is most vulnerable
because of its location beneath the sternum, and
any impact can be transmitted immediately to
the right ventricle. In addition, the higher pressures that exist on the left side of the heart make
the mitral and aortic valves more susceptible to
injury compared with the pulmonic and tricuspid valves. Pre-existing pathology in the
mitral and aortic valves increases their vulnerability to MCI.1 The aortic valve can sustain
rupture of the annulus, and laceration and
detachment of the cusps.12 Mitral valve injury
includes rupture of the chordae tendinae or
papillary muscles, and laceration of the anterior
or posterior leaflets.13 Blood supply to the myocardium may also be compromised. Thrombosis,
vasospasm, or laceration of the coronary arteries
may occur. Finally, the interventricular septum
may rupture, often adjacent to the apex.12
Although the histological changes remain
classically the same, the clinical manifestations
of MCI are variable. The patient may have
clinical sequelae of arrhythmias (including ventricular tachycardia and ventricular fibrillation),
ventricular dysfunction with congestive heart
failure, acute valvular regurgitation with valvular
involvement, ventricular aneurysm with thrombus, pericardial effusion with or without
pericardial tamponade, intracardiac structural
damage, or cardiac rupture.12–16
Other complications, including haemopericardium, ventricular aneurysm, or pericardial effusion, may occur immediately after the trauma or
Abbreviations: CPK, creatinine phosphokinase; CPKMB, creatinine phosphokinase myocardial band; cTnI,
cardiac troponin I; MCI, myocardial contusion injury; TEE,
transoesophageal echocardiography; TTE, transthoracic
echocardiography
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History and physical examination
Plain radiograph
Cardiac enzymes
Creatinine phosphokinase myocardial band (CPK-MB)
Cardiac troponin I (cTnI)
Cardiac troponin T (cTnT)
Echocardiography
Transoesophageal echocardiography (TEE)
Transthoracic echocardiography (TTE)
Nuclear imaging studies
Gated radionucleotide angiography (RNA)
Multiple gated acquisition angiography (MUGA)
Technetium pyrophosphate scanning
Single photon emission computed tomography (SPECT)

years later.12 17 Any abnormal wall motion may induce the
formation of thrombus. In rare cases, the retained blood in
the pericardial sac may result in the development of chronic
constrictive pericarditis with calcification years after the
injury. Uncommon late complications include cardiac rupture, coronary occlusion, aortal/right atrial fistula, and
ventricular aneurysms.17

CLINICAL PRESENTATION
The most common patient complaint in MCI is precordial
pain unrelieved by analgesia, which may mimic symptoms
of angina or acute myocardial infarction.14 17 Patients may
also present without symptoms or signs of external trauma
or fractures. These symptoms may become obscured by
other injuries sustained during the traumatic event.14 17 The
most common associated thoracic injuries are rib fractures,
pulmonary contusions, pneumothorax, haemothorax, flail
chest, sternal fractures, and injury to the great vessels.18
Approximately 75% of patients diagnosed with MCI present
with external thoracic trauma.17 19 Patients with cardiac
tamponade may have muffled heart tones, pulsus paradoxus,
elevated venous pressure, bulging neck veins, and signs of
shock. Patients with acute valve or cord rupture may present
with new onset murmurs or thrills, and with haemodynamic
instability.12 MCI should be suspected in the presence of a
pericardial friction rub, S3 gallop rhythm, pulmonary rales, or
an elevated central venous pressure.1 Owing to this variability
in patient presentation and clinical sequelae, the detection,
diagnosis, and management of MCI is challenging.

DIAGNOSTIC TOOLS
Cardiac enzymes
CPK is released as a result of cellular damage to myocardial
and skeletal muscle, kidney, brain, and liver.12 CPK myocardial band (CPK-MB) is specific for myocardial and skeletal
muscle trauma, and is a particularly good marker of cellular
injury because it increases and peaks in the first 24 hours
and decreases to normal levels within 72 hours. Levels of
CPK-MB .5% of the total CPK are considered abnormal.1 12
CPK-MB levels are usually elevated in trauma patients
because of multiple injuries. However, the source of the
enzyme may be due to non-myocardial sources, making
CPK-MB a non-specific marker of cell injury. There are also
conditions in which CPK-MB may be falsely elevated. These
include tachyarrhythmias, diaphragm injury, Duchenne’s
muscular dystrophy, gas gangrene, Reye’s syndrome, idiopathic myoglobinaemia, Rocky Mountain spotted fever,
exercise, muscle inflammation, and tongue trauma.3 12 20–22
Furthermore, false positive elevations may also be seen if
the total CPK is .20 000 units, which often occurs in
massive skeletal muscle injuries.17 22 23 Calculating the ratio

www.emjonline.com

of CPK-MB to total CPK improves specificity, but sensitivity declines if patients have both cardiac and skeletal
muscle injury.20 22 Therefore, measurement of CPK and
CPK-MB is not useful in the diagnosis and management
of MCI.
Cardiac troponins (troponin I + T) are a more specific
marker for myocardial cellular injury compared with CPKMB because they are only released after disruption of
myocardial cell membranes. Cardiac troponins remain in
the plasma for 4–7 days.3 22 24 25 Ferghali et al1 reviewed 128
patients who had suffered blunt trauma and concluded that
circulating cardiac troponin I (cTnI) was not an accurate
tool for the diagnosis of myocardial contusion. The main
disadvantage of troponin T was its low sensitivity rather than
low specificity. However, Adams et al22 studied 44 patients
admitted for blunt thoracic trauma and found that six
patients with confirmed MCI and wall motion abnormalities on echocardiography had increased cTnI. Furthermore,
70% of patients who did not have a MCI as confirmed by
echocardiography had elevated CPK-MB but no increase
in cTnI. They concluded that cTnI is a specific marker for
myocardial injury. Furthermore, two recent studies, by Mori
et al26 and Collins et al,27 have highlighted the usefulness of
serum tropin levels in evaluating cardiac injury, suggesting
that cTnI is a useful screening test when performed prior
to echocardiography following blunt chest trauma.

Electrocardiography
In patients with MCI, 40–83% have abnormal ECGs.12 19
Contusions to the left ventricle may manifest as ST-T wave
abnormalities, diffuse ST changes as seen in pericarditis, or as
pathological Q waves.17 Arrhythmias are the most common
abnormality observed, usually occurring in the first 24–
48 hours.3 The leading cause of death is the development of
ventricular fibrillation,17 28 29 and cardiac arrest may occur
without gross signs of structural injury.1–3 Atrial fibrillation is
also associated with a poor outcome.17 Right bundle branch
block is common followed by first degree heart block, right
bundle branch block with hemiblock, and third degree heart
block, respectively.17
Unfortunately, there is no correlation between the complexity of arrhythmias and the degree of cardiac contusion.1
Studies attempting to correlate ECG with cardiac complications are inconclusive.1 Maenza et al16 found that abnormal
ECG and abnormal CPK-MB are linked with clinically significant complications requiring treatment.
Although patients with suspected cardiac contusion
injuries may present with varying arrhythmias, certain
studies have stressed the importance of considering noncardiac sources or previous heart disease as causes of ECG
abnormalities. Sousa et al30 concluded that many ECG
abnormalities may be due to pain, anxiety, haemorrhage,
hypoxia, hypokalaemia, head trauma, alcohol intoxication, or
cocaine use. Other conditions, such as lung contusion,
hypovolaemia, abnormal arterial blood gas, elevated catecholamine states, pre-existing heart disease, altered serum
electrolytes and pH, and changes in vagal tone may also
contribute to an ischemic pattern on ECG.
Echocardiography
Echocardiography provides direct visualisation of the presence of right or left ventricular contusions.1 It is also useful
in diagnosing changes in cardiac chamber size, wall motion
abnormalities, valve function, presence of cardiac tamponade, intracardiac thrombus, or shunting of blood that may
occur in MCI.1 12 17 These studies may, however, be limited by
the presence of chest tubes, chest wall trauma, morbid
obesity, and pain.1
Wisner et al6 conducted a retrospective study examining the
total number of patients who underwent transoesophageal
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Table 1 Modalities used in the assessment of
blunt chest trauma
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myocardial injury. However, TTE has not been correlated well
with ECG findings or cardiac enzyme determinations, and
has not been shown to predict reliably which patients with
blunt chest trauma will develop late cardiac complications. In
patients with blunt chest trauma, comparison of TOE with
TTE showed that TOE was able to detect myocardial injury
that was missed by TTE. In addition, TOE was superior to TTE
in visualising thoracic aorta.

Nuclear studies
Using radionucleotide imaging, concentrated areas of 99mTcpyrophosphate or reduced areas of perfusion may indicate the
presence and extent of myocardial damage. However, 99mTcpyrophosphate scans have high false negative rates,1 and are
not recommended for use in diagnosing MCI. Radionuclide
ventriculography may reveal reduced ejection fraction and
focal defects in the wall motion of the ventricles, particularly
in the right ventricle.
Thallium or sestamibi imaging is excellent for evaluating perfusion of the left ventricle but is a poor imaging
modality for right ventricle perfusion. However, right
ventricle contusions are twice as common as left ventricle
contusion injuries. MCI should be suspected with reversible findings on radionucleotide angiography.1 Maenza
et al16 concluded that radionucleotide scans were unrelated
to complications and were not useful in the evaluation of
blunt thoracic trauma.

DISCUSSION
Myocardial contusion injury is an important entity that
requires rapid recognition and diagnoses. The current
approaches at many medical centres have a limited use of
cardiac imaging in patients with suspected MCI. The imaging
is often delayed until additional supplemental studies such as
cardiac enzymes and telemetry monitoring are performed.
This may lead to a delay in the diagnosis which may have an
adverse outcome.
We propose a new algorithm for use in blunt chest trauma
and cardiac trauma injury (fig 1). Patients transported to the
emergency room or trauma centre after sustaining blunt
chest wall trauma or cardiac trauma need to first be assessed
clinically and haemodynamically to determine the severity of
injury and the appropriate evaluation protocol. If the patient
is haemodynamically stable, they should be moved to a
monitored bed as on a telemetry floor or observational unit.
Many emergency rooms and trauma centres have standard
trauma protocols that include an initial chest radiograph,
electrocardiogram, basic blood tests, and cardiac enzymes.
Serial electrocardiograms, cTnI, or cTnT should be added to
standard protocol to monitor changes or progression of
injuries. Several centres have examined these specific
markers and have found them valuable after comparison to
other diagnostic modalities. The echocardiogram can be used
to stratify blunt chest trauma patients with or without
cardiac disease and to determine the presence of acute or
chronic changes. Several studies as summarised previously
have shown that TEE is more effective in certain patient
groups, particularly those with right ventricle outflow tract
lesions (RVOT). Therefore, a TEE should be performed as:
(a) follow up after an abnormal initial TTE or (b) further
investigation for a questionable lesion not adequately visualised on TEE. If the TTE result is normal and the supporting
studies show no abnormalities, then the patient may be discharged after monitoring. These patients should be considered for outpatient Holter monitoring because of increased
risk of arrhythmias. There are no corroborating studies
suggesting the duration of monitoring and the actual benefit
of such an undertaking.
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echocardiography (TEE) in the trauma ICU or trauma
admitting area over a 30 month period. TEE was performed
in 81 patients, and 22 were found to have TEE evidence of
MCI, defined as the presence of wall motion abnormality,
involving either one or both ventricles, in the absence of
transmural myocardial infarction on ECG following nonpenetrating chest trauma. At their institution, transthoracic
echocardiography (TTE) is initially performed on patients
with suspected MCI. However, if the study is technically
limited, TEE is performed. Of the 22 patients who underwent
TEE, seven had had TTE performed initially. Focal right
ventricle outflow tract hypokinesis was observed in three
patients. This is a difficult area to visualise by TTE but was
clearly seen with TEE. ECG was non-diagnostic for cardiac
contusions in 73% of patients.
In a multicentre prospective trial conducted over a
28 month period, Sousa et al30 studied the usefulness of
TOE in patients with blunt chest trauma and compared TOE
results with those of ECG and cardiac isoenzyme studies. In
total, 117 patients were admitted to the hospital with
suspected myocardial contusion after a blunt chest trauma
injury, and each patient received a TEE within 72 hours of
hospital admission; 56% had pathological findings attributed
to blunt cardiac trauma diagnosed by TEE, while in the
remaining 44%, TOE was normal. In contrast, the sensitivity
and specificity of an abnormal ECG was 59% and 73% and of
a high CK-MB and CK-MB/CK .5% was 64% and 52%,
respectively. It was concluded from this study that TEE is a
preferred method of diagnosing blunt cardiac trauma because
of its safety, speed, accuracy, and convenience.
Brooks et al31 studied 50 patients in whom a diagnosis of
cardiac contusion was considered based on physical findings
and cardiac enzymes, and who underwent both TEE and TTE.
Segmental wall motion abnormalities were observed in 26
patients with TEE and in only 6 patients with TTE.
The authors stated that TEE offered several advantages
over the current battery of tests in assessing patients with
chest trauma. It is semi-invasive and has been shown to be
safe even when evaluating critically ill patients. It can also be
performed at the bedside or emergency room, and can be
performed while other procedures such as laparotomy are
being carried out. A disadvantage was its inability to visualise
the entire thoracic aorta, although 90% of traumatic aortic
rupture in which the patient survives to reach the hospital
occurs in the isthmus of the aorta, which can be visualised by
TEE. The major advantage is that a TEE study can either
greatly increase or decrease the suspicion of a patient having
a thoracic aortic injury. Normal results can give the trauma
surgeon time to concentrate elsewhere before sending the
patient for definite angiography while a positive result would
heighten the need for immediate attention to the thoracic
injury.
Patients with multisystem trauma, abnormal haemodynamics, arrhythmia or other ECG abnormalities need
monitoring from the onset of chest trauma. Patients with
normal ECG and echocardiogram do not require cardiac
monitoring. Monitoring is useful in patients who are or will
possibly become haemodynamically compromised. Monitoring
is also expensive. Echocardiography performed in the emergency room on patients who would otherwise be monitored is
useful to rule out a myocardial contusion, particularly for triage
purposes. In combination with ECG, echocardiogram can
identify patients who should be monitored because of their
risk of haemodynamic instability and arrhythmia, including
those whose echocardiograms demonstrate an acute wall
motion abnormality or a pericardial effusion.32
According to Karalis et al,33 TTE provides direct visualisation of cardiac structures and ventricular function, and
should be superior to other non-invasive tests in diagnosing
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BLUNT CHEST TRAUMA ALGORITHM

Mechanism of injury:
blunt chest trauma
or cardiac trauma

Patient
haemodynamically unstable
YES

NO

Admit to monitored bed

ECHO

TEE

TTE

TEE can be performed
pre-op or intra-op with
follow up imaging post
operatively

Serial
ECGs

Abnormal study

Chest
x ray

Physical
exam

Caradiac
troponin

Normal study

Discharge
patient
Observation
monitored bed
Consider holter
monitor as
outpatient

Figure 1 Blunt chest trauma algorithm.

CONCLUSION
The current data illustrate that TOE is a useful screening tool
for the evaluation of MCI in the emergency room. We have
proposed an algorithm that would be useful in triaging
patients who present to the emergency room with potential
MCI, allowing for appropriate further evaluation or specific
treatment in these patients.
.....................
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