Blunt Cardiac Injury
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Abstract

The diagnosis and management of blunt cardiac injury, formerly known as myocardia contusion, has
chalenged clinicians for decades. Caused primarily by motor vehicle collisons, significant blunt car-
diac injury carries a high mortality rate. Yet no reliable diagnostic test exists to identify those patients
a greatest risk for an adverse outcome. A literature search using the MEDLINE database was per-
formed to compose areview of epidemiology, diagnostic intervention, and therapeutic approach.

The results of the search indicate that, along with a high index of suspicion, utilizing a combina-
tion of electrocardiogram, troponin, and echocardiography for appropriate patients may improve the
diagnosis, risk stratification and disposition of patients sustaining blunt cardiac injury.
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Introduction

THE TERM “BLUNT CARDIAC INJURY” (BCIl) de-
scribes a spectrum of myocardial lesions acquired
from non-penetrating mechanisms. Sequelae from
these injuries range from the benign to cata-
strophic. Traumatic injuries remain the fifth lead-
ing killer of Americans (1). It has been estimated
that in the prehospital setting, 20% of traumatic
deaths are caused by cardiac-related injuries (2).
Over the past 2 decades, the improvement of pre-
hospital transport and early implementation of ad-
vanced life support (ALS) have enabled victims of
formerly nonsurvivable cardiac injuriesto arrive in
advance of terminal shock. A heightened level of
suspicion and early identification of the blunt car-
diac injury is vital. Reliable detection, however is
challenging, as there are still no diagnostic criteria
for blunt cardiac injury (3).
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Nomenclature

Historically, the term “myocardial contusion
and concussion” was criticized for its lack of speci-
ficity for severity and injury pattern. “Myocardial
contusion” was used as a general term encompass-
ing the gamut of myocardial injuries. The true inci-
dence of myocardial injury is difficult to discern,
since studies differ in their diagnostic criteria. The
reported incidence of myocardial contusion ranges
from 17—70% in different study populations despite
similar mechanisms of injury (2, 3). The interpreta-
tion of literature using these terms remains problem-
atic and failsto assist in the identification of patients
at greatest risk. In 1992, Mattox recommended the
replacement of “myocardial contusion and concus-
sion” with “blunt cardiac injury” along with specific
descriptors to provide less ambiguous identification
of the injury and its sequelae (Table) (3).

The following review presents an evidence-
based approach to the evaluation and management
of the patient who presents with blunt thoracic in-
jury that may involve a cardiac injury.

Epidemiology

The Centers for Disease Control and Preven-
tion (CDC) reports that approximately 30,000 pa-
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TABLE
Types of Blunt Cardiac Injury (3)

Blunt cardiac injury with minor ECG or enzyme abnormality
Blunt cardiac injury with complex arrhythmia

Blunt cardiac injury with coronary artery thrombosis

Blunt cardiac injury with free wall rupture

Blunt cardiac injury with septal rupture

Blunt cardiac injury with cardiac failure

Copied with permission from Mattox KL, Flint LM, Carrico CJ,
et al. Blunt cardiac injury. J Trauma 1992; 33(5):649—-650 (3).

tients per year with a diagnosis of BCI survive to
discharge (4). While a majority of cardiac injuries
are sustained during motor vehicle collisions
(MVCQ), falls, blast injuries, and other blunt mech-
anisms have also been described (2, 5). The con-
tused myocardium is characterized by muscle
necrosis, edema, and hemorrhagic infiltrate. Out-
comes vary from asymptomatic electrocardio-
graphic changes to cardiogenic shock and death.

The spectrum of injuriesis dependent upon the
mechanism and degree of force (2, 5). Parmley et
al., in a1956 autopsy study of 546 non-penetrating
cardiac trauma cases, found that 64% had at least
one chamber rupture, 20% had two or more, 23%
had a myocardial contusion, 6% had pericardial
lacerations, 4% had a papillary muscle rupture, 2%
had a valvular rupture, and 1% had a coronary
artery laceration (2). The authors describe 7 cate-
gories of force resulting in cardiac injury: (a) di-
rect, (b) indirect, (c) bidirectional or compressive,
(d) decelerative, (e) blast, (f) concussive, and (g)
combined (2). Direct, compressive, decelerative,
and concussive forces are discussed bel ow.

Direct precordial impact and crush injuries re-
sult from compression between the sternum and
spine. Injuries to the pericardium, myocardium and
coronary vessels are characteristic (2, 6). The com-
pressible thoracic and abdominal cavities are adja-
cent to the heart. Forceful, abrupt pressure fluctu-
ations in these compartments can be distributed to
the heart, resulting in tears to its structural walls
and valves (2, 6, 7). Because the heart is adynamic
organ, movements in the chest cavity are exagger-
ated during decel eration, causing the heart to strike
rigid structures and forcefully tear itself from its
static attachments. The aortic attachments, as well
as regions between the atria, pulmonary vessels
and the vena cava, are especially vulnerable (2, 6).

Concussive force tends to be of low magnitude
and is not associated with pathologic lesions to the
myocardium or its vessels (2). Further discussion
on concussive force is found in the section “Blunt
Cardiac Injury with Complex Arrhythmia.” Fi-
nally, penetrating cardiac lesions, despite blunt
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mechanism, may result paradoxically from closed
thoracic injuries secondary to fractured ribs or
sternum (6, 8). Blunt cardiac injuries, by virtue of
the degree of force, present with coexisting in-
juries. In order of frequency, the following injuries
have been shown to be associated with BCI: head
injury, rib fracture, extremity injury, hemothorax,
sternal fracture, pulmonary contusion, aortic or
great vessel injury, pneumothorax, abdominal in-
juries, and flail chest (9).

Approach to the Patient with Suspected Blunt
Cardiac Injury

Cardiac injury can be missed due to concomitant
bodily injuries. Patients with neurologic, multiple ex-
tremity or organ injuries are especialy at risk, astheir
manifestations can mask those of the injured heart. A
high index of suspicion and proper triage is essential.

History

Determine whether the presenting trauma pa-
tient has sustained a thoracic injury. MV C patients
should be asked specifically whether restraints
were used and if there was steering wheel impact
to the chest. The most common presenting symp-
tom is chest pain. Assess if there are any cardiac
risk factors, including prior myocardial infarction
(M), recent angioplasty or stress test, angina, hy-
pertension, hypercholesterolemia, tobacco use, co-
caine use, or family history of early death sec-
ondary to an MI. Document medications, particu-
larly beta-blockers or calcium channel blockers,
which may alter findings on clinical examination;
for example, by masking tachycardia.

Physical Examination

Perform a thorough physical examination with
emphasis on vital signs, head and neck, lungs, and
heart. Suggestive of cardiac injury are findings of
hypotension, jugular venous distension (JVD),
tachypnea, wheezing, rhonchi, chest abrasion or
ecchymosis, imprints of a seatbelt or steering
wheel, chest tenderness, palpable crepitus, flail
chest, fractures of the rib(s), sternum or clavicle ,
distant heart sounds, S3, tachycardia, bradycardia,
rub or murmurs. Pulsus paradoxus (excessive de-
cline of systolic pressure during inspiration) is di-
agnostic of cardiac tamponade (10).

Initial Stabilization

Ensure that the patient has a patent secured air-
way, supplemental oxygen, adequate intravenous
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access, and continuous cardiac monitoring. A chest
X-ray and ECG are compulsory for the blunt thro-
racic patient (11). If the patient has underlying risk
factors for cardiac disease or is over the age of 65
and complaining of chest pain or discomfort, car-
diac troponin levels can be obtained (11). If the pa-
tient is unable to provide an adequate history or
exam, presume that a cardiac injury exists. A Fo-
cused Assessment of Sonographic Trauma (FAST)
exam should be performed if there is an available
ultrasound, with special attention given to the eval-
uation of the pericardium (12).

Diagnostic I ntervention

In the absence of an ideal set of diagnostic cri-
teria, perioperative visualization and autopsy re-
main the sole methods of reliably diagnosing a my-
ocardial contusion. A number of tests have been
used to screen for pathology and stratify patient
severity.

Chest Radiography

The standard work-up for all thoracic trauma
patients should include a chest X-ray. X-rays lack
sensitivity and specificity for cardiac injury. They
do however identify other injuries, including aortic
disruption, rib or sternal fractures, pulmonary con-
tusions, hemothorax and pneumothorax, all of
which are associated with BCI (5, 13).

Electrocardiogram

The electrocardiogram (ECG) is a rapid, inex-
pensive bedside study, and should be performed on
all patients for whom BCI is suspected (11). Foil et
al., in aretrospective evaluation of 524 blunt chest
trauma patients, found that 85% of the patients
with complications (mostly arrhythmias) had an
abnormal admission ECG (14). In a retrospective
analysis of 359 patients with blunt chest trauma,
Biffl et al. identified an abnormal admission ECG
(excluding sinus tachycardia) as the most signifi-
cant independent predictor of a complication, de-
fined as dysrhythmia requiring intervention, car-
diogenic shock, valvular rupture, or pericardial
tamponade (15). Maenza et al., in a meta-analysis
of 43 studies, noted that an abnormal ECG corre-
lated with the risk of developing a complication
from BCI (16). In a multicenter review of 184 pe-
diatric BCI patients published by the Pediatric
Emergency Medicine Collaborative Research
Committee, no hemodynamically stable patient
with a normal ECG developed cardiac complica-
tions (17). Several studies have concluded that he-
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modynamically stable patients with normal ECGs
require no additional studies (14, 18, 19). Feghali
and Prisant, in a review of 35 BCI articles, con-
cluded that ECG has a good negative predictive
value (20).

There are no prototypical ECG findings that
are specific for BCI. Fifty per cent of admission
ECGs have nonspecific findings (9). However,
when all ECG changes (including tachycardia and
nonspecific changes) are included in the BCI
work-up, the sensitivity of ECG for diagnosing
BCI approaches 96%, with a specificity of 47%
(21, 22). The most common finding is sinus tachy-
cardia, followed by premature atrial or ventricular
contractions (PAC, PVC). Other abnormalities in
order of frequency include: T wave changes, atrial
fibrillation/flutter, ST elevation or depression, con-
duction delays, ventricular dysrhythmias and new
Q waves. Of al arrhythmias requiring an interven-
tion, 80% are detected on emergency department
(ED) admission (23).

Patients with normal admission ECGs have
been reported to have delayed presentations of car-
diac injury. These patients are typically elderly and
have pre-existing cardiac disease, multiple severe
chest wall injuries or unexplained hypotension (14,
15). Fildes et al., based on a prosective evaluation
of 100 patients admitted to rule out myocardial in-
jury, recommend that hemodynamically stable pa-
tients with no history of cardiac disease, who are
less than 55 years old and do not require surgery or
observation for other injuries can have a diagnosis
of cardiac contusion excluded if there is a normal
admission ECG. Patients with abnormal ECG
should have at least 24 hours of cardiac monitoring
and afollow-up ECG (24).

Cardiac Enzymes

The pathophysiology of trauma-induced my-
ocardial necrosis is poorly understood. It is there-
fore difficult to predict the pattern of myocyte en-
zymatic release, and it remains unclear whether a
role exists for its routine measurement. Histori-
cally, creatine kinase (CK) with myocardial type B
(MB) fractions were utilized in order to assist in
the detection of BCI or patients at risk for serious
sequelae. Healey et al., in a retrospective evalua-
tion of 342 BCI patients, found that a CK-MB
level of >200 mg/dL had a 100% positive predic-
tive value for cardiac complications (22). In con-
trast to the findings by Healey et al., a preponder-
ance of the literature suggests that CK-MB is not
predictive of complications and is not a warranted
study (11). CK-MB has been isolated in skeletal
muscle, lung, stomach, pancreas, liver, small intes-
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tine, and colon (25). The release of CK-MB from
other organs during trauma can potentially con-
found the interpretation of the value. In a retro-
spective analysis of 133 patients, Illig et al. found
that CK-MB analysis failed to predict complica-
tions secondary to BCI (26). In a retrospective re-
view, Biffl et al. later confirmed this finding in a
series of 359 patients. None of the BCI patients
who went on to have complications had cardiac en-
zyme abnormalities (15).

The advent of the cardiac-specific troponin |
poses an opportunity to selectively screen patients
with BCI. Troponin | is found only in the cardiac
myocyte and interacts with the actin-myosin com-
plex. In a recent study, Relos et al. concluded that
even moderate elevations in serum troponin | were
indicative of myocardial injury and predictive of a
4-fold mortality increase in surgical patients (27).
Troponin | in BCI patients has a sensitivity of
23—-100% and a specificity of 85—97% (28-30).
In a small, prospective pediatric series, 4 patients
were diagnosed with BCI on the basis of history
combined with abnormal echocardiographic find-
ings and ECG abnormalities. 3 of these 4 patients
had elevated troponin | levels of > 2.0 ng/mL (31).
In a prospective review of 333 blunt thoracic pa-
tients, Velmahos et al. identified 13% with signifi-
cant BCI, defined as hypotension in the absence of
bleeding or neurogenic cause, cardiac arrythmias,
post-traumatic echocardiographic abnormality, or
cardiac index <2.5. By combining the ECG and
troponin | at 8 hours, a negative predictive value of
100% was rendered, eliminating patients without
significant BCI. The authors concluded that in the
absence of other injuries or hemodynamic instabil-
ity, patients with normal ECG and troponin | can
be discharged (32).

Echocardiogram

Echocardiography plays a significant role in
the work-up of the BCI patient. It is the primary
exam in the structural assessment of the heart. Up
to 30% of BCI patients have abnormal echocardio-
graphic findings (33). Detection of pericardial ef-
fusion, myocardial contusion, valvular disruption
and wall motion abnormalities may assist in defin-
ing injury severity and potentially alters manage-
ment. Non-cardiac lesions such as pleural effusion,
intracardiac thrombi, and aortic disruptions may
also be identified by this means.

In the past decade, the bedside Focused As-
sessment with Sonography for Trauma (FAST)
exam has increasingly become standard in US
trauma centers (34). This noninvasive bedside
sonographic exam can be performed accurately by
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trained emergency physicians and surgeons (12,
34). Four sonographic windows placed in the sub-
costal, right upper quadrant, left upper quadrant,
and suprapubic areas detect the presence of signif-
icant amounts of free fluid. The speed of the exam
was validated in a study by Sisley et al., who
demonstrated that it could be completed in an av-
erage of 1.3 minutes (35). The pericardial window
allows ample visualization of the pericardium and
heart, to rule out pericardial effusion and tampon-
ade. The use of the parasternal long axis, apical
four chamber, and subcostal windows (used in the
FAST) provides multidimensional views of the
pericardial sac. Mandavia et al. concluded that,
using these views, emergency physicians could re-
liably examine the pericardium with an accuracy
of 97.5% (12). Rozycki et al. conducted a study of
247 penetrating chest injury patients, demonstrat-
ing a 100% sensitivity and specificity for hemo-
pericardium with the use of FAST (36). In a sepa-
rate multicenter study, Rozycki et al. utilized
FAST to minimize ED to operating room (OR)
times to an average of 12.1 minutes (37).

Formal echocardiography has proven to have
great diagnostic utility for the unstable or compli-
cated BCI patient (23, 38). Applications such as
M-Mode and Doppler provide additional informa-
tion not recognized on the limited FAST exam.
Abnormalities such as wall motion defects and
valvular incompetence are readily recognized.
Echocardiography, however, lacks utility for the
stable BCI patient. Karalis et al., in a prospective
analysis of 105 patients, concluded that routine
echocardiograms were of no value, for them, since
there were few cardiac complications secondary to
BCI (39). Nagy et al., in a prospective analysis of
315 patients, ascertained that the echocardiogram
had no added diagnostic utility for patients with
normal ECG and blood pressure on admission
(19). In a meta-analysis of 18 studies of patients
suspected of myocardial contusion, Christensen
and Sutton concluded that there is no evidence to
support the use of routine echocardiography. How-
ever, echocardiography maintains its value in de-
tecting multiple structural abnormalities, e.g., api-
cal thrombi, pericardial effusions, and pump fail-
ure in patients deemed to be at increased risk or
suffering from a complicated in-patient course
(23). In a prospective study of 118 blunt trauma
patients, Lindstaedt et al. identified 14 patients
(11.8%) with myocardial contusion diagnosed by
an abnormal echocardiogram, defined as new aki-
netic or dyskinetic regional wall abnormalities.
Other than a mural thrombus found on a 12-month
follow-up, Lindstaedt found that none of these pa-
tients developed cardiac complications over the
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course of 1 year (40). Bromberg et a. similarly
demonstrated, in a series of 8 children with BCI,
that echocardiography was only valuable for pa-
tients who developed cardiac complications (41).
Thus, echocardiography should be reserved as a
complementary rather than primary screening tool
for BCI. The Eastern Association for the Surgery of
Trauma recommends selective use of echocardiog-
raphy for patients who are hemodynamically unsta-
ble or suffer cardiac complications (11, 42, 43).

The use of transthoracic echocardiography
(TTE), however valuable, may prove challenging to
perform in the presence of severe chest wall in-
juries, pleural tubes, mechanical ventilation, and
large body habitus. Karalis et al. found in his study
of 105 blunt chest trauma patients, that TTE was
useful for 80% of patients, yet 19% had suboptimal
studies (39). Alternatively, the transesophageal
echocardiogram (TEE) may be utilized. TEE, in
contrast to TTE, is invasive and requires sedation
and possible intubation. However, it has the added
benefit of increased resolution and ability to detect
thoracic aortic injuries. Chirillo et al. found that al-
though 98% of blunt chest trauma patients success-
fully underwent TEE, TTE was feasible in only
38% (44). Moreover, both Chirillo and Weiss, in
their respective series, concluded that TEE accu-
rately identified evidence of contusion and valvular
injuries that were missed by TTE (44, 45).

Pericardiocentesis

Pericardiocentesis, as a diagnostic modality,
has virtually been supplanted by the use of ultra-
sound. However, lack of equipment or radiology
personnel may render pericardiocentesis the exam
of preference to rule out suspected tamponade.
Blind insertion of the needle into the pericardial sac
has been associated with misleading results 25% of
the time. False positives result from the aspiration
of blood directly from the cardiac chamber. False
negatives result from the immediate clotting of as-
pirated blood from a rapidly bleeding laceration
(46). ECG or sonographic guidance using the subx-
iphoid approach is recommended (47).

The patient in cardiac tamponade benefits
from emergency pericardiocentesis. Inserting a
drainage catheter may delay reaccumulation of
blood in the pericardial sac, although it may clot.
The procedure temporizes the condition until sur-
gical intervention can be arranged (47).

Emer gent Thoracotomy

Prompt emergency department thoracotomy in
the cardiac-arrest blunt trauma patient has been
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documented to carry a 0—16% survival rate. Asso-
ciated mitigating factors in survival include the
identification of a cardiac injury or the presence of
pupil reactivity, voluntary respiratory efforts, or
purposeful movement upon ED admission (48,
49). Blunt trauma patients who arrest in the pre-
hospital setting are not candidates for ED thoraco-
tomy. In the event that pericardiocentesisis unsuc-
cessful, the patient’s vital signs deteriorate, or car-
diac arrest ensues in the ED, thoracotomy and
pericardiotomy are indicated (50). A left lateral in-
cision is used to access the heart and clamp the de-
scending aorta. If necessary, the lateral incision
may be extended across the midline and sternum,
creating a“ clam shell” incision. This allows ample
access to the right heart. Pericardiotomy should be
performed with a parallel incision to the phrenic
nerve. Once the clot has been removed, the site of
injury should be identified. Atrial hemorrhage is
occluded using digital pressure, a clamp, or an in-
flated foley catheter. Ventricular hemorrhage may
be controlled similarly, with digital pressure or
standard skin staples. Bimanual cardiac compres-
sions should ensue immediately once the source of
injury is stabilized (47).

Pulmonary Artery Catheter

The use of the pulmonary artery catheter,
though invasive, has distinct value in the evalua-
tion of the critical BCI patient. Evidence of hemo-
dynamic instability, age greater than 60, abnormal
ECG, and future surgical intervention under gen-
eral anesthesia have been described as rationales
for its insertion (21). Unlike the echocardiogram,
the catheter provides continuous, precise informa-
tion regarding preload, afterload, and ventricular
function. These parameters may serve an essential
role during the resuscitation of the multisystem-in-
volved volume-depleted patient with heart failure
or pulmonary hypertension (21).

Blunt Cardiac Injury with Minor ECG or
Enzyme Abnormality

Patients with isolated ECG or enzyme abnor-
mality represent the largest and most benign subset
of BCI patients. However, the existence of ECG
and/or cardiac enzyme abnormalities in BCl has
been correlated with clinically significant out-
comes. In a retrospective meta-analysis of 2,210
BCI patients, Maenza et al. found that the exis-
tence of a positive ECG or a cardiac enzyme ab-
normality correlated with an increased risk of an
operative or cardiac intervention (16). In another
study, Velmahos et al. evaluated 333 admitted
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blunt thoracic trauma patients with serial troponin
and ECG at admission, 4 hours, and 8 hours. They
reported that 34% of patients diagnosed with ECG
and enzyme abnormalities had hypotension, car-
diac arrhythmias, echocardiographic abnormali-
ties, or low cardiac index <2.5. Moreover, no pa-
tient with anormal ECG and negative enzyme ab-
normality developed BCI (32).

Despite potential acute complications, abnor-
malities documented upon admission typically re-
solve within hours, and the patient rarely suffers
long-term functional sequelae (51, 52). BCI with
minor ECG and/or enzyme abnormality should re-
ceive telemetry monitoring and may require fur-
ther diagnostic testing, including aformal echocar-
diogram. Intensive care unit (ICU) admission
should be reserved for patients with associated he-
modynamic instability (53).

Blunt Cardiac Injury with Complex Arrhythmia

Arrhythmias represent the most common com-
plication associated with BCI (16). Up to 70% of
patients with BCI will suffer from a rhythm dis-
turbance. The most common arrhythmias are
atrial, followed by ventricular, and conduction de-
lays. Atrial or ventricular dysrhythmias requiring
an intervention have been documented to occur in
up to 30% of patients (9). However, Maenza et al.
found, in their meta-analysis, that only 2.6% of
BCI patients developed complex cardiac arryth-
mias requiring an intervention (16). Treatment op-
tions include antiarrhythmics and/or electrical car-
dioversion (1, 9).

Myocardial concussion, commotion or com-
motio cordis, originally described in 1879, is
caused by adirect low impact blow to the chest re-
sulting in an isolated dysrhythmia, syncope, or
sudden death (54, 55) . It is characterized as a sud-
den disturbance of cardiac rhythm in the absence
of significant structural damage to the myocardium
(54). A mgjority of patients sustaining such injuries
are children who are injured during sporting activ-
ities or “play fighting” (55). The electrophysio-
logic outcome of the injury is dependent upon the
timing of impact during the cardiac cycle. Link et
al. developed an experimental model that produced
ventricular fibrillation when chest wall impacts oc-
curred during a 15 and 30 ms interval preceding
the T wave. Impacts during ventricular depolariza-
tion were associated with a brief period of heart
block. Left bundle branch blocks and ST-T seg-
ment changes were also described to correlate with
impact timing (56).

Ventricular fibrillation is thought to be the eti-
ology of sudden death in myocardial concussion
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patients. In one retrospective analysis of 128 con-
firmed cases of commotio cordis, there was an
84% mortality rate. Selection bias is inherent in
this study, since cases were obtained from a na-
tional registry of voluntarily submitted cases, a
majority involving the death of a minor (55). The
implementation of prompt CPR and pre-hospital
automatic external defibrillator (AED) use has
been shown to increase the survival rate (57, 58).

Blunt Cardiac Injury with Cardiac Failure

Patients with cardiac failure represent approx-
imately 2—20% of patientswith identified BCI (9).
Contusions cause cellular necrosis and inflamma-
tory changes, which alter ventricular compliance
and decrease coronary perfusion (2). Valvular in-
competence, pump failure, complex arrhythmias
and coronary artery occlusion also compromise
cardiac output, thereby causing hypotension (9).
The clinical findings that may alert the clinician
include hypotension, tachycardia, tachypnea, jugu-
lar venous distension, rales, and/or a systolic mur-
mur. Critical care monitoring may reveal an ele-
vated central venous pressure, an abnormal pul-
monary artery wedge pressure and low cardiac
index (21). Pericardia tamponade may present
with similar findings and must be considered in the
evaluation of these patients.

The use of echocardiography and pulmonary
catheterization may prove instrumental in identify-
ing the source of hemodynamic perturbations and
the chamber involved (21).

ICU admission and symptomatic management
with intubation, crystalloid, vasopressors, and in-
otropes are management options. Patients in acute
failure associated with hypoxemia should be
promptly intubated. This should be followed by
crystalloid boluses of 20 cc/kg to correct blood
pressure and cardiac index (CI) if the central ve-
nous pressure is less than 10. Inotropes such as
dobutamine or milrinone should be administered to
maintain aCl > 2.2 (59). If blood pressure remains
low, vasopressors should be added to elevate to a
systolic blood pressure (SBP) of 90. Avoid diuret-
ics, since this may decrease intravascular volume
needed to maintain the cardiac output.

Refractory cardiogenic failure has been suc-
cessfully managed with intra-aortic balloon
counter pulsation (IABP), according to case reports.
The device decreases left ventricular afterload and
increases coronary blood flow, thereby improving
left ventricular function. This enables stunned my-
ocardium to return to reasonable parametersin a pe-
riod of several days to several weeks. IABP s con-
traindicated in aortic insufficiency (58, 60).
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Key Concepts

e All patients with thoracic trauma must have an ECG
e Maintain a high level of suspicion of BCI for patients with chest pain, rib or sternal injuries, pul-

monary lesions, or deceleration injury

e Ruleout all hypotensive BCI patients for pericardial tamponade by echocardiography
e Therisk of significant BCI isinsignificant in stable patients with normal ECG and troponin
e Suspect BCI in the multisystem-injured patient with refractory hypotension

ECG = electrocardiogram; BCI = blunt cardiac injury.

Blunt Cardiac Injury with Wall Rupture

Abrupt compressive force to the torso can gen-
erate markedly elevated transthoracic and venous
pressures. These pressures are transmitted from the
neighboring thoracic and abdominal compartments
to cardiac chambers and closed valves. The heart
chambers are most susceptible to injury when at
maximal filling. Although the right heart is most
often involved, both ventricles may be ruptured.
Ruptures can be either immediate or delayed (6).
Paradoxical penetrating lesions with afractured rib
or sternum have been implicated in right atrial and
ventricular ruptures (6, 8).

Chamber wall rupture carries the highest mor-
tality rate of the BCI categories. In clinical trials
the incidence of chamber rupture is 0—30%, com-
pared to a 64% incidence in autopsy studies (9).
More than one chamber will be involved in 20% of
the cases (61). Clinical characteristics and out-
come depend on the chamber involved and the in-
tegrity of the pericardium. In two series of patients
with traumatic cardiac rupture, Mattox et al., and
Shorr et al., reported 85% and 100% mortality
rates, respectively (62, 63). Although, a majority
of these patients expire in the prehospital setting,
up to 7% of patients have been documented to sur-
vive longer than 30 minutes (2). This finding sup-
ports the importance of trauma systems with rapid
transport capabilities. Rupture of a low-pressure
chamber, delayed rupture of a high-pressure cham-
ber, or small, contained pericardial tears may
allow the patient to survive transport to the hospi-
tal (64). Survival is most common with right atrial
rupture (65).

Approximately 70% of patients with cardiac
wall rupture develop pericardial effusion and tam-
ponade (46). Extracardiac hemorrhage in excess of
200 cc may render these conditions fatal. When the
accumulation of blood exceeds the compliance of
the pericardium, intrapericardial pressure rapidly
increases, causing collapse of the ventricle, re-
stricting itsfilling. Getz et al. describe signs of dis-
tended neck veins, persistent hypotension, hemo-

thorax, or metabolic acidosis unresponsive to fluid
resuscitation as commonly associated with my-
ocardial rupture (46). However, coexistent injuries
to other organ systems may mask classic clinical
presentations of tamponade because of massive
blood loss or neurogenic shock.

The finding of pulsus paradoxus on examina-
tion or diastolic ventricular collapse in the setting
of pericardial effusion on echocardiogram is
pathognomic for tamponade physiology. ECG may
demonstrate electrical alternans, in which the QRS
complex alternates voltage from beat to beat. Pul-
monary artery catheter placement will demonstrate
equalization of right and left ventricular pressures
(10). Smaller volumes of pericardial fluid and
chronic inflammatory effusions may be asympto-
matic and initially undetectable. These can collect
and may be visualized on subsequent echocardio-
graphic studies (7).

Once the diagnosis is made, emergent pericar-
diocentesis and/or transport to the OR for a pericar-
dial window must be expedited, since the natural
course of this disease is rapidly progressive and
deadly. In the event of cardiac arrest or hemody-
namic decline refractory to pericardiocentesis,
emergent thoracotomy and pericardiotomy is indi-
cated (48, 49).

Septal ruptures may present with cardiac fail-
ure with left to right shunt (66). The cardiac valves
are at greatest risk for rupture during periods of
closure in the cardiac cycle. The most common
valves involved are the aortic and mitral valves.
The aortic valve is under greatest tension during
early diastole, when the left ventricle is empty. The
mitral valve is most vulnerable during early sys-
tole in isovolumetric contraction. Valvular rupture
occursin up to 6% of BCls (67). Disruption causes
regurgitation and cardiogenic failure that is evi-
dent immediately or within weeks. In contrast, in-
sufficiency secondary to a tricuspid or pulmonary
rupture is typically asymptomatic for several years
(68). Coordination of trauma and cardiothoracic
specialist care should not be delayed in cases of
BCI with valvular, free wall, or septal rupture.
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Pearls and Pitfallsin BCI

Casel

A 68-year-old driver arrives at a community ED at 2 AM after a minor automobile accident, com-
plaining only of chest pain. His ECG is consistent with an acute MI. Thrombolytics are administered and
the patient becomes terminal within minutes.

This patient experienced a massive hemothorax. A thorough exam would have revealed chest wall
contusions from the steering wheel, consistent with BCI and thoracic aortic injuries. Recent head injury
and severe trauma are contraindications to thrombolytics. Remote incidents or mild muscul oskeletal
trauma are relative contraindications.

Case 2

A 19-year-old woman is admitted to a university hospital for a low-grade splenic laceration and se-
vere cervical strain sustained upon being struck by a vehicle. Though hypotensive in the ED, the patient
has an uneventful in-patient course and is discharged 3 days later in a Miami J collar with the following
vital signs. blood pressure (BP) 100/72, heart rate (HR) 114, respiratory rate (RR) 16, and oxygen satu-
ration (O, Sat) 98%. Twenty-four hours later, she presents to the ED complaining of severe mid-epigas-
tric pain. Vital signs are BP 80/40, HR 130, RR 20, O, Sat 96%, and Temp 98.3. One hour later an ab-
dominal CT is normal and the patient’s vital signs remain unchanged despite 2 liters of fluid and a stable
hematocrit. A subsequent bedside FAST reveals a pericardial effusion.

This patient presents with delayed hemopericardium and tamponade from a small tear in the right
atrium. Initially, hypotension in the setting of a minor splenic laceration should have alerted the clinicians
to amissed injury. An unexplained abnormal ECG (tachycardia) on discharge warrants an echocardiogram
in this setting. Jugular vein distention, a classic finding, may be a late or nonexistent finding in the BCI
patient with multi-organ or multi-extremity injuries. Beware of the concealing cervical collar.

Case 3

A 55-year-old trauma patient with multiple extremity fractures is to be discharged at change of shift.
The patient had required intubation for agitation and had received 5 liters of fluid for hypotension. On re-
assessment, you notice that the patient’s O, Sat is 95% on 100% fraction of inspired oxygen (FiO,) and
there are diffuse rales. An X-ray is obtained, and the radiologist confirms that the patient has pulmonary
edema. Furosemide is administered. The patient becomes hypotensive and arrests.

Pulmonary edema is a common presentation in patients with papillary muscle rupture, aortic rupture,
and ventricular contusion. Valvular incompetence should be evaluated emergently by a cardiothoracic
surgeon for repair. Treatment for ventricular failure includes fluids, pressors and inotropes, preferably
guided by the use of a pulmonary artery catheter. Consider an intra-aortic balloon pump for refractory
cardiogenic failure.

Case 4

A patient presenting from a 30-foot fall loses his vital signs upon arrival at the ER. Emergent thora-
cotomy and pericardiotomy is indicated when the patient develops rapid cardiovascular decline and car-
diac arrest in the ED.

A pericardiocentesis is performed blindly. Blood is aspirated; it clots immediately. The exam is de-
clared negative; there is no hemopericardium. Thirty minutes later the patient arrests. Thoracotomy re-
veals a large pericardial effusion.

Blind, inadvertent aspiration from the intracardiac chamber may lead to a false negative diagnosis.
Lacerated cardiac vessels or ruptured chambers can bleed quickly into the pericardial sac and will clot.
Sonographic or electrocardiographic guidance may assist in averting technical miscalculations.

Case 5

A 14-year-old boy presents after losing consciousness at home while shadow boxing with his 6-year-
old brother. He only complains that his chest “feels weird.” This patient’s presentation is consistent with
commotio cordis. Electrocardiographic changes including ventricular fibrillation, heart block, and ST
changes have been described. The patient should receive an ECG and appropriate electrical cardioversion
or antiarrhythmic therapy, if indicated.
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Blunt Cardiac Injury with Coronary Artery
Thrombosis

Coronary artery lesions represent less than 2%
of BCls. Direct precordial impact, crushing be-
tween sternum and spine, and resultant myocardial
edema are the proposed causative mechanisms.
Coronary artery contusion, spasm, disruption of
coronary plaque, laceration, dissection, and occlu-
sion have all been described in the literature. Angi-
nal-type chest pain, myocardial ischemia and in-
farction are common outcomes. The left anterior
descending is more commonly injured than the
right coronary artery (69, 70).

The ECG often demonstrates ST segment ele-
vation or changes consistent with an infarction or
ischemia (71). Such findings warrant an emergent
echocardiogram and/or angiography. Prompt con-
sultation with a cardiologist and/or cardiothoracic
surgeon is aso essential. Management options
should not differ from those of the typical myocar-
dial infarction patient. Conservative therapy, per-
cutaneous coronary angioplasty, and thrombolytics
are appropriate interventions. The option instituted
should be weighed against concomitant injuries,
hemodynamic status, and possible contraindica-
tions to anticoagulation or thrombolytic use (71).
On long-term follow-up, sequelae range from com-
plete recovery to cardiac complications of angina,
congestive heart failure, and death (72).

Conclusion

Since there are no standard diagnostic criteria
for BCI, the true incidence of blunt cardiac injury
remains unknown. Signs and symptoms suspicious
for cardiac injury warrant expeditious workup to
exclude lethal injuries. ECG remains a sensitive
test for BCI; however, all changes and dysrhyth-
mias must be presumed to be suspiciousin order to
avoid missed injuries. The addition of troponin | is
an option that may serve to identify those patients
at increased risk of mortality, especialy if the ECG
is abnormal. Although it appears that troponin | is
more predictive than CK-MB of an adverse out-
come, the physiologic nature and timing of tro-
ponin release remains unclear. The utility of tro-
ponin | in predicting long-term BCI morbidity is
also undetermined. Patients with ECG abnormality
and troponin elevation or arrhythmias are clear
candidates for telemetry monitoring. Echocardiog-
raphy should be reserved for patients who have a
complicated inpatient course or undifferentiated
clinical scenarios that warrant investigation, i.e.,
persistent chest pain or shortness of breath. If the
patient exhibits signs of hemodynamic instability,
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an echocardiogram is indicated to identify life-
threatening injuries. Placement of a pulmonary
catheter may further assist in the hemodynamic
management of the unstable patient. The infre-
quent coronary artery thrombosis should be man-
aged expeditiously and its management weighed
against that of other injuries and co-morbidities.
Future studies identifying the independent risk fac-
tors of critically ill BCI patients remain needed.
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