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WHAT YOou NEED TO KNOW SERIES — REVIEWS

Diagnosis and management of blunt cardiac injury:
What you need to know

Walter L. Biffl, MD, Jason A. Fawley, MD, and Rajeev C. Mohan, MD

ABSTRACT:

Blunt cardiac injury (BCI) encompasses a wide spectrum, from occult and inconsequential contusion to rapidly fatal cardiac rupture. A small

percentage of patients present with abnormal electrocardiogram or shock, but most are initially asymptomatic. The potential for sudden dys-
rhythmia or cardiac pump failure mandates consideration of the presence of BCI, including appropriate monitoring and management. In this
review, we will present what you need to know to diagnose and manage BCL. (J Trauma Acute Care Surg. 2024;96: 685-693. Copyright ©

2023 Wolters Kluwer Health, Inc. All rights reserved.)
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And always with a heart contusion
Arise both doubt and much confusion

— Howard B. Burchell, MD'

lunt cardiac injury (BCI) encompasses a wide spectrum,

from occult and inconsequential contusion to rapidly fatal
cardiac rupture. A small percentage of patients present with ab-
normal electrocardiogram (ECG) or shock, but most are initially
asymptomatic. The potential for sudden dysrhythmia or cardiac
pump failure mandates consideration of the presence of BCI, includ-
ing appropriate monitoring and management.

DEFINITIONS

The term myocardial contusion has historically been
broadly and nonspecifically applied to BCI, but it is a distinct
pathologic entity (see section Pathophysiology hereinafter). Blunt
cardiac injury refers to the entire spectrum of cardiac and peri-
cardial injuries resulting from trauma, ranging from asymp-
tomatic myocardial contusion to cardiac rupture.? Significant
BCI (SigBCl) is used to identify those injuries requiring spe-
cific interventions (e.g., antidysrhythmic, vasoactive, or car-
diotonic therapies; mechanical circulatory assistance; surgical
repair). The American Association for the Surgery of Trauma
Organ Injury Scale classification of cardiac injury was pub-
lished in 1994 (Fig. 1).?

Submitted: November 2, 2023, Revised: November 6, 2023, Accepted: November 6,
2023, Published online: December 4, 2023.

From the Division of Trauma/Acute Care Surgery (W.L.B., J.A.F.) and Division of
Cardiology (R.C.M.), Scripps Clinic/Scripps Clinic Medical Group, La Jolla,
California.

Address for correspondence: Walter L. Biffl, MD, Division of Trauma/Acute Care
Surgery, Scripps Clinic/Scripps Clinic Medical Group, 9888 Genesee Ave, MC
LJ601, La Jolla, CA 92037; email: walt@biffl.com.

DOI: 10.1097/TA.0000000000004216

J Trauma Acute Care Surg
Volume 96, Number 5

INCIDENCE

The overall incidence of BCI is difficult to ascertain given
the variability in diagnostic criteria. If one considers any ECG
abnormality or cardiac enzyme elevation to be diagnostic of
BCI, the reported incidence may seem relatively high. On the
other hand, SigBCI is much less common. For example, Biffl
et al.* studied 359 patients admitted with suspected BCI, of
whom 107 (30%) had abnormal ECG or cardiac enzyme eleva-
tions. Only 17 patients, 5% of the study population and 16% of
those receiving the diagnosis of BCI, had dysrhythmias or car-
diac pump failure requiring intervention (i.e., SigBCI). In a
1996 meta-analysis by Maenza et al., there were 170 patients
(3.6%) with SigBCI out of 4,681 patients admitted with
suspected myocardial contusion. In the National Trauma Data
Bank for the years 2017 to 2021, 14,219 patients were diagnosed
with BCI among 4.8 million blunt trauma patients, for an overall
incidence of 0.3%.°

Autopsy studies have identified BCI as a contributing fac-
tor in a large percentage of prehospital deaths. In a Los Angeles
County autopsy study, 96 of 304 blunt trauma fatalities (32%)
had BCI, including 78% of those who died at the injury scene.’
In a study of 61 fatal falls from height, cardiac injuries were found
in 33 (54%) of patients. In nearly half of the BCI cases, the car-
diac injuries were the cause or a contributing factor to death.®

PATHOPHYSIOLOGY

The most common injury mechanisms associated with
SigBCI are motor vehicle crashes (MVCs), pedestrians struck
by automobiles, motorcycle crashes, and falls.”” In the autopsy
study of Teixeira et al.,” 48 (50%) of the BCI victims had been
involved in an MVC, and 35% were pedestrians struck by auto-
mobiles. Another 9% were involved in motorcycle crashes, and
3% had fallen. Most commonly, there is either a direct blow to
the chest with a concussive force transmitted to the heart, impact
of the heart with the sternum, or compression between the ster-
num and spine. The wall of the right ventricle (RV), given its an-
terior orientation and proximity to the sternum, is most often af-
fected. Before widespread use of automotive safety devices such
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Table 3
Cardiac injury organ scale
Grade Injury Description ICD-9 AlS-90
| Blunt cardiac injury with minor ECG abnormality (nonspecific ST or T 861.01 3
wave changes, premature atrial, ventricular contraction or persist-
ent sinus tachycardia)
Blunt or penetrating pericardial wound without cardiac injury, cardiac
tamponade or cardiac hemiation
I Blunt cardiac injury with heart block (right or left bundle branch, left 861.01 3
anterior fasicular, or atrioventricular) or ischemic changes (ST
depression or T wave inversion) without cardiac failure
Penetrating tangential myocardial wound up to, but not extending 861.12 3
through endocardium, without tamponade
n Blunt cardiac injury with sustained (=5 beats/min) or multifocal ven- 861.01 3-4
tricular contractions
Blunt or penetrating cardiac injury with septal rupture, pulmonary or 861.01 3-4
tricuspid valvular incompetence, papillary muscle dysfunction, or
distal coronary arterial occlusion without cardiac failure
Blunt pericardial laceration with cardiac herniation
Blunt cardiac injury with cardiac failure 861.01 3-4
Penetrating tangential myocardial wound up to, but not extending 861.12 3
through endocardium, with tamponade
v Blunt or penetrating cardiac injury with septal rupture, pulmonary or 861.12 3
tricuspid valvular incompetence, papillary muscle dysfunction or
distal coronary arterial occlusion producing cardiac failure
Blunt or penetrating cardiac injury with aortic or mitral valve incom-
petence
Blunt or penetrating cardiac injury of the right ventricle, right atrium, 861.03 )
or left atrium 861.13
Vv Blunt or penetrating cardiac injury with proximal coronary arterial
occlusion
Blunt or penetrating left ventricular perforation 861.03 5
861.13
Stellate injuries <50% tissue loss of the right ventricle, right atrium 861.03 5
or left atrium 861.13
Vi Blunt avulsion of the heart; penetrating wound producing >50% 6

tissue loss of a chamber

* Advance one grade for multiple penetrating wounds to a single chamber or multiple chamber involvement.

Figure 1. Cardiac organ injury scale. Reproduced with permission from Moore et al.

as shoulder harnesses and airbags, a damaged steering wheel
was a marker of potential BCI. The “seatbelt syndrome” was de-
scribed in the 1980s, with cautions about the risk of BCI related
to seatbelt use and an association with sternal fractures.'®'! Ster-
nal fractures are not in and of themselves associated with
BCIL;'?'* in fact, they may be protective, absorbing force that
might otherwise be transmitted to the heart.'>!®

Blast injuries or lateral chest wall trauma can also lead to
BCI, with transmission of concussive forces and lacerations
from fractured rib fragments. Deceleration injuries (e.g., after
high-speed MVC or fall from height) can cause tearing at points
of fixation such as the pericardium or atriocaval junction. Sud-
den increase in venous pressure transmitted from the abdomen
or periphery may cause cardiac rupture (atria in particular) or
valve injury via hydraulic forces. Given the higher pressures in
the left heart, the mitral and aortic valves are at greater risk of
damage compared with the pulmonary and tricuspid valves.

The severity of cardiac injury generally relates to the se-
verity of the applied force. The timing of impact is important
as well; for example, impact during end-diastole is believed to
create higher risk for valve, septum, or ventricular free wall rup-
ture, whereas atrial rupture is more likely to occur near
end-systole when valves are closed.” Depending on the timing
in the cardiac cycle, even a relatively minor blow can trigger a
lethal dysrhythmia (i.e., commotio cordis). The pathophysiology
of graded impact injury to the heart was evaluated by Baxter
et al.'” in a standard Langendorff preparation. They found that
complete electrical arrest occurred immediately following im-
pact in all hearts, with time to recovery correlating directly with
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the magnitude of injury. A similar graded decrease in ventricular
contractility was observed. In all hearts, coronary artery blood
flow was decreased immediately after impact but normalized
by 20 minutes. Importantly, they observed no delayed ventricular
arrhythmias after 24 hours. This finding corroborates other ani-
mal studies'®!” and is consistent with clinical experience, in
which delayed complications are rare.

A myocardial contusion may be identified grossly by a
hemorrhagic appearance of the epicardial surface. Histologically,
it is marked by patchy myocardial cellular necrosis confined
to specific muscle bundles, with infiltrates of polymorphonu-
clear leukocytes.?” In contrast to an area of infarction, which
is typically associated with coagulation necrosis, the transi-
tion zone between affected and healthy tissue is more abrupt
in the contusion injury. The contused area heals with patchy
scar interspersed with normal myocardium, indicative of nor-
mal or enhanced circulation.'*"

Doty et al.'” and Tenzer®® both distinguished cardiac
concussion from myocardial contusion based on a lack of myo-
cardial cellular damage in the concussive injury. However, car-
diac concussion is not a benign entity because it can trigger a
range of dysrhythmias, including commotio cordis. Doty et al."’
wrote of the concussive blow, “This phenomenon occasionally
finds useful purpose in cardiac resuscitation as the ‘precordial
thump.””

Commotio cordis deserves special mention, as it was thrust
into the public eye in January 2023, when the on-field cardiac ar-
rest of Buffalo Bills football player Damar Hamlin was witnessed
by an estimated 21 million television viewers. The prevailing
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theory was that it was due to commotio cordis.?! Commotio
cordis is triggered by a precordial blow delivered during a narrow
window during ventricular repolarization, between 30 and 15 mil-
liseconds before the peak of the T'wave.?” The blow is believed to
stimulate premature ventricular depolarization from the activation
of K+ ATP channels.?! Of note, in their commotio cordis studies,
Link et al.*? found no evidence of myocardial contusion on histo-
logic examination in any animals.

DIFFERENTIAL DIAGNOSIS

Aside from chest wall pain due to trauma, many patients
with BCI are initially asymptomatic. In the patient with ECG ab-
normality or shock, it is important to differentiate BCI from
acute coronary syndrome, heart failure exacerbation, or other
nontraumatic cardiac problem. It is also important to determine
whether a cardiac event led to the traumatic event. Any cardiac
symptoms warrant aggressive diagnostic evaluation.

DIAGNOSTIC APPROACH

A major focus of the BCI literature over the past few de-
cades has been the appropriate diagnostic evaluation and moni-
toring of the asymptomatic patient at risk for BCI. Unfortu-
nately, the interpretation of the body of work is confounded by
the lack of consensus on the diagnostic criteria for BCI. Given
the benign inconsequential nature of many injuries, it is not the
diagnosis of BCI per se that is important; rather, it is the identi-
fication and prompt treatment of SigBCI. Many SigBCls are
clinically apparent early in the patient's course, with new ECG
changes, dysrhythmias, or signs of cardiac dysfunction. However,
they may manifest later: in one series, 35% of SigBCI did not be-
come evident until more than 6 hours after presentation.* A vari-
ety of diagnostic modalities may be used.

Physical Examination

Patients with benign myocardial contusion may have signs
of chest wall trauma but typically have no specific signs or
symptoms. Any murmur or abnormal pulse examination re-
quires additional study.

Electrocardiogram

The ECG is the cornerstone of evaluation of the patient with
possible BCI, and it is recommended at the time of presentation in
all patients with significant thoracic trauma.'* Sinus tachycardia or
other nonspecific ECG changes are relatively common and do not
correlate with BCI or SigBCI. An abnormal ECG (e.g., new bundle
branch block, premature ventricular contractions, ST segment or
T-wave changes) does not necessarily predict SigBCI either, but it
warrants further evaluation. Conversely, a normal ECG is
reassuring but does not completely rule out BCL** 2 Right-sided
ECG (i.e., V4R) and signal-averaged ECG do not improve the pre-
diction of SigBCL?***" Continuous ECG monitoring is recom-
mended for the patient being admitted with possible BCI, as dys-
rhythmias may occur in a delayed manner. In the study of Biffl
et al.,* SigBCI manifested as late as 22 hours after presentation.

Cardiac Enzymes
One of the most heavily debated areas in the management
of BCl is the role of cardiac enzymes—what to measure, when

© 2023 Wolters Kluwer Health, Inc. All rights reserved.

to measure it, and what to do with the result. The value of creatine
phosphokinase and its myocardial band isoenzyme levels was
questioned over 30 years ago.***?? Given its poor predictive value
for SigBCI, routine measurements are not recommended.'>-°
In 1992, Mair et al.>! recommended cardiac troponin (Tn) T
as a superior biomarker for BCI, citing its sensitivity,
cardiospecificity, and release kinetics, as well as availability of
a commercial-use kit. It heralds even small amounts of myocar-
dial necrosis, increases a few hours after the onset of myocardial
damage, and remains elevated for several days. Troponin I and
TnT are both measured to assess myocardial damage in acute cor-
onary syndromes, and they appear to be equivalent in their clini-
cal utility. However, neither has been demonstrated to reliably pre-
dict SigBCL

The 2012 Eastern Association for the Surgery of Trauma
guidelines'? recommended serial measurement of Tnl but of-
fered no evidence supporting such a recommendation. In the au-
thors' experience, serial testing of asymptomatic patients seems
to only lead to more resource utilization (e.g., echocardiograms,
cardiology consultations, prolonged observation). A useful indi-
cation for Tn measurement is to rule out BCI, allowing discharge
from the ED in patients who do not otherwise require
admission.'*** High-sensitivity cardiac Tn assays have been de-
veloped in an attempt to make earlier, more accurate diagnoses
of myocardial infarction (MI) and other damage. It remains to
be seen whether any of these assays may predict SigBCI.>>%

Echocardiography

Echocardiography is an excellent tool for evaluating overall
cardiac performance and identifying specific wall motion abnor-
malities, pericardial tamponade, and structural abnormalities such
as valvular and septal injuries (Fig. 2).>*% As such, it is a criti-
cally important test in the patient with SigBCI or other cardiac
problem. However, it is not recommended for routine screening
and is not necessary in the asymptomatic patient with isolated car-
diac enzyme elevation or nonspecific/benign ECG changes.

Cardiac Computed Tomography or Magnetic
Resonance Imaging

The 2012 Eastern Association for the Surgery of Trauma
guidelines recommended computed tomography (CT) or mag-
netic resonance imaging to help differentiate acute MI from
BCI and determine the need for cardiac catheterization or
anticoagulation.*®>” Imaging with CT is performed liberally
in patients with chest trauma, and it will often detect pericar-
dial tears, pericardial effusion, and potentially other cardiac
injuries.*® Multidetector-row computed tomography with
ECG-gating capability, as well as multidetector-row com-
puted tomography angiography, represent technological ad-
vances that enhance evaluation of coronary anatomy and
myocardial perfusion. There are clear advantages of CT over
magnetic resonance imaging, and it may help differentiate be-
tween BCI and acute MI.>*® However, we submit that the dif-
ferentiation is better made by a clinician and recommend car-
diology consultation if there is such a diagnostic dilemma.

Radionuclide Imaging
Doty et al.,'” citing the difficulty of BCI diagnosis based on
ECG and cardiac enzymes, recommended radionuclide imaging to
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Left atrium

Flail Mitral valve leaflet

Traumatic Mitral regurgitation

Left atrium

Figure 2. Echocardiographic images demonstrating traumatic atrial septal defect (panel 1), ruptured papillary muscle and flail mitral
valve leaflet (panel 2), and color flow Doppler of mitral regurgitation (panel 3). Reproduced from Menaker et al.>*

detect even mild injuries. However, it was subsequently determined
that this test was not able to reliably predict SigBCI, so there is cur-
rently minimal role for this modality in BCI evaluation.

OVERVIEW OF SIGBCI

Electrical Disturbances

Cardiac dysrhythmias and conduction blocks may occur
as a result of BCI or in association with other thoracic trauma;
they may also represent underlying cardiac disease.>” The type
of disturbance in BCI is dependent on the injured portion of
the heart.** The most common ECG abnormality in BCI is sinus
tachycardia;*! other dysrhythmias occur in 1% to 6% of patients,
with atrial fibrillation being the most common.**** Atrial fibril-
lation occurs commonly in critically ill and injured patients for a
variety of reasons, and the presence of atrial fibrillation alone
does not indicate a patient has BCI. Hadjizacharia et al.** dem-
onstrated that the incidence of atrial fibrillation after thoracic
trauma is the same as after abdominal and head trauma. Supra-
ventricular tachycardia and ventricular dysrhythmias are less
common but do occur following BCI. Ventricular fibrillation
(VF) is typically seen in commotio cordis; sustained ventricular
tachycardia is very uncommon in the absence of coronary artery
or other structural heart disease.*> Bundle branch block is an-
other ECG abnormality seen in BCL*' Because of the proclivity
for injury to the RV, a right bundle branch block is the most com-
mon conduction disturbance, followed by first-degree atrioven-
tricular nodal block.*>**
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Figure 3. Pericardial rupture with cardiac herniation.
Reproduced from Heelan Gladden et al.*
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Cardiac Hypokinesis/Pump Failure

A hallmark finding in BCI is a hypokinetic segment of
myocardium, which can compromise cardiac output. This may
be demonstrated on various imaging studies, but echocardiogra-
phy is a reliable diagnostic tool.

Pericardial Laceration

Pericardial lacerations may bleed, creating pericardial ef-
fusion. If large enough, a tear allows herniation of the heart,
which can significantly compromise cardiac function to the
point of cardiac arrest (Fig. 3).*° If pericardial injury is com-
bined with a cardiac laceration, there can be exsanguination into
the pleural or peritoneal cavity without pericardial tamponade.
Fulda et al.? reported a series of 59 patients who presented with
cardiac or pericardial rupture: isolated cardiac chamber rupture in
37, isolated pericardial tear in 17, and both in 5 patients. Of the
22 with pericardial tears, 6 had cardiac herniation. In one series
of patients suffering fatal falls,® the most frequent cardiac injury
was pericardial tearing, found in 15 patients (45%); additional car-
diac injuries were found in 14 of the 15 with pericardial lacerations.

Septal Rupture

Septal injuries from blunt chest trauma have been de-
scribed in both the intra-atrial and intraventricular septae, but
they are uncommon injuries.*****’ In the autopsy series from
Los Angeles County, 10 of 96 patients (10%) with BCI were
found to have an injury to the septum.’

Valve Rupture

Significant injury to cardiac valves will result in valvular
regurgitation. The most commonly injured cardiac valve is the
aortic valve, followed by mitral, tricuspid, and pulmonary
valves.*®*’ The aortic valve cusps may be torn or avulsed when
a sudden increase in intrathoracic pressure leads to increase in
aortic pressure, usually in early diastole. Acute severe cardiac
failure with fulminant pulmonary edema may ensue, but a
milder injury may present with syncope or angina. The charac-
teristic decrescendo diastolic murmur may not be present; echo-
cardiography is the most reliable way to identify this injury.*
Compression of the heart in early systole during isovolumetric
contraction may result in tears of mitral valve leaflets or rupture
of papillary muscles or chordae tendinea. A holosystolic mur-
mur will be heard and acute heart failure may ensue, with shock
and pulmonary edema. Less severe injuries may present more
insidiously, with development of heart failure symptoms over
weeks to months. Tricuspid valve injuries can occur when there
is a sudden increase in intrathoracic pressure during systole,
causing avulsion of papillary muscles.*> An association of trau-
matic tricuspid injury and heart block has been described.’® The
associated heart block may range from first degree to complete
heart block requiring transvenous pacing.>’

Coronary Artery Injury

Coronary artery dissection, occlusion, laceration, and aneu-
rysm formation have all been described and may result in symptoms
ranging from angina to sudden death.>' > Typical ST-segment ele-
vations will be seen on ECG, and revascularization is required.

© 2023 Wolters Kluwer Health, Inc. All rights reserved.

Figure 4. Transmural tear of the RV. Reproduced from Tiirk et al.®

Cardiac Wall Rupture

Cardiac rupture is the most severe form of BCI, and the
vast majority are lethal within minutes (Fig. 4).® Patients who
reach the hospital alive will typically have a pericardial effusion
or tamponade, and the cardiac rupture is diagnosed intraopera-
tively. In 1864, Morel-Lavallee®® described a murmur that
sounds like a splashing mill wheel, calling it “bruit de moulin”;
however, it is rarely reported.” Many cardiac ruptures are associ-
ated with a pericardial laceration, so there is free pleural or peri-
toneal bleeding. In the autopsy study of Teixeira et al.,’
transmural rupture was present in 61 (64%) of the deceased pa-
tients with BCI. The distribution was right atrium in 30%, RV in
27%, left ventricle (LV) in 19%, and left atrium in 17%, with
multiple chambers ruptured in 26% of patients. In a study of fa-
tal falls from height, cardiac rupture occurred in right atrium and
RV in 39% each, left atrium in 18%, and LV in 9%.® The size of
the transmural tear was generally larger with higher heights
(<1 em when falling <15 m; more extensive and irregular when
higher than 15 m). Higher heights are also associated with ven-
tricular rupture (RV usually >15 m and LV >25 m).®

Commotio Cordis

Commotio cordis is the third leading cause of sudden cardiac
death among young healthy persons, generally occurring during
participation in sports. Baseball accounts for one-half of cases,
followed by softball and football (11% each).?! Overall, fewer
than 20 cases are reported in the United States each year.*'->’
Studies from the 1970s to 1990s reported survival in the 10%
to 15% range, but Maron and colleagues’® reported 58% survival
in recent years, attributed to awareness and public cardiopulmo-
nary resuscitation education. Link et al.** studied the delivery of
regulation baseballs at 20 to 70 mph and found the energy of im-
pact to be an important factor in the creation of commotio cordis,
with impacts of 40 mph most likely to trigger VF. While VF was

689

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.



#20Z/0€/0T U0 13X TVI0ASOSIV0RAZESMZWENMUAIBETISEXA0Z LANGA6HASDAEPLISOIZNANHZAIMSZIXDEDID/AO

x2ywaggspbx16mbirepix+,sainbyp4owogglgoeeMBybeHdTA Aq ewunenljwod mm| sfeusnoly/:dny wouy papeojumoq

Biffl et al.

J Trauma Acute Care Surg
Volume 96, Number 5

less common with velocities >40 mph, the investigators found
higher rates of ST-segment elevation, bundle branch block, tran-
sient heart block, and structural injuries (papillary muscle tears,
myocardial rupture) associated with 50 to 70 mph blows.

MANAGEMENT OF THE PATIENT
WITH POSSIBLE BCI

The initial evaluation of the injured patient should follow
the principles outlined in the American College of Surgeons'
Advanced Trauma Life Support course.>® In the patient with
shock, all etiologies should be considered. This is particularly
true among patients who have sustained thoracic trauma, in
whom cardiogenic and cardiac compressive problems are more
likely. Physical examination, ECG tracing, and extended fo-
cused assessment with sonography for trauma should identify
life-threatening problems such as pericardial tamponade and he-
modynamically significant dysrhythmias (Fig. 5).

The Hemodynamically Abnormal Patient

Pericardial Tamponade and Cardiac Rupture

In the patient in shock with pericardial tamponade or the
patient in extremis following thoracic trauma, immediate resus-
citative thoracotomy is indicated to decompress the pericardium
and control the source of bleeding. Cardiac chamber rupture
may be discovered in this setting. Surgical repair offers the only
hope of survival of patients with blunt cardiac rupture. Upon rec-
ognition of the rupture, trans-sternal extension (i.e., bilateral

THORACIC TRAUMA, POSSIBLE BCI

| Physical Exam, ECG Monitor, E-FAST |

Hemodynamic Abnormality
Yo:/ \N°
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Yes Yes No
[+ oy > o
' No
Organ Hypoperfusion
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Figure 5. Management algorithm for BCI.
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anterolateral, or “clamshell” thoracotomy) is recommended to
enhance exposure including access to posterior tears. Small lac-
erations may be controlled digitally while suture repair is per-
formed. Atrial or vena caval injuries may be controlled with a
Satinsky clamp to facilitate repair. Larger wounds, or those in
the ventricle, may be controlled with temporary balloon occlu-
sion, but care must be taken to avoid extending the tear with
the balloon. The patient may require temporary caval inflow oc-
clusion to perform large repairs.

Pericardiocentesis is discouraged as primary therapy for
tamponade; however, there may be a role in the patient with mar-
ginal hemodynamic stability and delayed access to surgical in-
tervention. The presence of pericardial blood under pressure
may cause subendocardial ischemia and lead to recalcitrant dys-
rhythmia; thus, decompression with placement of a drainage
catheter is recommended to maintain hemodynamic stability un-
til surgery can be performed. Ultrasound guidance is recom-
mended for pericardiocentesis to enhance success and avoid
complications such as cardiac laceration. Median sternotomy is
reasonable in the patient with a high likelihood of isolated car-
diac injury, but it is not as versatile or as expedient as anterolat-
eral thoracotomy; thus, it is not recommended for the patient in
severe shock. Large pericardial tears should be repaired to avoid
cardiac herniation; a patch graft may be required. Small tears
may be left alone or repaired primarily.’

Significant Dysrhythmias

Significant dysrhythmias should be treated expediently
per Advanced Cardiac Life Support protocols, with cardiover-
sion in unstable patients.®® Atrial fibrillation is treated with -
antagonists or calcium channel blockers for rate control. Supra-
ventricular tachycardia may be slowed with vagal maneuvers or
atrioventricular nodal blockade (e.g., adenosine). 3-Blockade can
be effective in recurrent cases. Ventricular dysrhythmias, particu-
larly VF, demand immediate defibrillation to restore a normal
thythm. Survivors of commotio cordis will usually arrive in the
hospital with a perfusing rhythm and only need monitoring for re-
current problems. Patients with sustained ventricular tachycardia
should be evaluated for coronary artery disease or other structural
heart disease.** Most cases of conduction disturbances are transient
and benign, but in the setting of complete heart block, pacemaker
placement may be necessary to maintain adequate heart rate and
prevent hemodynamic instability.®!

Acute Cardiogenic Shock

Acute circulatory failure may be due to primary cardiac
failure or structural lesions such as valve, septum, or coronary
artery injuries. Patients with pump failure will require some
combination of volume loading, inotropic medication, or me-
chanical circulatory assistance. Invasive hemodynamic monitor-
ing is required in most such cases. In more severe cases of pump
failure, short-term mechanical circulatory assist devices may be
needed. Percutaneous placement of certain devices allows for
rapid deployment in the unstable patient. Device options include
the intra-aortic balloon pump,®? percutaneous transvalvular
microaxial support devices (Impella), and extracorporeal mem-
brane oxygenation (ECMO).%® With the need to anticoagulate
patients on ECMO, bleeding and thrombosis remain the most
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common complications with the utilization of ECMO in the
trauma patient. Surgically placed centrifugal pumps may also
be considered.

Acute aortic valve injury will require emergent surgical
repair, as mechanical circulatory support devices are contraindi-
cated. In contrast, acute severe mitral valve injury may be man-
aged with aortic balloon counterpulsation and vasodilator therapy
until surgical repair can be performed.** Coronary artery injury
will likely require a revascularization procedure.

The Hemodynamically Normal Patient

In the hemodynamically normal patient, 12-lead ECG
should be obtained, but echocardiography may be performed se-
lectively. We generally reserve echocardiography for stable pa-
tients in whom there is some evidence of organ hypoperfusion
such as persistent metabolic acidosis, oliguria, orthostatic
changes in vital signs, and hyperlactatemia.

Electrical Disturbances

Treatment of dysrhythmias and conduction abnormalities
in BCI is the same as in the non-BCI patient, in accordance with
Advanced Cardiac Life Support guidelines (see previous sec-
tion). Attention should be paid to replacement of electrolytes
such as potassium and magnesium and correction of metabolic
disturbances and hypoxia. Sinus tachycardia is a physiologic
and compensatory response to trauma and should not be treated
with B-antagonists; the underlying cause should be sought and
addressed.

Pericardial Effusion

An effusion in the absence of tamponade physiology needs
to be investigated but does not require emergent thoracotomy.
Timely intervention is recommended, as tamponade could develop
or there could be ongoing hemorrhage into the pleural or perito-
neal cavity. If the patient remains stable, subxiphoid pericardial
window may be performed. A large amount of blood or ongoing
bleeding requires sternotomy or thoracotomy. If a small amount
of blood clears with irrigation, that is reassuring. Thoracoscopy
may be considered if there is a hemothorax, to rule out a pericar-
dial laceration and cardiac bleeding into the pleural space.

Cardiac Hypokinesis

Ensuring appropriate volume status and inotropic support is
the primary management strategy for cardiac hypokinesis after
BCI. Invasive hemodynamic monitoring may be helpful in manag-
ing volume status and guiding the selection of vasoactive agents.

Trauma patients with BCI may require urgent or emergent
noncardiac surgery. If the patient can wait until hemodynamic sta-
bility, that is preferable; otherwise, surgery can proceed with ap-
propriate hemodynamic monitoring. The anesthesiologist must
be made aware of the risks of dysrhythmia and cardiac dysfunc-
tion so that management can be tailored to treat potential cardio-
genic shock rather than presumed hemorrhagic shock. Pulmonary
artery catheterization may be warranted in certain circumstances.

Valve/Septum/Coronary Artery Injuries
Even if initially hemodynamically normal, patients with

these injuries usually require surgical management. Some patients
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have insidious worsening of physiology. Cardiothoracic surgery
consultation is recommended.

Persistent ECG Changes

Patients with persistent sinus tachycardia or other new
ECG changes or any patient who requires admission for another
reason should be monitored with telemetry for 24 hours. Serial
cardiac enzymes and echocardiography are not recommended.
If a SigBCI manifests, it is treated as described previously.

The Asymptomatic Patient With Nonspecific ECG
Changes

The asymptomatic patient may be discharged from the emer-
gency department if their ECG has normalized or has nonspecific
changes. Because SigBCI may manifest later and a normal ECG
cannot rule out BCI with certainty, Tn should be measured 8 hours
postinjury. If it is normal, the patient can be safely discharged from
the emergency department.'=? If Tn is elevated, the patient should
be kept for observation. Serial Tn measurements are not recom-
mended because they are not predictive of SigBCI; similarly, echo-
cardiography is unnecessary and not recommended, as it will not
change management in the asymptomatic patient. The patient
should be monitored with telemetry for 24 hours.

OUTCOMES AND LONG-TERM MANAGEMENT

The long-term prognosis after BCI is dependent on the
presence and type of SigBCI. Structural injuries are very uncom-
mon, and surgery may be curative. However, significant myocar-
dial contusion, or coronary artery injuries, may lead to chronic
heart failure or other issues. Doty et al.'® described four patients
with ventricular aneurysms after severe myocardial contusion,
but there have been only a few other case reports that have doc-
umented this outcome.®*°® In fact, the data regarding the
long-term outcomes of BCI are limited. In one prospective
study, patients who were diagnosed with BCI were followed up
at 6 months by phone call.’” All patients reported normalization
at follow-up with no mortalities, malignant arrhythmias, or heart
failure. Of note, of 12 patients found to have an abnormal radionu-
clide scan (right ventricular ejection fraction less than 40% and/or
wall motion abnormality), only 25% (3 of 12) were contacted for
follow-up.®” Another prospective study evaluated 12 patients who
sustained a myocardial contusion 12 months prior and compared
them to 12 matched patients who sustained blunt chest trauma
without myocardial contusion. The two groups were indistinguish-
able with regard to ECG, RV, and LV function.®® More recently, a
prospective study evaluated patients with blunt thoracic trauma at
3 and 12 months. Of those with a myocardial contusion and wall
motion abnormalities, 10 of 17 had persistent wall motion abnor-
malities at 3 months and only 4 of 17 at 12 months. In addition,
with exercise testing, there were no ECG abnormalities, and none
had limitations from a cardiac source at follow-up.®’

Postpericardiotomy syndrome is an inflammatory process
involving the pleura and pericardium. It can present with fever,
chest pain, pericardial rub, ECG changes, and pericardial effusion.
It is generally effectively treated with anti-inflammatory agents.”

While individuals with BCI generally have a good
long-term outcome, it is important to note that research on the
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long-term prognosis of BCI is limited. There currently is not a
consensus on the best long-term follow-up strategy. Based on
the current literature, routine cardiac follow-up is probably not
necessary in the asymptomatic patient. Follow-up echocardiog-
raphy is not necessary in the patient who has had clinical resolu-
tion of BCI signs or symptoms. Its use should be individualized
among patients who have undergone surgical or catheter-based
interventions or who have persistent cardiac issues.
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