Int J Burn Trauma 2021;11(2):80-89
www.lJBT.org /ISSN:2160-2026/1JBT0117310

Review Article

Cardiac injury following blunt chest trauma:
diagnosis, management, and uncertainty

Saeed Shoar?, Fatemeh Sadat Hosseini?, Mohammad Naderan?, Siamak Khavandi*, Elsa Tabibzadeh?®,
Soheila Khavandi®, Nasrin Shoar’

1Department of Clinical Research, ScientificWriting Corp, Houston, TX, USA; ?Department of Medicine, Isfahan
University of Medical Sciences, Isfahan, Iran; SFaculty of Medicine, Tehran University of Medical Sciences,
Tehran, Iran; “Department of Ophthalmology, Tabriz University of Medical Sciences, Tabriz, Iran; *Department of
Anaesthesiology and Critical Care, Tabriz University of Medical Sciences, Tabriz, Iran; °Department of Cardiology,
Tabriz University of Medical Sciences, Tabriz, Iran; "Faculty of Medicine, Kashan University of Medical Sciences,
Kashan, Iran

Received June 30, 2020; Accepted January 26, 2021; Epub April 15, 2021; Published April 30, 2021

Abstract: Due to the evolving nature of injuries caused by high-speed motor vehicle accidents, the incidence rate
of blunt chest trauma is continuously increasing. Blunt cardiac injury (BCl) is a potentially lethal entity as a result of
trauma to the chest. Due to its indistinct clinical presentation and heterogeneous definition, BCl might be missed
during the initial survey of trauma patients in the acute care setting. Additionally, unnecessary operation in hemody-
namically stable patients in whom the extent of cardiac injury has not been thoroughly evaluated might result in ad-
verse clinical outcome. Due to ongoing advances in the diagnostic modalities and minimally invasive procedures in
the acute care and trauma setting, patients with blunt trauma to the chest, who are also suspected of having a BCl,
can be monitored with more confidence and managed accordingly as the clinical scenario evolves. While low-yield
diagnostics such as chest X ray, electrocardiogram, and a bedside ultrasonography are still routinely performed in
patients with suspected BCI, high-yield modalities such as computed tomography, highly sensitive cardiac biomark-
ers, and transesophageal echocardiography are all a next step in the management approach. In either case, the
clinical judgment of the medical team plays a pivotal role in transition to the next step with adequate resuscitation
remaining an inevitable part.
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Introduction

Defined as a cardiac injury sustained due to a
blunt trauma to the rib cage [1], blunt cardiac
injury (BCI) continues to be a diagnostic chal-
lenge in the emergency trauma setting [2]. The
incidence of BCI has been increasing due to a
shift in the pattern of motor vehicle accidents
and other collisions [3]. The reported incidence
of BCI ranges from 10% in general trauma
cases to > 70% of all the patients with high-
impact trauma to the chest [1, 4, 5]. A 15-year
review of medical history of patients admitted
to a specialized trauma center in China deter-
mined BCI to be present in 18.3% of all cases
with a documented blunt chest trauma [6].

Patients with BCI can present with a wide vari-
ety of signs and symptoms depending on the
angle that the trauma is introduced to the medi-
astinum [7-9]. These include being asymptom-
atic to developing arrhythmia, a new-onset mur-
mur, myocardial contusion, papillary muscle
rupture, or valvular injury, which can lead to
acute heart failure, compromised coronary
artery flow, and subsequent myocardial isch-
emia [1].

In parallel with recent advance in radiologic and
ultrasonographic technology [10-12], the diag-
nostic approach to the patients, who are suspi-
cious of contracting BCI has been evolving [7,
8]. As the initial manifestation of patients with a
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potential BCI can widely vary [7, 9], a high clini-
cal suspicion is required to prompt the diagno-
sis and transition of the patient to a higher level
of care [8]. This is especially crucial knowing
that a high-yield cardiac diagnostic test is not a
routine part of the current practice in the trau-
ma setting [10]. Although an unwritten rule
necessitates initial cardiac workup in all the
patients with an anterior chest trauma [2, 13],
there is no universally-accepted guideline to
systematically direct the trauma team in this
setting. If missed, BCI can result in significant
morbidity and mortality [8, 14, 15].

Due to the ambiguous definition of BCI, uncer-
tain diagnostic criteria, and invariable manage-
ment guidelines for this clinically important
entity, we prompted to conduct this review to
summarize the current heterogeneous litera-
ture into a practical guide.

Mechanism of injury

The mechanism of trauma leading to BCI can
be divided into the following categories [1, 6,
15, 16]: 1) direct insult to the chest such as
steering wheel trauma; 2) sternal fracture lead-
ing to compression of the heart against the ver-
tebral column; 3) acceleration-deceleration im-
pact leading to a torsion at the fixation sites
such as the pulmonary trunk; 4) hydraulic effect
transmitting the increased intra-abdominal
pressure to the right atrium via the draining
inferior vena cava (IVC); and 5) blast injury. It
remains unclear if a cardiac injury due to a dis-
placed sternal fracture or a dislocated rib seg-
ment should be considered a blunt trauma.
Regardless of the mechanism of injury, the
heart can be afflicted from pericardium, th-
rough myocardium, to the endocardium.

Due to its anterior location, the right side of the
heart is more susceptible to be impacted by the
trauma than the left heart [1, 15]. However,
concomitant injuries at two or more sites within
the heart are also possible, as observed in
high-impact accidents [1, 12, 14, 15, 17]. In a
series of 546 deceased cases due to BCI, who
underwent autopsy, Parmley et al. observed the
rupture of the right ventricle (RV) in 10.2% of
the patients followed by left ventricular (LV) and
right atrial (RA) rupture in 8.4% and 6.4% of
the patients, respectively [15]. Additionally,
rupture of multiple chambers was observed in
> 12% of the cases as was concomitant cham-
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ber and aortic rupture in > 6% of them. Injuries
to other anatomical structures was also
observed with variable depth but with less
frequency.

Clinical presentation

In trauma setting, patients who sustain an
insult to the chest can present with varying
manifestations, which might raise a suspicion
for BCI if interpreted based on the mechanism
of injury and through highly sensitive diagnostic
work-up. The mechanism of injury can be
depicted via a thorough history, either from the
patient or a bystander. Patient history can also
reveal underlying comorbidities, risk factors,
and concomitant medications.

Physical findings, which might strengthen the
suspicion for BCl include Beck'’s triad (hypoten-
sion, distant/muffled heart sounds, and dis-
tended jugular venous pressure), signs of he-
mothorax such as impending shock following
positional change (especially decubitus), and a
refractory hypotension, which cannot be ex-
plained only by internal bleeding.

In general, clinical presentation is not a very
sensitive tool for diagnosing BCI but is an
appropriate step in triaging the patient. This
should be followed by further diagnostic tests
regardless of the level of suspicion [6, 8, 18]. If
BCl is highly suspected, a high-yield diagnostic
can be pursued, otherwise a lower-yield diag-
nostic test of screening value would be the next
step.

Diagnostic tests

Diagnostic modalities, common findings sug-
gesting BCI, practical advantage or technical
disadvantage, and level of evidence supporting
their use are summarized in Table 1.

Chest X-ray

Plain radiography of the chest is one of the first
step in the initial survey of patients with blunt
chest trauma. In a retrospective review of 374
trauma patients evaluated with a chest X-ray
(CXR) and abdominal computed tomography
(CT) scan, Barrios Jr. et al. showed that addition
of thoracic CT scan did not add to the sensitivi-
ty of the CXR in the detection of occult intratho-
racic injury nor did it change the management
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Table 1. The utility of diagnostic modalities for blunt cardiac injury

Diagnostic modality

Findings
suggesting BCI

Sensitivity

Specificity References

Pros

Cons

Level of Evidence

Chest X ray

Electrocardiography

Highly sensitive troponin

Focused assessment with sonography for trauma

Transthoracic echocardiography

Transesophageal echocardiography

Computed tomography

Magnetic resonance imaging

Widen mediastinum, hae-
mo/pneumomediastinum

Unspecific ST-T changes;
tachycardia; atrial
fibrillation; bradycardia
An increase of 20% from
baseline or > 14 ng/L

Pericardial effusion;
hemopericardium

Pericardial effusion; valvular
regurgitation; abnormal
regional wall motion

Pericardial effusion; valvular
regurgitation; abnormal
regional wall motion

Pericardial effusion,
epicardial fat stranding,
abnormal heart (defined by
the radiologist)

Myocardial edema, haemor-
rhage , or inflammation,
and regional wall motion
abnormalities

57%-100%

50%-89%

23%-100%

83.3%-100%

Up to 100%

Up to 100%

22%-78%

60%

33%-90.2% [46, 47]
23%-67% [23, 48, 49]
21%-97% [5, 27, 48, 50]

99.7% [51,52]

N/A [4, 29, 30, 53]

N/A (8, 45, 54]

55%-95% [45, 55, 56]

81% [8, 35, 50]

Simple, fast, and low
radiation

Simple, available, and
inexpensive

Sensitive

Feasibly done at the
bedside, moderately
specific, accuracy
dependent on training

Feasibly done at the
bedside and specific

Higher specificity
than TTE

Highly sensitive,
fast and specific

Moderate sensitivity
but high accuracy and
specificity

Non-specific and variable
sensitivity

Insensitive and nonspecific

Not available in every
setting; variable specificity
Operator dependent, variable
sensitivity, requires training
and practice

Operator dependent and
variable sensitivity

Challenging in cervical
spine traumas and
technically demanding

High-dose radiation

Time-consuming in trauma
setting; the field is evolving.

Level 4 (case series)

Level 4 (case series)

Level 4 (case series)

Level 2-4 (prospective

cohort, case series)

Level 4 (case series)

Level 4 (case series)

Level 2-4 (prospective
cohort, case series)

Level 4 (case series)
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of blunt traumatic injury of the chest [19].
Another case series of 174 children with blunt
chest trauma, who underwent CT scan and CXR
showed that clinically relevant findings on chest
CT scan have a good correlation with the radio-
logic findings of CXR but at the cost of signifi-
cantly higher radiation dosage [20]. Considering
the evolving anatomy of the rib cage and intra-
thoracic organs in pediatric population, the util-
ity of chest CT versus CXR might be interpreted
differently compared to that in adult trauma
patients. Nonetheless, in the current era of
modern medicine, a routine CXR in lieu of a far
advanced rapid focused echocardiography
or spiral CT scan seems to be an outdated
approach [21].

Electrocardiogram

In hemodynamically stable patients with blunt
trauma to the chest, an initial 12-lead electro-
cardiogram (EKG) is well accepted [7, 13, 22,
23]. However, a normal EKG does not exclude a
BCI even in stable patients and cardiac en-
zymes should also be evaluated if clinically indi-
cated [7, 24]. In hemodynamically unstable
cases, resuscitation to stabilize the hemody-
namic status should precede all diagnostic
tests including an EKG.

Cardiac biomarkers

A prospective study of 72 trauma patients with
a suspected BCl showed that out of 10 patients
with elevated cardiac troponin | 4 to 6 hours
after admission, one developed severe LV dys-
function and one died [22]. However, the
remaining 8 patients (80%) could be discharged
home with no cardiovascular sequel. In another
prospective study of 71 consecutive patients
with BCI at a level | trauma center, abnormal
EKG at admission and a troponin T level > 0.20
ug/L were the only predictors of clinically
adverse events [24]. Interestingly, 41% of the
patients with a normal EKG at admission later
developed a clinically significant EKG abnor-
mality during their course of hospital stay.

One study has shown that a concordantly ab-
normal or normal EKG and cardiac troponin | is
associated with a positive and negative predic-
tive values of 62% and 100%, respectively [23].
However, the study measurements were per-
formed up to 8 hours after admission. Another
study elucidated the alteration pattern of car-
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diac troponins and creatine kinase membrane-
based (CK-MB) at admission and 24 hours later
in patients with blunt trauma with (38 cases)
and without (51 cases) thoracic injuries [25]. An
elevated serum level of cardiac troponins was
initially observed in 8-10%, and 24 hours later,
in 20% of the patients with thoracic injury. A
similar but smaller change was also observed
in trauma patients without thoracic injury show-
ing an abnormal serum level of troponin in 2%
of the patients after 24 hours of admission.

Elevated levels of highly sensitive cardiac tro-
ponin T (hs-cTnT) have shown good correlation
with the severity of the BCI, adverse clinical out-
come, and poor mid-term (3-year) survival in
patients with blunt chest trauma [26, 27].
However, the specificity of this correlation has
been stronger when the trend of hs-CTnT has
been considered in evaluating the patients with
a suspected BCI. Unfortunately, the clinical util-
ity of this cardiac biomarker has not been eval-
uated in large cohorts and not incorporated
into the latest guideline of the Eastern
Association for the Surgery of Trauma practice
management [7].

Focused assessment with sonography for
trauma/echocardiography

Although in a patient with high clinical, labora-
tory, and radiologic evidence for BCI, a focused
cardiac ultrasound (FoCUS) seems an appropri-
ate next step, its accuracy in early detection of
BCI might be suboptimal due to its operator-
dependency and technical challenges in the
emergency trauma setting [7, 28, 29]. However,
with adequate training the accuracy of this
modality can be improved [30]. Hence, echo-
cardiography can be a complementary diagnos-
tic modality to the routine diagnostic approach
in suspicious cases of BCl but its accuracy
should be continuously measured against other
modalities as the medical staff follow the learn-
ing curve [28, 29]. In a systematic review of 50
patients with BCI, Ali et al. found that cardiac
dysrhythmia occurs in up to 80% of the patients
of whom only a third developed relevant echo-
cardiographic abnormality [31]. However, the
mortality in this population of patients was
20% and mostly occurred in the first few days
following the insult. In a prospective study,
Karalis et al. complemented the utility of trans-
thoracic echocardiography (TTE) with trans-
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esophageal echocardiography (TEE) when the
quality of TTE was determined to be subopti-
mal [29]. Of 105 patients with severe blunt
chest trauma, only 20 patients (19%) had a
suboptimal TTE and underwent complementary
TEE. Examination with a TEE could detect an
additional 9 cases of myocardial contusion, 4
cases of focal aortic intimal injury, and one
case of aortic transection. Overall, evaluation
with echocardiography rarely changed the man-
agement of the trauma patients, a fact that was
further highlighted by other studies [28, 32].

Computed tomography

Computed tomography (CT) has been estab-
lished as the modality of choice in early evalua-
tion of patients with blunt chest trauma [33-
35]. Apart from the feasibility of rapid acquisi-
tion and accurate diagnostic value, the addi-
tional capability of contrast enhancement and
3D volumetric measurement of the obtained
images can expedite the learning process of
the medical team about the trauma case [35,
36]. In a prospective study of 110 consecutive
patients with blunt chest trauma, Vignon et al.
compared the utility of multiplane TEE and con-
trast-enhanced spiral CT in the diagnosis of car-
diovascular injuries in patients with severe
blunt trauma to the chest [37]. While both
modalities revealed similar diagnostic accura-
cy, TEE was more sensitive than CT in the diag-
nosis of the thoracic aorta’s intimal and medial
lesions. On the other hand, there are reports of
post-traumatic abnormalities, which have been
missed or misdiagnosed by TTE but detected
with a cardiac CT with or without contrast [38-
40]. In either case, it is the medical knowledge
of the clinicians, accumulated upon acquired
initial diagnostic modalities and clinical investi-
gation, which will guide their next step in diag-
nostic approach to patients with suspected
BCI.

Magnetic resonance imaging

Magnetic resonance imaging (MRI) has a limit-
ed role in the initial evaluation of patients with
suspected BCI. Although the Eastern Asso-
ciation for the Surgery of Trauma practice man-
agement guideline has recommended MRI as a
tool to differentiate acute myocardial infarction
from BCI [7], limited evidence exists to support
the feasibility of such modality in acute care
and trauma setting owing to its time consuming
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nature. This was also emphasized by the recent
American College of Radiology Appropriateness
Criteria for Blunt Chest Trauma-Suspected
Cardiac Injury [35]. Considering great advance
in the rapid acquisition and highly-accurate
reconstruction of CT images, there is very lim-
ited role for a cardiac MRl in the trauma setting
at this time.

Treatment
Resuscitation

Due to its high morbidity and mortality rate,
timely identification of patients with a possible
BCl is of a lifesaving importance. Depending on
the level of trauma center at which the patient
with a suspected BCI arrives first, the initial
workup might vary. However, resuscitation and
hemodynamic stabilization of the patients is
the priority as it is in every trauma and acute
care setting. A hypotensive shock, which can-
not be solely explained by hemorrhage in the
setting of a blunt chest trauma should raise the
suspicion for cardiac injury. Securing the air-
way, effective circulation, and rhythm control in
patients with BCl must be ascertained by any
available measures. No need to mention that
securing two large-bore venous access is the
first and the most important step.

Watchful waiting

In hemodynamically stable patients in whom
both echocardiography and chest CT has been
negative, close monitoring with serial EKG and
cardiac enzymes might be sufficient up to the
time of discharge from the hospital or transfer
to the next level of care. However, some patients
need further in-depth evaluation, such as re-
peat chest CT with contrast, or observation for
a longer period of time. In either case, there is
a tradeoff between longer observation and re-
peating diagnostic procedures.

Conservative management/pericardiocentesis

In patients with clinical, laboratory, and radio-
logical findings pointing out to the acute car-
diac tamponade, cardiovascular surgery con-
sult should be prompted as the next step
(Figure 1). However, the invasiveness of the
next step can vary from pericardiocentesis to
subxiphoid pericardiotomy and emergent resus-
citative thoracotomy [41-43]. A case series of
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Figure 1. A proposed algorithm to the manage-
ment of a patient with blunt chest trauma and
suspected blunt cardiac injury.

FAST
TTE/TEE

EKG
E—

Vital
Sign
Unstable Stable
CXR Troponin
Suggestive
of BCI

Not Suggestive

Equivocal
. of BCI

Negative

High
Positive Unstable suspicious
Surgery Chest CT

Observation and
reevaluation

11 patients with pericardial effusion after blunt
chest trauma showed that pericardiocentesis
or subxiphoid pericardial window is feasible in
patients with BCI even in hemodynamically
unstable ones, who arrive alive at the ER [44].
Due to its less invasive nature, non-operative
management of blunt pericardial effusion (BPE)
leading to acute cardiac tamponade seem a
clinically beneficial option. However, non-opera-
tive management of patients with BPE should
be routinely considered in subspecialized cen-
ters with highly-trained critical team. None-
theless, our knowledge is still evolving on the
incidence rate, clinical course, and standard of
care for patients with BPE.

Surgical management/thoracotomy

The absolute indication for surgical manage-
ment of patients with BCI remains controver-
sial. Hemodynamic instability suggestive of car-
diac injuries or surrounding vasculatures con-
tinue to be the most common indications for
emergent cardiothoracic surgery in patients
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with BCI [41, 43, 44]. In a retrospective review
of 30 patients with blunt pericardial effusion
presenting at a level | trauma center, Huang et
al. compared the perioperative parameters of
hemodynamically stable patients with and with-
out cardiovascular injuries who were initially
managed non-operatively [41]. Of these series,
11 patients underwent emergent surgery while
19 patients were initially managed non-opera-
tively. Twelve out of 19 patients were later oper-
ated on due to a refractory hypotension (6
patients, 63%), abnormal echocardiography (4
patients, 21%), persistent cardiovascular ab-
normality in CT scan (1 patient, 8%), and clinical
judgment of the surgeon (1 patient, 8%).
However, cardiovascular injuries were found
intraoperatively only in four patients (21%).
Another study by Witt et al. also compared the
clinical outcome of patients with BPE who were
managed surgically or non-surgically [43]. Of
75 patients with BCl and pericardial effusion
detected by CT scan, 32 patients had minimal
pericardial effusion (3% underwent surgery),
20 patients had small effusion (10% underwent
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surgery), 8 patients had moderate amount of
pericardial fluid (13% were managed surgical-
ly), and 5 patients developed large pericardial
effusion (60% operation rate). Of the seven
patients, who were managed operatively, a
pericardial window was created in 4 patients.
As the mortality rate in hemodynamically unsta-
ble patients with severe BPE was none, the
authors voted for surgical management of
unstable patients with BCl. However, due to
invariable outcome measures reported by other
studies [19, 41, 43-45] and technical advances
in performing a bedside pericardiotomy, the
cost-effectiveness of surgery in the setting of
BPE remains unclear.

Limitations

There is a controversy in the literature in recom-
mending EKG [2, 22], echocardiography [4, 29,
35], or chest CT [35, 45] as the initial diagnos-
tic modality of choice in detecting subtle cardi-
ac injuries. However, a growing body of knowl-
edge is forming on the clinical utility of serial or
delayed measurement of high-sensitive cardiac
troponin levels in the trauma setting [5, 7, 13,
22-25]. Nonetheless, with the literature still
evolving around the modern CT techniques and
high-sensitive cardiac biomarkers in detecting
BCI, the pivotal role of the clinical judgment of
the medical team in the management of these
patients cannot be overlooked.

Future research

As the majority of our knowledge in the man-
agement of patients with BCI comes from retro-
spective studies or case reports, prospective
cohorts are required on this topic, especially
measuring the revolutionary role of multidetec-
tor CT scans, high-sensitive troponins, and
highly-efficient fast cardiac ultrasound. Also, an
updated expert panel is required to systemati-
cally review the current data on the manage-
ment of BCI, fill the gaps due to a lack of evi-
dence with consensus, and draw a step-by-step
approach.

Conclusion

The approach to a patient with suspected BCl is
still guided by the clinical judgment of the medi-
cal team and must include adequate stabi-
lization and close monitoring of the patient’s
hemodynamic status. While CXR, EKG, and ba-

86

sic cardiovascular panels are not of a high diag-
nostic value compared to the more advanced
modalities such as multi-detector CT scan, fast
cardiac sonography, and serial high-sensitive
troponins, they still constitute the initial steps
of the diagnostic approach to the patients with
BCI. Nonetheless, BCI continues to account for
a significant morbidity and mortality in the trau-
ma setting and an approach to its diagnosis
and management bears uncertainty.
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