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Purpose: The present study aimed to analyze the effect of trauma-related shock on
myocardial function in the early stages of trauma through transthoracic echocardiography (TTE) findings.
Methods: We performed a retrospective review and analysis of the medical records of
patients aged ≥18 years who were evaluated by TTE within 2 days of admission for trauma-related shock (n=72). Patients were selected from a group of 739 patients admitted
with trauma-related shock between January 2014 and December 2016.
Results: The incidence rate of myocardial dysfunction in the left ventricle (LV) was
6.8% (5/72), with rates of 7.7% (4/52) in the thoracic injury group and 5.0% (1/20) in the
non-thoracic injury group. In the diastolic function of LV, relaxation abnormality was
present in 55.8% (29/52) of patients in the thoracic injury group and 50% (10/20) of patients in the non-thoracic injury group.
Conclusions: This study may suggest that traumatic shock without thoracic injury may
influence myocardial function in the early stages after trauma. Therefore, evaluation
of myocardial function may be needed for patients experiencing shock after trauma,
regardless of the presence of thoracic injury.
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INTRODUCTION
Blunt traumatic cardiac injury, or myocardial contusion, is histologically defined as
a bruise in the myocardium. Postmortem studies by Turan et al. [1] found cardiac
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injuries in 11.9% (190/1,597) of cases of individuals who
died by blunt trauma. Contusions were found in the
both atria, (19 [10%] right atrium, and five [2.6%] left
atrium) as well as both ventricles (right 23 [12.1%] right
ventricle and 17 [8.9%] left ventricle) [1]. However, in
living individuals, there is no standard test for diagnosing
myocardial contusion, and currently available diagnostic
tools have limitations in making a diagnosis. This holds
true particularly when conclusive tests such as surgical
interventions or postmortem autopsy of the injuries are
absent. The incidence rate of myocardial contusion was
reported to range from 3% to 56% according to the diagnostic criteria and evaluation tools [2]. The incidence of
myocardial contusion based on the findings of transthoracic echocardiography (TTE) was reported to be approximately 20% in blunt chest trauma [3]. Myocardial injury
could be caused by either direct impact to the chest, or as
a secondary injury due to trauma-related additional damage such as hypoxia, hypovolemic shock, and multiple
injuries, consequently affecting the myocardium structure
and function [4]. Damage-associated molecular patterns
(DAMPs), which are released during trauma and act as
a mediator, play an important role in various processes,
ranging from systemic inflammatory response syndrome
after trauma to the structural and functional impairment
of cardiomyocytes and cardiac dysfunction [5-7]. Thus
far, the incidence and effects of myocardial injury by
direct damage, accompanied by thoracic injury, and by
indirect damage due to shock after trauma in the early
period are not well studied.
The present study aimed to analyze the effects of shock
after trauma on myocardial function in the early stages,
especially in the presence or absence of thoracic injury,
through TTE.

METHODS
Study design and patients
This study was a retrospective review of the medical
records of blunt trauma patients in a single institution
between January 2014 and December 2016. The protocol
of this study was approved by the Institutional Review
Board (IRB No. GBIRB2019-044). The informed consent
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was waived from IRB due to the retrospective design.
Patients aged ≥18 years who had a trauma-related shock
which initial systolic blood pressure (SBP) of ≤90 mmHg
on arrival at our center were included. We excluded patients who were examined 3 days after admission or for
whom we were unable to obtain adequate quality images
except for diastolic function evaluation on echocardiography. Patients with pre-existing cardiologic problems
who did not have comparable previous echocardiography
data were also excluded. Echocardiograms were formally
analyzed and interpreted by cardiologists. With regard
to echocardiographic findings, systolic function was classified as normal, depressed (<55%), and hyperdynamic
(>70%) based on left ventricle (LV) ejection fraction, and
diastolic function was classified as normal, relaxation abnormality, or indeterminate.
Demographic data like age, gender, mechanism of in-

Table 1. Demographic data of 72 patients
Variable
Age (years)

60.0 (50.5–71.0)

Sex
Male

49 (68.1)

Female

23 (31.9)

Mechanism of injury
Motor vehicle accidents

40 (55.5)

Occupant

15 (20.8)

Pedestrian

25 (34.7)

Fall from height

15 (20.8)

Slip down
Struck by object

10 (13.9)
7 (9.7)

Vital sign on arrival
SBP (mmHg)

75.0 (66.0–83.0)

DBP (mmHg)

50.0 (40.0–54.0)

HR (bpm)

89.0 (72–116.0)

MAP (mmHg)

60.0 (50.0–63.3)

ISS

22.0 (15.0–32.5)

Shock index

1.2 (0.9–1.6)

Overall mortality

12 (16.7)

Values are presented number (%) or median (interquartile ranges).
SBP: systolic blood pressure, DBP: diastolic blood pressure, HR: heart rate,
MAP: mean arterial pressure, ISS: Injury Severity Score.
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jury, and echocardiographic data were extracted from
the medical records of the institution. Severity scores,
including the Injury Severity Score (ISS) and abbreviated
injury scale, were extracted from the institutional trauma
registry.
Patients were divided into Group A, which included
only those who had thoracic injury, and Group B, which
included only those who had no thoracic injury. We reviewed patients’ demographic data, mechanism of injury,
severity of the injury, and echocardiography findings.
Statistical analyses were performed using R, version

4.0.0. Demographic data were reported as frequency and
proportion of qualitative variables. Descriptive statistics
were expressed as medians with interquartile ranges for
continuous variables with non-normal distributions. Statistical significance was set at p<0.05.

RESULTS
A total of 9,340 patients visited our center during the
study period; among them, 739 presented with shock (SBP

Table 2. Comparison of demographic data and structural echocardiographic findings of the two groups
Variable

Group A (n=52)

Group B (n=20)

p-value

Age (years)

60.0 (49.5–70.5)

61.0 (54.0–72.0)

0.342

Sex

0.531

Male

37 (71.2)

12 (60.0)

Female

16 (28.8)

8 (40.0)

19 (36.4)

5 (25.0)

Abbreviated injury scale ≥3
Head and neck
Face

0

0.427

Thorax

44 (84.6)

0

<0.001

Abdomen or pelvic contents

18 (34.6)

2 (10.0)

Extremities and pelvic girdle

18 (34.6)

12 (60.0)

External

0

0.905

1 (1.9)

0

0.008
0.019
0.260

SBP (mmHg)

74.0 (63.5–81.0)

81.5 (72–89.5)

0.018

ISS

27.0 (21.5–34.0)

9.0 (9.0–17.5)

<0.001

1.3 (0.9–1.7)

1.0 (0.0–1.4)

0.102

Shock index
Time lag from admission to evaluation (day)
Admission date

0.099
4 (7.7)

0

1st day

30 (57.7)

8 (40.0)

2nd day

18 (34.6)

12 (60.0)

6 (11.5)

2 (10.0)

Structural abnormal finding of echocardiography
Dilation of aorta or sinus of Valsalva
Valve

1.000
0.639

Aortic valve regurgitation

2 (3.8)

1 (2.5)

Aortic valve stenosis

1 (1.9)

0

Mitral valve regurgitation

1 (1.9)

1 (2.5)

Tricuspid valve regurgitation

4 (7.7)

0

Values are presented number (%) or median (interquartile ranges). Group A refers to patients with thoracic injury and Group B refers to patients without
thoracic injury.
ISS: Injury Severity Score, SBP: systolic blood pressure.
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≤90 mmHg) on arrival. The incidence rate of traumatic
shock in our institution was 7.91% (739/9,340) during the
study period. Among them, 72 were evaluated using TTE
within 2 days after admission. The demographic and clinical characteristics of the participants are presented in Table 1. Among the 72 patients, 52 were included in Group
A and 20 were included in Group B.
Table 2 shows a comparison of demographic data and
clinical characteristics between the two groups. Median
patient age was 60.0 years in Group A and 61.0 years in
Group B, showing a non-significant difference (p=0.342).
Males and females accounted for 37 (71.2%) and 15
(28.2%) in Group A and 12 (60.0%) and eight (40.0%) in
Group B, which also showed a non-significant difference
(p=0.531). Median SBP was 74 mmHg in Group A and
81.5 mmHg in Group B (p=0.018). The median value of
ISS was 27.0 versus 9.0, which showed a significant difference (p<0.001). The shock index was 1.3 versus 1.0, which
showed a non-significant difference (p=0.102). Furthermore, 6.8% (five of 72) of them had depressed function in
their systolic function of LV.
Table 3 shows a comparison of the functional parameters of LV function and specific findings between the two
Table 3. Comparisons of functional parameters of echocardiographic findings of the two groups
Variable

Group A
(n=52)

Group B
(n=20)

Systolic function of LV
Normal

p-value
0.393

44 (86.4)

19 (95.0)

Depressed

4 (7.7)

1 (5.0)

Hyperdynamic

4 (7.7)

0

Diastolic function of LV

0.901

Normal LV-filling pattern

11 (21.2)

5 (25.0)

Relaxation abnormality

29 (55.8)

10 (50.0)

Indeterminate

12 (23.1)

5 (25.0)

Specific finding
RWMA

2 (3.8)

0

0.929

Global hypokinesia

4 (7.7)

1 (5.0)

1.000

Pulmonary hypertension

7 (13.5)

5 (25.0)

0.410

Values are presented number (%). Group A refers to patients with thoracic injury and Group B refers to patients without thoracic injury.
LV: left ventricle, RWMA: regional wall motion abnormality.
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groups based on TTE findings. There were no statistically
significant differences between the two groups in systolic
and diastolic function evaluations using echocardiography.

DISCUSSION
Blunt cardiac injury, also called myocardial contusion,
which refers to a bruise in the cardiac muscle after blunt
chest trauma, could be explained by the mechanical impact on the heart. The conclusive tests for myocardial
contusion are autopsy or surgical findings for cardiac
injury. Numerous studies on myocardial contusion have
been related to chest trauma due to multiple trauma
[1,3,8,9]. According to literature data, cardiac injury after
multiple trauma is associated with poor patient outcomes
[10]. However, despite using the term “myocardial contusion” or “myocardial injury,” the symptoms and signs
widely range from being asymptomatic to fatal destruction of the heart. Therefore, there is no standard test for
diagnosing myocardial contusion in patients who do not
undergo surgery. To evaluate and estimate myocardial
contusion or myocardial injury, several studies have proposed and reported outcomes by analyzing combinations
of diagnostic tools such as electrocardiography, biomarkers such as troponin I and T, TTE, or transesophageal
echocardiography [9,11-13].
A myocardial contusion produces only mild clinical
presentations, such as palpitation or precordial pain.
Histologically, a myocardial contusion is characterized
by intramyocardial hemorrhage, edema, and necrosis of
myocardial muscle cells that presents similarly to that in
acute myocardial infarction [14,15].
However, since the recognition of DAMPs, indirect injury to myocardial function has been reported in several
studies [4,16,17]. Several studies have investigated the relationship between cardiomyopathy and specific trauma
[7,18,19]. Even after resuscitation, combined effects such
as ischemia-reperfusion, acidosis, hypoxemia, and hypovolemia, which are known to induce cell injuries, might
result in remote organ dysfunction [17]. For example,
Matheson et al. [20] identified secondary injury to lung
function following hemorrhagic shock using DAMPs. In
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several animal experimental studies, traumatic hemorrhagic shock has been proven to cause cardiac injury and
dysfunction as an indirect consequence of trauma and
hemorrhage [6,21,22].
There are several studies about the impact of DAMPs
on myocardial function in non-traumatic cases. Multiple
DAMPs (e.g., heat shock proteins, high mobility group
box-1 [HMGB-1], adenosine triphosphate, nuclear and
mitochondrial DNA [mtDNA], and RNA) play a role in
myocardial ischemia-reperfusion injury. DAMP activation may eventually lead to reperfusion-induced cardiac
damage [23-26]. Weber et al. [27] suggest that resultant
structural alterations in the heart might be consequences of the complementary events: DAMP activation, the
release of extracellular histones, and systemic TNF elevation.
Like HMGB-1, DAMPs are released within 30 minutes
after trauma, reach their peak within 6 hours, and are
maintained for at least 24 hours. Plasma levels of DAMPs
correlate with the severity of the injury, organ failure, and
mortality [5].
Bahar et al. [3] reported a 23.5% incidence rate of
cardiac contusion based on TTE findings in blunt chest
trauma. Vukmir et al. [16] reported abnormal echocardiographic findings in 37.5% of trauma patients who underwent refractory hypotension. Gawande et al. [4], based
on autopsy in their study, reported that subendocardial
hemorrhages occurred in 13.6% of patients who had no
direct cardiac injury when evaluated clinically. In addition, in their study, they reported notable microscopic
changes such as congestion and interstitial edema from
the 4- to 12-hour survival period and remained until 2 to
3 weeks of survival.
In the present study, only the results of within 2 days
of hospitalization were included to evaluate the effect of
shock after trauma on myocardial function in the early
period. Unlike the study by Gawande et al. [4], patients in
this study were clinically evaluated using TTE, and there
was no histological evaluation of the myocardium. This
study was conducted with patients who had less severe
injuries and were less affected by trauma-related shock
compared with other studies in which postmortem examination was conducted. Therefore, a direct comparison of
the results of these two studies may not be appropriate.

The incidence rate of myocardial dysfunction in the LV
was 6.8% (5/72), which were 7.7% (4/52) and 5.0% (1/20)
in the thoracic injury group and the non-thoracic injury
group, respectively. In the diastolic function of the LV,
there was no statistically significant difference, and relaxation abnormality was present in 55.8% (29/52) in the
thoracic injury group and 50% (10/20) in the non-thoracic injury group. Diastolic dysfunction after trauma and
trauma-related shock has been inconsistently studied;
therefore, we could not definitively relate any observed
myocardial dysfunction, especially diastolic dysfunction
to secondary injury to the myocardium, in this study.
However, the incidence of myocardial diastolic dysfunction was high, regardless of the presence of the thoracic
injury. These findings may suggest a relationship between
myocardial injury and the effects of shock after trauma
without thoracic injury. Since echocardiography is generally recommended when blunt cardiac injury is suspected, echocardiography is not typically performed in cases
without thoracic injury.
There are several limitations to this study. First, there
are inherent limitations associated with the retrospective
design. Second, the small sample size was concerning.
Third, this study included patients with blunt trauma, but
there was no evaluation of the impact of specific organ
injury on myocardial function. Fourth, this study was
designed for traumatized patients with shock on arrival
to the hospital, and the duration or classification of shock
or resuscitation was not evaluated. Therefore, patients
who were included in this study possibly had a less severe
condition than those who did not survive until echocardiography evaluation.

CONCLUSION
Despite these limitations in evaluating the clinical findings, this study may suggest that traumatic shock without
thoracic injury may influence myocardial function in the
early stages after trauma. Therefore, evaluation of myocardial function may be needed for patients experiencing
shock after trauma, regardless of the presence of thoracic
injury. However, the scope of this study was limited to
evaluating the impact of trauma-related shock on myo-
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cardial function primarily during the early period of
recovery. Thus, further studies are warranted to establish
acceptable management for the effects of shock after trauma on myocardial function.

ical diagnosis of myocardial contusion. Intensive Care Med
1978;4:99-102.
12. Gautam PL, Luthra N, Kaur M, Singh J, Wander GS, Tandon R,
et al. Evaluation of myocardial injury using standard diagnostic
tools and tissue Doppler imaging in blunt trauma chest. J Clin

REFERENCES

Diagn Res 2017;11:OC33-6.
13. Skinner DL, Laing GL, Rodseth RN, Ryan L, Hardcastle TC,
Muckart DJ. Blunt cardiac injury in critically ill trauma patients:

1. Turan AA, Karayel FA, Akyildiz E, Pakis I, Uzun I, Gurpinar K,
et al. Cardiac injuries caused by blunt trauma: an autopsy based
assessment of the injury pattern. J Forensic Sci 2010;55:82-4.
2. Sybrandy KC, Cramer MJ, Burgersdijk C. Diagnosing cardiac
contusion: old wisdom and new insights. Heart 2003;89:485-9.
3. Bahar AM, Nouri M, Alizadeh L, Namvar F, Asadi M. Estimated

a single centre experience. Injury 2015;46:66-70.
14. Tenzer ML. The spectrum of myocardial contusion: a review. J
Trauma 1985;25:620-7.
15. Sakka SG, Huettemann E, Giebe W, Reinhart K. Late cardiac
arrhythmias after blunt chest trauma. Intensive Care Med
2000;26:792-5.

incidence of cardiac contusion using transthoracic echocardi-

16. Vukmir RB. The outcome of cardiac dysfunction in critically ill

ography in patients suffering from severe blunt trauma to the

trauma patients: myocardial contusion complicated by refracto-

chest. Acta Chir Belg 2014;114:105-9.
4. Gawande NB, Tumram NK, Dongre AP. Cardiac changes in
hospitalized patients of trauma. Shock 2014;42:211-7.
5. Cohen MJ, Brohi K, Calfee CS, Rahn P, Chesebro BB, Christiaans SC, et al. Early release of high mobility group box nuclear
protein 1 after severe trauma in humans: role of injury severity
and tissue hypoperfusion. Crit Care 2009;13:R174.
6. Braun CK, Kalbitz M, Halbgebauer R, Eisele P, Messerer DAC,

ry hypotension. Eur J Trauma Emerg Surg 2008;34:261-6.
17. Vourc’h M, Roquilly A, Asehnoune K. Trauma-induced damage-associated molecular patterns-mediated remote organ
injury and immunosuppression in the acutely ill patient. Front
Immunol 2018;9:1330.
18. Venkata C, Kasal J. Cardiac dysfunction in adult patients with
traumatic brain injury: a prospective cohort study. Clin Med
Res 2018;16:57-65.

Weckbach S, et al. Early structural changes of the heart after

19. Tapking C, Popp D, Herndon DN, Branski LK, Hundeshagen G,

experimental polytrauma and hemorrhagic shock. PLoS One

Armenta AM, et al. Cardiac dysfunction in severely burned pa-

2017;12:e0187327.

tients: current understanding of etiology, pathophysiology, and

7. Krishnamoorthy V, Prathep S, Sharma D, Gibbons E, Vavilala

treatment. Shock 2020;53:669-78.

MS. Association between electrocardiographic findings and car-

20. Matheson PJ, Eid MA, Wilson MA, Graham VS, Matheson

diac dysfunction in adult isolated traumatic brain injury. Indian

SA, Weaver JL, et al. Damage-associated molecular patterns

J Crit Care Med 2014;18:570-4.
8. Maenza RL, Seaberg D, D’Amico F. A meta-analysis of blunt
cardiac trauma: ending myocardial confusion. Am J Emerg Med
1996;14:237-41.

in resuscitated hemorrhagic shock are mitigated by peritoneal fluid administration. Am J Physiol Lung Cell Mol Physiol
2018;315:L339-47.
21. Wilson NM, Wall J, Naganathar V, Brohi K, De’Ath HD. Mech-

9. Mori F, Zuppiroli A, Ognibene A, Favilli S, Galeota G, Peris A, et

anisms involved in secondary cardiac dysfunction in animal

al. Cardiac contusion in blunt chest trauma: a combined study

models of trauma and hemorrhagic shock. Shock 2017;48:401-

of transesophageal echocardiography and cardiac troponin I
determination. Ital Heart J 2001;2:222-7.

10.
22. Wall J, Naganathar S, Praditsuktavorn B, Bugg OF, McArthur S,

10. Huber S, Biberthaler P, Delhey P, Trentzsch H, Winter H, van

Thiemermann C, et al. Modeling cardiac dysfunction following

Griensven M, et al. Predictors of poor outcomes after signifi-

traumatic hemorrhage injury: impact on myocardial integrity.

cant chest trauma in multiply injured patients: a retrospective
analysis from the German Trauma Registry (Trauma Register
DGU®). Scand J Trauma Resusc Emerg Med 2014;22:52.
11. Cane RD, Buchanan N. The electrocardiographic and clin-

124

https://doi.org/10.20408/jti.2021.0041

Front Immunol 2019;10:2774.
23. Sandler N, Kaczmarek E, Itagaki K, Zheng Y, Otterbein L, Khabbaz K, et al. Mitochondrial DAMPs are released during cardiopulmonary bypass surgery and are associated with postopera-

Dae Sung Ma. Myocardial Dysfunction After Trauma

tive atrial fibrillation. Heart Lung Circ 2018;27:122-9.
24. Turner NA. Inflammatory and fibrotic responses of cardiac

2020;11:599511.
26. Shah M, He Z, Rauf A, Kalkhoran SB, Heiestad CM, Stensløk-

fibroblasts to myocardial damage associated molecular patterns

ken KO, et al. Extracellular histones are a target in myocardial

(DAMPs). J Mol Cell Cardiol 2016;94:189-200.

ischaemia reperfusion injury. Cardiovasc Res 2021 Apr 20. doi:

25. Silvis MJM, Kaffka Genaamd Dengler SE, Odille CA, Mishra

10.1093/cvr/cvab139 [Epub ahead of print].

M, van der Kaaij NP, Doevendans PA, et al. Damage-associated

27. Weber B, Lackner I, Knecht D, Braun CK, Gebhard F, Hu-

molecular patterns in myocardial infarction and heart trans-

ber-Lang M, et al. Systemic and cardiac alterations after long

plantation: the road to translational success. Front Immunol

bone fracture. Shock 2020;54:761-73.

http://www.jtraumainj.org

125

