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Abstract

Introduction: The aim of this study was to evaluate the incidence and severity of
blunt cardiac injury (BCl) as determined by cardiac magnetic resonance imaging
(CMR), and to compare this to currently used diagnostic methods in severely

injured patients.

Materials and Methods: We conducted a prospective, pilot cohort study of 42
major trauma patients from July 2013 to Jan 2015. The cohort underwent CMR
within 7 days, enrolling 21 patients with evidence of chest injury and an elevated
Troponin | compared to 21 patients without chest injury who acted as controls.
Major adverse cardiac events (MACE) including ventricular arrhythmia,
unexplained hypotension requiring inotropes, or a requirement for cardiac

surgery were recorded.

Results: 6/21 (28%) patients with chest injuries had abnormal CMR scans, while
all 21 control patients had normal scans. CMR abnormalities included
myocardial oedema, regional wall motion abnormalities, and myocardial
haemorrhage. The left ventricle was the commonest site of injury (5/6), followed
by the right ventricle (2/6) and tricuspid valve (1/6). MACE occurred in 5 patients.
Sensitivity and specificity values for CMR at predicting MACE were 60%(15-95)

& 81%(54-96), which compared favourably with other tests.

Conclusion: In this pilot trial, CMR was found to give detailed anatomic
information of myocardial injury in patients with suspected BCI, and may have

a role in the diagnosis and management of patients with suspected BCI.



Introduction.

The incidence of blunt cardiac injury (BCI) in chest trauma ranges from 0-50%,
and recent estimates suggest over 30 000 cases per year occur in the USA
alone. Serious sequelae of BCI include malignant arrhythmia[1], heart

failure[2,3] cardiac rupture[4-6], and death[7,8].

Current diagnostic tests in BCI and its complications achieve only moderate
sensitivity and specificity[2,8]. These include troponin, creatinine kinase (CK),
electrocardiogram (ECG), echocardiography and computerised topography
(CT). There is currently no gold standard diagnostic test, making the
investigation, diagnosis, risk stratification, and management of these patients
challenging[4,5,9,10]. Furthermore, the increasing use of troponin as a
screening tool in thoracic trauma, especially in the elderly population who also
have risk factors for coronary arterial disease, can lead to patients being over
investigated with invasive procedures to rule out acute coronary syndrome

(ACS).

Cardiac magnetic resonance (CMR) imaging has been found to be highly
effective in the diagnosis of structural heart disease, and is noted for its superior
functional and morphological information[11,12], as well as tissue
characterisation[10,13,14]. CMR has been demonstrated to effectively diagnose
BCIl in multiple case reports [6,15-17]. The most recent EAST trauma
guidelines[18,19], and others[20,21], have recognised the potential benefits of

using CMR, but to date there have been no prospective trials using CMR in BCI.

The aim of this study was to investigate the incidence and severity of BCI as

determined by CMR in non intubated, haemodynamically stable patients with



major thoracic trauma, and then to compare this to other currently used

diagnostic tests.



Materials and Methods.

Design:

This is a prospective, observational cohort study. The study protocol was
approved by the research and ethics committee of the Alfred Hospital,

Melbourne, Australia.

Setting and population:

The study was performed at the Alfred Hospital, a Level 1 Adult Major Trauma
Centres in Victoria, Australia[22,23] with over 7000 trauma admissions per year.
All patients admitted to hospital with major trauma (defined as 1SS>12) were
screened on weekdays (Monday to Friday) for eligibility by the research team.
Patients presenting out of hours, on weekends, or when the CMR scanner was
not available were not included. Patients who were haemodynamically unstable,
ventilated or who had a contraindication to CMR were excluded from the study.
Enrolled patients were divided into two groups. The study group with chest
trauma had elevated troponin levels[19,24], and corroborating evidence of
thoracic injury, such as fractured ribs, sternum, or significant pulmonary
contusions. A second, control group had major traumatic injuries but no
evidence of chest trauma as defined by initial trauma CT scan. Demographic
data were collected, and Injury Severity Score (ISS), Acute Physiology and
Chronic Health Evaluation Score (APACHE) and Trauma Injury Severity Score

(TRISS) calculated.



Study protocol:

All patients underwent continuous cardiac monitoring from admission. Serum
troponin, CK, as well as ECG were taken upon arrival, and then were repeated
daily for three days or until stabilised[25]. ECGs were analyzed and reported by
clinicians blinded to the study aims for evidence of acute myocardial injury or
conduction defects. A transthoracic echocardiogram (TTE) was performed as
soon as was possible (usually <48hours). If the images were suboptimal, then
the patient underwent transesophageal echocardiogram (TEE). All
echocardiograms were reported by an experienced cardiologist blinded to the

study aims.

CMR Protocol:

All patients underwent CMR as per the study protocol within one week of
admission (Signa HD 1.5T; GE Healthcare, Waukesha, WI, USA). Patients were
offered additional oral analgesia to complete the scan. After initial localizer
scans, a contiguous steady state free precession cine stack was acquired to
cover both ventricles from the atrioventricular groove to the left ventricular (LV)
apex (slice thickness 8mm). To assess myocardial oedema, a T2-weighted
short-tau inversion recovery (STIR) sequence was acquired using the same
coordinates as the cine stack, and in addition a T2-mapping sequence was
acquired in 3 standardised short axis levels (basal, mid and apical). The T2-
mapping sequence was a prototype multi-echo double inversion recovery-fast
spin echo (MEFSE) technique (Global Applied Science Laboratory, GE
Healthcare). In this sequence, the echo train is divided into equal sized

segments — one segment per echo time. This information can be used to



generate myocardial T2 weighted Sl versus echo time (TE) curves with the
myocardial T2 obtained using curve fitting algorithms. Late gadolinium
enhancement (LGE) images were acquired 10-15 minutes following the
administration of gadolinium— diethylenetriamine pentaacetic acid (DTPA) (0.2
mmol/kg, Magnevist, Bayer Schering Pharma, Leverkusen, Germany) using an
inversion recovery gradient echo technique applied to the same coordinates as

the cine stack. The total duration of the CMR scan was 60-90 minutes.

CMR Analysis:

The CMR analysis included LV and right ventricular (RV) volume, LV mass and
LV systolic global and regional function. All CMR scans were independently
interpreted by an experienced cardiologist and radiologist, who were blinded to
the the patient group allocation or results of the other investigations. Calculation
of LV and RV volume, mass and function was performed using the summation
of disc method according to recommended guidelines[2]. The presence of LGE
was determined by applying a semi-automated visual threshold. Myocardial
oedema was evaluated by calculating the global STIR intensity relative to
skeletal muscle, which was averaged over all STIR slices, and in addition
regional STIR was calculated for areas with the highest regional intensity.
Calculation of myocardial T2 time was performed in the 3 short axis slices by a
curve fitting technique using a dedicated research software package (CMR42;
Circle Cardiovascular Imaging, Inc., Calgary, Canada). CMR findings of
traumatic myocardial injury were defined as any regional wall motion

abnormality (RWMA), elevated regional STIR or LGE if also associated with



focal hypokinesis, mild or greater pericardial effusion, intramural haematoma,

or new valvular lesion.

Outcomes:

The primary outcome was any evidence of traumatic myocardial injury on CMR.
Secondary outcomes included any evidence of major adverse cardiovascular
events (MACE), and the ability of the diagnostic tests to predict MACE. In order
to reduce potential bias, outcomes were prespecified, and were documented for
all patients until discharge, by clinicians unaware of the MRI findings. MACE
was defined as malignant arrhythmia, unexplained hypotension requiring
inotropes, or injuries requiring cardiac surgery[9]. Patients with an abnormal

CMR were then followed up with a repeat CMR at approximately 9 months.

Statistical analysis

Analyses were performed using SPSS (Version 19.0 SPSS Inc, Chicago, IL,
USA). All continuous data are presented as mean +/- standard deviation.
Continuous data were analysed using Students t-test or Mann-Whitney test as
appropriate after normality testing. Proportions were analysed with Chi-squared
testing, except where value in a cell was less than 5, where the Fisher’s Exact
test was used. 95% confidence intervals in table 4 were calculated using the
exact binomial method. A p-value of <0.05 was considered to be statistically

significant.



Results.

Patient enrolment and baseline characteristics

From 1 July 2013 to 31 Jan 2015, 47 patients with major trauma admitted to the
Alfred Hospital were screened for eligibility for the study as shown in figure 1.
Five patients did not complete the study; three patients refused consent, one
patient suffered claustrophobia and was unable to complete the CMR scan, and
one patient had a non CMR compatible external fixation device. Thus 42
patients were enrolled in the study until completion, of whom 21 patients had
chest trauma, and 21 did not. The scan was tolerated in all patients, but some
required addition oral analgesia during breath holds to complete the study.
Baseline characteristics are shown in the Table 1. Patients with chest trauma
tended to have higher AIS score and TRISS scores, the mechanism of injury
was more likely to be motor vehicle accident (MVA), and they were more likely

to have been managed in the intensive care unit.

Incidence and distribution of CMR abnormalities

All patients underwent cardiac CMR as per protocol. Of the 42 patients enrolled,
6 (14%) had an abnormal CMR. All abnormal scans were from the chest trauma
group 6/21 (28%), while all control patients had normal MRI scans 0/21 (0%)
(Table 1). Table 2 shows differences in demographics, initial physiological
measures, and MRI findings between chest trauma and control patients. Table
3 shows the distribution of myocardial injuries seen on CMR. RWMAs, with
associated focal oedema (with localised elevation of STIR signal) was the
commonest abnormality, two patients had reduced right ventricular function and

oedema. One patient had evidence of intramural haemorrhage[11], while

9



another had a rupture of the tricuspid valve with a flail leaflet. The left ventricle
was the commonest site of injury, with 5/6 cases demonstrating evidence of LV

injury and 2/6 cases demonstrating RV injury (Figure 2).

Echocardiographic findings

Transthoracic echocardiography was performed in 31/42 patients. 3/21 in the
chest trauma group had limited views on their echocardiogram but clinicians
considered them to be adequate. TTE was abnormal in four chest trauma
patients, including at least moderate tricuspid valvular regurgitation, a RWMA,
a pericardial effusion, and RV dysfunction. Only one of these patients had
MACE. The correlation of TTE with MRI was poor: 3 patients with abnormal
MRIs had normal TTEs. TEE was used in one patient to confirm a tricuspid valve
lesion which had also been seen on TTE imaging. There were no

echocardiographic changes in the control group.

Electrocardiogram findings

Nine of 21 chest trauma patients (43%) had abnormal ECG changes compared
to 4/21 (21%) of the controls had an abnormal ECG. The commonest
abnormalities were ST changes, T wave inversion, AV block and right bundle

branch block.
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Elevations in cardiac troponins

Initial troponin was positive in all patients in the chest trauma group (as per
protocol), while no patients in the control group had an elevated troponin.
Troponin was elevated in all whom subsequent CMR or echocardiography was
found to be abnormal, while it was also positive in 9/13 patients with abnormal

ECGs.

Prediction of MACE

5/21 (23%) of patients had MACE, all from the chest trauma group, all within the
first week of their hospital admission. Two patients had persistently low blood
pressure with no other cause found requiring inotropic support, one had
evidence of cardiogenic shock requiring adrenalin and recurrent atrial fibrillation,
one patient had 2 episodes of ventricular tachycardia, and one patient had a
ruptured tricuspid valve with heart failure requiring replacement. Two other
adverse events occurred. One patient from the control group had a large MCA
stroke and died, and another from BCI group had a clinically non-significant

pulmonary embolism and was treated with anticoagulation.

Table 4 shows the performance of the diagnostic tests at predicting MACE
during hospital stay, although overall numbers were small and confidence
intervals were wide. An abnormal troponin was highly sensitive for predicting
MACE, but not specific. ECG was also sensitive but less specific.

Echocardiography was the least sensitive but had moderate specificity. CMR

11



performed moderately well identifying 3/5 or 60% (15-95) of patients with MACE,

and performed well at ruling it out, with 13/16 or 81% (54-96) specificity.

9 Month Follow up MRI Scan

Four of the six patients with abnormal CMRs underwent repeat CMR at 9
months (mean 296, SD 20 days) as shown in Table 5. In 3 out of four patients,
regional STIR values had fallen while RWMA'’s persisted, and in 3 out of 4, new

regional scar had developed.
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Discussion

This is the first study to prospectively analyse CMR in severely injured patients
with thoracic trauma. 28% of chest trauma patients had CMR evidence of
cardiac injury. We found CMR gives high quality anatomic and pathological
information, and within the limits of a pilot study, performed well at predicting

adverse outcomes compared to currently used diagnostic tests.

Previous literature has reported a wide range of incidence and outcomes in BCI
[10,14]. Some of the challenges have included a lack of uniform diagnostic
criteria, the inclusion of heterogeneous populations, and no gold standard

diagnostic test.

CMR is a novel diagnostic modality in chest trauma patients, possibly in part
due to safety concerns about transporting unstable patients. However very few
studies have investigated CMR in this context. For this reason, the population
in this study were hemodynamically stable patients who were not intubated, to
minimize the transportation of unstable or severely injured patients. MACE
occurred in all patients within the first week, such that many patients had their
CMR afterwards. Given the superior imaging quality, and potential for improved
diagnostic accuracy, it is likely the earlier use of CMR in trauma patients will
yield improved diagnostic accuracy, with improved risk stratification and
management, which may justify its earlier use in more unstable patients. These
advantages however will need to be carefully balanced against any safety

concerns, and will be the object of further studies.

The distribution of myocardial injuries on CMR included anterior, septal, and
lateral walls of the left ventricle, while the inferior wall was spared (Figure 2). Two

patients also had RV injuries, including one with a ruptured tricuspid valve.

13



Previous autopsy studies have suggested the right heart is more commonly
affected, with a rate of injury of 27% to the RV compared with 18% of the LV[6].
In addition to direct trauma, alternative mechanisms such as compression or
traction have also been proposed[18]. Huguet proposed RV over-distension
causes stress points in the LV at the moderator and RV insertion points[20].
Furthermore, sudden increase in venous return during right ventricular systole
when the tricuspid valve is closed can result valvular rupture — a possible

mechanism in our patient[22].

The choice of the controls was to address the issue that non chest trauma
patients can suffer cardiac related damage, including elevated troponin levels in
up to 30% of major trauma[26], and severe TBI patients [27], as well as the
potential for right heart damage following abdominal trauma. Thus, as the first
prospective CMR study in major trauma, it was not known whether non chest
trauma patients would have had abnormal CMR scans. We found however no
controls had abnormal CMR scans, an important finding for future studies in this

area.

In this study CMR was not inferior and may be superior at predicting adverse
events compared to other diagnostic tests although overall numbers were small
(table 4). CMR detected 3/5 (60%) of patients who developed MACE, but did
not detect two patients with MACE. Possible explanations of this include the
delay to perform the CMR until day 7, or the exclusion of more severely injury
patients, particularly intubated patients. It may be that earlier CMR, or inclusion
of more severely injured patients may increase the rate of detection even further.
CMR also performed well at ruling our MACE, with 13/16 (81%) of negative tests

being true negatives (although numbers were small). In contrast to other studies,
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we found no association with rib fracture or fractured sternum with abnormal

CMR or MACE[24]

Although studies have shown troponin to be highly sensitive and specific for
other types of myocardial injury[1,28], it is less accurate in chest trauma
[3,29,30]. In this study we found it to be highly sensitive (100%) but not specific
(21%) at predicting MACE. Increasing the cut off to a level of >1.0 ng/mL had
the effect of reducing sensitivity while only marginally increasing specificity. TTE
has advantages over CMR in that it is point of care and doesn't require patient
transportation. However in this study, we found TTE was not sensitive at
predicting MACE. We also found was poor correlation between abnormal TTE
and CMR. Previous studies have suggested more routine use of TEE may have
improve sensitivity and specificity of echocardiography [4,5,31], however more
contemporary studies have found TTE to be similarly effective at detecting

cardiac injury[6,7,32] but without the associated morbidity and cost of TEE.

Many patients in our population were elderly, with presentations similar to acute
coronary syndrome, including abnormal ECG and elevated troponin levels. In
these cases, we found CMR particularly useful in distinguishing between ACS
and BCI, as injuries tended to originate from the epicardial border, and cross
over coronary territories[8,33]. This circumvented unnecessary interventions

such as cardiac catheterization.

There are limited studies investigating the long term effects of BCIl. A broad
range of effects have been described, from no adverse effects[10,34], persistent
structural heart defects[12,35], late arrhythmias[13,36] and the presence of scar
on CMR at 6 weeks[15-17,37]. In our study four patients were followed up for 9

months. Three out of the four patients had persistent evidence of scar on CMR,
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including in one patient who had intramural haematoma on initial the CMR scan.
No patient had MACE or hospitalizations in the 9 months following their initial
injury. The clinical significance of scar following BCl is yet to be determined, but
it may predict future cardiac complications, such as late ventricular arrhythmias

as seen post myocardial infarction[19,38].

Limitations:

In this pilot study, the overall number of BCI patients, as diagnosed by CMR or
MACE was low. Although more patients were screened, the exact number and
reason for ineligibility was not recorded in many cases. Cardiac computerized
topography was not available and therefore a direct comparison of CMR and CT
was not performed. The results are limited to haemodynamically stable and non-
intubated patients with BCI. Furthermore many Trauma Centres currently do not
have access to a CMR service. Further studies will be required to delineate the
exact role CMR has in the overall diagnostic algorithm of patients with

suspected BCI.

Conclusion

Patients admitted to hospital with major chest injuries may have higher rates of
clinically significant BCI than previously recognised. Current EAST guidelines
[19,21] suggest echocardiography in patients with suspected BCI, and to
consider CMR as an alternative to distinguish BCI from AMI. Whilst the exact
role of CMR in BCI remains to be clarified, we have found CMR gives detailed
anatomic information of myocardial injury, and may have an important role in

the diagnosis and management of patients with suspected BCI.

16



References

1. Robert E, La Coussaye de JE, Aya AGM, Bertinchant J-P, Polge A, Fabbro-
Péray P, et al. Mechanisms of Ventricular Arrhythmias Induced by Myocardial
Contusion: A High-resolution Mapping Study in Left Ventricular Rabbit Heart.
Anesthesiology. 2000;92:1132.

2. Schulz-Menger J, Bluemke DA, Bremerich J, Flamm SD, Fogel MA, Friedrich
MG, et al. Standardized image interpretation and post processing in
cardiovascular magnetic resonance: Society for Cardiovascular Magnetic
Resonance (SCMR) board of trustees task force on standardized post
processing. J Cardiovasc Magn Reson. 2013. p. 35.

3. Baum V. Anesthetic complications during emergency noncardiac surgery in
patients with documented cardiac contusions. YJCAN. 1991;5:57-60.

4. Wang H, Li M. Blunt Traumatic Pericardial Rupture—Case Report and
Literature Review. Surgical Science. Scientific Research Publishing;
2013;04:438.

5. Sohn JH, Song JW, Seo JB, Do KH, Lee JS, Kim DK, et al. Case report:
pericardial rupture and cardiac herniation after blunt trauma: a case diagnosed
using cardiac MRI. British Journal of Radiology. 2005;78:447-9.

6. Teixeira PGR, Georgiou C, Inaba K, Dubose J, Plurad D, Chan LS, et al.
Blunt cardiac trauma: lessons learned from the medical examiner. J Trauma.
2009;67:1259-64.

7. Scorpio RJ, Wesson DE, Smith CR, Hu X, Spence LJ. Blunt Cardiac Injuries
in Children: A Postmortem Study. Journal of Trauma and Acute Care Surgery.
1996;41:306.

8. Sybrandy KC, Cramer MJM, Burgersdijk C. Diagnosing cardiac contusion: old
wisdom and new insights. Heart. 2003;89:485-9.

9. Velmahos GC, Karaiskakis M, Salim A, Toutouzas KG, Murray J, Asensio J,
et al. Normal Electrocardiography and Serum Troponin | Levels Preclude the
Presence of Clinically Significant Blunt Cardiac Injury. Journal of Trauma and
Acute Care Surgery. 2003;54:45.

10. Riezzo |, Pomara C, Neri M, Rossi G, Fineschi V. Cardiac contusion: ending
myocardial confusion in this capricious syndrome. International Journal of
Cardiology. 2008;128:e107-10.

11. Burrell AJC, Hare JL, Francis PJ, Fitzgerald M, Cooper DJ, Murphy D, et al.
Impact of cardiac magnetic resonance imaging — cardiac contusion with
intramural hemorrhage. Circ J. 2015;79:216-7.

12. Hundley WG, Bluemke DA, Finn JP, Flamm SD, Fogel MA, Friedrich MG, et
al. ACCF/ACR/AHA/NASCI/SCMR2010 Expert Consensus Document
onCardiovascular Magnetic Resonance. JAC. Elsevier Inc; 2010;55:2614—62.

13. Hendel RC, Patel MR, Kramer CM, Poon M, Hendel RC, Carr JC, et al.

17



ACCF/ACR/SCCT/SCMR/ASNC/NASCI/SCAI/SIR 2006 appropriateness
criteria for cardiac computed tomography and cardiac magnetic resonance
imaging: a report of the American College of Cardiology Foundation Quality
Strategic Directions Committee Appropriateness Criteria Working Group,
American College of Radiology, Society of Cardiovascular Computed
Tomography, Society for Cardiovascular Magnetic Resonance, American
Society of Nuclear Cardiology, North American Society for Cardiac Imaging,
Society for Cardiovascular Angiography and Interventions, and Society of
Interventional Radiology. Journal of the American College of Cardiology. 2006.
pp. 1475-97.

14. Bodin L, Rouby JJ, Viars P. Myocardial contusion in patients with blunt
chest trauma as evaluated by thallium 201 myocardial scintigraphy. CHEST.
American College of Chest Physicians; 1988;94:72-6.

15. Donati OF, Stolzmann P, Leschka S, Simmen H-P, Marincek B, Alkadhi H,
et al. Magnetic resonance imaging of cardiac contusion. Herz. 2009;34:562-3.

16. Moccetti M, Wyttenbach R, Santini P, Previsdomini M, Corti R, Gallino A.
Images in cardiovascular medicine. Posttraumatic cardiac contrecoup: in vivo
evidence by cardiac magnetic resonance imaging. Circulation. 2009;119:1538—
40.

17. Moyé DM, Dyer AK, Thankavel PP. Myocardial Contusion in an 8-Year-Old
Boy A Kick to the Heart. Circulation: Cardiovascular .... 2015.

18. Prétre R, Chilcott M. Blunt Trauma to the Heart and Great Vessels. N Engl J
Med. 1997;336:626-32.

19. Clancy K, Velopulos C, Bilaniuk JW, Collier B, Crowley W, Kurek S, et al.
Screening for blunt cardiac injury: an Eastern Association for the Surgery of
Trauma practice management guideline. J Trauma Acute Care Surg. 2012. pp.
S301-6.

20. Huguet M, Tobon-Gomez C, Bijnens BH, Frangi AF, Petit M. Cardiac
injuries in blunt chest trauma. J Cardiovasc Magn Reson. 2009;11:35.

21. Descat E, Montaudon M, Latrabe V, Surcin B, Morales P, Laurent F. MR
imaging of myocardial haematoma after blunt chest injury. Eur Radiol. Springer;
2002;12:3174-6.

22. Mehrotra D, Dalley P, Mahon B. Tricuspid valve avulsion after blunt chest
trauma. Tex Heart Inst J. 2012;39:668-70.

23. Atkin C, Freedman |, Rosenfeld JV, Fitzgerald M, Kossmann T. The
evolution of an integrated State Trauma System in Victoria, Australia. Injury.
2005;36:1277-87.

24. Turk EE, Tsang Y-W, Champaneri A, Pueschel K, Byard RW. Cardiac
injuries in car occupants in fatal motor vehicle collisions--an autopsy-based
study. J Forensic Leg Med. 2010;17:339-43.

25. Mori F, Zuppiroli A, Ognibene A, Favilli S. Cardiac contusion in blunt chest
trauma: a combined study of transesophageal echocardiography and cardiac

18



troponin | determination. Italian heart journal: .... 2001.

26. Martin M, Mullenix P, Rhee P, Belzberg H, Demetriades D, Salim A.
Troponin Increases in the Critically Injured Patient: Mechanical Trauma or
Physiologic Stress? Journal of Trauma and Acute Care Surgery. 2005;59:1086.

27. Salim A, Hadjizacharia P, Brown C, Inaba K, Teixeira PGR, Chan L, et al.
Significance of Troponin Elevation After Severe Traumatic Brain Injury. The
Journal of Trauma: Injury, Infection, and Critical Care. 2008;64:46-52.

28. Adams JE, Bodor GS, Davila-Roman VG, Delmez JA, Apple FS, Ladenson
JH, et al. Cardiac troponin |. A marker with high specificity for cardiac injury.
Circulation. 1993;88:101-6.

29. Edouard AR, Felten M-L, Hebert J-L, Cosson C, Martin L, Benhamou D.
Incidence and significance of cardiac troponin | release in severe trauma
patients. Anesthesiology. 2004;101:1262-8.

30. Ferjani M. Circulating Cardiac Troponin T in Myocardial Contusion. CHEST.
1997;111:427.

31. Chirillo F, Totis O, Cavarzerani A, Bruni A, Farnia A, Sarpellon M, et al.
Usefulness of transthoracic and transoesophageal echocardiography in

recognition and management of cardiovascular injuries after blunt chest trauma.
Heart. 1996;75:301-6.

32. Bahar AM, Nouri M, Alizadeh L, Namvar F, Asadi M. Estimated incidence of
cardiac contusion using transthoracic echocardiography in patients suffering
from severe blunt trauma to the chest. Acta Chir. Belg. 2014;114:105-9.

33. Malbranque G, Serfaty JM, Himbert D, Steg PG, Laissy JP. Myocardial
infarction after blunt chest trauma: usefulness of cardiac ECG-gated CT and
MRI for positive and aetiologic diagnosis. Emerg Radiol. 2011;18:271-4.

34. Sturaitis M. Lack of Significant Long-term Sequelae Following Traumatic
Myocardial Contusion. Arch Intern Med. American Medical Association;
1986;146:1765-9.

35. Lindstaedt M, Germing A, Lawo T, Dryander von S, Jaeger D, Muhr G, et al.
Acute and long-term clinical significance of myocardial contusion following blunt
thoracic trauma: results of a prospective study. J Trauma. 2002;52:479-85.

36. Sakka SG, Huettemann E, Giebe W, Reinhart K. Late cardiac arrhythmias
after blunt chest trauma. Intensive Care Med. 2000.

37.Vago H, Toth A, Apor A, Maurovich-Horvat P, Toth M, Merkely B. Images in
cardiovascular medicine. Cardiac contusion in a professional soccer player:
visualization of acute and late pathological changes in the myocardium with
magnetic resonance imaging. Circulation. 2010;121:2456-61.

38. Roes SD, Borleffs CJW, van der Geest RJ, Westenberg JIM, Marsan NA,
Kaandorp TAM, et al. Infarct Tissue Heterogeneity Assessed With Contrast-
Enhanced MRI Predicts Spontaneous Ventricular Arrhythmia in Patients With
Ischemic Cardiomyopathy and Implantable Cardioverter-Defibrillator.

19



Circulation: Cardiovascular Imaging. 2009;2:183-90.

20



Figure 1: Study Flow Diagram
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Figure 2: Left and right ventricular distribution of myocardial injuries
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Table 1: Baseline Demographics

Control Chest trauma

N=21 N=21
Demographics
Age, years 42 [15] 40 [22]
Male, no (%) 16/21 (76) 16/21 (76)
Hypertension, no (%) 1/21 (5) 2/21 (10)
Fractured Sternum, no (%) 0 (0) 10/21 (47)
Fractured ribs, no 0 [0] 3.5 [3]
AIS 2008 13 [8] 23 [11]
NISS Score 17 [12] 32 [12]
TRISS Score 0.84 [0.4] 0.90 [0.1]
Mechanism, no (%)
-MVA 3 (14) 12 (57)
-Cyclist 2 (10) 2 (10)
-MBA 5 (24) 3 (14)
-Fall 7 (33) 2 (10)
-Other 4 (14) 2 (10)
Speed at impact, km/hr 69 [35] 66 [27]
Vitals in Emergency Room
HR, min 82 [14] 106 [26]
SBP, mmHg 125 [58] 140 [32]
GCS 15 [1] 14 [3]
Oxygen Sats (%) 98 [2] 98 [4.0]
Fio2 (%) 23 [10] 51 [28]
Lactate, mmol 1.3 [0.6] 2.3[1.4]
Investigations
Troponin initial, ng/mL 0.01 [0.01] 1.61 [2.50]
Troponin peak, ng/mL 0.03 [0.04] 2.80 [5.01]
CK peak, ng/mL 404 [614] 4064 [4420]
Abnormal CMR, no (%) 0/21 (0) 6/21 (29)
ECG changes, n (%) 4/21 (21) 9/21 (43)
Acute Echo change, no (%) 0 (0) 4 (22)
Limited Echo windows, no 0 (0) 3/121 (17)
(%)
Echo, days to 7.1[8.7] 8.8 [5.4]
CMR, days to 3.9 [2.4] 4.6 [2.2]
Outcomes
Location, no (%)
-Ward 17121 (77) 5/21 (23)
-Monitored 0 (0) 2 (10)
-ICU 1(5) 14 (67)
ICU duration, hours 41 [21] 114 [57]
Hospital LOS, days 9.1 [10.7] 8.8 [5.4]
Hospital Mortality, % 0/21 (0) 1/21 (5)
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Table 2: Patients with abnormal Magnetic Resonance scans.

Normal CMR | Abnormal CMR
N=15 N=6

Demographics
Male 13/15 (87) 3/6 (50)
Speed, km/hr 68 [23] 60 [37]
AIS 2008 25 [11] 22.0[13]
TRISS 0.91[0.07] 0.88 [0.21]
In Emergency Room
HR, min 103 [30] 114 [8]
SBP, mmHg 129 [33] 149 [43]
DBP, mmHg 83 [18] 66 [17]
Lactate, umol/L 2.6 [1.6] 2.2 [1.0]
Troponin initial, ng/mL 1.1[2.2] 2.8 [2.8]
Troponin Peak, ng/mL 2.1 [5.6] 4.4 [3.4]
ECG Abnormal, (%) 5/15 (33) 4/6 (67)
Echo Abnormal, (%) 1/15 (8) 3/6 (50)
Rib #, % 13/15 (87) 3/6 (50)
Rib # number 4.4 [3.3] 1.2 1.6]
Bruising, % 7/15 (47) 3/6 (50)
Sternal #, % 9/15 (60) 1/6 (16)
ICU duration, hours 118 [59] 99 [55]
Location
Ward 5/15 (33) 0/6 (0)
Monitored 0/15 (0) 2/6 (33)
ICU 10/15 (67) 4/6 (67)
CMR Findings
LVEDV 167 [44] 147 [48]
LVESV 65 [24] 59 [22]
EF, % 63 [7] 60 [6]
RWMA, % 1/14 (7) 4/6 (67)
RV Dysfunction 0/15 (0) 1/6 (17)
STIR Av 1.7 [0.4] 2.2 [0.6]
STIR regional 1.8 [0.4] 2.5[0.7]
T2 time, Basal total 44 [10] 43 [5]
T2 time, Mid total 48 [7] 49 [4]
T2 Apical 55 [9] 57 [10]




Table 3. Distribution of myocardial injuries as seen on CMR

Abnormal CMR N=6

Incidence

Comments

RWMA
-Ant wall
-Anterolateral
-Antero septum
-Septum

RV wall Oedema

Effusion

Trivial

STIR global >2.2

Regional >2.2

Valve damage

TV rupture

Tissue

AlaldhNDN Al A A N

Intramural
haemorrhage

25



Table 4. Performance of tests at predicting MACE during hospital stay.

Investigation With MACE N=5 Without MACE N=16
Sensitivity Specificity
Number 95% CI Number (%) 95% CI
(%)
CMR 3/5 (60) 15-95 13/16 (81) 54-96
Echocardiogram 1/4 (25) 1-81 10/13 (77) 46-95
Abnormal 5/5 (100) 48-100 3/14 (22) 5-51
Troponin
Troponin 2/5 (40) 5-85 8/14 (57) 29-82
Peak>1.0*
EKG 4/5 (80) 28-100 9/16 (69) 30-80

*This level has previously been proposed as a cut off (17)
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Table 5. 9 month follow-up scans

EF (%) Regional STIR RWMA SCAR
Initial 9 Initial 9 Initial 9 Initial 9
months months months months
Patient | 67 - 3.27 3.0 Yes Yes No Yes
1
Patient | 65 61 1.97 1.69 Yes Yes No Yes
2
Patient | 57 48 1.61 2.3 No No No No
3
Patient| 63 69 2.50 1.6 Yes Yes No Yes
4

Footnote: Patient 5 and 6 did not undergo follow up CMR. Baseline characteristics
for patient 5 and 6 includes EF of 57% and 52%, Regional STIR 2.4 and 3.3, RWMA
No and Yes, and Scar No and No respectively.

27



