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Abstract

Background: Serum troponin T' (ITnT) is a common marker of myocardial injury. However, its implication in the absence of clinical
evidence of cardiac reason is not well established. Aims: The aim of this study was to identify the implications of positive TnT in traumatic
chest injury (T'CI) patients regardless of the cardiac involvement. Materials and Methods: We conducted a retrospective analysis of all
TCI patients admitted to level 1 trauma center between 2008 and 2011. Patients who underwent TnT testing were divided into two groups:
Group 1 (positive TnT) and Group 2 (negative TnT). The two groups were analyzed and compared, and multivariate regression analyses
were performed to identify predictors of TnT positivity and mortality. Results: Out of 993 blunt TCI patients, 19.3% had positive TnT
(Group 1). On comparison to Group 2, patients in Group 1 were 5 years younger and more likely to have head, cardiac, hepatic, splenic,
and pelvic injuries, in addition to lung contusion. Positive TnT was associated with higher Injury Severity Score (ISS) (P = 0.001), higher
chest Abbreviated Injury Score (AIS) (P = 0.001), and longer hospital stay (P = 0.03). In addition, Group 1 patients were more likely to
undergo chest tube insertion, exploratory laparotomy, mechanical ventilation, and tracheostomy. Twenty patients had cardiac involvement,
and of them 14 had positive TnT. Among 973 patients who showed no evidence of cardiac involvement, 178 had positive Tn'T' (18.3%).
There were 104 deaths (60% in Group 1). On multivariate regression analysis, the predictors of hospital mortality were positive Tn'T, head
injury, and high ISS, whereas, the predictors of TnT positivity were cardiac, hepatic, and pelvic injuries; higher ISS; and age. Conclusions:
Positive Tn'T in blunt TCI patients is a common challenge, particulatly in polytrauma cases. Patients with positive TnT tend to have the
worst outcome even in the absence of clinical evidence of acute cardiac involvement. Positive TnT is also a reflection of the severity of
chest or extrathoracic injuries; however, further prospective studies are warranted.
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Introduction incidence of blunt cardiac injury varied 20-76%.*° An
earlier study reported a 30% incidence of blunt
Thoracic trauma is responsible for up to 25% of all  cardiac injury among TCI patients; of those, 5% cases
trauma-related fatalities.['! Prior data showed that in
blunt chest trauma (traumatic chest injury or TCI), the This is an open access article distributed under the terms of the
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developed in-hospital complications that required
acute interventions.? Moreover, postmortem findings
of blunt trauma patients who died immediately after
injury confirmed the presence of cardiac injury in 14%
of cases.”!

Cardiac troponins (cTn), specifically troponin T (TnT)
and troponin I (Tnl) are released into the circulation
in response to acute myocardial injury/necrosis.
Currently, cTn is one of the preferred biomarkers for
the detection of cardiac injury with higher sensitivity
and specificity than creatinine kinase-myocardial band
(CK-MB) assay.P! Earlier studies reported elevated
cTn levels in 15-28% of cases presented with abnormal
electrocardiogram (ECG) after traumatic blunt TCL[2>#!
Evidence based on earlier data has suggested that
circulating cTn possesses low sensitivity (12-23%) for
detection of blunt cardiac injury but high specificity
(97-100%), therefore it has clinical relevance to rule out
myocardial injury.®*' A recent study reported TnT
levels to be a significant biomarker of mortality in high-
risk non-cardiac surgery patients.'" However, limited
information is available on the implications of TnT in
trauma patients who presented with no clinical evidence
of cardiac causes. The present study aims to assess the
implications and outcomes of positive TnT in patients
who sustained blunt TCI with and without apparent
acute cardiac injury.

Materials and Methods

This study was approved by the Medical Research
Center (IRB# 10129/10 and 12010/12) at Hamad
Medical Corporation (HMC), Doha, Qatar. All patients
with major blunt TCI who were admitted to the
Level I trauma center at HMC were retrospectively
reviewed between January 2008 and June 2011. The
major blunt TCI was defined as a history of blunt
mechanism of injury in the presence of any of the
following: Hemothorax, pneumothorax, rib fracture,
lung contusion, or major intrathoracic vascular
injury. Patients with penetrating injury, with isolated
clavicular fracture, having a history of thoracic injury
without radiological evidence, and known to have
ischemic heart disease or cardiac rhythm abnormalities
were excluded. The mechanism of blunt chest trauma
included motor vehicle collision (MVC), pedestrian
injuries, and falls. Patients with nondocumented TnT
measurements were excluded. Patients with blunt TCI
were divided into two groups based on their TnT status:
Positive TnT (Group 1) versus negative TnT (Group 2).

Collected data included demographics, mechanism of
injury, Injury Severity Score (ISS),"! chest Abbreviated
Injury Score (AIS),[¥ associated extrathoracic injuries,
need of mechanical ventilation and surgical procedure

(laparotomy, thoracotomy, thoracostomy tube drainage,
and tracheostomy), ECG findings, length of hospital stay,
and in-hospital all-cause mortality.

On admission, three sets of serum TnT level (6 h apart,
approximately) were performed for TCI patients and TnT
values greater than 0.1 ng/mL were considered positive
according to our laboratory cutoff. Additionally, 12-lead
ECG was performed serially, if clinically indicated
with abnormal initial ECG and cardiac enzymes.
As there were no hospital guidelines, serial cardiac
markers were requested for selected cases according
to the attending physician’s discretion. Transthoracic
echocardiography (TTE) was ordered in patients with
arrhythmias, suspected cardiac injury by auscultation
(for any murmurs or abnormal heart sounds), elevated
biomarkers, or unexplained hypotension after complete
resuscitation. Generally, myocardial injury was
suspected in patients who fulfilled at least one of the
following criteria: (a) presumably new abnormal cardiac
rhythm, or rate, abnormal echocardiographic findings
(wall motion, valvular or septal abnormalities); and (b)
hemopericardium.*!

Statistical analysis

Data were presented as proportions, medians
[interquartile range (IQR)], or mean [tstandard deviation
(SD)] as appropriate. Differences between categorical
and continuous variables among the two TnT groups
were analyzed using the chi-square test and Student’s
t test, respectively. The correlation between TnT groups
and ISS was demonstrated using side-by-side box plots.
Multivariate logistic regression analysis was performed
for the predictors of in-hospital mortality after adjusting
the potential covariates that showed significant
differences among the study groups in the univariate
analysis. A two-tailed P value of <0.05 was considered
significant. Another multivariate analysis looking at the
predictors of a positive TnT test among TCI patients was
also performed. Receiver-operator characteristic (ROC)
curves were plotted for the initial three TnT levels against
mortality. The area under the curve (AUC) of 1.0 was
considered perfect discrimination and 0.5 considered
equal to chance. All data analyses were carried out using
the IBM Statistical Package for Social Sciences (SPSS IBM
Corp) for Windows, Version 19.0. Armonk, NY, USA.

Results

During the study period, 5118 patients were admitted
to the trauma section; of them 1358 patients sustained
blunt TCL There were 365 excluded cases in whom TnT
readings were not documented. Only 993 cases with TCI
and TnT measurements were included in the study. The
common mechanisms of injury were MVC (55%), fall from

18 North American Journal of Medical Sciences | Jan 2016 | Volume 8 | Issue 1 |




Mahmood, ¢ al.: Troponin T in chest trauma

height (29%), and pedestrian hit by car (16%). Frequently
encountered injuries included lung contusions (77 %),
rib fractures (60%), and head injuries (42%). The median
chest AISwas 3 (IQR 2-3), ISS was 17 (IQR 12-24), and the
length of hospital stay was 8 (range 1-278) days [Table 1].
TnT was positive in 192 (19%) patients.

Patients” demographics and mechanism of injury were
compared among positive and negative TnT groups
[Table 2]. On comparison to Group 2, patients in
Group 1 (positive TnT) were 5 years younger and more
likely to have head, cardiac, hepatic, splenic, and pelvic
injuries in addition to lung contusion. Group 1 patients
were more likely to undergo chest tube insertion
(P = 0.001), exploratory laparotomy (P = 0.001),
mechanical ventilation (P = 0.001), tracheostomy
(P =0.001) and long bone open reduction with internal
fixation (P = 0.04). Moreover, patients with positive
TnT had higher median (IQR) ISS [24 (17-34) versus 16

Table 1: Demographics, mechanism of injury, and
clinical presentation of traumatic chest injury patients

(N=993)

Variable N
Male (%) 939 (95%)
Age (meanSD) 34+13.8

Mechanism of injury
MVC (%) 546 (55%)
Pedestrian (%) 159 (16%)
Fall from height (%) 288 (29%)

Associated injuries
Head (%) 419 (42%)
Lung contusion (%) 764 (77%)
Rib fracture (%) 592 (60%)
Spleen (%) 142 (14.3%)
Liver (%) 146 (14.7%)
Kidney (%) 56 (5.6%)
Cardiac (%) 20 (2%)

Pelvic fracture (%) 137 (16)

Intubation (%) 296 (29.8%)

Exploratory laparotomy (%) 77 (7.8)

Chest tube insertion (%) 179 (21%)

Open reduction internal fixation (%) 183 (18.4%)

Craniotomy (%) 47 (4.7%)

Tracheostomy (%) 43 (4.3%)

Thoracotomy (%) 15 (1.5%)

CK-MB (median; range) 14 (1-282)

Ejection fraction% (mean * SD) 53 (11)

Positive troponin T 192 (19.3%)

Chest AIS (median; IQR) 3 (2-3)

ISS (median; IQR) 17 (12-24)

Hospital LOS (median; range) 8 (1-278)

Pneumonia (%) 44 (4.4%)

Mortality (%) 104 (10.5%)

LOS = Length of stay

(10-22); P = 0.001] and chest AIS [3 (3-3) versus 3 (2-3);
P =0.001]. There was a correlation between TnT groups
and ISS. Positive TnT was significantly associated with
higher ISS [Figure 1].

Cardiac evaluation

The frequency of cardiac involvement (N = 20)
revealed that 14 had positive TnT and 6 had negative
TnT [Table 3]. Subanalysis of cardiac involvement
cases revealed no statistically significant difference of
mortality between Group 1 and Group 2 patients (28.6%
vs 0.0%, P =0.14).

Among 973 TCI patients with no cardiac involvement,
178 had positive TnT (18.3%). The in-hospital
mortality rate was significantly higher in noncardiac
patients with positive TnT as compared to negative
TnT (32.6% vs 5.3%, P = 0.001). These findings
suggested a clinical relevance of positive TnT in
patients without cardiac injury. TTE was performed
in 72% of patients with positive TnT; of them,
only 19% showed abnormal left ventricular (LV)
function. A subanalysis was performed to address
the TnT positivity in isolated chest injury versus
polytrauma patients (with and without head injury).
TnT positivity was significantly higher in the two
polytrauma subgroups with head injury (28.6% vs
7%; P =0.001) and without head injury (23.6% vs 7%;
P =0.001) in comparison to isolated chest injuries
[Table 4]. Moreover, the mortality rate was higher
in polytrauma involving head injury in comparison
to the other subanalysis groups.

Predictors of TnT positivity

Relevant variables in terms of age, head injury,
cardiac injury, lung contusion, splenic injury, hepatic
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Figure 1: The correlation between TnT and ISS
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Table 2: Analysis of chest injuries according to troponin T status

Variable Group 1 Group 2 P value
Positive TnT (N = 192) Negative TnT (NN = 801)

Age (mean*SD) 30.5+12 35+14 0.001

Male (%) 97 94 0.05

Mechanism of injury 0.10 for all

Pedestrians (%) 20.3 15

MVC (%) 55.2 54.9

Fall (%) 245 30.1

Associated injuries
Head (%) 59 38 0.001
Lung (%) 84 75 0.03
Rib fracture (%) 54 61 0.06
Pelvic fracture (%) 26 13 0.001
Spleen (%) 19.3 13.1 0.02
Liver (%) 27 12 0.001
Bowel (%) 3.6 1.6 0.07
Kidney (%) 5.7 5.6 0.95
Cardiac (%) /28] 0.7 0.001
Chest AIS (median; IQR) 3 (3-3) 3 (2-3) 0.001
CK (median; range) 1153 (33-13014) 1071 (5-14236) 0.02
CK-MB (median; range) 19.9 (4-282) 12.3 (1-192) 0.001
Exploratory laparotomy (%) 20 5 0.001
Thoracotomy (%) 2.6 1.2 0.16
Chest tube insertion (%) 43 15 0.001
Craniotomy (%) 6.8 42 0.13
Tracheostomy (%) 8.9 3.2 0.001
ORIF (%) 23.4 17.2 0.04
Endotracheal intubation (%) 61 22 0.001
ISS (median; IQR) 25 (17-34) 17 (10-22) 0.001
Hospital LOS (median; range) 12 (1-278) 8 (1-262) 0.03
Pneumonia (%) 7 4 0.07
Mortality N (%) 62 (32.3) 42 (5.2) 0.001

LOS = Length of stay, IVC = Inferior vena cava, ORIF = Open reduction internal fixation

Table 3: Cardiac involvements (N = 20)

Variable Number of cases
Positive TnT 14
ECG ST-T changes 10
LV hypokinesia 16

Traumatic tricuspid regurgitation
Traumatic mitral regurgitation
Traumatic septal injury
Hemopericardium

Coronary artery injury required stenting
Right bundle branch block=

Left bundle branch block=

Frequent premature ventricular contractions

N = O = N = =N

There were no prior ECGs to compare with the current findings=

injuries, and ISS were used in multivariate regression
analysis. The analysis showed that cardiac [odds ratio
(OR) 12.9; P = 0.001], hepatic (OR 2.1; P = 0.002), and
pelvic injuries (OR 1.9; P = 0.006) in addition to high
ISS (OR 1.1; P = 0.001) and age (OR 0.97; P = 0.001)

were the independent predictors of TnT positivity
[Table 5].

Outcomes

Prolonged hospitalization (P = 0.03) and a higher rate
of pneumonia (P = 0.07) were evident in Group 1 when
compared with Group 2 [Table 2]. The overall mortality
in the study population was 10.5% (N =104); the majority
of them had positive TnT. The mortality rate was 6 times
greater in patients who had positive TnT in comparison
to those who had negative TnT (32% vs 5.2%; P = 0.001).

Predictors of mortality

Multivariate regression analysis used 10 relevant
variables with significant differences in the univariate
analysis [Table 6]. Positive TnT (OR 4.4, P = 0.001),
associated head injury (OR 2.2, P = 0.01), and higher ISS
(OR 1.1, P = 0.001) were the independent predictors of
mortality among TCI patients.
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Table 4: Comparison of Troponin T (TnT) positivity
and outcomes (isolated chest injury versus
polytrauma)
Variable

Isolated chest  Polytrauma Polytrauma
injury (reference without head with head

group) (%) injury* (%)  injury** (%)
Positive TnT 7 23.6 28.6
Mortality* 3.3 19 44

‘In comparison to reference group, P value = 0.001, “In comparison to
reference group, P value = 0.001, “Mortality in positive TnT patients,
P value = 0.040

Table 5: Predictors of troponin T positivity in TCI

Variables Pvalue Oddsratio  95% confidence
interval
Age 0.001 0.970 0.954 0.986
Head injury 0.309 1.242 0.818 1.884
Pelvic injury 0.006 1.894 1.205 2.977
Spleen injury 0.577 0.863 0.515 1.447
Liver injury 0.002 2.120 1.319 3.406
Iss 0.001 1.076 1.055 1.098
Lung contusion ~ 0.884 0.963 0.586 1.585
Cardiac injury 0.001 12.870 4.408 37.578

Table 6: Predictors of mortality in TCI

Variables Pvalue Odds 95% confidence
ratio interval
Age 0.184 1.014 0994 1.034
Head injury 0.013 2188 1176  4.071
Pelvic fracture 0.922 1.034 0535  1.998
Spleen injury 0.180 0590 0273 1.277
Liver injury 0.267 0.652  0.306  1.389
Cardiac injury 0.883 1100  0.310 3.904
Exploratory laparotomy 0.387 1450  0.625  3.360
Iss 0.001 1.09% = 1.067 1.127
Lung contusion 0.431 1.362  0.632 2936
Positive troponin 0.001 4384 2500 7.686

ROC curve and AUC using the initial readings of TnT
levels were performed for the prediction of mortality
[Figure 2]. This showed that the TnT cutoff level of
0.4 ng/mL predicted hospital mortality more accurately
when compared to the other cutoff reading (0.11 ng/mL),
P=0.01.

Discussions

There are a few reports describing the implication of
positive TnT in patients presented with blunt TCL.[4101415]
The present analysis revealed several key findings. In
our series, 19% of blunt TCI patients had positive TnT.
Moreover, in the absence of an apparent cardiac cause,
almost one-fifth of patients had positive TnT. The overall
mortality was 10.5% and of them 60% had positive TnT.
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Figure 2: ROC curve and AUC for three readings of TnT levels for
prediction of mortality

Interestingly, the current study identified the predictors
of positive TnT in patients with TCI, which included
cardiac, hepatic, and pelvic injuries; high ISS; and age.
The study highlighted the association between positive
TnT and worse hospital outcomes (i.e., the need for
interventions, longer length of stay, and mortality) in
patients with TCI regardless of the clinical evidence of
acute cardiac involvement. Our study uniquely showed
a correlation between high ISS and a tendency for
positive TnT. Moreover, positive TnT was independently
associated with a fourfold increased risk of in-hospital
mortality. In addition to positive TnT, the associated
head injury and ISS were also predictors of mortality in
our study cohort.

In general, diagnosis of cardiac injury in patients with
TCI remains controversial.” Symptoms such as chest
pain in patients with myocardial injury may mimic a
concomitant rib fracture or muscular injury.®! Chest
imaging such as computed tomography is a useful tool
for diagnosing injury in the great vessels and the skeletal
or pulmonary structures, but it lacks sensitivity for the
detection of cardiac injury.['>16

It has been reported that patients with severe traumatic
cardiac injuries or fatal cardiac rhythm disturbances
warrant immediate evaluation and treatment. On the
other hand, further cardiac workup and diagnosis of
cardiac injury could be missed in some cases due to a lack
of clinical signs and symptoms after severe trauma.""!
Some investigators have observed a significant correlation
between cardiac injury and mortality."®!
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Moreover, due to the lack of an optimal test for
myocardial injury in trauma, the exact incidence of a
cardiac injury in patients with blunt TCI is not well
established. Therefore, a wide variation has been
reported in the incidence of cardiac injury in studies
based on autopsies (15-20%), clinical presentation
(9-76%), and troponin assay.!">"’!

Interestingly, higher TnT levels have been observed
in severe traumatic brain injury patients. Salim et al.*"!
reported that TnT is independently associated with
adverse outcomes in patients with traumatic brain
injury. In our cohort, fewer than half of the TCI patients
had associated head injury, and mortality among those
with positive TnT was 4 times higher in comparison to
patients who had no associated head injury.

In addition, increased TnT levels are frequently found
in septic or critically ill patients. It has been observed
that 50-85% of critically ill patients had significantly
elevated levels of cTn, which correlated well with disease
severity.l?4

Earlier studies reported that the development of
hypotension and/or multiple organ dysfunction
was more frequent in patients with elevated TnT as
compared to patients with negative TnT.***! This finding
enlightened a link between the positivity of TnT and the
degree of myocardial injury in intensive care unit (ICU)
patients, which could be mainly related to a physiologic
stress or illness rather than mechanical chest trauma
or direct cardiac injury. In our study, a proportion of
trauma cases with evidence of cardiac injury were cases
of young patients with no prior history of atherosclerotic
coronary artery disease.

In the present study, the median ISS showed an
association with the elevated TnT that may reflect
a degree of ongoing physiologic stress. In addition,
elevated TnT could possibly be associated with the
severity of chest trauma or other extrathoracic associated
injuries, such as head and abdomen injury. In our series,
TnT positivity was significantly higher in the polytrauma
cases with and without associated head injury. An earlier
study suggested that elevated serum troponin (Tnl)
levels post trauma correlated well with the degree of the
overall injury and physiologic stress and were not related
to chest trauma alone."! Positive TnT in patients with
no obvious cardiac causes could be in part explained
with the possibility of a silent or minor degree of cardiac
injury. However, we cannot exclude the possibility of
false-positive elevations due to TnT release under other
clinical situations.>%!

Earlier studies included trauma®? and high-risk
surgical patients,””! and found elevated TnT levels to

be associated with significant increase in morbidity and
mortality. A recent study demonstrated an association
between TnT levels and mortality in patients undergoing
noncardiac surgery.® The authors suggested that the
peaked values of TnT after the first 3 days of surgery
were significantly correlated with the 30-day mortality.
Moreover, a dose/response relationship has been
observed between the troponin levels (Tnl) and the risk
of mortality after noncardiac surgery.”! Our findings
showed that in comparison to negative TnT, TCI patients
with positive TnT had prolonged hospital length of
stay, increased need of invasive procedures, and greater
frequency of hospital complications and mortality. Based
on the ROC and AUC, a TnT cutoff of 0.4 ng/mL would
predict in-hospital mortality in TCI patients as compared
to other cutoff values. However, our laboratory protocol
considers TnT values greater than 0.1 as a positive test.

Elevated serum troponins have wide implications,
as elevated levels of TnT or Tnl and abnormal ECG
indicate poor prognosis with increased risk of cardiac
complications. Therefore, such patients should be
evaluated thoroughly with echocardiography and serial
ECGs.*I However, there are a few studies showing
lower sensitivity and predictive values of TnT and Tnl for
the diagnosis of myocardial contusion.®! Despite this, the
authors still considered Tnl to be relatively more specific
than TnT. The present study reported 6 patients who had
clinically relevant myocardial injury without significant
troponin release. Our findings are in agreement with
earlier studies that the TnT test alone has low sensitivity
for diagnosing myocardial injury®* and so it may have
more clinical relevance to rule out myocardial injury.

Recently in 2015, Skinner et al. studied 169 TCI cases
over 3 years, of whom 50% were found to have blunt
cardiac injury. These authors reported that Tnl, ECG,
and TTE were performed in only 71%, 34%, and 45% of
cases. They also mentioned a couple of limitations in their
study interpretation. For instance, the definition applied
to TCI in their study was not universally accepted.
They reported that only 45% of blunt cardiac injury
patients underwent TTE, which may have a potential
of underestimated cardiac injuries. In addition, TTE
was performed by different operators, which might
contribute to the proposed variability in interpreting
the study findings. Moreover, there was significant
heterogeneity in the assays used for serum troponin
detection due to changes over time.F!

Limitations

The present analysis has some limitations, including
the retrospective design and use of TTE instead of
transesophageal echocardiography, which might
miss a few cardiac cases due to poor view windows
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in patients with rib and/or lung injuries. The lack of
autopsy findings to confirm myocardial injury is also
a limitation. One-fourth of patients with positive TnT
had no echocardiographic assessment. We could not
find a reason for that in the database, and this may
mean underestimation of the presence of cardiac injury.
For risk stratification in patients with blunt TCIL, TnT is
considered less sensitive relative to Tnl.["®) However,
the assessment of troponin levels in TCI (TnT or TnlI)
has important prognostic implications. Due to the
retrospective nature of our study, we relied only on
TnT, as Tnl was not frequently used in our trauma unit
during the study period. We cannot assure that all the
abnormal ECG or TTE findings were new or old; the
latter limitation may explain in part the negative TnT in
some cases. The exact information for the time of blood
sampling is lacking. Parameters supporting diagnosis
of cardiac stress were not addressed, therefore further
prospective study may be appropriate to answer these
issues. At this stage, the recommendation of routine
cardiac workup for all blunt chest trauma patients
is not well settled unless there is a clinical suspicion.
Additionally, the optimum timing and cutoff levels
need further revision. Although it is not reported in
our database and rarely encountered in our experience,
sternal fracture could be of importance in such analysis.

Conclusion

Positive TnT in patients with blunt TCI is common,
particularly in polytrauma cases. Moreover, it is
associated with worse outcome even in the absence
of sound clinical evidence of cardiac involvement.
TnT elevation in TCI is not only a reflection of the
overall severity of chest injury as well as the associated
extrathoracic injuries, but is also an indicator of
prolonged hospitalization and mortality. Further
prospective studies are required to support our findings.
Moreover, TCI with positive TnT is a major challenge in
critical trauma care, therefore well-established guidelines
are warranted.
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