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Abstract

Background—cardiac dysfunction is frequently observed after severe traumatic brain injury
(sTBI), however its significance is poorly understood. Our study sought to elucidate the
association of cardiac troponin | (cTnl) elevation with all cause in-hospital mortality following
isolated sTBI (brain AIS = 3 and admission GCS < 8, no AlS =3 to any other bodily regions).

Methods—we retrospectively reviewed all adult patients (= 18 years) with isolated sTBI
admitted to a level one trauma center between June 2007 and January 2014. Patients must have
cTnl values within 24 hours of admission. Mortality risks were examined by Cox proportional
hazard model.

Results—of the 580 patients identified, 30.9% had detectable cTnl in 24 hours of admission. The
median survival time was 4.19 days (IQR: 1.27 — 11.69). When adjusted for potential confounders,
patients in the highest cTnl category (= 0.21 ng/mL) had significantly higher risk of in-hospital
mortality (HR: 1.39; 95% CI: 1.04 — 1.88) compared to patients with undetectable cTnl. Mortality
risk increased with higher troponin levels (p-trend < 0.0001). This association was more
pronounced in patients <65 years (HR: 2.28; 95% CI: 1.53 — 3.40; p-trend < 0.0001), while
interestingly, insignificant in those > 65 years (p-trend = 0.0826).
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Conclusions—among patients with sTBI, cTnl elevation is associated with all cause in-hospital
mortality via a non-linear, positive trend. Age modified the effect of cTnl on mortality.

Level of Evidence—Ilevel Il retrospective study, Prognostic and Epidemiological

Keywords
traumatic brain injury; cardiac dysfunction; cardiac troponin I; in-hospital mortality

Background

Traumatic brain injury (TBI) is the leading cause of death after injury in the United States,
affecting more than 1.4 million people annually. (::2) Survivors often suffer from long-term
disabilities that are estimated to be $9.2 billion in lifetime medical costs and $51.2 billion in
lifetime productivity losses. ( In an effort to improve management of patients with severe
traumatic brain injury (sTBI) and minimize its socioeconomic burdens, research has
primarily focused on identification, prevention, and treatment of secondary injuries
including hypotension, ) hypoxia, ®, intracranial hypertension, 6-8) and cerebral
hypoperfusion. (/-9 While a multitude of unique, often interrelated systemic complications
have been identified to alter morbidity and mortality, (19) the effects of sTBI on cardiac
function has been poorly documented.

Neurocardiac axis has been well-defined in various non-traumatic head injuries including
subarachnoid hemorrhage (SAH),(11-15) acute stroke, 16:17) intracerebral hemorrhage, (18:19)
seizure, (20) and Guillain-Barre syndrome. (1) Increased risks of complications and
mortality are found to be associated with a classic triad of transient left ventricular wall
motion abnormality, electrocardiography changes, and elevation in cardiac enzymes in the
absence of coronary artery disease. (22) Stress cardiomyopathy as a result of primary
neurological condition is labelled as neurogenic stunned myocardium. While the etiology is
not well understood, several pathophysiological mechanisms have been proposed including

multi-vessel coronary artery spasm, (23) microvascular dysfunction, (24 and catecholamine
storm. (22.25.26)

So far, the effect of cardiac dysfunction following sTBI has not been well established. It is
unknown what effects these heart-brain interactions may have on morbidity and mortality of
patients with sTBI, and conversely, if cardiac dysfunction can be a novel predictor of
clinical outcome. Using cardiac troponin | (cTnl) as a marker for myocardial damage, our
study investigated the association between myocardial injury and all cause in-hospital
mortality in patients with sSTBI and the effect of age on this association, and we hypothesize
that a positive trend effect exists between the above factors.

Methods

Population selection and outcome definition

This retrospective study was performed at the R Adams Cowley Shock Trauma Center in
Baltimore, Maryland after approval by the University Of Maryland School Of Medicine
Human Research Protection Office. We reviewed all patients with TBI directly admitted
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from the scene of injury between June 2007 and January 2014. Patients were identified
through a prospectively maintained Trauma Registry. Routine clinical characteristics were
collected including sex, race, age, injury type, Injury Severity Score (ISS), Abbreviated
Injury Score (AIS), admission Glasgow Coma Score (GCS), length of Intensive Care Unit
(ICU) stay, length of hospital stay, discharge GCS, discharge disposition, preexisting cardiac
diseases (cardiac dysrhythmia, congestive heart failure, and other cardiac diseases) and all
cTnl measurements within the first 24 hours. Per institution protocol, troponins are sent on
patients with non-specific ischemic EKG changes, possible blunt chest trauma, or age > 65
years.

Inclusion criteria specified adult patients of >18 years of age that have received a diagnosis
of TBI verified by computed tomography or magnetic resonance imaging. Head AIS =3 and
GCS <8 was classified as sTBI. Exclusion criteria precluded patients with significant extra-
cranial injuries defined as AIS =3 to any other body regions and patients without cTnl
measurements within 24 hours of admission. Troponin values were stratified into three
categories: undetectable (< 0.06 ng/mL) and two levels of detectable categories that included
mildly elevated (0.06 — < 0.21 ng/mL) and severely elevated (> 0.21 ng/mL). Median value
of 0.21 ng/mL was chosen to yield equal sample sizes in the two elevated cTnl groups.
Clinical outcome was designated as all cause in-hospital mortality. Survival days were
calculated from hospital admission to death or discharge from hospital. Outcome
measurements were analyzed as binary, either survived or expired. Dichotomization of age
was selected at 65 years.

Statistical analysis

Clinical characteristics were presented as number of patients and percentage for discrete
variables or as mean and standard deviation, median and interquartile range (IQR) for
continuous variables where appropriate. Discrete variables were compared using chi-square
test or Fisher’s exact test, and continuous variables were compared using one-way ANOVA
test for means or Wilcoxon rank-sum test for mean-rank comparison. We used the direct
adjusted survival curves based on a stratified Cox model. (27) Differences in survival rates
among the three categories were compared using Wald Chi-square test and survivors were
censored at the time of discharge. Cox proportional hazard model was applied to calculate
hazard ratios (HR) and their corresponding 95% confidence intervals (CI). Two Cox models
were developed based on the peak cTnl of each patient and serial cTnl values available for
each patient as time-dependent variables. Restricted cubic spline method was used to
describe the non-linear relationship between peak cTnl, as a continuous variable, and in-
hospital mortality. Categorical cTnl values were treated as continuous parameters in the
model to calculate p-trends. All calculations described above were adjusted for age, gender,
injury type (including MVC, fall, other blunt trauma, penetrating injuries, and other injury
types), ISS, admission GCS, surgical intervention, and preexisting cardiac diseases.

Area under the receiver operating characteristic (AUC) curve was calculated to assess the
predictive power of admission GCS and TRISS alone vs. in combination with cTnl; fitness
was evaluated by the likelihood-ratio test. To evaluate selection bias, troponin values were
imputed for 276 patients with isolated sTBI without cTnl data using Ml procedure in
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SAS. (28) A multivariable regression method was used to predicted log(cTnl), compensated
for skewed distribution, with max 4.04 and min —3.90 for consistency with available data
and predictors including age, gender, injury type, admission GCS, and pre-existing cardiac
history. All hypothesis testing was two-tailed, and any p-value < 0.05 was considered
statistically significant. Statistical analyses were performed using SAS version 9.3 (SAS
Institute Inc. Cary, NC).

A total of 1743 adult patients with STBI (AIS = 3 and GCS <8) were admitted during the
study period. Exclusion criteria eliminated 887 patients who suffered significant (AlS = 3)
extracranial injuries to the face, neck, thorax, abdomen, or extremities and 276 patients who
lacked cTnl data within the first 24 hours of admission. A total of 580 patients were
included for analysis (Figure 1). Eligible patients were 56.3 + 21.1 years of age, largely male
(70.8%) who suffered blunt trauma (89.8%). Injury severity was indicated by the median
ISS of 25 (IQR: 17 — 26) and median admission GCS of 4 (IQR: 3 — 6). Most common
injuries were cerebral hematoma (74.4%), followed by SAH (61.2%), cerebral contusion
(50.2%), cerebral edema (50.2%), skull fracture (40.2%), and intraventricular hemorrhage
(IVH) (26.0%). History of cardiac diseases was relatively uncommon at 8.1%, while 31.2%
of the study population had surgical intervention after admission. Detectable cTnl was
present 30.9% of the patients within 24 hours of admission.

All cause in-hospital mortality

Mortality during index hospitalization was 49.5% (287 patients), of which 64% were men
(Table 1). Mortality was significantly associated with > 65 years of age, injury type, male
sex, higher ISS, lower admission GCS, reduced ICU and hospital stay, and preexisting
cardiac diseases (all p < 0.001). These patients also had higher incidences of SAH, IVH,
cerebral hematoma, cerebral contusion, cerebral edema, and surgical intervention. The
deceased patients had significantly higher rate of detectable cTnl than survivors (41.8% vs.
20.1%, p < 0.001), and the reverse held true for undetectable cTnl (58.2% vs. 79.9%, p <
0.001). When separated by cTnl categories, significant differences were found in mean age,
injury type, admission GCS, mortality, and specific injuries such as cerebral hematoma,
cerebral contusion, and cerebral edema (all p < 0.05). Otherwise the three strata shared
similar characteristics (Table 2).

At the median survival time of 4.19 days (IQR: 1.27 — 11.69), survival rates of the three
cTnl categories were 63.9%, 56.4%, and 50.1% in ascending cTnl order (Figure 2a). The
differences among survival curves were statistically significant (p < 0.0001). When adjusted
for potential confounders (Table 3), those in the severely elevated cTnl category (> 0.21
ng/mL) had 1.39 times (95% CI: 1.04 — 1.88) higher risk of mortality compared to patients
with undetectable cTnl (< 0.06 ng/mL). The trend was dose-dependent across the three cTnl
categories and statistically significant (p-trend = 0.0167). Comparable results were derived
from the peak cTnl Cox model and the time-dependent cTnl Cox model that included serial
cTnl values (maximum n = 6) of each patient (p-trend = 0.0162 and p-trend = 0.0307,
respectively).
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Age stratification

Age stratification revealed 366 patients (63.1%) <65 years of age. Among this age group,
patients with severely elevated cTnl had 2.28 times (95% CI: 1.53 — 3.40) higher risk of
mortality compared to patients with undetectable cTnl. The trend was dose-dependent (p-
trend < 0.0001). However, cTnl failed to reflect the risk of mortality in patients > 65 years
of age (p-trend = 0.0826). Age-modification effect was statistically significant (p-interaction
< 0.0001). Results were again comparable between the two Cox models. Plot of continuous
peak cTnl reaffirmed this association and age-modification: mortality risk increased in a
linear fashion when c¢Tnl < 1.5 ng/mL, among patients <65 years (Figure 2b).

Predictive value of troponin

AUC of admission GCS and TRISS were 0.6366 (95% CI: 0.6060-0.6672) and 0.6830 (95%
Cl: 0.6524-0.7136) in the present study population of 580 adult patients with isolated sTBI,
respectively (Table 4). In combination with cTnl, predictive value of the two models
increased by 3.47% (p = 0.0011) and 2.19% (p = 0.0004) compared with each factor
individually. Among patients <65 years, AUC significantly increased by 7.52% for
admission GCS with c¢Tnl and 5.93% for TRISS with cTnl.

Discussion

In this single-site retrospective study, we found increased risk of all cause in-hospital
mortality in patients with detectable cTnl following isolated sTBI following a non-linear,
positive trend association that is independent of major confounders such as age, gender, type
of injury, injury severity, and preexisting cardiac history. In age stratification, cTnl elevation
is particularly sensitive predictor of risk of in-hospitality mortality in patients <65 years of
age, however insignificant among those > 65 years. Peak cTnl and serial cTnl analysis
yielded similar results. To our knowledge, this is the first study to document a direct trend
association between cTnl and mortality risks following isolated sTBI and the effect of age
on this association.

Heralded as the “gold standard” for acute myocardial damage, troponin is a highly sensitive
and specific biomarker. In addition to acute coronary syndrome, troponin elevation has also
been observed following a variety of non-coronary conditions such as pulmonary embolism,
pulmonary hypertension, sepsis, and chronic renal failure and non-traumatic head injuries
such as SAH, IVH, acute stroke, seizure, and Guillain-Barre syndrome. In these settings,
particularly SAH, elevated cTnl was associated with increased risk of cardiopulmonary and
cerebrovascular complications, as well as increased mortality and worse functional
outcomes. (29:30) pathophysiological mechanism of neurogenic stunned myocardium is
poorly understood however. The prevailing theory is related to a systemic catecholamine
surge driven by the central neuroendocrine axis which massively increases sympathetic
outflow and activates the adrenal glands. Damage to the insular and hypothalamus also
initiates a complex cascade of events, including activation followed by dysfunction of the
autonomic nervous system and an acute inflammatory response, which may incur major
adverse effects on the heart. (11)
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Similar phenomenon was thought to occur following TBI. Several studies were able to
quantify an increase in sympathetic activity after sTBI by measuring plasma and urinary
catecholamine levels. (31-33) Furthermore, beta-blocker therapy has shown to confer a
survival advantage to sTBI patients with elevated cardiac enzymes. (3435 Despite growing
evidence that suggest a potential link between cardiac dysfunction and TBI, only two studies
have investigated the clinical outcomes of patients with cardiac dysfunction and TBI.
Prathep et al reported abnormal echocardiogram, including reduced left ventricular rejection
fraction and regional wall motion abnormality, was present in 22.3% of patients with
isolated TBI and was independently associated with all cause in-hospital mortality. (36)
Similarly, Salim et al found an elevated admission cTnl was associated with higher
mortality in a population of 420 patients with isolated sTBI and peak troponin was an
independent risk factor for mortality. 37) Our results substantiated previous findings while
unveiled the positive trend effect of cTnl elevation on all cause inhospital mortality. Current
study is also the first study to included serial cTnl when available in addition to peak cTnl,
both analysis yielded comparable results.

Advanced age is among the best independent predictors of worse outcome after TBI. (38-40)
The Centers for Disease Control and Prevention reported TBI-related deaths were highest
among persons greater than 65 years and the age-adjusted rate of hospitalization more than
doubles that of the general population. (1) In one large prospective study, Hukkelhoven et al
concluded that with each 10-year incremental increase in age, odds of an unfavorable
outcome after TBI increased by 40 to 50%.(3%) Furthermore, a number of studies have
documented higher frequency of baseline troponin elevation with age in absence of acute
coronary syndrome or other acute illness known to cause troponin elevation. (4243) Evidence
mentioned above lend support to our finding that age significantly modified the association
between cTnl and risk of mortality following sTBI. One possible explanation may be that
older patients with TBI had elevated baseline troponin due to normal aging and/or
underlying chronic comorbidities, which hampered the predictive value of cTnl. One study
documented higher positive predictor value and negative predictive value of troponin in
patients less than 65 years than older patients with respect to acute coronary syndrome. (4)
Irrespective of the cause, our data suggested that cTnl elevation is only clinically significant
among patients with sTBI <65 years of age.

GCS has become one of the most widely used clinical measure of severity of injury in
patients with sTBI. A number of studies have confirmed its inter- and intra-rater
reliability. (4546) Likewise, trauma injury severity scoring systems such as TRISS have
consistently shown to accurately predict the probability of survival in blunt trauma patients
and provide reasonable assessment of survival in patients with penetrating injuries. (4748)
Our results proved congruous with prior validations of admission GCS and TRISS; indeed
either score alone can provide appropriate prognostication of adult patients with isolated
sTBI. However, cTnl significantly enhanced the predictive value of both admission GCS
and TRISS. The effects were particularly robust in those <65 years. The results implied an
invaluable place for cTnl in accurate prognostication of all cause in-hospital mortality in
patients with isolated sTBI.
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There are several important limitations to consider, including those typical of a single-site
retrospective and uncontrolled comparison study. First, a portion of patients with isolated
STBI (n = 276, 32.2%) lacked cTnl data within 24 hours of admission, likely deemed
unnecessary by providers or fail to meet protocolized inclusion criteria for troponin order,
which may represent a selection bias in our study. In an attempt to rectify the bias, we
compared selected characteristics of the study population with and without cTnl data and
found no significant differences in ISS score, admission GCS score, and mortality
(Supplemental Table 1). In addition, results that incorporated imputed cTnl data, total of 856
patients, were consistent with the results presented in our paper (Supplemental Table 2).
Above results suggest that, irrespective of the selection bias, the association between cTnl
and risk of mortality prevails. Secondly, cardiac studies on troponin suggested that peak
cTnl may be reached > 24 hours after admission, particularly in the elderly. (49) By using
only the cTnl measurements within the first 24 hours, we may have potentially missed the
peak cTnl of the patient > 65 years which may have contributed to our finding that cTnl is
not a reliable predictor in this population. However, age-stratified troponin progression has
not been directly studied and may be investigated in future studies. Lastly, data on
radiographic and electrocardiography were limited to confirm the diagnosis of neurogenic
stunned myocardium as the cause of cTnl elevation, and data on beta-blockade usage and
extracranial complications were unavailable, which may confound troponin elevations.
While unlikely, non-cardiac causes of cTnl elevation cannot be ruled-out. As is, no causal
relationship can be drawn and the mechanism of troponin elevation remains unclear.
However, in despite of above limitation, prognostic value of cTnl in patients with isolated
STBI remains clear.

In summary, our study validated cTnl as a novel biomarker and independent predictor of all
cause in-hospital mortality in patients with isolated sTBI. The association between cTnl
level and mortality risk followed a non-linear curve that was most sensitive when ¢cTnl < 1.5
ng/mL. Furthermore, age stratification revealed cTnl to be highly sensitive predictor of
mortality in patients <65 years, but the same association cannot be found in patients > 65
years. These findings have several implications. First, cTnl assay should be considered in
patients with sTBI even in absence high suspicion of cardiac injury (e.g. cardiac history or
direct trauma to the chest). Second, cTnl is a sufficiently prognostic biomarker of mortality
in patients with sTBI. Third, cTnl elevation in patients with STBI must be treated with
caution, particularly if the patient is less than 65 years of age. Finally, implications of cTnl
elevation in patients greater than 65 years of age may be downplayed. Present results
questioned the merit of cTnl in this population and suggested that an alternative method
should be sought to assess the cardiac function of patients greater than 65 years of age who
suffered sTBI. Our study provided important insights to the heart-brain interactions
following sTBI and possible schemes for subsequent optimization of management of these
patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Adults (Age 2 18) with severe (AIS > 3,
GCS < 8) TBI from 7/2007 to 1/2014
N =1743

Extracranial injuries
(AIS = 3 to any other regions)

N =887

\ 4

No cardiac troponin | data within 24

hours of admission

N =276

A 4

Adult patients with isolated severe TBI
N =580

Survived
N =293

Deceased
N =287

Figure 1.

Flow diagram of screening protocol; a total of 580 adult patients with isolated sSTBI were

identified with cTnl data.
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All cause in-hospital mortality following isolated sTBI by cTnl levels. (a) Cumulative
survival rates of cTnl categories from Cox model. (b) Risk of mortality, described by hazard
ratio derived from Cox model, when peak cTnl increases as a continuous variable.
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Table 1
Selected characteristics of the study population
Characteristics™ Total (580)  Survived (293) Expired (287) P-value
Age (y) 56.3+21.1 49.4+19.7 63.3+£20.2 <0.001

<65y 366 (63.1) 227 (77.5) 139 (48.4)

>65y 214 (36.9) 66 (22.5) 148 (51.6) <0.001
Sex

Male 410 (70.8) 227 (77.5) 183 (64.0)

Female 169 (29.2) 66 (22.5) 103(36.0)  <0.001
Injury type

MVC 60 (10.3) 47 (16.0) 13 (4.5)

Fall 210 (36.2) 101 (34.5) 109 (38.0)

Other blunt 251 (43.3) 131 (44.7) 120 (41.8)

Penetrating 43 (7.4) 5(1.7) 38 (13.2)

Other 16 (2.8) 9(3.1) 7(24) <0.001
1SS 25 (17, 26) 21 (16, 26) 26 (25,29) <0.001
Admission GCS score 4(3,6) 6(3,7) 3(3,5) <0.001

3-4 325 (56.0) 116 (39.6) 209 (72.8)

5-8 255 (44.0) 177 (60.4) 78(27.2)  <0.001
Coded AIS injuries

Subarachnoid hemorrhage 355 (61.2) 180 (61.4) 175 (61.0) 0.910

Intraventricular hemorrhage 151 (26.0) 58 (19.8) 93 (32.4)  <0.001

Cerebral hematoma 433 (74.7) 208 (71.0) 225 (78.4) 0.040

Cerebral contusion 291 (50.2) 177 (60.4) 114 (39.7)  <0.001

Cerebral edema 291 (50.2) 119 (40.6) 172 (59.9) <0.001

Skull fracture 233 (40.2) 120 (41.0) 113 (39.4) 0.698
Length of ICU stay (d) 2.7(0.3,9.6) 7.6 (2.4,13.4) 0.9 (0.0,3.0) <0.001
Length of hospital stay (d) 42(1.3,11.7) 10.3(4.7,17.6) 1.4(0.4,36) <0.001
Cardiac troponin |

Normal (<0.06 ng/mL) 401 (69.1) 234 (79.9) 167 (58.2)

Elevated (= 0.06 ng/mL) 179 (30.9) 59 (20.1) 120 (41.8) <0.001
Surgical intervention 181 (31.2) 128 (43.7) 53 (18.5) <0.001
Preexisting cardiac diseases 47 (8.1) 16 (5.5) 31(10.8) 0.02

*
Data presented as n (%), mean + standard deviation, or median (interquartile range) as appropriate.
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Table 2

Selected characteristics of the study population by cTnl levels

Characteristics™ <0.06 ng/mL (401) >0.06 ng/mL (87) =20.21ng/mL (92) P-value
Age (y) 55.5+21.1 61.7+205 54.8+21.2 0.034

<65y 257 (64.1) 48 (55.2) 61 (66.3)

>65y 144 (35.9) 39 (44.8) 31(33.7) 0.232
Sex

Male 108 (27.0) 29 (33.3) 32 (34.8)

Female 292 (73.0) 58 (66.7) 60 (65.2)  0.218
Injury type

MVC 47 (11.7) 10 (11.5) 3(3.3)

Fall 148 (36.9) 34 (39.1) 28 (30.4)

Other blunt 176 (43.9) 34(39.1) 41 (44.6)

Penetrating 23 (5.7) 7 (8.0) 13 (14.1)

Other 7(1.8) 2(2.3) 7(76)  0.003
1SS 25 (17, 26) 25 (20, 26) 25 (20, 26) 0.369
Admission GCS score 4(3,7) 3(3,6) 3(3,5.5) <0.001

3-4 202 (50.4) 58 (66.7) 65 (70.6)

5-8 199 (49.6) 29 (33.3) 27(29.4)  <0.001
Coded AIS injuries

Subarachnoid hemorrhage 240 (59.8) 54 (62.1) 61 (66.3) 0.511

Intraventricular hemorrhage 97 (24.2) 24 (27.6) 30 (32.6) 0.237

Cerebral hematoma 293 (73.1) 75 (86.2) 65 (70.7) 0.024

Cerebral contusion 216 (53.9) 35 (40.2) 40 (43.5) 0.026

Cerebral edema 183 (45.6) 48 (55.2) 60 (65.2) 0.002

Skull fracture 164 (40.9) 36 (41.4) 33(35.9) 0.654
Length of ICU stay (d) 2.9(0.2,9.4) 1.7 (0.0, 10.0) 25(05,8.7) 0532
Length of hospital stay (d) 4.7 (1.5,11.8) 2.2(0.5,11.6) 29(1.1,10.8) 0.106
Surgical intervention 124 (30.9) 25(28.7) 32(34.8) 0.667
Preexisting cardiac diseases 27 (6.7) 11 (12.6) 9(9.8) 0.152
Mortality 167 (41.6) 59 (67.8) 61(66.3)  <0.001

*
Data presented as n (%), mean + standard deviation, or median (interquartile range) as appropriate.
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Table 3

Association of ¢cTnl and in-hospital mortality by Cox regression

Survived (n)  Expired (n) HR(95%CI)* HR(95%CI)Jr

All patients (n = 580)

Troponin | (ng/mL)

<0.06 234 167 1.0 1.0
0.06 - 28 59 1.29(0.95-1.76) 1.20 (0.89-1.62)
0.21- 31 61 1.39(1.04-1.88) 1.39(1.01-1.89)
p-trend 0.0167 0.0307

Age <65y (n = 366)

Troponin | (ng/mL)

<0.06 191 66 1.0 1.0
0.06 - 19 29 254(1.63-3.96) 2.18(1.40-3.41)
0.21- 17 44 2.28 (1.53-3.40) 2.05 (1.36-3.09)
p-trend <0.0001 <0.0001

Age >65y (n=214)

Troponin I (ng/mL)

<0.06 43 101 1.0 1.0
0.06 - 9 30 0.76 (0.49-1.18)  0.74 (0.49-1.12)
0.21- 14 17 0.67 (0.40-1.13)  0.77 (0.43-1.38)
p-trend 0.0826 0.1688
p-interaction < 0.0001 0.0090

Analysis of peak cTnl value as a single exposure; adjusted for age, gender, injury type (including MVC, fall, other blunt trauma, penetrating
injuries, and other injury types), ISS, admission GCS score, surgical intervention, and preexisting cardiac diseases.

TAnalysis using repeated measures of cTnl levels as time-dependent exposures; adjusted for all potential cofounders mentioned above.
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Predictive value of GCS and TRISS w/wo cTnl

Table 4

AUC (95% CI) AAUC P-value®
All patients (n = 580)
GCS 0.6366 (0.6060-0.6671)
GCS +cTnl 0.6713 (0.6362-0.7064)  0.0347 0.0011
TRISS 0.6830 (0.6524-0.7136)
TRISS +cTnl  0.7049 (0.6712-0.7486)  0.0219 0.0004
Age <65y (n=366)
GCS 0.6647 (0.6202-0.7092)
GCS +cTnl 0.7399 (0.6891-0.7907)  0.0752 < 0.0001
TRISS 0.6861 (0.6436-0.7286)
TRISS + cTnl  0.7454 (0.6976-0.7932)  0.0593 < 0.0001
Age > 65y (n=214)
GCS 0.6390 (0.5961-0.6819)
GCS +cTnl 0.6622 (0.6124-0.7120)  0.0232 0.0381
TRISS 0.6265 (0.5844-0.6686)
TRISS + cTnl  0.6357 (0.5879-0.6835)  0.0092 0.2708

*
Calculated by likelihood-ratio test
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