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Abstract

Background: Myocardial dysfunction is frequently described as an underlying cause of mortality in traumatic brain injury (TBI)
known as brain-cardiac link. However the impact on prognosis of a disease remains uncertain.
Objectives: The current study aimed at investigating the correlation between TBI and cardiac troponin I (cTnI) rise and in-hospital
mortality rate among patients with TBI.
Methods: In the current prospective study TBI patients with abbreviated injury scale score (AIS) > 3 and Glasgow coma scale (GCS)
score ≤ 8 with cTnI measurement within the first 24 hours of admission were evaluated. Chi-square, Kruskal-Wallis, Mann-Whitney
U and Logistic Regression tests were used for data analysis.
Results: A total of 166 eligible patients were studied .The mean age of the cases was 37.64 ± 17.21 years, largely under 65 (93.4%) and
male (86.7%).The most common injuries were cerebral contusion (35.1%), while motor vehicle crash (MVC) was the most common
cause of injuries (83.73%); 59 % of the patients showed detectable cTnI concentrations within 24 hours of admission; 65.7% of the
patients expired; they showed higher levels of cTnI compared to survivors that showed lower levels, 0.148± 0.074 vs 0.057± 0.055,
respectively (P < 0.001). Moreover, a significant association was observed between mortality rate and lower admission GCS 3.49 ±
1.08 vs 6.79 ± 1.66, respectively (P < 0.001).
Conclusions: Increased cTnI levels could be a predictor of mortality among patients with TBI. Its measurement and investigation
for therapeutic strategies could lead to better management of these cases.
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1. Background

Traumatic brain injury (TBI) as a major health and so-
cioeconomic concern, remains one of the main causes of
mortality and morbidity among the cases with trauma
worldwidethroughout the world (1-4). The incidence of TBI
is rising especially in the developing countries with a sig-
nificant financial annual burden due to more vehicle use.
But in the developed countries, the traffic laws enforce-
ment is associated with a lower rate of TBI incidence re-
lated to accidents. However the incidence of TBI following
fall is increasing in these countries, due to the large old
population (5). The prognosis of patients with TBI is depen-
dent on two parts, first the damage at the time of initial
trauma, and second one occurring during the following

days (6, 7). Autonomic dysfunction is potentially involved
in the secondary damage due to excessive adrenergic ac-
tivity. This phenomenon leads to heart rate, blood pres-
sure, and thermoregulation abnormalities that may result
in myocardial dysfunction (8-10).

The association between central nervous system and
cardiac damage is well described in the context of brain
death, subarachnoid hemorrhage (SAH), Guillain Barre
Syndrome, and seizure (11-19). Although the main etiol-
ogy and pathophysiology are not well defined, several
mechanisms are suggested including catecholamine re-
lease (20, 21), micro vascular dysfunction, and multi-vessel
coronary artery spasm .However brain-cardiac interaction
appears to be best described by catecholamine toxicity fol-
lowing sympathetic hyperactivity (22-24). In these cases,
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cardiac dysfunction may vary from quite asymptomatic
conditions to severe myocardial dysfunction (25, 26). Pub-
lications frequently describe patients with TBI presenting
sympatric discharge signs, including hypertension, tachy-
cardia hyperthermia, and agitation (27). The association
between the mentioned conditions and cardiac dysfunc-
tion created the concern that a similar relationship could
be expected in patients with TBI. Although, established
data supporting this correlation in some neurologic con-
ditions are not scarce, available literature in the context of
TBI and cardiac damage and its prognostic role is limited.
Indeed, few studies show that troponin (cTnI) rise after TBI
might be correlated with adverse prognosis. Furthermore,
studies show that females with lower cardiac troponin con-
centrations are at a higher risk of cardiac damage com-
pared to males (28).

To date, the vast majority of studies focus on evaluating
the role of cTnI in coronary disease, thoracic trauma, and
non TBI (29-31). Decavele et al. demonstrated the signifi-
cance of cTnI elevation in prognostication of patients with
thoracic trauma (32). Despite the advancement of knowl-
edge regarding this association, sympathetic storm follow-
ing TBI as the underlying cause of mortality and morbidity
in such patients remains not well recognized and under-
treated (27). Indeed, in setting the TBI, myocardial dysfunc-
tion results in additional complications for the patients,
therefore, it should be considered and managed perfectly.

2. Objectives

The present study aimed at investigating the associa-
tion between serum cTnI levels as a biochemical marker of
myocardial damage and mortality of the patients with TBI.

3. Methods

The current prospective study was approved by Guilan
University of Medical Sciencesresearch ethics committee
and conducted at Poorsina Hospital, a referral academic
center affiliated to Guilan University of Medical Sciences.
During 2017, patients above 18, diagnosed as TBI by com-
puted tomography (CT) or magnetic resonance imaging
(MRI), GCS ≤ 8, AIS > 3, and cTnI measurement performed
during the first 24 hours of admission were enrolled in the
study. All cases underwent standard monitoring includ-
ing invasive and noninvasive blood pressure monitoring,
SaO2, heart rate, and in case of intubation , the end tidal
CO2. According to new guidelines, by the employment of
proper hydration and vasopressor, systolic blood pressure
(SBP) < 90mmHg was avoided. SBP≥ 100mmHg was main-
tained for patients 50 to 69 years old and for patients 15

to 49 or above 70 years old SBP was kept ≥ 110mm Hg (3).
Patients’ variables including gender, age, mechanism of
trauma, GCS, cTnI levels, AIS, hospital and intensive unit
care (ICU) length of stay and mortality rate were recorded.
Troponin values were categorized as undetectable (< 0.06
ng/mL), and two levels of (0.06 - < 021 ng/mL) and severely
elevated (> 0.21 ng/mL). The correlation between cTnI lev-
els and mortality was investigated. To measure cTnI con-
centrations the enzyme-linked immune-sorbent sandwich
assay (ELISA) (BioTek-ELX800) was employed. The severity
of injury was evaluated by GCS and AIS. In order to analyze
data, SPSS version 16 and chi-square, Kruskal-Wallis, Mann-
Whitney U and logistic regression tests, were employed.

4. Results

A total of 703 cases with severe TBI (AIS > 3 and GCS ≤
8) were admitted during the study period; 363 of them that
had extra cranial injuries and 174 that lacked cTnI measure-
ment during the first 24 hours were excluded. Finally a to-
tal of 166 eligible patients were selected for the study. Ad-
mission characteristics of the patients are presented in Ta-
ble 1. The mean age of the patients was 37.64 ± 17.21 years,
largely under 65 (93.4%) and male (86.7%). The most com-
mon injuries were cerebral contusion (35.1%), followed by
subdural hematoma (29.51%), epidural hematoma (27.1%),
subarachnoid hemorrhage (25.3%) while motor vehicle
crash (MVC) was the most common cause of injuries
(83.73%). History of cardiac diseases was relatively uncom-
mon at 9.3%; 33.7% of the study population had surgical
intervention. Detectable cTnI was observed in 59% of the
patients within 24 hours of admission. 65.7% of patients
expired; they showed higher levels of cTnI compared to
survivors 0.148 ± 0.074 vs 0.057 ± 0.055, respectively (P
< 0.001). Moreover a significant association was observed
between mortality rate and lower GCS at admission 3.49±
1.08 vs 6.79 ± 1.66, respectively (P < 0.001). On the whole
mortality was significantly associated with age above 65
years, injury type, male gender, higher AIS, lower admis-
sion GCS, and reduced hospital stay (P < 0.05) (Table 2 ). The
flow diagram of the patients is presented in Figure 1.

5. Discussion

The current study aimed to investigate the correlation
between TBI and cTnI rise and also its significant prognos-
tic role. It was hypothesized that a positive correlation ex-
isted between cardiac damage and mortality rate in pa-
tients with TBI.

Cardiac troponin I, which is a regulatory protein and
a biomarker for myocardial injury also rises in several
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Table 1. Selected Characteristics of the Study Populationa

Characteristics Total Survived Expired P Value

Age, y 37.64 ± 17.21 57 (32.5) 109 (67.5) < 0.001

≤ 65 155 (93.4 ) 45 (29) 110 (71)

> 65 11 (6.6) 2 (18.2) 9 (81.8) < 0.001

Gender 166 54 (35.4) 112 (67.5)

Male 144 (86.7) 51 (35.4) 93 (64.6)

Female 22 (13.3 ) 6 (27.3) 16 (72.7) < 0.001

Causes of trauma 0.055

Motor vehicle crash (MVC) 139 (83.73) 46 (33.09) 98 (70.50)

Fall 20 (12.04) 9 (45) 11 (55)

Other 7 (4.21) 4 (57.14) 3 (42.85)

Admission GCS score 5.75 ± 1.44 6.79 ± 1.66 3.49 ± 1.08 < 0.001

3 - 5 72 (43. 4) 10 (13.91) 62 (86.18)

6 - 8 94 (56.6) 46 (48.93) 48 (51.06)

AIS 3.71 ± 1.41 3.22 ± 0.56 4.34 ± 1.12 < 0.001

Types of injuries

Subdural hematoma 49 (29.51) 11 (22.4) 38 (77.6) 0.037

Subarachnoid hemorrhage 30 (25.3) 10 (33.3) 20 (66.7) 0.89

Epidural hematoma 45 (27.10) 19 (42.2) 26 (57.8) 0.192

Cerebral contusion 97 (58.43) 41 (42.3) 56 (57.7) 0.011

Pneumocephalus 13 (7.83) 6 (46.2) 7 (53.8) 0.35

Skull fracture 42 (25.30) 12 (24.95) 30 (75.05) 0.710

Length of ICU stay, d 4.8 ± 7.7 7.61 ± 12.44 3.33 ± 2.13 0.883

Length of hospital stay, d 7.03 ± 8.85 12.85 ± 12.8 (3.2, 61) 3.99 ± 2.91 (0.5, 4.1) < 0.001

Cardiac troponin I 0.057 ± 0.055 0.148 ± 0.074 < 0.001

Normal (< 0.06 ng/mL) 79 (47.59) 39 (73.41) 40 (13)

Elevated (≥ 0.06 ng/mL) 87 (52.40) 16 (18.39) 71 (81.60)

Surgical intervention 56 (33.7) 21 (37.5) 35 (62.5) 0.54

Preexisting cardiac diseases 15 (9.3) 7 (46.66) 8 (53.33) 0.912

aValues are expressed as mean ± SD or No. (%).

non-cardiac conditions including sepsis, pulmonary em-
bolism, chronic renal failure, and non-traumatic brain in-
jury (29, 32, 33). It is supposed that the rise of circulat-
ing catechol amines, after brain damage, results in the el-
evation of cTnI levels. Studies revealed that in patients
with TBI, hypothalamic- adrenal is activated resulting in in-
creased systemic catechol amines with clinical manifesta-
tion of tachycardia hypertension, diaphoresis, mydriasis,
and tachypnea. The occurrence of excessive sympathetic
release after TBI is completely established and in animal
and human studies both plasma and urine concentrations
of catecholamine are increased after TBI (27, 34). There-
fore, it seems that similar to previous studies indicating

the cardiac- brain interaction due to excessive sympathetic
discharge following brain damage, the same association
can be described among patients with TBI. Heffernan et al.
reported that patients with TBI benefit from beta adrener-
gic blocker therapy, which emphasizes the significant neg-
ative role of sympathetic hyper activity among these cases
(27).

Indeed, after a severe TBI, a massive sympathetic re-
lease causes peripheral vascular resistance, and poten-
tially left ventricle de-compensation occurs (18, 19). Clin-
ically, this phenomena is known as neurogenic stunned
myocardium, which is presented with reversible left ven-
tricular systolic dysfunction, cardiogenic shock, and pul-
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Table 2. Characteristics of the Study Population by cTnI Levels Cardiac Troponin I (cTnI)a

Characteristics < 0.06 ng/mL (68) 0.06 - 0.21 ng/mL (48) ≥ 0.21 ng/mL (50) P Value

GCS < 0.001

3 - 5 3 (4.2) 24 (33.3) 45 (62.5)

6 - 8 65 (69.1) 24 (25.5) 5 (5.3)

AIS 3.22 ± 0.54 4.06 ± 0.91 4.88 ± 1.13 < 0.001

Length of ICU stay, d 5.14 ± 9.17 6.6 ± 8.5 2.6 ± 2.84 < 0.001

Length of hospital stay, d 8.24 ± 9.41 10.57 ± 1.152 3.35 ± 3.89 0.742

Preexisting cardiac diseases 9 (11.39) 4 (10.25) 6 (12.5) 0.767

Mortality 23 (33.8) 41 (85.4) 45 (90) < 0.001

aValues are expressed as mean ± SD or No. (%).

703 Severe TBI cases were evaluated 

537 cases were excluded 

363 suffered from extra cranial injuries and 174 , lacked cTnI measurement 

166 eligible patients entered the survey 

cTnI < 0.06 ng/mL (68) 
Expired = 23 

cTnI = 0.06-0.21. ng/mL (48) 
Expired = 41 

cTnI≥ 0.21 ng/mL (50) 
Expired = 45 

Figure 1. Consort diagram of the patients

monary edema (8, 35). Lee et al. performed serial measure-
ments of epinephrine and norepinephrine (NE) plasma
levels in cases with TBI and reported a threefold increase
in NE concentrations in them. This condition lasted for
ten days but took a period of six months to reach normal
levels (20). Surprisingly, among the survived patients, the
normalization of GCS was parallel to their NE serum lev-
els dropping to normal statue. Furthermore, they reported
that in patients with no improvement, plasma NE levels
raised up to seven times higher than as high as normal.
Plasma NE concentrations within the first 48 hours after in-
jury predicted GCS at the first week, survival rate, and ven-
tilator days (21, 27). This study supported the prognostic
value and the merit of cTnI data in patients with TBI. Salim
et al. investigated the association between elevated cTnI

and adverse outcomes in patients with TBI. They studied
420 cases with severe TBI and reported that cTnI serum lev-
els were correlated with the severity of injury, and could be
an independent predictor of poor prognosis among such
cases. In this regard, they found that TBI with elevated cTnI
benefited from beta blocker administration (29). In line
with the current study results, Stephen S et al. in a ret-
rospective study, reviewed the patients above 18 with iso-
lated TBI. They found that patients with higher cTnI lev-
els had significantly higher risk of mortality compared to
the ones with undetectable cTnI. They introduced cTnI as a
biomedical marker for hospital mortality in patients with
TBI (36). In contrast to this work, Serri et al. in a prospec-
tive observational study, reported no significant associa-
tion between TBI and cardiac dysfunction. But the differ-
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ences between the two studies should be considered. In
their study, patients with underlying cardiac disease were
excluded. The lower mean age of their cases and higher
median GCS scores should be considered as well. In sum-
mary, it seems that their studied patients were younger
and healthier. Furthermore, the current study criterion
to evaluate cardiac statue was different, since the current
study measured cTnI, whereas they did left ventricle ejec-
tion fraction. Of course they declared that their results
might be due to young age, and no cardiovascular risk fac-
tors of patients (1). In spite of available confirming studies
demonstrating the neuro-cardiac axis due to sympathetic
release, underlying cardiac disease should be considered.
Furthermore, it should be noted that in TBI victims with
fever, tachycardia, tachypnea, and hypertension, in addi-
tion to sympathetic storm, other diagnosis including sep-
sis, not controlled pain and pulmonary emboli should be
ruled out. Other conditions such as malignant hyperther-
mia, thyroid storm and pheochromocytoma crisis can also
mimic this clinical feature (26, 27). According to the results
of the current study, routine measurement of cTnI levels in
patients with TBI at admission time and during the first 24
hours should be part of the hospital policy. Then TBI cases
with raised cTnI levels would be managed with special car-
diac care.

5.1. Suggestion

Future well planned multicenter surveys with larger
sample sizes are warranted to confirm these findings.

5.2. Limitations

Plasma troponin levels were measured within the first
24 hours, but duration of cTnI elevation was not well
known. In addition, the current study judgment was
just based on cTnI levels, while electrocardiography, and
echocardiography or other diagnostic methods might pro-
vide more information.

5.3. Conclusions

In patients with TBI, cTnI levels were elevated and asso-
ciated with the severity of the damage and higher mortal-
ity rate. Well planned multicenter prospective studies are
welcomed to answer several questions arising from this is-
sue and optimization management of such patients.
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