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Abstract: Cardiac contusion is usually caused by blunt chest trauma and, although it is potentially a life-threatening
condition, the diagnosis of a myocardial contusion is difficult because of non-specific symptoms and the lack of an
ideal test to detect myocardial damage. Cardiac enzymes, such as creatine kinase (CK), creatine kinase MB frac-
tion (CK-MB), cardiac troponin | (cTn-l), and cardiac troponin T (cTn-T) were used in previous studies to demonstrate
the blunt cardiac contusion (BCC). Each of these diagnostic tests alone is not effective for diagnosis of BCC. The
aim of this study was to investigate the serum heart-type fatty acid binding protein (h-FABP), N-terminal pro-B-type
natriuretic peptide (NT-proBNP), CK, CK-MB, and cTn-l levels as a marker of BCC in blunt chest trauma in rats. The
eighteen Wistar albino rats were randomly allocated to two groups; group | (control) (n=8) and group Il (blunt chest
trauma) (n=10). Isolated BCC was induced by the method described by Raghavendran et al. (2005). All rats were
observed in their cages and blood samples were collected after five hours of trauma for the analysis of serum h-
FABP, NT-pro BNP, CK, CK-MB, and cTn-I levels. The mean serum NT-pro BNP was significantly different between
group | and Il (10.3+2.10 ng/L versus 15.4+3.68 ng/L, respectively; P=0.0001). NT-pro BNP level >13 ng/ml had
a sensitivity of 87.5%, a specificity of 70%, a positive predictive value of 70%, and a negative predictive value of
87.5% for predicting blunt chest trauma (area under curve was 0.794 and P=0.037). There was no significant dif-
ference between two groups in serum h-FABP, CK, CK-MB and c Tn-I levels. A relation between NT-Pro BNP and BCC
was shown in this study. Serum NT-proBNP levels significantly increased with BCC after 5 hours of the blunt chest
trauma. The use of NT-proBNP as an adjunct to other diagnostic tests, such as troponins, electrocardiography (ECG),
chest x-ray and echocardiogram may be beneficial for diagnosis of BCC.
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Introduction such as ventricular flutter/fibrillation, without
any morphological changes [4, 5].
There is a limited amount of data available on
the pathophysiological mechanism and func-
tional implications of blunt cardiac contusion
[1]. The spectrum of injury of blunt cardiac con-
tusion (BCC) (formerly known as myocardial
contusion) varies from contused myocardium,
showing muscle necrosis, edema, and hemor-
rhagic infiltrate to cardiac rupture [2, 3]. The
BCC also could be manifested indifferent forms Heart-type fatty acid binding protein (h-FABP)
of life threatening cardiac rhythm disturbance, which is a soluble cytoplasmic protein consist-

Due to the fact that there is no gold standard
test for diagnosis of BCC, its incidence varies
widely among clinical series of trauma patients,
ranging between 8 and 76% [1, 6]. On the other
hand, autopsy studies reported the incidence of
BCC in patients who died after major blunt trau-
ma to range between 14% and 16% [7].
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ing of 132 amino acid residues and weighing
14.9 kd, is reported to be a rapid marker of
perioperative myocardial damage that peaks
earlier than CK-MB or cIn-T in adults [8, 9].
Small studies have also examined the utility of
serum h-FABP for predicting the risk of myocar-
dial damage [8]. But sufficient evidence has not
demonstrated for predicting BCC.

Increased serum N-terminal pro-B-type natri-
uretic peptide (NT-proBNP) is a useful marker
for diagnosis and prognosis of impaired cardiac
function in patients with congestive heart fail-
ure, ischemic heart disease or sepsis [10, 11].
Also the levels of NT-proBNP concentrations
are shown to increase in patients with left ven-
tricular dysfunction [11]. Measurement of
NT-proBNP may be useful for estimating cardi-
ac injury in patients with blunt chest trauma
[10]. However, as h-FABP, also there is no suffi-
cient evidence related to NT-proBNP for predict-
ing BCC [8].

In this study, we investigated the importance of
some biomarkers such as CK, CK-MB, cTn-I,
h-FABP and NT-proBNP in the predicting of car-
diac contusions after blunt chest trauma.

Material and methods
Study design and settings

This experimental study was conducted at the
Experimental Medicine and Research Center of
Yeditepe University Faculty of Medicine after
approval from the Local Ethical Committee of
the Turkish Republic Yeditepe University for
Animal Studies (Decision Number: 321,
13/03/2013).

Preparation of experimental animals

This study was conducted using eighteen
Wistar albino rats weighting 250 to 300 grams.

Care of the animals was in accordance with the
recommendations of the Helsinki Declaration
and the guidelines of French regulations for ani-
mal experiments.

Before the study, all animals were kept in metal
cages at 22°C with a 12-hour light/dark cycle
for 10 days. Animals were fed with a standard
rat chow with water ad libitum until the time
they were used for experimentation. After lung
contusion, the animals were given free access
to pellet feed and water.
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Experimental protocol

The rats were randomly allocated to two groups;
group | (control) (n=8) and group Il (blunt chest
trauma) (n=10).

Blunt chest trauma model

The all rats were anaesthetized by intraperito-
neal administration of 40 mg/kg of ketamine
hydrochloride (Ketalar, 50 mg/mL, Pfizer,
Istanbul, Turkey) and fixed on a platform in the
supine position by attaching all four legs to the
platform with sticky tape. BCC was induced
by employing the method for isolated BCC
described by Raghavendran et al [12, 13].

A hollow cylindrical weight (400 g) was dropped
from a height of 50 cm (impact energy =1.96 J)
on to a Lexon plate with an attached precordial
shield placed on the chest of the supine rat.
The precordial shield was designed to protect
the heart from contusion and thus directed the
impact energy bilaterally to the lungs of the
rats. The impact energy generated via this
mechanism was calculated with the following
equation: E=mgh [E: energy; g: gravity (9.8 m/
s?); h: height from the Lexon plate (50 cm) and
m: mass of the cylindrical weight (0.40 kg)].
Total energy transferred to the chest wall of the
rat was 1.96 J.

All rats were observed in their cages 5 h after
trauma.

Biochemical analysis

Collection of samples: At the end of the obser-
vation period, mid sternotomy was performed
on each rat and 4 mL of blood was collected
from the left ventricle of rats. At the end of the
experimental period, the rats were sacrificed.

Blood samples were collected (5 ml gel tube
and 2 ml K2-EDTA) and centrifuged 4000 rpm
for 10 minutes and then samples were ana-
lyzed within 30 minutes. Heart tissue samples
were placed in 10% neutral formaldehyde and
stored at 4°C for evaluation of tissue damage.

¢ Troponin-l measurements: We measured car-
diac cTn-l testing (Tn-lI Ultra assay on Advia
Centaur XP (Germany) automated chemilumi-
nescence analyzer and reported ng/ml.

CK-MB and CK activities measurements:
Serum CK-MB and CK activities were deter-
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Figure 1. Serum NT-proBNP levels of the study
groups. *NT-proBNP: N-terminal pro-B-type natriuret-
ic peptide.
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Figure 2. Receiver operating characteristic (ROC)
curve showing the ability of N-terminal pro-brain na-
triuretic peptide (NT-proBNP) to identify patients with
chest trauma. Area under curve: 0.788.

mined by respectively enzymatic immune-inhi-
bition and Kkinetic methods on Beckmann
Coulter AUG80 chemistry analyzer (CA, USA)
and reported U/L.

N-terminal pro-B-type natriuretic peptide mea-
surements: NT-pro BNP levels were analyzed
(K2-EDTA anticoagulated whole blood) using
time resolved florescence assay on AQT90
FLEX immunoassay analyzer (Radiometer, DK)
and reported in ng/L.

Heart fatty acid-binding protein measure-
ments: The serum h-FABP was measured quan-
titatively by a Sandwich enzyme-linked immu-
nosorbentassay (ELISA) technique, using Rat
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(h-FABP) ELISA kit manufactured by Sun Red,
Shanghai, China. According to manufacturer’s
instructions; a sensitivity 1.424 ng/ml, assay
range: 1 ng/ml-450 ng/ml was used (Catalog
No: 201-11-0644). The end product was me-
asured spectrophotometrically at 450 nm
using ELx800 Absorbance Microplate Reader
(Bio Tek® Instruments, Inc Winooski, Vermont,
USA).

Statistical methods

The data of this study were analyzed by using
the statistical software of Number Cruncher
Statistical System (NCSS) version 2007 (Utah,
USA). Data were expressed by descriptive sta-
tistics (mean and standard deviation). For a
comparison of variables of normal distribution,
the t-test for independent samples was used
and Mann-Whitney U test was used for the
comparison of variables with non-normal distri-
bution. The Fisher’s exact test was used to ana-
lyze qualitative variables and Pearson correla-
tion analyses were used to determine relation-
ships between variables. The results were con-
sidered significant at P<0.05.

Results
All rats survived the study period

There was a significant difference in mean
serum NT-pro BNP levels between group | and Il
(were 10.3+2.10 ng/L and 15.4+3.68 ng/L
respectively, P=0.0001) (Figure 1).

NT-pro BNP levels more than 11 had a sensitiv-
ity of 80%, a specificity of 75%, a positive pre-
dictive value of 80%, and a negative predictive
value of 75% in predicting blunt chest trauma
[(area under curve was 0.775 (0.540-1.00) and
P=0.015].

The cut-off values of NT-pro BNP levels for pre-
dicting chest trauma were determined by
Receiver operating characteristic ROC analysis
(Figure 2).

NT-pro BNP levels more than 13 had a sensitiv-
ity of 87.5%, a specificity of 70%, a positive pre-
dictive value of 70%, and a negative predictive
value of 87.5% in predicting blunt chest trauma
(area under curve was 0.794 and P=0.037)
(Table 1).
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Table 1. Diagnostic Values of the pro-BNP

methods alone are not effective

AUC Cut-off Sensitivity Specificity PPV NPV Accuracy

in determining BCC.

Prob-BNP 0.788 13 87.5 70
Prob-BNP 0.775 11 80 75 80

70 875

7.7
77.7

The incidence of BCC varies from
29-56% in studies utilizing ECG

AUC: Area under curve, PPV: Positive Predictive Value, NPV: Negative Predictive

Value, Prob-BNP: N-terminal pro-B-type natriuretic peptide.
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Figure 3. Serum h-FABP levels of the study groups.
*h-FABP: Heart fatty acid-binding protein.

There was no a significant difference between
the groups (control and blunt chest trauma) in
terms of the serum h-FABP (P>0.05) (Figure 3).

There was no significant difference between
the groups (control and blunt chest trauma) in
terms of the serum CK, CK-MB and c Tn-l
(P>0.05).

Histopathological analysis of the rat heart
showed moderate injury of the heart. The car-
diac tissues removed from the blunt chest
trauma group had moderate histopathological
changes including hemorrhage (Figure 4).

Discussion

Due to lack of clear diagnostic criteria and reli-
able diagnostic tests for BCC, various diagnos-
tic modalities have been used to aid in the diag-
nosis to prevent its potential life-threatening
complications, including cardiac arrhythmias,
hypotension, cardiogenic shock, hemopericar-
dium, coronary vessel and valvular injury, and
cardiac rupture [14-16].

Electrocardiography, echocardiography, angi-
ography, and CT imaging methods are frequent-
ly used in clinical practice and also cardiac
enzymes, such as CK, CK-MB, ¢ Tn-l, and ¢ Tn-T
were used in previous studies to demonstrate
the BCC [6, 17]. However, these diagnostic

6789

as the diagnostic criteria, 3-56%
in studies utilizing echocardio-
gram and 15-24% in studies uti-
lizing cardiac biomarker measurements [5].
Hayes et al. has been reported that ECG results
were not very specific but were sensitive
enough in identifying potential problems in
blunt thoracic injury [18]. There is general
agreement for the use of troponins in ruling out
myocardial contusion. While the specificities of
troponins are generally low, the sensitivities are
statistically acceptable in BCC [19, 20].

Fabian et al. has demonstrated that the CK,
CK-MB and cTn-| levels would be the most rele-
vant test in determining myocardial injury but
another study by Drs. Peer and Firmin conclud-
ed that only ECG abnormalities could accurate-
ly identify myocardial trauma sites and there-
fore cardiac enzymes and echocardiogram
were not useful in predicting which patient
required further care [21, 22].

Pretre et al. has demonstrated in ischemic
heart disease that cellular death occurs slowly
after malperfusion, and elevated troponin | lev-
els are not detected until 6 hours after the
onset of myocardial injury and may persist for 3
weeks, depending on the extent of permanent
cell damage [1].

Meier R. et al. has reported an elevation of
serum troponin | levels immediately after the
trauma and a return to the baseline levels after
20 min. This early increase of troponin | levels
can be explained by the direct myocardial cell
damage caused by the BCC and it correlates
with clinical observations of early elevated tro-
ponin levels in patients with cardiac trauma
[19, 23, 24].

Some studies introduced serum h-FABP as a
marker for early evaluation of myocardial dam-
age [8, 25]. Due to the advantage of this pro-
tein’s features such as being low-molecular
weight and cytosolic localization, it leaks out
easily from the injured myocardium and imme-
diately enters the blood circulation [8, 10].

In this study, we detected that CK, CK-MB, ¢
Tn-l and h-FABP were not useful in determining

Int J Clin Exp Pathol 2015;8(6):6786-6792
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Figure 4. Histopathological evaluation; There is moderate haemorrhage between myocardiocytes (arrow) A: x20, B:
x200.

BCC in the first 5 hours after blunt chest trau-
ma. More time may be required for significant
increase of these markers.

In this study, a significant increase was
observed in the serum NT-proBNP level in the
BCC group during the first 5 hours after BCC.
BNP is secreted mainly from the left ventricle in
healthy adults as well as in patients with condi-
tions that cause left ventricular dysfunction
and ventricular pressure overload status such
as pulmonary embolism, corpulmonale, and
primary pulmonary hypertension [10, 25, 26].
Increased wall tension of the left ventricle
results in an increase the rate of BNP secretion
[10, 26].

Several studies have shown that BNP values
less than 100 pg/mL are very specific for nor-
mal heart function [10, 27].

Regarding the issue of BNP alteration in trau-
ma patients, Kia and colleagues reported that
BNP levels were below normal as an initial
marker of bleeding, considering this an indica-
tor of intravascular volume loss [28]. In con-
trast, Stewart and colleagues found no correla-
tion of BNP and cardiac dysfunction [29].

Few studies have attempted to define the nor-
mal value of NT-pro BNP or to find the cut-off
value that allows the best balance between
sensitivity and specificity for predicting BCC
[10, 27]. But a relation between NT-Pro BNP
and BCC has not been noted previously.
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In this study, a significant increase was ob-
served in the serum NT-pro BNP level in BCC
group. In addition, ROC analysis showed that
NT-pro BNP level as a cut-off value of >13 ng/
mL is a good predictor of BCC.

This early increase of NT-pro BNP level may be
explained by the direct myocardial cell damage
caused by the BCC, and it may be used in the
diagnosis of BCC.

In conclusion, a relation between NT-Pro BNP
and BCC has not been noted previously. We
observed a statistically significant relation
between BCC and serum NT-Pro BNP level.
Serum NT-pro BNP levels significantly correlate
with BCC 5 hours after blunt chest trauma. As
such, the use of NT-pro BNP as an adjunct to
other diagnostic tests such as troponins, ECG,
chest x-ray and echocardiogram may be benefi-
cial for diagnosis of BCC.
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