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Abstract
Background

The purpose of this study is to investigate the competence of N-terminal pro-B-type natriuretic peptide
(NT pro-BNP) and cardiac index (C.I) as adjunctive diagnostic tools for blunt cardiac injury (BCI).

Methods

From January 2018 to March 2020, 103 patients with major trauma diagnosed with sternum fracture
admitted to the traumatic intensive care unit; 33 patients with factors that could affect NT pro-BNP were
excluded. Remained 63 patients included this study. 33 patients were diagnosed with non-BCI, and 30
patients were diagnosed with BCI. The median ages of the patients were 58 (range, 24–77) years, and 60
(range, 19–79) years for the non-BCI and BCI groups (p= 0.773).  

Results

When comparing value NT pro-BNP of admission, hospital day (HD) 2, and HD 3, there were no
differences between the two groups (p= 0.084, p= 0.094 and p= 0.175 respectively). When comparing
level of C.I, there were differences on admission, and HD 3 (p= 0.012 and p= 0.001, respectively); however,
no signi�cant difference was observed on HD 2 (p= 0.176). In addition, when comparing level of lactate,
level of admission, HD 2, and HD 3 showed differences between the two groups (p< 0.001, p< 0.001 and
p< 0.001, respectively).

Conclusion

Consecutive NT pro-BNP, C.I and BCI showed no statistical signi�cance and the values of NT pro-BNP and
C.I   show no correlation with the diagnosis of BCI. However, lactate level may help as an adjunctive tool
for diagnosis of BCI.

Background
Blunt cardiac injury (BCI) includes a wide spectrum of injuries with symptoms ranging from clinically
silent arrhythmias to cardiac rupture [1, 2]. Patients with potentially life-threatening chest trauma,
particularly those who have sustained high-energy trauma, may present with unclear signs or symptoms;
therefore, the identi�cation of patients at increased risk of developing complications due to BCI has been
the focus of management [3].

Despite the availability of several diagnostic tests for BCI, none have been established as the de�nite
standard due to insu�cient diagnostic accuracy [1, 3–6]. Among them, electrocardiogram (ECG), troponin
I (Tn-I), and troponin T (Tn-T) levels have been used as diagnostic tools for BCI in previous studies [1, 3, 4,
7, 8], however, the utility of other diagnostic tests for cardiac disease as diagnostic tools for BCI remain
unclear.
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Therefore, this study aimed to study the use of different indicators for cardiac disease, speci�cally, N-
terminal pro-B-type natriuretic peptide (NT pro-BNP) and cardiac index (C.I), as additional markers in
identifying patients with BCI.

Methods
This study included patients with major trauma who were admitted to the traumatic intensive care unit
(TICU) from January 2018 to March 2020. Patients with sternum fracture and an injury severity score
(ISS) > 15 were included in the study. Initially, 103 patients were considered in this study. Among them, 40
patients were excluded: 33 patients due to factors that may affect NT pro-BNP, six due to exploration, and
one due to cardiac arrest within 24h. Finally, 63 patients were included in the study. According to
American Association for the Surgery of Trauma (AAST) Cardiac Injury Scale [9], BCI was diagnosed, and
trauma cardiac injuries, which required clear surgical treatment or procedures at the time of admission,
were excluded. Among them, 33 patients were diagnosed with non-BCI and 30 with BCI according to the,
33 patients were diagnosed with non-BCI, and 30 patients were diagnosed with BCI. The details are
shown in Fig. 1.

Patients were admitted to the TICU after administration of initial resuscitation and primary interventions
in accordance with the standard of care. Upon TICU admission of patients, bed rest, pain control, and C.I
monitoring were performed. Invasive measurement for analysis of the pulse contour for continuous C.I
monitoring was performed using the FloTrac/EV1000 system (Edwards Lifesciences, Irvine, CA, USA). The
FloTrac/EV1000 system is a pulse contour analysis device for continuous cardiac output monitoring. The
values of C.I was monitored upon TICU admission and was performed three times consecutively, and the
values were averaged. Intravenous blood sampling was performed to obtain samples for NT pro-BNP,
creatinine kinase MB isoenzyme (CK-MB), and Tn-I. Sampling and 12-lead ECG were performed in
different time periods as follows: immediately after TICU admission and at 24h and 48h after trauma.

The institutional review board (IRB) approved this retrospective study and waived the requirement for
individual patient consent (IRB approval number: 2020-04-063).

Statistical analysis
Categorical variables are reported as absolute numbers or percentages, which were analyzed using the
Fisher’s exact or Chi-square test. Continuous variables are presented as mean ± standard deviation (SD)
or as median and interquartile range (IQR). Parametric and non-parametric data were analyzed using
Student’s t-test and Wilcoxon test, respectively. Statistical signi�cance was set at p < 0.05. The data were
analyzed using SAS/STAT software (version 9.4; SAS Institute Inc., Cary, NC, USA) and SPSS 25 (IBM,
Armonk, NY, USA).

Results
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The baseline characteristics of the patients are shown in Table 1. The median ages of the patients were
58 (range, 24–77) years, and 60 (range, 19–79) years for the non-BCI and BCI groups (p = 0.773). Both
groups showed male predominance (72.7% vs. 80.0%, p = 0.498); additionally, no signi�cant difference
was observed in the initial systolic blood pressure and Glasgow coma scale between the two groups
(121.2 ± 34.2 vs. 112.3 ± 29.3mmHg, p = 0.208 and 14.9 ± 0.3 vs. 13.7 ± 2.3, p = 0.770, respectively).
Furthermore, no signi�cant statistical difference was observed in the chest Abbreviated Injury Scale (2.8 
± 0.65 vs. 3.0 ± 0.8, p = 0.085) and the mean ISS between the non-BCI and BCI groups (19.3 ± 2.6 vs. 22.8 
± 5.9, p = 0.062).
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Table 1
Baseline characteristics of patients

Characteristics Non-BCI (N = 33) BCI (N = 30) p-value

Age (years) 58 (24–77) 60 (19–79) 0.773

Male 24 (72.7) 24 (80.0) 0.498

Height (cm) 169.5 ± 7.6 168.3 ± 8.7 0.578

Weight (kg) 67.1 ± 10.1 67.6 ± 9.7 0.849

Initial SBP (mmHg) 121.2 ± 34.2 112.3 ± 29.3 0.208

GCS 14.9 ± 0.3 13.7 ± 2.3 0.770

Intubation 3 (9.1) 7 (23.3) 0.122

Preoperative shock status 3 (9.1) 8 (26.7) 0.066

Hypertension 10 (30.3) 13 (43.3) 0.283

Diabetes 3 (9.1) 3 (10.0) 0.902

Current smoking 12 (36.4) 12 (40.0) 0.767

COPD 2 (6.1) 3 (10.0) 0.563

Stroke 1 (3.0) 3 (10.0) 0.257

Initial hemoglobin (g/dl) 12.8 ± 1.8 11.9 ± 1.9 0.073

Initial eGFR (mL/min/BSA) 97.6 ± 18.8 96.2 ± 18.5 0.751

Previous operation 2 (6.1) 3 (10.0) 0.603

Transfer from another hospital 14 (42.4) 12 (40.0) 0.845

Chest AIS 2.8 ± 0.65 3.0 ± 0.8 0.085

ISS 19.3 ± 2.6 22.8 ± 5.9 0.062

Values are presented as the median (interquartile range), mean ± standard deviation or number of
patients (%)

BCI: blunt cardiac injury; SBP: systemic blood pressure; GCS: Glasgow Coma Scale; COPD: chronic
obstructive pulmonary disease; eGFR: estimated Glomerular Filtration Rate; AIS: abbreviated injury
scale; ISS: injury severity score.

The causes of injury and combined injury are detailed in Table 2. Automobile-related injuries were the
most common causes of injury in the non-BCI group (39.4%). Automobile-related injuries (30.0%) and
falls (30.0%) were the most common cause of injury in the BCI group. However, no signi�cant difference
was observed regarding the cause of injury between the two groups (p = 0.090). Injury by animal damage
was present one in both groups (3.0% vs. 3.3%); both of injuries were hit by a cow horn. When comparing
associated injuries, multiple rib fractures were found to be the most common in both groups; however, no
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signi�cant differences were observed (87.9% vs. 93.3%, p = 0.461). In addition, no signi�cant statistical
difference was showed in �ail chest (12.1% vs10.0%, p = 0.789).

Table 2
Cause of injury and combined injury

Characteristics Non-BCI (N = 33) BCI (N = 30) p-value

Cause of injury     0.090

Auto-pedestrian 0 (0.0) 1 (3.3)  

Automobile 13 (39.4) 9 (30.0)  

Motorcycle 1(3.0) 7 (23.3)  

Fall down 8 (24.2) 9 (30.0)  

Other vehicles a) 4 (12.1) 2 (6.7)  

Animal (cow) damage 1(3.0) 1 (3.3)  

Entrapment of machine 6 (18.2) 1 (3.3)  

Associated injuries      

Multiple rib fracture 29 (87.9) 29 (93.3) 0.461

Flail chest 4 (12.1) 3 (10.0) 0.789

Lung contusion 10 (30.3) 8 (26.7) 0.750

Hemo-pneumothorax 7 (21.2) 11 (36.7) 0.175

Aortic injury 1(3.0) 3 (10.0) 0.257

Values are presented as the median (interquartile range), mean ± standard deviation or number of
patients (%)

BCI: blunt cardiac injury; a) Bike, stretch car or cultivator.

The diagnostic test details are shown in Table 3. Regarding the relationship between sternum fracture
severity and BCI, no signi�cant relationship was observed between BCI with displaced sternal fracture
and severity (48.5% vs. 46.7%, p = 0.885 and 6.1% vs. 13.3%, p = 0.326, respectively). In addition, there
was no statistical difference in the presence of retrosternal hematoma between the two groups (45.5%
and 53.3%, p = 0.532, respectively). Regarding the ECG results of the BCI group, ECG change and non-
speci�c changes, including sinus tachycardia, were present in 43.3% of the patients. Additionally,
atrioventricular block occurred in one patient (3.3%) from the BCI group.
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Table 3
Diagnostic test details

Characteristics Non-BCI (N = 33) BCI (N = 30) p-value

Displaced sternal fracture 16 (48.5) 14 (46.7) 0.885

Severe displaced sternal fracture a) 2 (6.1) 4 (13.3) 0.326

Retrosternal hematoma 15 (45.5) 16 (53.3) 0.532

Electrocardiogram      

Normal sinus rhythm 33 (100) 10 (33.3)  

T wave abnormality   4 (13.3)  

Bundle block   2 (6.7)  

Atrioventricular block   1 (3.3)  

Preventricular contraction   4 (13.3)  

Sinus tachycardia   13 (43.3)  

Values are presented as the median (interquartile range), mean ± standard deviation or number of
patients (%)

BCI: blunt cardiac injury; a)displacement > 5mm

No signi�cant difference was observed in the NT pro-BNP values on admission, hospital day (HD) 2, and
HD 3 between the two groups (181.2 ± 165.4 vs. 316.2 ± 406.5 pg/mL, p = 0.084, 186.2 ± 158.2 vs. 533.8 ± 
259.3 pg/mL, p = 0.094, and 270.2 ± 598.0 vs. 657.0 ± 596.3 pg/mL, p = 0.175, respectively) (Fig. 2-A). On
the contrary, signi�cant differences were observed in the C.I measured on admission and HD 3 between
the two groups (3.3 ± 0.6 vs. 2.9 ± 0.7 L/min/m2, p = 0.012 and 3.4 ± 0.5 vs. 2.9 ± 0.6 L/min/m2, p = 0.001,
respectively); however, no signi�cant difference was observed on HD 2 (4.2 ± 5.5 2.8 ± 0.6 7 L/min/m2, p 
= 0.176) (Fig. 2-B). Furthermore, lactate levels upon admission and on HD 2 and 3 were signi�cantly
different between the two groups (2.1 ± 1.1 vs. 3.9 ± 2.8 mmol/L, p < 0.001, 1.6 ± 0.9 vs. 3.7 ± 2.3 mmol/L,
p < 0.001, and 1.3 ± 0.6 vs. 2.9 ± 2.0 mmol/L, p < 0.001, respectively) (Fig. 2-C). The detailed values are
shown in Sup. 1.

The e�cacies of NT pro-BNP, C.I and lactate levels in predicting BCI were analyzed using areas under the
receiver operating characteristic (ROC) curves (Fig. 3). The areas under the ROC curve of C.I on
admission, HD2, and HD3 were 0.675, 0.700 and 0.724, respectively. In addition, the areas under the ROC
curve of lactate on admission, HD2, and HD3 were 0.761, 0.823 and 0.763, respectively. The point
containing the maximum Youden index in the ROC curve was de�ned as the ideal cutoff point. The ideal
cutoff point at each time point is shown in Sup. 2.

The postoperative outcomes are shown in Table 4. Skeletal part surgery was performed the most for the
accompanying injury, and there was no difference between the both groups regarding the operation of the
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accompanying injury (p = 0.923). A signi�cant difference was observed in the total ICU stay and total
ventilator care time between the two groups (p = 0.008 and p = 0.001, respectively); however, length of
stay was comparable between groups (20.7 ± 16.8 vs. 21.8 ± 21.3days, p = 0.834). In-hospital mortality
occurred in two patients in the BCI group, and both died from ventilator-related pneumonia.

Table 4
Postoperative outcomes

Characteristics Non-BCI (N = 33) BCI (N = 30) p-value

Operation 15 (45.5) 14 (46.7) 0.923

Facial part 2 (13.3) 1 (7.1)  

Chest part 1 (6.7) 2 (14.3)  

Spine part 3 (20.0) 5 (35.7)  

Skelectal part 9 (60.0) 6 (42.9)  

Length of stay (day) 20.7 ± 16.8 21.8 ± 21.3 0.834

Total ICU stay (day) 5.48 ± 86.7 10.29 ± 89.5 0.008

Total ventilator care (min) 23.3 ± 65.2 149.8 ± 189.3 0.001

Reintubation 0 (0.0) 6 (20.0) 0.007

Transferred 25 (75.8) 17 (56.7) 0.108

In-hospital mortality 0 (0.0) 2 (6.7) 0.132

Values are presented as mean ± standard deviation or number of patients (%)

ICU: intensive care unit.

Discussion
Blunt cardiac injury (BCI) includes a wide spectrum of clinical symptoms. The decelerating force leads to
mechanical cardiac injuries, including valvular, septal, ventricular, atrial, or septal wall damage.
Additionally, relatively mild myocardial contusion may lead to other adverse cardiac events, such as mild
arrhythmias [1–3]. Considering the numerosity of complications, careful monitoring is warranted in
patients with suspected BCIs. However, diagnosing BCI remains a challenge due to the absence of a clear
de�nition and a gold standard diagnostic test [1–3, 10–12]. Managing physicians should be aware that
chest injuries including pulmonary contusion, sternum fracture, and multiple rib fractures are possible
indicators for BCI. Therefore, the role of complete diagnosis after typical trauma mechanisms should not
be underestimated even in patients whose clinical condition is not indicative of severe injury [1].

BCI arises from a variety of injuries, often due to high-speed impact. The most common causes of injury
is motor vehicle accidents; in addition, bicycle accidents, falls, sports-related injuries, and even assaults
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can also result in BCI [2, 3, 13, 14].

Few clinical signs or symptoms are speci�c for BCI. The most common clinical signs associated with BCI
is chest pain. This pain may or may not be anginal in nature, and it is usually a result of associated chest
trauma [15]. Echocardiography and ECG may indicate damage to the tissue architecture and subsequent
complications, however, information on speci�c cellular damage within the heart muscle requires
measurement of cardiac muscle-speci�c proteins such as Tn-T, Tn-I, or creatine kinase muscle [1, 6, 16].
Tissue damage always occurs with cellular damage, but cellular damage does not require tissue damage;
therefore, a combination of tests is usually used [1]. However, ECG, cardiac enzymes, and
echocardiography in the diagnosis of BCI remains controversial [3]. Level I evidence supports that all
patients with suspicious BCI should obtain 12-lead ECG upon admission or at the emergency room [8].
The use of ECG changes has demonstrated a sensitivity, speci�city, and negative predictive value of
100%, 47%, and 90% in the detection of BCI-related complications that require treatment; these changes
include sinus tachycardia, bradycardia, conduction delays, or atrial or ventricular dysrhythmias [10].
Additionally, Tn-I and Tn-T have been recently used to screen for BCIs. In 26 patients diagnosed with BCI
using ECG or echocardiographic criteria, the sensitivity of Tn-I and Tn-T was 23% and 12%, respectively,
while the speci�city was 97% and 100%, respectively [17]. A report by Salim et al. [7] found that patients
with normal ECG and serial values of Tn-I had no signi�cant BCI-related complications. Furthermore, they
found that abnormal ECG and elevated Tn-I had 100% sensitivity and 62% positive predictive value in
diagnosing clinically signi�cant BCI. Through these studies, the value of Tn-I increased when it was
simultaneously performed with ECG. Though, there are still no de�nite guidelines, the ECG-based AAST
Cardiac Injury Scale is widely used.

To develop a diagnostic tool for BCI, additional insight regarding the diagnostic properties of available
tests is warranted. Yasue et al. [18] determined that NT pro-BNP is secreted mainly from the left ventricle
in healthy adults and in patients with left ventricular dysfunction. Additionally, the authors found an
increased rate of NT pro-BNP secretion when the left ventricular tension increased. Considering this
relationship, Yasue et al. proposed the use of increased serum NT pro-BNP level as a diagnostic and
prognostic marker of cardiac dysfunction in patients with congestive heart failure, and ischemic heart
disease [19].

Previous studies have investigated the relationship between NT pro-BNP and trauma [4, 6, 19]. Kirchhoff
et al. [19] reported the signi�cant correlation of NT pro-BNP levels with clinical signs of multiple organ
dysfunction syndrome after multiple injuries at a level 1 trauma center. Additionally, a relationship was
observed between NT pro-BNP levels and decreased C.I. The data of this pilot study may indicate the
potential value of NT pro-BNP in the diagnosis of post-traumatic cardiac impairment. In 60 patients
diagnosed with major trauma, serum NT pro-BNP levels helped predict mortality in patients with major
trauma [6]. Dogan et al. [4] reported the potential of NT pro-BNP as a marker of BCI in an experimental
study of rats with blunt chest trauma; they found a signi�cant increase in NT pro-BNP levels in rats with
BCI at 5 hour after blunt chest trauma. This study suggested the bene�ts of using NT pro-BNP in the
diagnosis of BCI as an adjunct to other tests including Tn-I, ECG, and echocardiogram.
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Traumatic sternal fractures indicate a high risk of the presence of BCI [12]. Based this risk, our study was
limited to patients with sternal fractures from among a wide range of patients admitted to the TICU.
Absolute bed rest was the principle for accurate monitoring. We investigated the adjunct to other
diagnostic tests of BCI through serial monitoring and biomarkers.

In this study, no signi�cant difference was observed in the length of stay between the two groups;
however, signi�cant differences were observed in total TICU stay and total ventilator care. No signi�cant
difference was observed between the ISS of the two groups; however, the BCI group may require more
cardiac monitoring and long-term intensive care compared to the non-BCI group. In addition, no patient
underwent additional procedures. These results indicate a favorable prognosis for patients diagnosed
with BCI without intra-cardiac injury.

No relationship was observed between NT pro-BNP and BCI which was inconsistent with the results of
previous studies. However, a signi�cant decrease in C.I was observed in the BCI group on admission and
on HD 3. However, no signi�cant difference in C.I value was observed on HD 2. Therefore, this study does
not show the concordance of consecutive results; it cannot be concluded that there is a relationship
between value of C.I and BCI. Further studies are needed to determine the relationship between NT pro-
BNP, C.I and BCI.

Additionally, no difference was found in the ISS of the two groups; however, the results showed a
correlation between BCI and lactate levels. Therefore, future researches should focus on the relationship
between BCI and lactate levels.

This study has some limitations. First, it was a single-center retrospective study that included a small
number of patients. Second, since no accurate diagnostic criteria for BCI exist, the diagnostic criterion of
BCI was the AAST cardiac injury scale except for patients with emergency surgical procedures. Therefore,
this study seems to be meaningful only for the association between mild traumatic cardiac injury
focused on ECG changes and the values   presented in this study. Third, the postoperative results are
highly in�uenced by other accompanying injuries as the criteria were based on major trauma patients
who admitted the TICU with an ISS score of 15 or higher. Finally, this study investigated diagnostic
adjuvant tools; therefore, it does not in�uence the treatment of patients and has no in�uence on patient
survival and treatment direction.

Conclusions
In conclusion, consecutive NT pro-BNP, C.I and BCI showed no statistical signi�cance and the values of
NT pro-BNP and C.I   show no correlation with the diagnosis of BCI. However, lactate level may help as an
adjunctive tool for diagnosis of BCI. Further studies should be conducted in larger population with
prospective approach.
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Figures

Figure 1

Study design �owchart

Figure 2

(A) Serial change of Serum NT pro-BNP

 (B) Serial change of cardiac index

 (C) Serial change of serum lactate
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Figure 3

ROC curve for diagnostic test
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