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Abstract

To analyze the role of sensitive cardiac troponin I (scTnl) and high-sensitive troponin T (hscTnT) in the determination of
myocardial injury caused by volume and pressure load due to pulmonary hypertension (PH) and to investigate if these mark-
ers may be useful in the management of PH in childhood. Twenty-eight patients with congenital heart disease (CHD) with
left to right shunt and PH, 29 patients with CHD with left to right shunt but without PH, and 18 healthy children, in total 75
individuals, were included in the study. All cases were aged between 4 and 36 months. Echocardiographic evaluation was
performed in all cases, and invasive hemodynamic investigation was performed in 33 cases. Blood samples were obtained
from all cases, for the measurement of brain natriuretic peptide (BNP), pro-brain natriuretic peptide (pro-BNP), sensitive
cardiac troponin I (scTnl), and high-sensitive troponin T (hscTnT) levels. The mean BNP, pro-BNP, scTnl, and hsTnT
levels were statistically significantly higher in patients with PH than in the patients without PH (»p <0.001). A statistically
significant positive correlation was determined between pulmonary artery systolic pressure and scTnl and hscTnT levels
(r=0.34 p=0.01, r=0.46 p <0.001, respectively) levels. Pulmonary hypertension determined in congenital heart diseases
triggers myocardial damage independently of increased volume or pressure load and resistance, occurring by disrupting the
perfusion via increasing ventricular wall tension and the myocardial oxygen requirement. Serum scTnl and hscTnT levels
may be helpful markers to determine the damage associated with PH in childhood.

Keywords Congenital heart disease - Pulmonary hypertension - Myocardial injury - Sensitive cardiac troponins

Introduction obstructive disease [2]. At this stage, surgical correction is

impossible. Hence, the most essential point in the treatment

Congenital heart diseases (CHDs) with left to right shunt
are the main causes of pulmonary hypertension (PH) in
childhood [1, 2]. The defects associated with left to right
shunt, if untreated, result in irreversible alterations in the
pulmonary vascular bed, which is called pulmonary vascular
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of pulmonary arterial hypertension that has developed as a
result of CHD is the timing of surgery [3, 4]. Although right
heart catheterization is the gold standard test determining
PH, it is not convenient for screening, as it is an invasive
technique [5]. Transthoracic echocardiography is a non-
invasive and more practical way of diagnosing PH, but it is
less sensitive and specific than catheterization [6]. Moreover,
recently, some biomarkers have been defined relevant for the
diagnosis and follow-up of pulmonary hypertension, includ-
ing brain natriuretic peptide (BNP), uric acid, troponin T,
carcinoembryonic antigen 125, and intercellular adhesion
molecule-1 [7-11].

Cardiac troponins are the most sensitive and specific bio-
chemical markers of cardiac muscle injury and especially
of acute coronary syndrome and acute myocardial infarc-
tion [12]. CHDs with large left to right shunts, according to
their anatomical locations, may result in an augmentation
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of right or left ventricular volume load, as well as a rise
in right ventricular pressure by increasing pulmonary arte-
rial pressure [13]. Increased pressure and/or volume load
results in myocardial injury. In recent years, some newly
developed and sensitive methods for the determination of
cardiac troponins have been suggested to be useful in the
evaluation of myocardial injury in children with congenital
heart diseases [14—16]. Only a few studies have been per-
formed with sensitive cardiac troponin I (scTnl) in children
and, to the best of our knowledge, none with high-sensitive
troponin T (hsTnT).

The aim of this study was to analyze the role of scTnl
and hsTnT in the determination of myocardial injury caused
by hemodynamic load due to PH secondary to left to right
shunt and to investigate if these markers may be used in PH
management in childhood.

Methods

Between January 2013 and January 2015, a study was con-
ducted with a total of 75 children: 28 patients with mean pul-
monary arterial pressure >25 mmHg in catheter angiogra-
phy and/or tricuspid insufficiency (TI) flow rate >2.8 m/s in
echocardiography, together with the presence of at least two
echocardiographic findings of PH; 29 patients with CHD
with left to right shunt without PH who were under follow-
up in the Pediatric Cardiology Department; and 18 healthy
controls drawn from children who attended the Pediatric
Cardiology Department with suspected heart cardiac mur-
mur but were found to have no detectable cardiac pathology.
For the standardization of the study, only patients with mod-
erate and/or large post-tricuspid shunts such as a ventricular
septal defect (VSD) and patent ductus arteriosus (PDA) were
included. Since serum cardiac troponin and brain natriuretic
peptide (BNP) levels may be high in the first three months of
life, only infants or children aged between 4 and 36 months
were included in the study [17, 18]. The gender, diagnoses,
diagnosis dates, symptoms, and treatments of the cases were
analyzed. Detailed physical examination was performed in
all cases, together with evaluation of the patients’ telecar-
diograms and electrocardiograms (ECGs). Cardiac catheteri-
zation and angiography were required in only 33 (22 with
PH and 11 without PH) patients. Hemodynamic data were
obtained during the procedures.

Blood samples were obtained for BNP, pro-brain natriu-
retic peptide (pro-BNP), scTnl, and hsTnT. Patients with
acute infections, diabetes mellitus, sepsis, or renal failure,
patients under cardiotoxic medication, or patients with
a history of cardiac operations, were not included in the
study, since cardiac troponin levels may be affected in these
circumstances.

Transthoracic Echocardiography

Echocardiography was performed using Philips iE33
xMATRIX (Amsterdam, Netherlands) echocardiography
with the aid of 3.5 MHz probes. Images were obtained in
subcostal, parasternal long axis, short axis, apical four-
chamber view, five spaces, and suprasternal positions, and
M-mod, two-dimensional, and Doppler echocardiographic
investigations were performed. Tricuspid insufficiency
(TT) velocity obtained by Doppler echocardiography was
evaluated in many windows. The window with the best
imaging for TI envelope borders and maximum velocity
was used in measurements. Using the Bernoulli equation,
right ventricle systolic pressure was calculated from the TI
flow. Systolic pulmonary artery pressure (sPAP) was deter-
mined by the addition of right atrium pressure (5 mmHg)
with the obtained value. Patients with a TI flow rate of
> 2.8 m/s were regarded as having pulmonary hyperten-
sion [19].

Catheter Angiography

In the angiography procedure, after local anesthesia with
lidocaine and premedication with 0.1 mg/kg intravenous
midazolam, the femoral vein and artery were catheter-
ized percutaneously. The pressures of right atrium, right
ventricle, and left atrium were measured by using 5,6,7
NIH catheters (Cordis Corporation, Miami, USA) by age
group and the pressure of pulmonary capillary wedge was
measured by using 5 and 6 F multipurpose catheters. The
measurements of pressures were obtained using fluid-filled
catheters which were balanced with the zero level at the
midaxillary line and connected to pressure transducers.
The pulmonary and systemic blood flows were calculated
by the Fick equation using the measured oxygen consump-
tion and oxygen content derived from oxygen saturation.

The pulmonary vascular resistance was calculated from
the equation of the ratio, difference between mean pulmo-
nary arterial pressure and left atrial pressure or pulmonary
arterial capillary wedge pressure to pulmonary blood flow.

The systemic vascular resistance was calculated as the
ratio of the difference between mean arterial pressure and
right atrium pressure to systemic blood flow.

Cardiac Troponin Levels
For the determination of hsTnT, blood samples obtained
from peripheral veins were analyzed with a new third-

generation quantitative electrochemiluminescence immu-
noassay method using Elecys 2010 (Roche Diagnostics,
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Mannheim, Germany). This method is specific for troponin
T with an analytical range of 3—10,000 ng/L. The upper
reference limit for hscTnT (99 percentile, CV < 10%) is
14 ng/L (pg/mL) [20, 21].

Serum scTnl levels were studied by the first-generation
immunometric immunoassay method using Ortho Vitros
ECi/ES (Johnson & Johnson, Buckinghamshire, UK). In this
evaluation, the minimum quantifiable value is 0.012 ng/mL
with an upper reference limit (99 percentile, CV < 10%) of
0.034 ng/mL [22, 23].

Statistical Analysis

The data were recorded with the Statistical Package for the
Social Sciences program version 21 (SPSS, SPSS, Inc., Chi-
cago, IL, USA). The distributions of continuous variables
were analyzed with the Shapiro—Wilk test. The descriptive
statistics were defined as mean + standard deviation for
normally distributing data and as median (minimum—maxi-
mum) for non-normally distributing data. The significance
of the differences in mean values between two independent
groups was analyzed with the Student ¢ test, and the dif-
ferences in mean values between more than two independ-
ent groups were analyzed with one-way variance analysis
(ANOVA). If the result of one-way variance analysis proved
to be significant, the condition causing this difference was
determined with the post-hoc Tukey test. The significance of
the differences in median values between two independent
groups was analyzed with the Mann—Whitney U test, and
the differences in median values between more than two
independent groups were analyzed with the Kruskal-Wal-
lis test. If the result of the Kruskal-Wallis test proved to be
significant, the condition causing this difference was deter-
mined by Conover’s non-parametric multiple comparison
tests. For the determination of the sensitivity, specificity,
and positive and negative predictive value of biomarkers,

receiver operating characteristics (ROC) curve analysis was
performed. p < 0.05 was regarded as statistically significant.

Ethical Considerations

The study protocol was approved by the ethics committee
of University of Health Sciences, Kecioren Training and
Research Hospital (number: 02.06.2010/004) and performed
in accordance with the Declaration of Helsinki. Written
informed consent was obtained in advance of the study from
the parents of the study participants.

Results
Baseline Characteristics

Twenty-eight patients with CHD with left to right shunt
causing PH, 29 patients having CHD with left to right shunt
but without PH, and 18 healthy children, a total of 75 cases,
were included in the study, which was conducted between
January 2013 and January 2015.

Among the 28 patients with PH, 27 had a VSD and 1 had
PDA. Among the 29 patients without PH, 23 had a VSD
and six had PDA. Participants’ ages ranged between 4 and
36 months. There was no statistically significant difference
between CHD groups with PH (PH group) or without PH
(non-PH group) in terms of age or gender (p=0.08, p=0.6).
Fatigue, weight loss, and frequent infections were reported
in 22 (78.6%) of the PH group and in six patients (20.7%)
in the non-PH group. At admission, 21 (75%) patients in
the PH group and 18 (65.5%) patients in the non-PH group
were receiving at least one of the diuretic and/or angiotensin
converting enzyme inhibitor treatments. The demographic
and clinical data on the study participants are summarized
in Table 1.

Table 1 Demographical
and clinical data of study

Healthy group (n=18)

Non-PH group (n=28) PH group (n=29)

participants Age, months 127444 14.1+76 10.4+8.1

Gender

Male 8 (44.4%) 14 (48.3%) 15 (53.6%)

Female 10 (55.6%) 15 (51.7%) 13 (46.4%)
Symptomatic - 6 (20.7%) 22 (78.6%)
BNP, pg/mL 14.6+11.9 22.1+31 142.5+188.9
Pro-BNP, pg/mL 146.6+111.2 191.9+266.8 1405.6 +1935.1
scTnl, ng/L 0.0093 +0.0087 0.008 £ 0.007 0.036+£0.035
hscTnT, ng/L 62+22 8.6+4.3 24+143
sPAP, mmHg 213+1.6 30.3+6.2 65.3+13.3

Values are presented in mean +SD

BNP brain natriuretic peptide, hscTnT high-sensitive troponin T, sPAP pulmonary artery systolic pressure
(obtained from echocardiography), pro-BNP pro-brain natriuretic peptid, scTn/ sensitive cardiac troponin I
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Hemodynamic Data Obtained by Catheter
Angiography

Catheter angiography was performed in 22 patients of the
PH group and in 11 patients of the non-PH group. Systemic
and pulmonary flow ratio (Qp/Qs) mean value was higher
in PH group than non-PH group (2.74+1.18, 1.97+0.71,
respectively). But this difference was not statistically sig-
nificant (p =0.08). However, Qp/Qs values were higher
than 1.5 in both patient groups indicated that defects size
were moderate or large. Mean pulmonary arterial pressure
(mPAP), Op (pulmonary flow), Rp (pulmonary resistance),
Pp/Ps (pulmonary pressure, systemic pressure ratio), and
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Fig. 1 Receiver operating curve (ROC) for biochemical markers. bnp
brain natriuretic peptide,probnp pro brain natriuretic peptide

Rp/Rs (pulmonary resistance, systemic resistance ratio) val-
ues were determined to be statistically significantly different
in the PH group from the non-PH group (p <0.001, p=0.02,
p=0.03, p<0.001, p=0.002, respectively).

Correlation of Hemodynamic Data with Biochemical
Marker Levels

scTnl, hscTnT, BNP, and pro-BNP levels were determined to
be higher in the PH group (Fig. 1). There was a statistically
significant difference between groups regarding BNP, pro-
BNP, scTnl, and hscTnT levels (p <0.01). For all markers,
the difference was created by the PH group. Among hemo-
dynamic parameters obtained by catheter, Op and Qp/Qs
(pulmonary flow, systemic flow ratio) values were found
to have a positive correlation with all biochemical param-
eters. Whereas the mPAP values were correlated with BNP,
pro-BNP, and hscTnT, no correlation with scTnl was found
(Table 2).

Correlation of Pulmonary Artery Systolic Pressures
with Biochemical Marker Levels

Pulmonary artery systolic pressure values obtained by echo-
cardiography were correlated with all biochemical markers.
(BNP r=0.45, p=0.001, pro-BNP r=0.42 p=0,001, scTnl
r=0.34 p=0.01, hscTnT r=0.46 p <0.001).

Sensitivity of Biochemical Markers in the Prediction
of Pulmonary Hypertension

The sensitivity and specificity of serum scTnl levels in the
prediction of pulmonary hypertension were determined
as 75 and 79%, respectively. The cutoff value for scTnl in
the prediction of PH was found to be 0.0125 ng/L (Fig. 1:

Table 2 Correlation of

. . scTnl (ng/L) hscTnT (ng/L) BNP (pg/mL) pro-BNP (pg/
hf:rnodyr.larnlc data with mL)
biochemical marker levels

r P r P r P r )4
Op, I/dk/m? 0.61 p<0.001 091  p<0.001 0.53  p<0.001 044  0.004
Os, I/dk/m? 0.15 045 0.12  0.52 -0.01 097 -0.06 0.76
Qp/0s 041  0.02 0.4 0.02 041  0.02 046  0.007
Rp, u/m? -0.07 0.68 0.07  0.69 -0.01 095 0.08  0.67
Rs, u/m? -0.11 0.54 -0.02 09 -0.15 043 -0.03 0.85
Rp/Rs -0.06 0.76 -0.02 092 0.06 0.73 0.007 0.97
Pp/Ps 0.34  0.07 0.39  0.04 0.3 0.07 0.33  0.08
mPAP, mmHg 0.246 0.2 039  0.03 0.38  0.003 040  0.003

p <0.05 considered statistically significant (shown in bold)

BNP brain natriuretic peptide, hscTnT high-sensitive troponin T, Op pulmonary flow, Qs systemic flow,
mPAP mean pulmonary arterial pressure (hemodynamically obtained), Pp/Ps pulmonary pressure, sys-
temic pressure ratio, pro-BNP pro-brain natriuretic peptid, Rp pulmonary resistance, Rs systemic resist-
ance, scTnl sensitive cardiac troponin I
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area under the curve: 0.866, 95% confidence interval
0.775-0.956).

The sensitivity and specificity of serum hscTnT levels in
the prediction of pulmonary hypertension were determined
as 78 and 80%, respectively. The cutoff value for hscTnT in
the prediction of PH was found to be 11.9 ng/L (Fig. 1: area
under the curve: 0.89, 95% CI 0.81-0.969).

In multivariance regression analysis, only scTnl and
hscTnT levels were determined to be independent biomark-
ers in the prediction of PH. According to this analysis, in
patients with CHD having higher serum scTnl and hscTnT
levels, there is an increased probability of the presence of
pulmonary hypertension (odds ratio 1.15; 95% CI 1.02-1.29;
p=0.02, odds ratio 1.36; 95% CI 1.1-1.68; p=0.004,
respectively).

Discussion

In the diagnosis, follow-up, and treatment of patients with
PH in the pediatric age group, the advice and the criteria
adopted for adult PH patients are usually followed, owing
to the lack of research with pediatric PH patients. In recent
years, many biomarkers have been identified that may be
helpful, especially in the follow-up of PH patients [7-11].
The role of these biomarkers in the follow-up of pulmonary
arterial hypertension has attracted attention, but no consen-
sus on this matter has yet been achieved.

Among these biomarkers, natriuretic peptides, synthe-
sized from cardiac myositis with the increased wall tension
due to the left to right shunt, are especially useful in the
diagnosis and follow-up of heart failure. In different studies,
BNP and pro-BNP levels were found to rise [24, 25] with
an increase in the left to right shunt level. Many studies per-
formed on adults have investigated the effects of increased
BNP levels in the determination of pulmonary hypertension
severity and life expectancy [26-28]. However, studies in the
pediatric age group are few. In a study by Takatsuki et al.
on 88 children with PH, a positive correlation was reported
between BNP and pro-BNP levels and Pp/Ps, mean right
atrium pressure, and TI [29]. Both BNP and pro-BNP were
found to be effective in defining clinical and hemodynamic
alterations in pediatric PH cases, and pro-BNP in particu-
lar was reported to be more significantly correlated with
echocardiographic findings. In another study performed
on 78 patients with childhood PH, although there was no
strong correlation between the BNP levels at admission and
echocardiographic and hemodynamic findings, there was a
strong correlation between alterations of echocardiographic
and hemodynamic parameters and BNP measurements in
time [30].

In the present study on children with CHD, 28 with
PH and 29 without PH, serum BNP and pro-BNP levels
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were determined to be higher than in the healthy controls.
There was a high positive correlation between both mark-
ers (r=0.94, p<0.001). There was a statistically significant
positive correlation between BNP and pro-BNP levels and
hemodynamically measured Qp, Op/QOs, and mPAP values.
Moreover, there was a positive correlation between systolic
pulmonary arterial pressure and both biochemical markers.
In the light of these data, we believe that serum BNP and
pro-BNP levels are valuable markers for reflecting increased
wall tension due to increased pulmonary flow and in the
prediction of increased pulmonary arterial pressure.

Whereas pre-tricuspid shunts mainly result in volume
load, post-tricuspid shunts generally cause both volume
and pressure loads [31]. The right ventricle especially, being
thinner and more flexible, is forced to resist the afterload
mismatch caused by increased pulmonary flow and conse-
quently increased pulmonary resistance. In order to increase
the right heart flow, right ventricle dilatation takes place.
As specified in Laplace’s law, all these alterations result in
an increase in thickness of the right ventricular wall at the
same time. In previous studies, it was reported that both
ventricular hypertrophy and tension on the ventricular wall
due to left to right shunts disrupt the myocardial perfusion
[32, 33]. Moreover, increased intra-wall pressure due to the
tension also disrupts the coronary perfusion [34]. As a result
of all these alterations, the left to right shunt due to CHD and
increased pulmonary flow results in myocardial ischemia.
Besides, with the development of new-generation sensitive
cardiac troponins, the determination of cardiac troponin lev-
els at much lower serum concentrations is possible [35, 36].
This condition enables the early diagnosis of myocardial
injury, as well as the usage of cardiac troponins in conditions
other than acute coronary syndromes, such as CHD with left
to right shunts having partial myocyte injury [37-39].

Sugimoto et al. investigated the scTnl levels in children
with atrial septal defect (ASD) and VSD and reported that
the levels were higher in children with VSD. They found
that scTnl levels were associated with the pulmonary pres-
sure/systemic pressure ratio measured hemodynamically. In
the present study, significant volume and pressure load was
determined to cause myocardial damage independently of
the resistance [40]. In a study by Eerola et al. performed
with children, patients were divided into two groups: those
with pressure load, such as with aortic coarctation or aortic
and pulmonary valve stenosis, and those with volume load,
such as with ASD or PDA. In patients with pressure load,
cardiac Troponin I levels were determined to be statistically
significantly higher [41].

In our patients, both scTnl and hscTnT levels were sta-
tistically significantly higher in the PH group compared
with the healthy control cases and CHD cases with normal
pulmonary artery pressure (the non-PH group) (p <0.05).
mPAP values determined with angiography were only
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correlated with hscTnT, while the sPAP value obtained
with echocardiography was correlated with both scTnl and
hscTnT. Moreover, there was a positive correlation between
cardiac troponins and hemodynamically determined Qp and
Op/Qs values. This suggests that increased pulmonary blood
flow may cause myocardial damage without any increase in
pulmonary resistance.

In our study, in all the patient groups, hscTnT was at
measurable levels, and in 25 patients it was high (14 ng/L
or higher). Twenty (80%) patients with elevated hscTnT
levels were in the PH group. During the study, two patients
who died after surgery had also had elevated hscTnT levels.
There was a high positive correlation also between scTnl and
hscTnT levels (r=0.71, p <0.001). However, in PH patients,
hscTnT levels, compared with scTnl, were determined to
be statistically more significantly associated with PH. In
logistic regression analysis, although both parameters were
defined to be valuable for the prediction of PH, hscTnT was
observed to be statistically more sensitive for the purpose
(scTnl odds ratio 1.15; 95% CI 1.02-1.29; p=0.02, hscTnT
odds ratio 1.36; 95% CI 1.1-1.68; p=0.004). The main
cause of this condition may be the measurement of hscTnT
with a more sensitive third-generation method compared
with the first-generation method of scTnl.

There is a limited number of studies in the literature
comparing the sensitivity of cardiac troponins with B-type
natriuretic peptides in the determination of PH in childhood.

In a study on adults conducted by Filush et al., the hscTnT
level was investigated in order to define its importance in
the functional and prognostic evaluation of patients with
PH; positive correlations between hsTnT levels and right
ventricular systolic strain (r=0.95, p=0.0018) and strain
rate (r=0.82, p=0.0021) were found in 55 patients with PH
[42]. Moreover, it was suggested that hsTnT may identify
World Health Organization functional class II and higher
classes better than pro-BNP or heart fatty acid binding
protein.

Sugimoto et al. also found a strong positive correlation
between cTnl and pro-BNP values (r=0.728; p <0.001),
and myocardial damage was suggested to be associated with
advanced congestive heart failure due to increased pressure
and volume load [40].

In the present study, there was a positive correla-
tion between hscTnT levels and both BNP and pro-BNP
(r=0.51, p<0.01; r=0.45, p<0.01, respectively) levels.
However, there was no statistically significant association
between scTnl and BNP or pro-BNP levels.

In all hscTnT measurements, the manufacturer is the
same, the same calibrator and similar antibodies are in use,
and thus there is no problem with the standardization of the
method. However, many methods have been developed for
the measurement of cTnl. Since the target regions may differ
in different methods, the results may change by an order of

40-60 times [43—-45]. Thus, the absence of standardization
for scTnl produces significant confusion. We believe that
the variance between the results obtained in this study for
scTnl and those of other studies in the literature may be due
to differences in the methods used.

This study is important, since it is one of only a few stud-
ies performed in the pediatric age group. Moreover, to the
best of our knowledge, it is the first study to evaluate hscTnT
levels in PH associated with CHD.

Study Limitations

The present study has some limitations. The most important
limitation of this study is that baseline evaluation and clas-
sification of the patient groups were made according to clini-
cal assessment and echocardiographic findings. Hemody-
namic data could be obtained only in 57 patients. As this was
a single-center study, the number of cases was very small,
although sufficient to perform multivariate analysis. Also,
follow-up information on the patients would have improved
the study. Further studies should be performed with a larger
number of subjects from multiple centers.

Conclusion

PH in CHDs triggers myocardial damage independently of
increased volume or pressure load and resistance, disrupting
the perfusion via increasing ventricular wall tension and the
myocardial oxygen requirement. Serum scTnl and hscTnT
levels are helpful markers to determine the damage associ-
ated with PH.

In the light of our results, we suggest that, in the manage-
ment of childhood PH, determination of high-risk groups,
identifying damage earlier, and taking precautions, assess-
ment with sensitive cardiac troponins may be helpful.
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