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ABSTRACT
Background 
Pulmonary arterial hypertension due to congenital heart disease (CHD-PAH) has a poor 
prognosis. We sought to determine whether the biomarker high-sensitivity troponin T (hsTnT) 
measured on routine visit at the outpatient clinic is associated with prognosis.

Methods
Consecutive adult CHD-PAH (86% Eisenmenger syndrome) patients referred for advanced 
medical therapy between January 2005 and March 2007 in the Academic Medical Center in 
Amsterdam. Patients with severe renal impairment were excluded.  The primary outcome was 
mortality.

Results
Of all 31 patients (mean age 45 ± 12 years) with CHD-PAH, eight patients died during a 
median follow-up of 5.6 (range 1.6 to 6.8) years. A hsTnT level > 0.014 μg/L was the 99th 
percentile cut off of the normal distribution and therefore defined as elevated. At baseline, 
elevated levels of hsTnT were found in eight patients (26%). In univariate Cox regression, 
hsTnT elevated at baseline, NT-pro-BNP and right ventricular function were determinants of 
death (p < 0.05 for all). Patients with elevated levels of hsTnT showed a significantly higher 
mortality rate as compared to patients with normal hsTnT levels (62% versus 13%, p = 0.005).

Conclusion
Levels of hsTnT were abnormal in a substantial proportion of CHD-PAH patients. A signifi-
cant inverse relationship was found between hsTnT and survival. 
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1. INTRODUCTION
Pulmonary arterial hypertension due to congenital heart disease (CHD-PAH) has a poor 
prognosis.1,2 In patients with CHD-PAH a systemic-to-pulmonary shunt and increased volume 
overload ultimately lead to adaptations of pulmonary vasculature and endothelial dysfunc-
tion.2,3 Ventricular failure is a substantial cause of death in patients with CHD-PAH.1,4

Detection of circulating cardiac troponins reflects myocardial damage, and it is diagnos-
tic of acute myocardial infarction in the presence of ischemic signs and symptoms. However, 
elevated cardiac troponins may also be found in other pathological conditions includ-
ing right ventricular overload in primary pulmonary hypertension, chronic thromboembolic  
pulmonary hypertension and pulmonary hypertension due to collagen vascular disease.5,6 The 
exact underlying mechanism of this early ‘troponin leak’ is unknown, even though detectable  
cardiac troponin suggests ongoing myocardial damage which is generally associated with 
worse prognosis.
Recently, modifications of high-sensitivity troponin T (hsTnT) assays have been introduced 
that result in higher analytical sensitivity. So-far, hsTnT has not been studied in patients with 
CHD-PAH. We sought to determine whether high-sensitivity hsTnT is associated with prog-
nosis and disease severity in CHD-PAH patients. We hypothesized that in an early stage the 
marker hsTnT might identify patients who are most at risk of early mortality. 

2. METHODS
2.1 Data collection
Consecutive adult patients with CHD-PAH referred to the Academic Medical Center, Amsterdam, 
a tertiary referral center for CHD, were included. Patients with Eisenmenger syndrome and 
the following congenital heart defects were studied: septal defects, patent arterial duct and 
created aortopulmonary shunts in cyanotic congenital heart disease (Waterston/Potts shunt). 
Patients with persistent PAH after previous closure of their CHD defect were also enrolled. 
To establish PAH diagnosis, minimal systolic pulmonary arterial pressure had to be 37 mm 
Hg at rest with a tricuspid regurgitation velocity of more than 2.8 m/s, according to the guide-
lines of the European Society of Cardiology.3 Eisenmenger syndrome was defined as right-
to-left shunt over the congenital heart defect due to an increased pulmonary vascular resist-
ance. Patients with PAH were divided into mild (37–49 mmHg), moderate (50–70 mmHg) and  
severe (>70 mmHg) PAH groups.7 Clinical parameters including laboratory and echocardiog-
raphy results were evaluated. Six minute walk distances were obtained from patients with and 
without Down syndrome. Blood was obtained from peripheral venous sampling and stored 
in a -80°C frozen state until biomarker measurements were performed. Duration of follow up 
was the time interval between the day of blood sampling and last visit or date of death. All  
patients were started on bosentan monotherapy. The primary outcome was all-cause mortality. 
Patients with severe renal impairment (eGFR < 30 mL/min) were excluded.  
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2.2 Laboratory measurements
High-sensitivity troponin T levels were determined with an enzyme-linked immunosorbent  
assay method on an Elecsys 300 analyzer (Roche Diagnostics, Almere, the Netherlands) 
using a fifth generation assay. The coefficient of variation was 1.3% within one run and 1.7% 
within twenty patients during reproducibility tests. Freezing and long-term storage has a small 
impact on stability of hsTnT.8 Up to 12 months of frozen storage the hsTnT assay is a reli-
able method of measuring the cTnT level in human serum. After 24 months, the hsTnT levels  
becomes lower than baseline. A hsTnT level > 0.014 μg/L was determined as the 99th percen-
tile of the normal distribution, and thus defined as elevated by the manufacturer as specified 
in the package insert.9 Analysis of NT-pro-BNP was performed by a sandwich technique using 
two antibodies and a chemiluminescence signal for determination of the concentration of the 
analyte. Lithium heparin plasma was used for sample material.
Doppler echocardiography (VIVID 7 General Electric, USA) was performed to evaluate left 
and right ventricular function. Right ventricular function was measured by tricuspid annular 
plane systolic excursion (TAPSE). One patient had transposition of the great arteries, and 
MAPSE was measured in the subpulmonary ventricle. 

2.3 Statistics
Continuous variables were expressed as mean ± standard deviation when normally distrib-
uted, and median (range) if otherwise, and differences were assessed using the Student  
t test and Mann-Whitney U test, respectively. Categorical variables were expressed as  
number (percentage) and differences were analyzed using a Chi-square test. Cutoff  
value for NT-pro-BNP level was based on the optimal point of the individual determinant level in  
receiver operating characteristics curve analysis. Cox proportional hazards models were used 
to calculate hazard ratios (HR) and corresponding 95% confidence intervals (CI) for mortality 
with respect to their associations with hsTnT. Association between hsTnT and risk or mortality 
was assessed using logrank tests, with Kaplan-Meier estimation used to describe likelihood 
of the outcomes during the follow-up period. Because of their skewed distribution, hsTnT and 
neurohormone N-terminal pro brain natriuretic peptide (NT-pro-BNP) levels were log-trans-
formed before being used in regression models. Values below 0.05 were considered to be 
significant. Analyses were performed using SPSS version 19.0 (SPSS Inc, Chicago, Illinois).

3. RESULTS
3.1 Population
Baseline characteristics of all 31 adult patients (mean age 45 ± 12 years, 39% male) with 
CHD-PAH are shown in Table 1. Of all patients, 61% had Down syndrome and 86% Eisen-
menger syndrome. Four patients had an atrial septal defect, twelve patients had an atrioven-
tricular septal defect, thirteen patients had a ventricular septal defect and one patient a closed 
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Table 1. Baseline characteristics

Abbreviations: NYHA: New York Heart Association; TAPSE: tricuspid annular 
planse systolic excursion; μg/L; microgram / liter; mmhg; millimeter mercury; ng/L: 
nanogram/liter; eGFR: estimated glomerular filtration rate, n/a; not applicable
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Table 2. Level of high sensitive troponin T and known determinants of outcome

Abbreviations: NYHA: New York Heart Association; TAPSE: tricuspid annular planse systolic excursion; 
μg/L; microgram / liter; mmhg; millimeter mercury; ng/L: nanogram/liter; eGFR: estimated glomerular 
filtration rate, n/a; not applicable
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patent ductus arteriosus. One patient had a transposition of the great arteries with a Mustard 
correction. Irreversible PAH was present at first presentation in our outpatient clinic, and no 
clear cause of PAH has been found.  Two patients had mild PAH, three patients had moderate 
PAH and 26 patients had severe PAH. None of the patients included had a history of coronary 
artery disease, and none reported complaints of chest pain or fever at the moment blood samples 
were obtained. No tachyarrhythmias were present on the patients’ electrocardiograms. 

3.2 High-sensitivity troponin T and pulmonary arterial hypertension
All patients had a level of hsTnT above the lower detection limit of 0.003 μg/L. Eight  
patients (26%) had a level of hsTnT > 0.014 μg/L, indicating myocardial damage. Patients with  
elevated levels of hsTnT showed a significantly higher number of deaths, were more often in 
NYHA III or IV and had higher level of NT-pro-BNP as compared to patients with normal hsTnT 
level, see Table 2. No NYHA II patient had elevated hsTnT (Table 2). Six minute walking  
distance and estimated glomerular filtration rate were significantly lower in patients with  
elevated hsTnT as compared to patients with normal hsTnT level, see Figure 1. 

Figure 1.  Inverse relationship between six minute walking distance and high-sen-
sitive troponin T in patients with pulmonary arterial hypertension due to congenital 
heart disease
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Table 3. Deceased patients

Abbreviations: CI: Confidence Interval; HR: hazard ratio; * not estimable; ** p = 0,55 calculated by Fisher 
exact test

Abbreviations: VSD: ventricular septal defect; TGA: transposition of the great. arteries; AVSD: atrio-ven-
tricular septal defect; ASD: atrial septal defect; hsTnT: high-sensitive troponin T; * Elevated level of high-
sensitive troponin T

Table 4. Determinants of mortality  in patients with pulmonary arterial hypertension due to congenital 
heart disease
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63.3 High-sensitivity troponin T levels and survival
Median follow-up duration was 5.6 (range 1.6 to 6.8) years. Eight patients died during follow 
up. A detailed list of the deceased patients is shown in Table 3. In univariate Cox regression, 
elevated hsTnT (HR 7.48, 95%CI 1.4 – 38.9, p = 0.02), log NT-pro-BNP (HR 2.74, 95%CI 
1.2 – 6.5, p = 0.02), and tricuspid annular plane systolic excursion (HR 0.85, 95%CI 0.7 – 0.9,  
p = 0.02) were determinants of mortality, see Table 4. 
The receiver operating characteristic analysis showed that an NT-pro-BNP level of 425 ng/L 
was the best cut-off value for predicting mortality with a sensitivity of 88% and a specificity of 
64% (area under the curve=0.761). Use of an elevated hsTnT level and NT-pro-BNP level 
above 425 ng/L in conjunction was slightly more statically significant (HR 9.98; 95% CI 1.9 
– 52.2; p < 0.01) than an elevated hsTnT alone (HR 7.48; 95% CI 1.4 – 38.9; p = 0.02).  
Eisenmenger syndrome was not a significant determinant of mortality. During follow-up, four 
patients started combination therapy with sildenafil and one patient started combination 
therapy with iloprost. 
Patients with elevated levels of hsTnT showed a significantly higher mortality rate (62% 
versus 13%, p = 0.005) as compared to patients with normal hsTnT levels (Figure 2). 

4. DISCUSSION
In this study, we are the first to report an inverse relation between hsTnT and worse survival in 
adult CHD-PAH patients. Eight patients (26%) had an elevated level of hsTnT at their routine 
visit at the outpatient clinic. This suggests ongoing myocardial damage subclinically. 

Figure 2.  Survival and high-sensitive troponin T status 
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4.1 Pulmonary arterial hypertension and ventricular failure 
Right ventricular failure resulting in decreased cardiac output is a leading cause of death in 
patients with PAH.10,11 It has been suggested that right ventricular ischemic injury may be an 
important element of the end-stage vicious circle leading to hemodynamic deterioration.12 
Increased right ventricular intramural pressure may disturb the physiological pattern of right 
ventricular myocardial perfusion, which at increased right ventricular pressure can no longer 
be preserved throughout the cardiac cycle. In chronic heart failure patients hsTnT correlates 
with severity of symptoms, left ventricular dysfunction and prognosis.13

4.2 High-sensitivity troponin T and pulmonary arterial hypertension 
Principal causes of elevated levels of circulating cardiac troponins are myocardial injury due to 
coronary artery disease, myocarditis and tachyarrhythmias.14 None of the patients in our relatively 
young cohort had these conditions at the moment blood samples were obtained. Therefore, 
we hypothesize that right ventricular pressure overload is conducive to right ventricular myo-
cardial ischemia, which accounts for the troponin release observed. The initial phase of PAH 
is clinically silent and detectable hemodynamic changes in the pulmonary circulation and the 
heart usually appear when the pathological lesions are already at an advanced stage. The 
duration of the preclinical phase is currently unknown. It is likely that in our CHD-PAH patients 
the detectable hsTnT was derived from right ventricular myocytes, although this cannot be 
directly proven. This hypothesis has also been put forward in patients with primary pulmonary 
hypertension, chronic thromboembolic pulmonary hypertension and pulmonary hypertension 
due to collagen vascular disease, where elevated levels of hsTnT levels are an ominous 
prognostic sign as well.5,6  Five deceased patients had an elevated level of hsTnT at baseline, 
of all patients that died. This strengthens our hypotheses that patients at risk of mortality are 
adequately identified by hsTnT detection. 

4.3 Clinical impact
Our finding that hsTnT is indeed associated with increased mortality, supports the role of 
progressive right ventricular myocyte injury in the vicious circle leading to hemodynamic 
deterioration. Elevated hsTnT was associated with more severe CHD-PAH, as suggested 
by higher NT-pro-BNP level and significantly shorter six minute walking distance. Larger 
studies are warranted to reveal whether hsTnT may improve risk stratification and provide 
novel pathophysiological insights. Three classes of drugs, targeted to the modification of 
endothelial dysfunction, have been approved for the treatment of PAH: prostanoids, 
endothelin receptor antagonist and phosphodiesterase type-5 inhibitors. In our study at the 
moment study subjects were started on advanced therapy the BREATHE-5 study was the only 
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randomised controlled trial which studied the effect of bosentan, endothelin receptor antagonist, 
in patients with CHD-PAH.15 Patients were initially treated with bosentan monotherapy.16 If 
patients deteriorated, combination therapy with other agents was started during follow up. Po-
tentially, the detection of elevated hsTnT levels could help clinicians to determine optimal tim-
ing of the start of advanced combination therapy. The measurements of biomarker levels in a 
single blood sample for functional and prognostic evaluation of PAH patients complies with the 
guideline-recommended monitoring during visits in a specialized outpatient clinic.3 Based on 
this data is recommended to screen NYHA III and IV patients on hsTnT levels. As mortality in 
patients with NYHA I/II is very low and hsTnT elevations are rare, screening is not very useful

4.4 Limitations
The major limitation of this study was the small number of patients, and small number of 
events (n = 8). However we note that despite this low number of deaths, hsTnT was already 
statistically significant associated with mortality, suggesting that in absolute terms it must be a 
strong risk factor. While biological plausibility certainly exists for the determination of troponins 
in CHD-PAH, and the available evidence suggests a potentially role, further studies with larger 
numbers of patients are warranted to confirm their benefit in routine clinical practice. Multi-
variate regression analysis could not be performed in this small study. Data analyses per 
quartiles were not performed because of small sample size. Unfortunately, we have not stored 
blood at follow-up visits of these patients. Therefore, we were unable to determine longitudinal 
changes of hsTnT and their association with mortality. 

5. CONCLUSION
Levels of hsTnT were abnormal in a substantial proportion of CHD-PAH patients. A signifi-
cant inverse relationship was found between hsTnT and survival. Further studies are needed 
to reveal whether combination therapy is indicated in patients with elevated hsTnT levels. 
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