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ABSTRACT
Background 
Patients with CHD-PAH have a limited prognosis. In daily practice, combination therapy is 
often initiated after a clinical event. Although clinical events have been associated with a poor 
prognosis in idiopathic PAH, data on this association are limited in CHD-PAH. The aim of this 
study was to determine whether baseline characteristics and clinical events associate with 
mortality in patients with pulmonary hypertension (PAH) due to congenital heart disease (CHD).

Methods 
In total 91 consecutive adults (42 ± 14 year) with CHD-PAH were referred for therapy between 
January 2005 and June 2013. Cox proportional hazard analysis was performed to identify 
determinants of mortality, including clinical events as time dependent covariates. 

Results
Twenty-four patients (nine with Down) died during the study period of 4.7 (range 0.1 – 7.9) 
years. The one and eight year mortality rates were 7.3% and 37.3%, respectively. Clinical 
events included admission for heart failure (n = 9), arrhythmias (n = 9), haemoptysis (n = 
5), change to a worse NYHA class (n = 16), vascular events (n = 1), syncope (n = 1) and 
need for red blood cell depletion (n = 4). In univariate analysis, both baseline characteristics 
and clinical events were associated with mortality. In multivariate analysis, only baseline NT-
pro-BNP serum level ≥ 500 ng/L and TAPSE < 15 mm at echocardiography were significant 
determinants of mortality. None of the clinical events remained significant. Patients with both 
a NT-pro-BNP serum level ≥ 500 ng/L and TAPSE < 15 mm at echocardiography have a nine 
fold higher mortality rate than patients without both risk factors. 

Conclusion
Prognosis is still poor in contemporary patients with CHD-PAH. Both baseline NT-pro-BNP 
serum level and right ventricular function are superior to clinical events in prognostication. 
These two baseline characteristics should have a major impact on therapeutic management 
in patients with CHD-PAH, such as initiation of combination therapy.
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1. INTRODUCTION
Pulmonary arterial hypertension (PAH) is a common complication in adults with congeni-
tal heart disease (CHD).1, 2 Life expectancy and quality of life are markedly reduced in  
patients with CHD-PAH.3–5 The guidelines of the ESC and ACC / AHA on PAH recommend 
that monotherapy should be considered in symptomatic patients with PAH and that combi-
nation therapy may be considered in these patients.6–8 Benefit of combination therapy may 
outweigh the risk of side effects in patients with a poor prognosis. In daily practice, patients 
with CHD-PAH often are initiated on monotherapy and they are treated with combination 
therapy after the occurrence of a clinical event, as a clinical event is believed to herald a 
poor prognosis in patients with CHD-PAH. However, this expectation is mainly based on data  
obtained in patients with idiopathic PAH.9, 10

In patients with CHD-PAH, studies on prognosis are limited. A few studies on prognostic value 
of baseline characteristics reported several determinants associated with poor outcome in 
CHD-PAH, including increased baseline NT-pro-BNP serum level,11 right ventricular (RV) dys-
function,12 six minute walking distance13 and severely impaired renal function.14 No associa-
tion was found between clinical events and a poor prognosis in three studies on adults with 
CHD-PAH. However, these three studies were hampered by a retrospective design.15–17

In patients with CHD-PAH, there is an urgent need for reliable determinants of a poor prog-
nosis to guide therapeutic management. Using prospectively collected data, we aimed to 
determine whether baseline characteristics and clinical events are associated with mortality 
in patients with CHD-PAH. These findings may be of help to select patients at highest risk of 
mortality who might benefit of therapeutic adaptations.

2. METHODS
2.1 Study population and design
Consecutive adults with CHD-PAH referred between January 2005 and May 2013 were studied 
prospectively using a standardized protocol. To establish PAH diagnosis, minimal systolic 
pulmonary arterial pressure had to be 40 mm Hg at rest on a transthoracic echocardiogram 
with a tricuspid regurgitation velocity of more than 2.9 m/s, according to the guidelines.6, 18 Pa-
tients with and without Down syndrome were included.19, 20 Patients with moderate to severe 
liver disease, simultaneous use of cyclosporine A or pregnancy were not included.21 Bosentan 
monotherapy 62.5 mg twice daily was started in all patients, increasing the dose to 125 mg 
twice a day after four weeks, as tolerated. Decisions on type of drug and timing to start 
combination or triple therapy were at the discretion of the treating physician, considering  
patient preferences and existing contraindications. Sildenafil was commonly started on a dose 
of 20 mg three times daily. Iloprost inhalation as a third therapy was started three times daily. If 
three times daily was well tolerated, iloprost was extended to six or nine times a day. Approval 
of the research protocol by the local ethics committee was obtained. Informed consent was 
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not required, as all investigations were performed for routine clinical care.

2.2 Data collection
Exercise capacity was assessed using the six minute walking test, according to the guide-
lines of the American Thoracic Society with continuous pulse oximetry monitoring.22 During  
exercise the oxygen saturation and heart rate were recorded.
Baseline echocardiography was performed with a Vivid 7 ultrasound system (General Electric). 
Pulmonary stenosis was ruled out in all patients.23 Tricuspide annulus plane systolic excur-
sion (TAPSE) was measured in the lateral tricuspid valve annulus with M-mode imaging in the 
lateral tricuspid valve annulus in the apical 4-chamber view. Cardiac output was calculated 
with the formula: heart rate × ((left ventricular outflow tract diameter / 2)2 × π) × velocity time 
integral. All echocardiographic images were acquired and recorded digitally. 
NT-proBNP serum levels were determined by electrochemiluminescence immunoassay on an 
Elecsys 2010 analyzer (Roche Diagnostics, Almere, The Netherlands). 

2.3 Definition of clinical events 
The decision on type of events that were collected was based on the determinants of mor-
tality in patients with idiopathic PAH.6, 10 Admission for heart failure was defined as an over-
night hospital stay for heart failure. Arrhythmias were defined as any episode of documented 
atrial- or ventricular brady- or tachyarrhythmia that required electrocardioversion, pacemaker 
implantation or permanent change of medication. Vascular events were determined as a  
myocardial infarction or ischemic stroke. An episode of syncope was defined as a transient 
loss of consciousness, with a short onset and spontaneous recovery. Haemoptysis was 
defined as expectoration of blood ranging from blood-streaking of sputum to the presence 
of gross blood in the absence of any accompanying sputum. Red blood cell depletion was 
achieved with phlebotomy, and decisions on phlebotomy were at the discretion of the treating 
physician based on complaints of dizziness and elevated hematocrit. 

2.4 Statistical analysis
Statistical analysis was performed with SPSS 20.0 (IBM). Continuous variables were  
expressed as mean ± standard deviation when normally distributed, and median (range) if 
otherwise. Categorical variables were expressed as number (percentage) and differences 
were analyzed using a Chi-square test. Log rank test was performed to determine signifi-
cant differences in mortality rate between two groups. Relevant cut-offs for age, heart rate 
and NT-pro-BNP serum level were obtained using receiver operating characteristic (ROC) 
curves. Relevant cut-off for TAPSE was reported before.12 Missing data were handled by 
multiple imputations using SPSS. The relation between determinants and clinical events was 
assessed using univariate and multivariate Cox proportional
hazards analysis.Events during follow up were modelled as time dependent covariates.  
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Table 1. Baseline characteristics
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Date of bosentan initiation was used as start date. In patients who had a clinical event during  
follow up, each individual’s person-years from the date of inclusion was calculated to the date 
of the event or the end of follow-up, to use clinical events as a time dependent covariate. In 
case combination therapy was initiated after an event, the initial event was reported with the  
comment of start of combination therapy. The significant  univariate determinants were  
entered in a multivariate model using five imputed datasets. Determinants were missing in a 
range of 0 - 15%. The multivariate Cox model was analyzed with a forward conditional algo-
rithm, again including time dependent covariates for clinical events. In case of multiple events, 
the first event was used. A value of p < 0.05 was considered to be significant.

3. RESULTS
3.1 Baseline characteristics
Ninety-one adults (42 ± 14 year) with CHD-PAH were referred for therapy. None of the  
patients were excluded from the analysis. Every single patient referred was included in the 
study. Table 1 summarizes patients’ baseline characteristics. 

Figure 1. Kaplan Meier curves for mortality and events combined with mortality
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3.2 Follow up 
One patient refused treatment initiation and reimbursement of bosentan by the health insur-
ance was rejected in 5 patients. In total 85 patients were initiated on bosentan therapy. Ten 
patients (11%) were classified as lost to follow up after a median follow up of 3.8 (range 0,3 
– 5,3) years, because of a change of treating physician. One of these patients died. Twenty-
four patients (nine with Down) died, see Figure 1. Table 2 shows detailed baseline informa-
tion about the deceased patients. The one and eight year mortality rates were 7.3% and 
37.3% respectively. Clinical events were common during a median follow-up of 4.7 (range  
0.1 – 7.9) years (Table 3 and Figure 1). The composite event rates were high at one (20.9%), 
two (32.5%) and eight (79.6%) year follow up. 

3.3 Determinants of mortality 
Baseline characteristics univariately associated with mortality are shown in Table 4. Figure 2 
illustrates Kaplan Meier graphs on NT-pro-BNP serum level and TAPSE in relation to mortality.
During follow up arrhythmias and a composite of all clinical events were associated with  
mortality, see Table 4. 
In multivariate regression, baseline NT-pro-BNP serum level ≥ 500 ng/L and TAPSE < 15 mm 

Figure 2.  Kaplan Meier graphs on NT-pro-BNP serum level and TAPSE in relation to mortality

Table 3. Clinical events during follow up
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only remained significant determinants of mortality. None of the clinical events during follow 
up were significant in multivariate analysis (see Table 4). Some variables were interdependent 
in uni- and multivariate analysis. However, the interaction terms were not significant in the 
multivariate analysis. Results of multivariate analysis were not affected by adjustment for type 
of congenital heart disease and age. Baseline NT-pro-BNP serum level ≥ 500 ng/L and TAPSE 
< 15 mm remained the strongest determinants of mortality. 

3.4 Impact of baseline NT-pro-BNP serum level and TAPSE on mortality

Table 4. Cox proportional hazard analysis on determinants of mortality
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Figure 3. Scatterplot on baseline NT-pro-BNP serum level and TAPSE 
 Caption mm: milimeter; ng/L: nanogram per liter

Figure 4. Predicted survival model based on NT-pro-BNP serum level and TAPSE 
 Caption mm: milimeter; ng/L: nanogram per liter; HR: hazard ratio
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A scatterplot on baseline NT-pro-BNP serum level and TAPSE is shown in Figure 3. Patients 
with both a baseline NT-pro-BNP serum level ≥ 500 ng/L and TAPSE < 15 mm had a mortal-
ity rate of 83% versus 20% in patients without both risk factors (log rank 12.9; p < 0.001).  
A predicted survival model on baseline NT-pro-BNP serum level and TAPSE is shown in  
Figure 4. A ROC curve for mortality demonstrated superiority of baseline NT-pro-BNP serum 
level and TAPSE (AUC of 0.77) to clinical events (AUC of 0.56), see Figure 5. 

3.5 Combination therapy
In eleven patients who changed to a worse NYHA class and in one patient with haemo-
ptysis combination therapy was started. Sildenafil was prescribed eleven times. One patient 
preferred iloprost over sildenafil. In that patient iloprost was added to bosentan. None of the 
treating physicians initiated combination therapy aside of an event. In six patients initiation 
of combination therapy was performed more than six months prior to the final study date. 
Therefore, follow up data on combination therapy only was available in these patients. No sig-
nificant change in NT-pro-BNP serum level and TAPSE was found after initiation of combina-
tion therapy in these six patients. In our population combination therapy was not started more 
often in patients with a NT-pro-BNP serum level ≥ 500 ng/L and TAPSE < 15mm as compared 
to patients without both risk factors (p  = 0.45). 

4. DISCUSSION

Figure 5. Receiver operating characteristic curves on baseline NT-pro-BNP serum level and TAPSE  
versus clinical events
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We are the first to show that RV baseline characteristics are superior to clinical events in 
prognostication, in a prospectively followed cohort with long-term follow up of contemporary  
CHD-PAH patients. Patients with both a NT-pro-BNP serum level ≥ 500 ng/L and TAPSE  
< 15 mm at echocardiography have a nine fold higher mortality rate than patients without both 
risk factors.  

4.1 Interpretation
Current therapeutic management is hampered by the lack of reliable determinants of prog-
nosis in patients with CHD-PAH. Especially the prognostic value of baseline character-
istics and clinical events remains unclear. Patients with CHD-PAH often are subject to an 
increased pulmonary vascular resistance for a long time. As a consequence, RV overload 
causes RV hypertrophy and dilatation.24 This leads to RV dysfunction and congestion.14, 25, 26  
Ultimately, the vast majority of patients with CHD-PAH die because of right-sided heart failure 27, 28 

In adults with CHD-PAH, for the first time, RV baseline characteristics are shown to dominate 
prognosis. Both baseline NT-pro-BNP serum level and TAPSE at echocardiography are early 
markers of RV dysfunction and fatal right-sided heart failure.29, 30 In our study one patient with 
baseline TAPSE < 15 mm died suddenly and one patient with baseline TAPSE < 15 mm died 
due to abdominal sepsis. Interestingly, three patients with baseline TAPSE > 15 mm died 
because of right-sided heart failure. Two of these patients developed heart failure over time, 
reflected by TAPSE < 15 mm on their last echocardiogram. One patient with Down syndrome 
and a preserved RV function died because of heart failure secondary to pneumonia. However, 
in general our finding that baseline NT-pro-BNP serum level and RV function outperformed 
other baseline characteristics and clinical events in prognostication is new and important.
Before our results were available, a clinical event was believed to herald a poor prognosis 
in patients with CHD-PAH. This expectation was based on studies in idiopathic PAH.9 
Our data, however, restrict the prognostic value of clinical events in CHD-PAH patients.  
Between patients with CHD-PAH and idiopathic PAH large differences exist in cause and rate of  
progression of the disease.31, 32 Mechanistic differences (for instance in blood viscosity and 
associated shear stress) between both patient groups might have different effects on early 
NT-pro-BNP serum levels and RV function.33 Moreover, patients with CHD-PAH often are able 
to maintain or increase their systemic cardiac output during acute conditions, such as heart 
failure and haemoptysis, by shunting over the defect.34 
In patients with idiopathic PAH, however, pulmonary hypertension per se limits pulmonary as 
well as systemic blood flow during acute conditions.35 So, applicability of clinical events found 
in studies on patients with idiopathic PAH to determine prognosis seems to be limited in adults 
with CHD-PAH. 

4.2 Clinical impact 
Our data suggest that initiation of combination therapy should be considered as soon as 
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signs of RV failure (NT pro-BNP > 500 U/L and TAPSE < 15 mm) are found. Up till now, 
combination therapy often is started after a clinical event in patients with CHD-PAH. This strate-
gy is mainly based on a study in patients with predominantly idiopathic PAH.9 Patients with  
idiopathic PAH on combination therapy after an event had a significantly better survival than 
patients in a historical control group (83.9% versus 60.2%; p = 0.01).9 Other data on combina-
tion therapy are scarce. In our study, no significant changes in NT-pro-BNP serum level and 
TAPSE were found during follow up after initiation of combination therapy in six patients. In 79  
patients with CHD-PAH one retrospective analysis demonstrated an afresh improvement in six 
minute walking distance after initiation of combination therapy at symptomatic deterioration.36  
However, in 21 clinically stable patients with CHD-PAH one randomized controlled cross-over 
trial evaluated addition of sildenafil or placebo to ongoing bosentan monotherapy. This small  
randomized controlled cross-over trial did not demonstrate an improvement in six minute 
walking distance or pulmonary vascular resistance.37 The study, however, might have been 
limited by the short follow up period of three months.
Value of clinical events in therapeutic management seems to be limited in adults with  
CHD-PAH. Therefore, we propose to initiate combination therapy in patients with CHD-
PAH with NT-pro-BNP serum level ≥ 500 ng/L and TAPSE < 15 mm at echocardiography.  
A prospective trial is warranted to evaluate this strategy.

4.3 Study limitations
A potential limitation was the relatively small study size, as in most studies in patients with 
CHD. However, in patients with CHD-PAH this study is one of the largest cohort studies with 
a median follow up of six years to date. Many of the deaths occurred in adults with Down  
syndrome, a condition with a reduced life expectancy.38 Furthermore, data on time from 
PAH diagnosis to study inclusion was lacking. It should be noted that Holter recordings and  
invasive hemodynamic data were unavailable. A small proportion of missing data were imputed. 
Analyzing datasets with imputed data seems more efficient than analyzing only complete 
cases.39, 40  A recent study focusing on the development and validation of a prediction model 
where missing predictor values had been multiply imputed, showed a good performance of 
that prediction model when validated externally, even with the inclusion of predictors with a 
high proportion of missing values.41 Invasive hemodynamics are recommend in the guidelines 
for the diagnoses of patients with PAH. However, echocardiography is an adequate non-inva-
sive modality in patients with an evident diagnoses of PAH42 in patients with CHD. The vast 
majority of patients (76%) had Eisenmenger syndrome, a cyanotic condition with a systolic 
pulmonary artery pressure up to 100mmHg. Due to the higher complication risk in patients 
with CHD-PAH cardiac catheterization was not performed routinely in these patients. Patients 
with CHD-PAH often have abnormal haemostasis, including thrombocytopenia, making them at 
risk for both bleeding and thrombosis.6 In particular, parietal thrombosis of enlarged proximal 
pulmonary arteries can be found in up to 20% of patients, it may cause peripheral emboliza-
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tion and pulmonary infarctions, and is associated with biventricular dysfunction and reduced 
pulmonary flow velocity.43 Right heart catheterization only was performed at baseline in case 
diagnosis of PAH was not clearly evident at echocardiography.

5. CONCLUSION
Prognosis is still poor in contemporary patients with CHD-PAH. Both baseline NT-pro-BNP 
serum level and right ventricular function are superior to clinical events in prognostication. 
Patients with both a NT-pro-BNP serum level ≥ 500 ng/L and TAPSE < 15 mm at echocardiog-
raphy have a nine fold higher mortality rate than patients without both risk factors. These two 
baseline parameters should have a major impact on therapeutic management in patients with 
CHD-PAH, such as initiation of combination therapy.
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