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Systemic sclerosis - related pulmonary arterial hypertension (SSc - PAH) is the leading cause of death in 

scleroderma patients. This study aimed to describe the clinical and paraclinical characteristics of pulmonary 

arterial hypertension (PAH) in patients with systemic sclerosis (SSc) and to evaluate the correlation 

between cardiac biomarkers and pulmonary hypertension. A cross - sectional study was conducted on 19 

in - patients with SSc - PAH at the Allergy and Clinical Immunology Centre, Bach Mai Hospital between 

February 2018 and December 2018. PAH was diagnosed based on transthoracic echocardiography (TTE). 

The average age at PAH diagnosis was 47.4 ± 14 years. The median duration of SSc at PAH confirmation 

was 1.25 years. 68.4% of patients were in World Health Organisation Functional Classification for Pulmonary 

Hypertension Class I and II. The average estimated systolic pulmonary arterial pressure (sPAP) on 

TTE was 50.8 ± 14.3 mmHg (median 45, range 37 - 85). There was a strong positive correlation between 

serum NT - proBNP levels and sPAP, with correlation coefficient r = 0.689 (p = 0.002). Cardiac troponin T 

(cTnT) levels correlated positively with sPAP, with r = 0.522; however, the correlation was not statistically 

significant (p = 0.288). Scleroderma patients should be undergone TTE early to detect PAH. NT - proBNP 

should be combined with echocardiography to screen PAH, whereas further studies on cTnT are needed.

I. INTRODUCTION
Systemic sclerosis (SSc) is a disease 

characterised by the progressive fibrosis of 
the skin and the internal organs, hence the 
risk of premature organ failure and death.1 

Among all of the organ involvement in the 
context of scleroderma, the prevalence of 
systemic sclerosis - associated pulmonary 
arterial hypertension (SSc - PAH) is estimated 
to be around 12%.² More importantly, systemic 
sclerosis - associated pulmonary arterial 
hypertension is the leading cause of mortality, 
with close to 30% of scleroderma - related 
deaths being due to pulmonary arterial 

hypertension (PAH).³ Establishing the presence 
of SSc - PAH at an early stage is a priority in 
order to improve outcomes. Besides, emerging 
evidence suggests that cardiac biomarkers 
help screen pulmonary arterial hypertension in 
patients with systemic sclerosis.4,5 

In Vietnam, however, there are relatively 
few evidence - based descriptive studies on 
pulmonary arterial hypertension in patients 
with systemic sclerosis and on biomarkers for 
screening pulmonary hypertension. Therefore, 
we have conducted this study with the following 
aims:

To describe the clinical and paraclinical 
characteristics of pulmonary arterial 
hypertension in patients with systemic sclerosis.

To evaluate the correlation between cardiac 
biomarkers and pulmonary hypertension.
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II. METHODS
1. Subject

The study was designed as a cross - 
sectional investigation, in which patients were 
sampled by a convenience sampling scheme. 
The study setting was the Allergy and Clinical 
Immunology Centre in Bach Mai Hospital, 
Vietnam. Participants were recruited between 
February 2018 and December 2018.

Patients aged over 18 years old with a 
diagnosis of SSc - PAH were eligible for inclusion. 
The definitive diagnosis of SSc was based on 
the 2013 American College of Rheumatism/
European League Against Rheumatism 
classification criteria for systemic sclerosis, 
while the 2009 European Society of Cardiology/
European Respiratory Society (ESC/ERS) 
Guidelines for the diagnosis and treatment 
of pulmonary hypertension were applied to 
confirming pulmonary arterial hypertension. 
Patients were excluded from the study if they 
had had pulmonary arterial hypertension 
confirmed by right heart catheterisation (RHC) 
or transthoracic echocardiography (TTE) 
before the diagnosis of SSc, or had previous 
evidence of clinically relevant left heart disease, 
or had overlap syndromes or mixed connective 
tissue disease with SSc features. The specific 
procedure is summarised in figure 1. 

All patients meeting with inclusion criteria 
were invited to participate in the study. Upon 
giving the informed consent, data collection 
was conducted by using a structured 
questionnaire. The four groups of variables 
were (A) demographic data (i.e., age, sex), date 
of initial physician diagnosis of scleroderma 
and date of first echocardiogram with evidence 
of PAH, (B) clinical examination results (e.g. 
exertional dyspnoea, classification of dyspnoea 
in patients with pulmonary hypertension, 
Raynaud’s phenomenon, telangiectasia), (C) 

investigations: transthoracic echocardiography 
(e.g. systolic pulmonary arterial pressure, 
pericardial effusion), electrocardiogram 
(e.g. right axis deviation, right ventricular 
hypertrophy), chest radiograph and thoracic 
computed tomography/ high resolution 
computed tomography, and (D) serum tests 
(e.g. cardiac troponin T levels and plasma N 
- terminal pro - brain natriuretic peptide (NT - 
proBNP) levels). The clinical assessment of 
stages of pulmonary hypertension (PH) was 
based on the World Health Organisation (WHO) 
Classification of Functional Status of Patients 
with PH. In the present study, we defined the 
age of SSc diagnosis by using the date of initial 
physician diagnosis of scleroderma, and the 
duration of disease at PAH confirmation using 
the period from the date of SSc diagnosis to the 
date of the first echocardiogram with evidence 
of PAH.

2. Transthoracic Echocardiography (TTE) 
protocol

Transthoracic echocardiographic studies 
were performed using a Vivid 7 machine (3.5 
MHz), GE Vingmed Ultrasound at Vietnam 
National Heart Institute (Bach Mai Hospital), 
Hanoi, Vietnam. Recorded variables were 
estimated systolic pulmonary arterial pressure, 
left ventricular ejection fraction (LVEF) and 
pericardial effusion. The estimation of systolic 
pulmonary arterial pressure (sPAP) on 
echocardiography is as follows:

 - Simplified Bernoulli Equation:
∆P = 4 × V^2

∆P: peak pressure gradient of tricuspid 
regurgitation (mmHg)

V: tricuspid regurgitation velocity (m/s)
 - Estimation of the pulmonary arterial 

systolic pressure (sPAP):
sPAP (mmHg) = ∆P+estimated right atrial 

pressure (mmHg)
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Right atrial pressure can be estimated based on the diameter and respiratory variation of the 
inferior vena cava although often a fixed value of 5 or 10 mmHg is assumed.⁶

3. Cardiac Biomarkers
Blood samples were used for analysing cardiac biomarkers at the Biochemistry Department of 

Bach Mai Hospital. The results were compared with the reference range provided by the Bach Mai 
Hospital.

Figure 1. Patient selection and data collection. SSc - PAH, systemic sclerosis - related pul-
monary arterial hypertension; MCTD, mixed connective tissue disease; TTE, transthoracic 
echocardiography; ECG, electrocardiogram; CXR, chest radiograph; CT/HRCT, computed 
tomography/high resolution computed tomography; NT - proBNP, N - terminal pro - brain 

natriuretic peptide; cTnT, cardiac troponin T.
3. Statistics

Statistical analyses were performed by SPSS version 20.0. Data were presented as either mean 
± SD or median (range) for continuous variables and the number (%) for categorical variables. For 
correlations between numeric variables, the Spearman correlation analysis method was applied. The 
two - tailed t - test for the Spearman method was used to determine the significance level. P values 
less than 0.05 were considered statistically significant. Linear regression analysis was then used to 
determine the correlation between plasma BNP levels, cardiac troponin T levels and systolic PAP.

4. Ethical issues
We protected the confidential information of participants. The study did not harm patients. We 

fully informed patients about all aspects of the study and participants had the right to refuse to 
participate in the study at any time. All patients gave informed consent and they could withdraw from 
the study at any time without giving reasons.

 

 

 
 
 
 
 
 
 
 

 

Patients with SSc-PAH meet 
inclusion criteria n = 24 

Excluded n = 5 
• 1 left heart disease 
• 3 overlap syndromes or MCTD  
• 1 missing data 

SSc-PAH analysis set 
n = 19 

• History and examination 
• TTE and ECG 
• CXR and thoracic CT/HRCT 
• NT-proBNP and cTnT 
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III. RESULTS
1. Demographics

Our study recruited 19 patients with SSc - PAH; among them, 73.7% was female (female to male 
ratio of 2.8:1). The average age (SD) at diagnosis of SSc was 44.7 (13.1), while the mean age (SD) 
at confirmation of PAH was 47.4 (14). The median value of SSc duration at PAH diagnosis was 1.25 
years (range 0 - 11).

2. Clinical and paraclinical characteristics
Clinical manifestations

Table 1. Cardiopulmonary and microvascular features

Variables n (observed) N (total) %
Exertional dyspnoea 15 19 78.9
Chest pain 10 19 52.6
Dry cough 5 19 26.3
Raynaud’s phenomenon 15 19 78.9
Telangiectasia 5 19 26.3

Fingertip lesions
Digital ulcer 8 19 42.1
Pitting scar 14 19 73.7

Digital necrosis 5 19 26.3
Digital amputation 1 19 5.3
WHO Functional Classification for PH  19  
Class I 5  26.3
Class II 8  42.1
Class III 6  31.6
Class IV 0  0

Paraclinical characteristics

The most frequent feature of the cardiopulmonary system was exertional dyspnoea (78.9%). 
Raynaud’s phenomenon (RP) was the most common microvascular feature, at 78.9%.

Table 2. Paraclinical characteristics

Variables n (observed) N (total) %
Electrocardiography
Right axis deviation present 3 18 16.7
Right ventricular hypertrophy present 2 18 11.1
Diagnostic imaging techniques

X - ray
Enlarged central pulmonary 
artery

3 17 17.6

Cardiothoracic ratio > 0.5 8 17 47.1
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Variables n (observed) N (total) %

CT or 
HRCT

Honeycombing 2 7 28.6
Ground glass opacity 3 7 42.9

Echocardiography (N=19)
Pericardial effusion present 7 19 36.8

Median (range) Mean (SD)
sPAP (mmHg) 45 (37 - 85) 50.8 (14.3)
LVEF (%) 67 (57 - 80) 67 (7)
Cardiac Biomarkers NT - proBNP(pmol/L) cTroponin T(ng/L)
Median (range) 45.9 (3.59 - 3795) 27.5 (20 - 147.9)
Mean (SD) 322.2 (907.7) 51.9 (50.1)
The proportion of patients having biomarker 
higher than normal

11/17 6/6

The largest proportion of lung abnormalities went on ground glass opacity (42.9%), which 
was 14.3% more than the figure for honeycombing. All participants had left ventricular ejection 
fraction within the normal range. Out of 19 patients, 7 patients had mild pericardial effusion on 
echocardiography. Whereas 11/17 (64.7%) of patients had serum NT - proBNP level higher than the 
reference range, 6/6 (100%) of patients had elevated troponin T levels.

Correlation between cardiac biomarkers and estimated sPAP on TTE
Correlation of serum NT - proBNP levels with sPAP (N = 17)

Figure 2. Correlation between serum NT - proBNP values and sPAP on TTE
Correlation of cardiac troponin T levels with sPAP estimated on TTE (N = 6)
There was a large positive correlation between cardiac troponin T levels and sPAP, with correlation 

coefficient r = 0.522. However, this correlation was not statistically significant (p = 0.288).
We found that there was a strong positive correlation between serum NT - proBNP levels and 
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sPAP (Figure 2), with correlation coefficient r = 
0.689 (p = 0.002 < 0.01). Notably, one patient 
with significant PAH (severely elevated sPAP of 
70 mmHg on TTE) had a plasma NT - proBNP 
value of 3795 pmol/L. 

V. DISCUSSION
Establishing the presence of SSc - PAH 

at an early stage is essential to improving the 
outcomes. Our present study addressed this 
issue by an evidence - based description and 
possible biomarkers for predicting pulmonary 
hypertension.

Our study showed that the average age at 
PAH diagnosis was 47.4 ± 14 years, while the 
mean age at PAH confirmation in the study by 
Mathai et al. was 60 ± 12.⁷ This difference may 
be partly because our study sample is smaller 
than that of Mathai et al. (n = 59). The median 
SSc duration at PAH diagnosis in our study was 
1.25 years, which is lower than that in the study 
by Mathai and colleagues, at 4 years.⁷ This is 
probably because we utilised transthoracic 
Doppler echocardiography (DE) as a diagnostic 
tool, while the cohort of Mathai and associates 
used right heart catheterisation. As the accuracy 
of DE was in part influenced by poor Doppler 
imaging of the tricuspid regurgitation jet or bias 
in the estimation of right atrial pressure, the use 
of DE could lead to diagnoses of PAH earlier 
than expected.

Our study is agreeable with the study by 
Rich et al.,8 in which exertional dyspnoea was 
the most common cardiopulmonary feature. 
According to the WHO Functional Classification 
for PH, our study confirmed that the majority 
of patients were in Class I and II rather than in 
Class III, and no patients were in Class IV. This 
is agreeable with the DETECT study of Coghlan 
et al.9 and the reason could be that most of the 
participants participating in our study might 
have had a short duration of PAH at recruitment. 

We found that Raynaud’s phenomenon was 
the most frequent microvascular feature, 
comparable with prior studies.10 Our study 
indicated that a minority of patients had right 
axis deviation, comparable with a previous 
study by Coghlan et al. (13.3%),9 but lower than 
the findings of Rich and associates (79%).8 

The presence of right ventricular hypertrophy 
on ECG in our study was less common than in 
the study by Rich et al. (87%).8 This is probably 
because most of our patients were in the early 
stages of PH (WHO Class I, II), whereas the 
majority of patients in the study by Rich et al. 
were more symptomatic (WHO Class III and 
IV). This suggests that abnormal ECG is more 
likely in advanced rather than early stages 
of PH. Our study showed that a minority of 
patients with SSc - PAH had enlarged central 
pulmonary artery on frontal chest radiograph, 
significantly lower than the reported result of 
Rich et al.⁸ This is partly because, in the study 
by Rich et al., the majority of patients with 
primary PH had moderate or severe PH (WHO 
Class III or IV), whereas most of SSc - PAH 
patients in our study had no or mild symptoms 
of PH (WHO Class I or II). Ground glass opacity 
and honeycombing, which are suggestive 
findings of ILD, could be the underlying cause 
of pulmonary hypertension as well as dyspnoea 
in scleroderma patients in our study. This is 
confirmed by the study of Young et al.,11 in 
which 31.2% of patients with systemic sclerosis 
- associated interstitial lung disease had co 
- existing PH. Our study indicated that the 
presence of pericardial effusion was relatively 
frequent among patients with SSc - PAH, which 
is consistent with the study by Zhao et al.10

NT - proBNP is a cardiac biomarker mainly 
secreted from the ventricular myocardium. We 
found that there was a significantly positive 
correlation between NT - proBNP level and 
estimated sPAP on TTE, which is consistent 
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with previous studies.5 A prior study showed 
that serum NT - proBNP levels secreted 
concomitantly with BNP were elevated owing 
to the supportive role of BNP in modulating 
the pulmonary hypertensive response to 
chronic hypoxia.12 Besides, Nagaya et al.,13 in 
a longitudinal study, indicated that plasma BNP 
levels increase in proportion to the extent of RV 
dysfunction in patients with chronic PH. Taken 
together, these results suggest that serum NT 
- proBNP level is probably a helpful biomarker 
of systemic sclerosis - related pulmonary 
arterial hypertension. Cardiac Troponin T is the 
preferred biomarker of myocardial cell damage. 
Our study showed that cardiac troponin T levels 
correlated positively with sPAP; however, this 
correlation was not statistically significant, 
which was probably due to a small study sample 
(n = 6). This is differing from a previous study 
by Avouac et al.,4 in which high - sensitivity 
cardiac Troponin T is a possible biomarker for 
the detection of pre - capillary PH in conjunction 
with serum NT - proBNP. Taken together, these 
results suggest that it would be premature to 
formally recommend cardiac troponin T as 
a biomarker for systemic sclerosis - related 
pulmonary arterial hypertension.

The limitation of our study was that 
echocardiography was not uniformly obtained 
in all scleroderma patients attending the Centre, 
meaning that we could have missed patients 
with no or mild symptoms of PAH.

VI. CONCLUSION 
The median duration of systemic sclerosis 

at diagnosis of pulmonary arterial hypertension 
was 1.25 years (range 0 - 11). 68.4% of patients 
were in the early clinical stages of PH (WHO 
Class I and II). These results suggest that 
scleroderma patients should be undergone 
transthoracic echocardiography early to detect 
pulmonary arterial hypertension.

There was a strong positive correlation 
between NT - proBNP levels and estimated 
sPAP on TTE, which was statistically significant. 
NT - proBNP should be used to screen 
pulmonary arterial hypertension in combination 
with transthoracic echocardiography. Cardiac 
troponin T levels positively correlated with 
sPAP; however, this relationship was not 
statistically significant. Further studies are 
needed to determine whether cardiac Troponin 
T is of benefit.
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