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Abstract
Background: Because of invasive nature of catheterization, using other noninvasive tools is more preferred to 
assess pulmonary arterial hypertension (PAH). The present study assessed the value of chest spiral CT scan 
and Doppler echocardiography compared to right heart catheterization (RHC) to predict PAH in patients 
with scleroderma. Methods: This cross-sectional study was performed on 15 patients with limited scleroderma. 
All subjects underwent Doppler echocardiography (to assess PAP) and chest spiral CT scan without injec-
tion (to assess pulmonary trunk length or PUL), followed by RHC to assess PAH. Results: Comparing PUL 
in spiral CT scan with PAP in RHC yielded a sensitivity of 75.0% and a specificity of 100% for predicting 
PAH. Similarly, comparing PAP value in echocardiography with PAP in RHC achieved a sensitivity of 100% 
and a specificity of 63.6% to discriminate PAH from normal PAP condition. Analysis of the area under the 
ROC curve showed high power of CT scan to predict PAH (AUC = 1.000). The best cutoff point for PUL 
to predict PAH was 29.95 yielding a sensitivity of 100% and a specificity of 100%. Also, ROC curve analysis 
showed high value of echocardiography to discriminate PAH from normal PAP status (AUC = 0.841) that 
considering a cutoff value of 22.88 for PAP assessed by echocardiography reached to a sensitivity of 72.7% 
and a specificity of 100%. Conclusion: Both chest spiral CT scan and Doppler echocardiography are very use-
ful to diagnose PAH and its severity in patients with scleroderma. (www.actabiomedica.it)
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O r i g i n a l  a r t i c l e

Introduction

Pulmonary arterial hypertension (PAH) is mainly 
caused by the increase in pulmonary vascular resist-
ance (PVR) due to proliferation and contraction of 
vascular smooth muscle cells. This event not only can 
be revealed in cardiovascular and pulmonary disorders, 
but also it is a dominant complication in scleroderma. 
Based on the diagnostic criteria in right heart cath-
eterization (RHC), the overall prevalence of PAH in 

scleroderma ranged 8 to 12 percent (1-4). Although 
PAH is a common finding in various types of scle-
roderma, some potential risk factors have been also 
identified for PAH including the number of telangi-
ectasias (5-7), reduced capillary nailfold density (8), 

anticentromere antibodies, antitopoisomerase anti-
bodies, male sex, underlying pulmonary fibrosis and 
Raynaud’s phenomenon of greater than 3 years’ dura-
tion. To early diagnose PAH in patients with systemic 
sclerosis, not only pulmonary artery pressure (PAP), 
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parameters were collected from the recorded files or 
by examining the patients. All subjects underwent 
Doppler echocardiography to determine the following 
criteria: left ventricular ejection fraction (LVEF), left 
and right ventricular size, systolic and mean PAP as 
well as heart valves status. Then, chest spiral CT scan 
without injection was requested for all to measure the 
size of main pulmonary artery and also left and right 
branches of this artery as well as any abnormal changes 
in pulmonary parenchyma. The patients finally under-
went RHC to assess the following indices: systolic 
PAP, diastolic PAP, mean PAP, PCWP, right ventricu-
lar pressure, right atrial pressure, aortic pressure, sys-
tolic left ventricular pressure and left ventricular end 
diastolic pressure.

PAH was defined according to echocardiogra-
phy as mean PAP ≥ 25 mmHg and systolic PAP ≥ 
40 mmHg. Also, those with mean PAP ≥ 25 mmHg 
in RHC or main pulmonary artery length (PUL) ≥ 
29 mm in spiral CT were also considered as PAH. 

The study endpoint was to assess the predictive 
value of both tools of Doppler echocardiography and 
chest spiral CT scan without injection in comparison 
with RHC to predict PAH in the patients. For statisti-
cal analysis, results were presented as mean ± standard 
deviation (SD) for quantitative variables and were sum-
marized by absolute frequencies and percentages for 
categorical variables. Normality of data was analyzed 
using the Kolmogorov-Smirnoff test. Categorical vari-
ables were compared using chi-square test or Fisher’s 
exact test when more than 20% of cells with expected 
count of less than 5 were observed. Quantitative vari-
ables were also compared with t test or Mann-Whitney 
U test. The ROC curve analysis was applied to deter-
mine the value of two pointed procedures to discrimi-
nate PAH from normal PAP status. Then the best cutoff 
value for PAP parameter was determined to yield the 
optimized sensitivity and specificity. For the statistical 
analysis, the statistical software SPSS version 16.0 for 
windows (SPSS Inc., Chicago, IL) was used. P values 
of 0.05 or less were considered statistically significant.   

Results

Comparing PUL in spiral CT scan with PAP 
in RHC yielded a sensitivity of 75.0%, a specificity 

pulmonary capillary wedge pressure, and left-ventricu-
lar end-diastolic pressure should be estimated, but also 
all cardiopulmonary hemodynamics such as systolic 
and diastolic functional parameters should be properly 
assessed (9). Applying an accurate tool for diagnosis of 
PAH especially in scleroderma is necessary and vital 
because it has an aggressive pattern with an extremely 
poor prognosis in these patients. In fact, PAH in scle-
roderma patients is accounted for 30% of deaths lead-
ing a median survival time of 1 year following diagnosis 
(10-12). RHC is now the specific available method for 
diagnosis of PAH and its severity. The importance of 
this tool is related to the simultaneous assessment of 
cardiac and pulmonary functional status. In fact, along 
with the estimation of PAP, right atrial–right ventricle 
gradient, however, other tools that have been recently 
considered to be valuable including pulmonary func-
tion testing, including measurement of DLCO, chest 
radiograph, CT pulmonary angiography or ventilation/ 
perfusion lung scan, and HRCT scan (13). However, 
because of invasive nature of catheterization, the use 
of other noninvasive tools is more preferred by both 
patient and physician. However, it must not sacrifice 
accuracy for simplicity and thus determining the value 
of noninvasive methods such as CT scan or echo-
cardiography for assessment of PAH in scleroderma 
patients is necessary. The present study thus assessed 
the value of chest spiral CT scan and Doppler echo-
cardiography compared to RHC to predict PAH in 
patients with scleroderma. 

Materials and Methods

This cross-sectional study was performed on 15 
patients with limited scleroderma that referred for rul-
ing out of PAH to a hospital in Tehran between 2013 
and 2014. Informed consent form was obtained from all 
patients and the rights of the patients were protected.

 Scleroderma was diagnosed according to  the 
preliminary criteria of the American Rheumatology 
Association (14). The exclusion criteria were history 
of known cardiopulmonary disorders, or any history of 
cigarette or opium smoking. On admission, baseline 
characteristics including demographics, medical his-
tory, findings of physical examination, and laboratory 
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of 100%, a positive predictive value (PPV) of 100%, 
a negative predictive value (NPV) of 91.7% and an 
accuracy of 93.3% for spiral CT for predicting PAH. 
Similarly, comparing PAP value in echocardiography 
with PAP in RHC achieved a sensitivity of 100%, a 
specificity of 63.6%, a PPV of 50.0%, a NPV of 100% 
and an accuracy of 73.3% for echocardiography to dis-
criminate PAH from normal PAP condition. Assess-
ing the agreement between spiral CT scan of the chest 
and echocardiography to assess PAH led to a partially 
significant but poor agreement between the two pro-
cedures (kappa value of 0.359, p = 0.070). However, 
there was a strong agreement between PAP in RHC 
and PAP in echocardiography (r = 0.884, p < 0.001) 
as well as between PAP in RHC and PUL in CT scan 
(r = 0.754, p < 0.001) (Figures 1 and 2). Analysis of 

the area under the ROC curve showed high power of 
CT scan to predict PAH (AUC = 1.000, P < 0.001). 
The best cutoff point for PUL to predict PAH was 
29.95 yielding a sensitivity of 100% and a specificity of 
100%. Also, ROC curve analysisshowed high value of 
echocardiography to discriminate PAH from normal 
PAP status (AUC = 0.841, P < 0.001) that consider-
ing a cutoff value of 22.88 for PAP assessed by echo-
cardiography reached to a sensitivity of 72.7% and a 
specificity of 100%.   

Discussion

Although several studies have assessed the diag-
nostic value of echocardiography versus RHC in 

Figure 1.  Correlation between PAP in RHC and PAP in Doppler echocardiography
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predicting PAH, but a few studies focused scleroderma 
subgroups. In general, a meta-analysis by Janda et al 
in 2011 on 29 previous studies (15) showed that the 
summary sensitivity and specificity for echocardiogra-
phy for diagnosing pulmonary hypertension was 83% 
and 72%, respectively that was lower than the values 
obtained in our study regarding a study subgroup of 
scleroderma patients. However they also emphasized 
to use RHC as the gold standard to assess PAH more 
accurately. In another meta-analysis in 2013 by Taleb 
et al (16), the correlation between PAP estimated by 
Doppler echocardiography and RHC ranged from r 
= 0.65 to r = 0.97 with the pooled sensitivity, speci-
ficity, and accuracy of Doppler echocardiography as 
88%, 56%, and 63%, respectively. Doppler echocar-
diography is a noninvasive modality in the screening 

and evaluation of PAH (17). This tool can successfully 
assess right-sided heart chamber size and its function. 
Mainly, Doppler echocardiography estimates the right 
ventricular systolic pressure by estimating the pres-
sure gradient between the right ventricle and the right 
atrium. When an estimated right atrial pressure is 
added to this number, it can be approximated the right 
ventricular systolic pressure that is equal to the PAP 
measure. In this regard, a good correlation between 
PAP assessed by RHC and estimated by Doppler 
echocardiography can be explained (18,19). Although 
this powerful correlation is expected in general par-
ticularly in some settings such as scleroderma patients 
subgroup (as shown in our study), but, lower accuracy 
of Doppler echocardiography in some certain clinical 
settings remained questioned (20, 21).

Figure 2.  Correlation between PAP in RHC and PUL in chest spiral CT scan
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According to our study results, the power of chest 
spiral CT scan without injection to predict PAH was 
even higher than Doppler echocardiography. In total, 
high-resolution CT scans is very helpful for diagnos-
ing idiopathic PAH and detecting and identifying 
disorders underlying secondary PAH. In this regard, 
the characteristic morphologic CT features of PAH 
include dilatation of the pulmonary artery trunk, 
dilatation of the right and left main pulmonary arter-
ies; abrupt narrowing and tapering of the peripheral 
pulmonary vessels; right ventricular hypertrophy; and 
right ventricular and atrial enlargement(22). The pres-
ence of a distal main pulmonary artery with a CT-
demonstrated diameter greater than or equal to 29 mm 
at its widest point has a PPV of more than 95% and a 
specificity of 89%. In total and according to our results, 
this noninvasive tool can be the best procedure for pre-
dicting PAH similar to obtained using RHC. In fact, 
chest spiral CT scan is a reliable method to predict 
PAH when the CT-demonstrated diameter of the dis-
tal main pulmonary artery is greater than or equal to 
29 mm with even a specificity of 100% (23). However, 
it seems that the accuracy of this tool may be affected 
by some factors such as patients’ age (24) and therefore 
the diagnostic performance of chest spiral CT scan 
should be reassessed by considering these variables.  

Conclusion

In conclusion, both chest spiral CT scan and 
Doppler echocardiography are very useful to diagnose 
PAH and its severity in patients with scleroderma. 
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