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Abstract 

Introduction: Interstitial lung disease (ILD) is one of the most frequent manifestations in connective tissue diseases (CTDs). CTD associated 
Pulmonary Hypertension (CTD-PH) is the second most common cause of group 1 Pulmonary Arterial Hypertension (PAH) after idiopathic 
PAH. Among patients with CTDs, those with concurrent PH have a significantly worse prognosis and lower survival rates compared to those 
without PH. Therefore, the early detection of PH in CTDs and proactive intervention are of utmost importance. Pulmonary function tests (PFTs) 
especially the FVC%/ DLCO% ratio reflects disproportionate gas-exchange impairment relative to volume restriction with studies suggesting 
that an elevated ratio >1.35 correlates with PH-ILD.  Methods And Materials: This was a prospective, cross sectional study conducted at 
Medical College Hospital from June 2024 to May 2025 including a total of 35 patients. The objectives of the study were to evaluate the 
predictive value of FVC/DLCO ratio for PH in ILD and examine the correlation between FVC/DLCO and RVSP. Patients aged >18 years with 
CTD-ILD were included while those hemodynamically unstable or contraindications to perform PFT were excluded from the study. Eligible 
patients were subjected to Pulmonary Function Test (Spirometry & DLCO) and Transthoracic Echocardiography. Data was collected in excel 
sheet and analysed using SPSS 20 version.  Results: With a total of 35 patients, mean age was 47.8 ± 11.3 years and majority were females 
(n=28, 80%). Mixed CTD (37%) was predominant subtype followed by Rheumatoid arthritis(25.7%). PH was detected in 12 patients (34.3%). 
The mean FVC/DLCO ratio was 1.11. Using a cut-off >1.11, sensitivity and specificity for PH were 62.5% and 31.6% respectively. With >1.35, 
sensitivity remained 62.5% but specificity decreased to 27.3%. Pearson’s correlation coefficient between FVC/DLCO% ratio and PH was 1.03, 
showing negative correlation. Conclusion: The FVC%/DLCO% ratio has a screening tool failed to predict PH in patients with CTD-ILD in our 
study.  
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  Introduction  
Connective Tissue Disease (CTD) refers to a large and heterogeneous group of immunologically mediated disorders characterised by 
inflammation, tissue damage and abnormal repair, often leading to degeneration of the target organ, replacement by fibrotic tissue and loss of 
function.1  Interstitial lung disease is a significant manifestation of connective tissue diseases (CTD-ILD) with an overall incidence of 15% and 
estimated prevalence of 30-40% in autoimmune myopathies, SSc, Sjögren’s syndrome and 10-12% in Rheumatoid arthritis, systemic lupus 
erythematosus (SLE) respectively.2-4 
 
CTD associated Pulmonary Hypertension (CTD-PH) is the second most common cause of group 1 Pulmonary Arterial Hypertension (PAH) 
after idiopathic PAH.5 The ‘2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension’ define a hemodynamic 
criterion for diagnosing PH as a mean pulmonary artery pressure (mPAP) >20 mmHg, measured during resting right heart catheterization.6 In 
CTD-ILD, PH may develop due to combination of Pulmonary vascular remodelling, hypoxic vasoconstriction, destruction of pulmonary capillary 
bed and left heart involvement.7 It occurs in systemic sclerosis, SLE, and mixed connective tissue disease, and less commonly in RA, 
inflammatory myopathies, and Sjögren’s syndrome.8 PH in CTD has a significantly worse prognosis and lower survival rates compared to 
those without PH.9 Hence early detection of PH in CTD and proactive intervention are of utmost importance.  
 
Right Heart Catheterisation (RHC) is the diagnostic gold standard for diagnosis of PH, but its invasive nature, cost, and limited accessibility 
restrict widespread use. Transthoracic Echocardiography is recommended as the primary non-invasive screening and evaluation method for 
PH using Right Ventricular Systolic Pressure (RVSP).6    
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Pulmonary function tests (PFTs) especially the FVC/ DLCO ratio reflects disproportionate gas-exchange impairment relative to volume 
restriction.10  Several studies suggests that an elevated ratio (>1.35) correlates with PH-ILD as effective early predictor of PH with some 
studies questioning its specificity and validity. 
 
Objectives: 
1. To measure FVC /DLCO ratio with spirometry. 
2. To assess Right Ventricular Systolic Pressure (RVSP) by Transthoracic Echocardiography. 
3. To evaluate the FVC/DLCO ratio in predicting Pulmonary Hypertension in ILD patients. 
4. To correlate with FVC/DLCO ratio and Right Ventricular Systolic Pressure (RVSP) in PH-ILD patient 

 
Materials and Methods 
This was a prospective, cross sectional study conducted in a Tertiary Care Centre over a period of one year from June 2024 – May 2025. A 
total of 35 patients were included in study after obtaining informed written consent. Eligible patients were subjected to Spirometry, DLCO 
and Transthoracic Echocardiography for RVSP measurement. Patients unable to or with any contradications to perform PFT and those with 
hemodynamic unstability were excluded from the study. 
 
All data was entered into Microsoft Excel and analysed using SPSS (Statistical Package for the Social Sciences) version 20 for Windows. 
Descriptive statistics—including percentages, diagrams and mean ± standard deviations were used to summarize the data. Receiver 
Operating Characteristic (ROC) curves was applied to evaluate the performance of the FVC%/DLCO%  ratio in detecting PH. The Sensitivity, 
Specificity, Positive Predictive Value (PPV), and Negative Predictive Value (NPV) were calculated for the FVC%/DLCO% ratio and RVSP. 
Pearson’s correlation applied to assess the relationship between FVC/DLCO ratio and Pearson’s correlation applied to assess the 
relationship between FVC/DLCO ratio and RVSP.  

Results 

A total of 35 participants were analysed with Mean age was 47.8 ± 11.3 years and majority were females (n=28, 80%). Mixed CTD (37%) was 
predominant subtype followed by Rheumatoid arthritis(25.7%). UIP was most common ILD pattern. PH was detected in 12 patients (34.3%). 
The mean FVC/DLCO ratio was 1.11. Using a cut-off >1.11, sensitivity and specificity for PH were 62.5% and 31.6% respectively. With >1.35, 
sensitivity remained 62.5% but specificity decreased to 27.3%. Pearson’s correlation coefficient between FVC/DLCO% ratio and PH was 1.03, 
showing negative correlation. 
 

 

 
 

 

 

 

 

 

 

 

 
 



 

 

 

 

 
 

 

 
 

 

 
 

Table 1: FVC%/DLCO% Ratio using Spearman’s rho 

 
 

Discussion 
 

CTD- ILD associated PH is often underdiagnosed significantly affecting morbidity, mortality and quality of life. The FVC%/DLCO% ratio reflects 
disproportionate gas exchange impairment, a hallmark of PH in ILD. Our study showed negative correlation, when combined use of 
FVC%/DLCO% ratio and echocardiography for suspecting PH. 
 
Study by Xiong et al. also showed that the FVC/DLCO of more than 50% patients with CTD-PH was below 1.4, and only 10% of the patients 
had a ratio above 1.9, suggesting that the value of FVC%/DLCO% ratio as a predictor of PH had a limited value. 11 Similar study by 
Abdelwahab et al. demonstrated FVC/DLCO ratio with PH had no statistically significant association but concluded that the 6-MWT showed 
high validity in the prediction of PH.12 
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Nadia Sivova et al demonstrated that in Systemic sclerosis patients with PH-ILD, though elevated FVC/DLCO ratio is sensitive for PH, its 
specificity is limited and it should be interpreted in conjunction with other clinical parameters.13 
 
However in a narrative review by Motschwiller et al described disproportionate reduction in DLCO relative to preserved FVC (elevated 
FVC/DLCO ratio) is emphasized as a key screening marker, while right heart catheterization remains essential for definitive diagnosis and for 
guiding multidisciplinary, phenotype-based management.14 
 
Another study, Pulmonary Hypertension Assessment and Recognition of Outcomes in Scleroderma (PHAROS) cohort showed 
disproportionate reduction in DLCO with relatively preserved FVC and elevated FVC/DLCO ratio were early feature preceding PH diagnosis.15 
 
LIMITATIONS: 
This being a single centre study with small sample size and limited number of PH cases  may not be generalizable to all CTD-ILD populations. 
The population of study was heterogeneous comprising different CTD and ILD patterns, which can influence the pulmonary function 
parameters. PH was assessed using Transthoracic Echocardiography rather than RHC, which may have led to misclassification of PH. 
 
Conclusion 

The FVC%/DLCO% ratio has a screening tool failed to predict PH in patients with CTD-ILD in our study. More multicentre studies with larger 
sample size may be required to confirm its diagnostic utility as we had less patients with PH.pathogens like P.aeruginosa. Prudent antibiotic 
usage, detection of biofilm formation and high standards of hospital infection control practices aid in combating the Pseudomonas aeruginosa 
infection as well as preventing the development of resistant strains. 
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