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Introduction
Pulmonary hypertension caused by fibrosing 
mediastinitis (PH-FM), belonging to group 5 of 
the World Health Organization PH classification, 

is a rare disease that eventually leads to right heart 
failure (RHF) and death.1,2 The 5-year mortality 
rate of this disease can be as high as 46% if with 
no proper treatment.3 However, misdiagnosis and 
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Abstract
Background: Misdiagnosis and underdiagnosis of pulmonary hypertension caused by fibrosing 
mediastinitis (PH-FM) are considerably prevalent due to unspecific symptoms and as well as 
the lack of awareness of this fatal disease.
Objectives: The aim of this study was to evaluate the diagnostic accuracy of the chest X-ray 
(CXR) for screening the patients with PH-FM from those with pulmonary hypertension (PH).
Design: This was a retrospective observational cohort study.
Methods: The patients with suspected PH were recruited between October 2014 and October 
2020. All the clinical data and CXR findings were collected. The sensitivity, specificity, and 
likelihood ratio of the CXR features were calculated. Logistic regression was used to identify 
the factors associated with the CXR characteristics and FM and to generate a prediction 
model. Finally, the diagnostic efficiency of the prediction model was evaluated using 
nomogram and internal validation.
Results: The patients with PH-FM (n = 36) and PH caused by the diseases other than 
FM (PH-non-FM, n = 62) were enrolled. The CXR features, including atelectasis, pleural 
effusion, consolidation, nodules, calcification, interlobular septal thickening, and interstitial 
reticulation, were more prevalent in patients with PH-FM than in those with PH-non-FM (all 
p < 0.05). Atelectasis had a specificity of 97%, a sensitivity of 50%, and a greater accuracy 
for diagnosing of PH-FM [area under the curve (AUC) = 0.720; 95% CI: 0.634–0.806] than the 
other factors did. The combination of tuberculosis, natural logarithmic NT-proBNP (lnBNP), 
atelectasis, pleural effusion, and prominent right heart border constituted a prediction model 
to distinguish the PH-FM from the PH-non-FM, with a sensitivity of 91.7% and a specificity of 
83.9%. The model demonstrated good prediction performance by showing an AUC of 0.922 
(95% CI: 0.861–0.983) in the internal validation.
Conclusion: In this study, atelectasis was the most specific and accurate CXR characteristic 
for identifying PH-FM in the PH patients. The combination of atelectasis, pleural effusion, 
prominent right heart border, tuberculosis, and lnBNP constituted a prediction model that 
distinguished the PH-FM patients from the PH-non-FM ones with good performance.
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underdiagnosis of PH-FM are common due to 
the rarity, lack of awareness, and non-specificity 
of symptoms of this fatal disease. Therefore, early 
detection and effective intervention of PH-FM 
are of paramount importance against RHF in 
clinical practice.

FM is a rare and benign disorder characterized by 
proliferation of dense fibrous tissue that elimi-
nates normal mediastinal fat tissue and encases or 
invades adjacent structures.4 Most FM patients 
have a history of infection by Histoplasma capsula-
tum or Mycobacterium tuberculosis.5 Other patho-
genic factors include infection by other types of 
fungi and sarcoidosis.6,7 The protruding prolifera-
tive fibrotic tissues compress or encroach on the 
mediastinal structures, including bronchus, 
esophagus, vena cava, and pulmonary vascula-
ture, leading to atelectasis, superior vena cava 
syndrome (SVCS), PH, and pleural effusion.8,9

Chest X-ray radiography (CXR) is an inexpensive 
and convenient examination approach for PH 
with availability and accessibility in conventional 
clinical settings.10 Previous study indicated that 
CXR features, including FM dyad (prominent 
main pulmonary artery and atelectasis) and FM 
triad (the dyad plus refractory pleural effusion), 
are important diagnostic clues for PH-FM.2 
However, the accuracy of CXR features for diag-
nosis of PH-FM remains unknown. Therefore, 
this study sought to systematically summarize the 
CXR features of the patients with PH-FM, and to 
evaluate the accuracy of CXR for PH-FM diag-
nosis, in the hope to improve the early detection 
and diagnosis of PH-FM among PH patients.

Methods

Patient recruitment and data collection
This was a retrospective cohort study from Gansu 
Provincial Hospital. The Strengthening the 
Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines were fol-
lowed when preparing the article. Patients who 
were 18 years of age or older and in suspicion of 
PH [estimated pulmonary artery systolic pressure 
(PASP) >40 mmHg using echocardiography]11 
were recruited between October 2014 and October 
2020. Diagnosis of PH was confirmed by mean 
pulmonary artery pressure (mPAP) ⩾ 25 mmHg 
on right heart catheterization (RHC). In addition, 

pulmonary arterial hypertension (PAH) was deter-
mined as mPAP ⩾25 mmHg, pulmonary artery 
wedge pressure ⩽15 mmHg, and pulmonary vas-
cular resistance (PVR) >3 Wood units on RHC1 
(Figure 1). All the clinical data and CXR findings 
were collected from the medical records of the 
patients. Furthermore, the CXR findings had 
been independently re-evaluated and confirmed 
by chest computed tomography (CT) under sur-
veillance of two radiologists (Supplementary 
Table 1). The Ethics Committee of Gansu 
Provincial Hospital reviewed and approved the 
study protocol (2020-204) on 15 October 2020 
and granted exemption from obtaining informed 
consent from patients.

Diagnostic criteria of FM in CT
Findings in contrast-enhanced chest CT included 
devoid of fat tissue, excessive proliferation of 
fibrotic tissues in the mediastinum, and abnormal 
compression of mediastinal structures, such as 
airway and vasculature by soft tissues.12 
Sarcoidosis and tumor were excluded.

Inclusion and exclusion criteria of the patients
The included patients should have (1) RHC, (2) 
standard posteroanterior chest radiogram;, and 
(3) contrast-enhanced chest CT. Patients with 
congenital heart disease, mediastinal tumor, or 
incomplete hemodynamic data were excluded.

Variables and definitions
In each CXR, the imaging parameters were 
assessed and described in accordance with the 
Glossary of Terms for Thoracic Imaging of the 
Fleischner Society.13

In the CXR of all subjects, five parameters were 
measured (Supplemental Figure 1):

1. Mediastinal width: the maximum distance 
from the right to the left upper mediasti-
num at the aortic bulb level (Supplemental 
Figure 1(A));14

2. Hilar width: the maximum distance from 
the most lateral visible frontier of hilum to 
the other lateral frontier (Supplemental 
Figure 1(B));10

3. Prominent right heart border (PRHB): 
defined as more than 44 mm of the maximum 
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distance from the right visible boundary of 
the heart to the midline of the thorax 
(Supplemental Figure 1(C));10

4. Trans-cardiac diameter: the maximum dis-
tance from the most lateral point on the 
right to that on the left cardiac profiles 
(Supplemental Figure 1(C) and (D));15

5. Trans-thoracic diameter: the inside length 
of the rib cage at the level of the dome of 
the right hemidiaphragm (Supplemental 
Figure 1(E));15

6. Prominent main pulmonary artery is shown 
in Supplemental Figure 1(B) and (C);

7. Pleural effusion and atelectasis are shown 
in Supplemental Figure 1(B) and (C), and 
are confirmed by chest CT.

Statistical analysis
Normal distribution test was performed for the 
continuous variables. The continuous variables 
were presented as mean ± standard deviation 
(SD) if the data were normally distributed, or as 

median with interquartile range if the data did not 
conform to normal distribution. The difference 
between the groups was examined by either inde-
pendent t test or one-way analysis of variance fol-
lowed by the least significant difference 
comparison method. Categorical data were 
expressed as numbers with percentages and were 
compared between groups by Chi-square or 
Fisher’s exact test, as appropriate.

The analyses of univariate logistic regression and 
receiver operating characteristic curve (ROC) 
were performed to evaluate the diagnostic speci-
ficity and sensitivity of each parameter, and then 
the predictor with optimal diagnostic accuracy 
was selected. ROC curves of all independent vari-
ables were generated, and the area under the curve 
(AUC) values of the variables were compared with 
DeLong test. Because the N-terminal pro-B-type 
brain natriuretic peptide (NT-proBNP) value did 
not have normality, log-transformed BNP was 
considered normality and analyzed. Variables with 
statistical significance (p < 0.05 in independent 

Figure 1. The flowchart of patient selection and exclusion.
CHD, congenital heart disease; CT, computed tomography; CXR, chest X-ray; ePASP, estimated pulmonary artery systolic 
pressure; FM, fibrosing mediastinitis; PH, pulmonary hypertension; RHC, right heart catheterization.
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t test or one-way analysis of variance) were selected 
into multivariable logistic regression analysis to 
determine the factors associated with the risk of 
PH-FM and to establish a prediction model.

Independent predictors (p < 0.05 in the multivar-
iate logistic regression analysis) were included in 
the construction of a nomogram. The predictive 
performance of the nomogram was measured by 
concordance index (c-index), evaluated by ROC 
analysis, and compared by DeLong test. Internal 
validation and calibration were performed using a 
calibration plot with bootstraps of 1000 resam-
ples, which showed the fitting between the 
observed and nomogram-predicted probability.

Statistical analyses were performed using SPSS 
25.0 for Windows, MedCalc 15.2.2 for Windows, 
and R software (version 4.1.0; R Foundation  
for Statistical Computing, Vienna, Austria). 
Two-tailed p < 0.05 was considered statistically 
significant.

Results

Baseline information
Overall, 291 patients were under suspicion of PH 
according to the results of echocardiography. Of 
these patients, 98 were diagnosed as PH accord-
ing to RHC measurement and included in the 
study (PH-FM: 36, PH-non-FM: 62; Figure 1). 
The PH-non-FM patients included 9 with idio-
pathic pulmonary arterial hypertension (IPAH), 3 
with connective tissue disease–associated pulmo-
nary arterial hypertension (PAH-CTD), 4 with 
left-sided heart disease–related PH (PH-LHD), 
19 with chronic lung diseases- or chronic hypoxia-
associated PH, 19 with CTEPH, and 8 with  
pulmonary vasculitis (Table 1). The patients  
with PH-FM were significantly older than those 
with PH-non-FM (66.00 ± 10.50 versus 
56.00 ± 23.00 years, p < 0.001, Table 1). There 
was no gender difference between the two groups 
(p = 0.690, Table 1). Significantly, higher preva-
lence of tuberculosis (44.4% versus 3.2%; 
p < 0.001) was found in the PH-FM patients than 
that in the PH-non-FM patients. The morbidities 
of hypertension (41.7% versus 25.8%; p = 0.104), 
diabetes (11.1% versus 9.7%; p = 0.904), and 
chronic obstructive pulmonary disease (COPD) 
(38.9% versus 21.0%; p = 0.056) were similar 
between the two groups (Table 1). Moreover, the 
PH-non-FM patients had significantly higher 

NT-proBNP levels than the PH-FM patients 
(306.50 ± 728.25 versus 988.00 ± 2714.00 pg/ml, 
p = 0.020). Regarding hemodynamics, the 
PH-non-FM patients had higher right atrial pres-
sure (RAP, 4.00 ± 6.00 versus 3.00 ± 2.75 mmHg, 
p = 0.002) than the PH-FM patients, although no 
significant difference in the other hemodynamic 
parameters was found between the two groups 
(Table 1).

Radiographical findings
As shown in Table 2, 18 CXR features were iden-
tified and summarized. The frequencies of wid-
ened mediastinum (p = 0.127), right paratracheal 
stripe (p = 0.133), hilar enlargement (p = 0.524), 
left pleural effusion (p = 0.737), unilateral pleural 
effusion (p = 0.079), prominent main pulmonary 
artery (p = 0.092), right descending pulmonary 
artery (RDPA) (p = 0.913), and cardiac enlarge-
ment (p = 0.067) were not significantly different 
between the two groups. By contrast, consolida-
tion (p < 0.001), nodules (p = 0.003), calcification 
(p = 0.004), interlobular septal thickening 
(p = 0.013), interstitial reticulation (p = 0.007), 
atelectasis (p < 0.001), pleural effusion 
(p = 0.0001), right pleural effusion (p = 0.042), 
and bilateral pleural effusion (p = 0.019) were 
more prevalent in patients with PH-FM than in 
patients with PH-non-FM. Conversely, the inci-
dence of PRHB (p = 0.020) was significantly 
declined in patients with PH-FM compared with 
that in patients with PH-non-FM.

Accuracy of CXR for diagnosing PH-FM
An ROC analysis was performed to assess the abil-
ities of imaging parameters to distinguish PH-FM 
from PH-non-FM. The ROC analysis revealed 
that atelectasis had the largest AUC [0.720, 95% 
confidence interval (CI): 0.634–0.806] among all 
the CXR imaging parameters (Figure 2, 
Supplementary Figure 2, and Supplementary 
Table 2). Supplemental Table 3 showed the sensi-
tivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV), and likelihood 
ratio (LR), which were calculated to assess the 
predictive value of each CXR feature.

Multivariate logistic regression
Univariate logistic regression analysis identified 
that age, tuberculosis, NT-proBNP, natural loga-
rithmic NT-proBNP (lnBNP), RAP, atelectasis, 
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Table 1. Baseline characteristics of patients.

PH-FM
(n = 36)

PH-non-FM
(n = 62)

p value

Age (years) 66.00 (10.50) 56.00 (23.00)   0.001

Male, n (%) 16 (44.44) 25 (40.32)   0.690

Comorbidity, n (%)

 Hypertension 15 (41.7) 16 (25.8)   0.104

 COPD 14 (38.9) 13 (21.0)   0.056

 Diabetes 4 (11.1) 6 (9.7)   0.904

 Tuberculosis 16 (44.4) 2 (3.2) <0.001

PH group, n (%)

 Group 1 N/A 12 (19.4) N/A

 IPAH N/A 9 (14.5) N/A

 CTD N/A 3 (4.8) N/A

Group 2

 Left heart disease N/A 4 (6.5) N/A

Group 3

 Chronic lung disease/hypoxia N/A 19 (30.6) N/A

 Group 4 N/A 27 (43.5) N/A

 CTEPH N/A 19 (30.6) N/A

 Vasculitis N/A 8 (12.9) N/A

Group 5

 FM 36 (100.0) N/A N/A

NT proBNP, pg/ml 306.50 (728.25) 988.00 (2714.00)   0.020

lnNT proBNP, pg/ml 6.08 ± 1.18 6.72 ± 1.58   0.038

Hemodynamics

 mPAP, mmHg 39.50 (9.75) 41.00 (20.50)   0.883

 RAP, mmHg 3.00 (2.75) 4.00 (6.00)   0.002

 PCWP, mmHg 7.00 (4.50) 8.00 (7.00)   0.177

 CO, l/min 4.45 (1.13) 4.35 (1.85)   0.249

 CI, l/min/m2 3.00 (0.86) 2.70 (0.99)   0.105

 PVR, Wood units 6.81 (3.08) 7.27 (5.63)   0.805

 SvO2, % 61.50 (9.75) 59.00 (11.00)   0.142

CI, cardiac index; CO, cardiac output; COPD, chronic obstructive pulmonary disease; CTD, connective tissue disease; 
CTEPH, chronic thromboembolic pulmonary hypertension; FM, fibrosing mediastinitis; IPAH, idiopathic pulmonary  
arterial hypertension; lnBNP, natural logarithm of NT-proBNP; mPAP, mean pulmonary arterial pressure; NA, not 
applicable; NT-proBNP, N-terminal pro-B-type brain natriuretic peptide; PCWP, pulmonary capillary wedge pressure; 
PH-FM, pulmonary hypertension caused by fibrosing mediastinitis; PVR, pulmonary vascular resistance; RAP, right atrial 
pressure; SvO2, mixed venous oxygen saturation.
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consolidation, nodules, calcification, pleural effu-
sion, right pleural effusion, bilateral pleural effu-
sion, interlobular septal thickening, interstitial 
reticulation, and PRHB were significantly differ-
ent between the two groups, which were selected 
for multivariate regression analysis. Among these 
factors, the multivariate regression analysis based 
on a forward LR indicated that tuberculosis  

[odds ratio (OR) = 29.40, 95% CI: 3.7–232.4, 
p = 0.001], lnBNP (OR = 0.649, 95% CI: 0.4–
0.99, p = 0.048), atelectasis (OR = 18.56, 95% 
CI: 2.9–119.5, p = 0.002), pleural effusion 
(OR = 9.83, 95% CI: 2.1–45.3, p = 0.003), and 
PRHB (OR = 0.22, 95% CI: 0.1–0.9, p = 0.040) 
were independent predictive factors for  
PH-FM (Table 3 and Supplementary Table 4).  

Table 2. CXR findings in patients with PH caused by fibrosing mediastinitis.

CXR findings PH-FM
(n = 36)

PH-non-FM
(n = 62)

p value

Focal mediastinal abnormalities

 Widened mediastinum  9 (25)  8 (13) 0.127

 Right paratracheal stripe  2 (6)  0 (0) 0.133

 Hilar enlargement  5 (14)  6 (10) 0.524

Parenchymal abnormalities

 Atelectasis 17 (47)  2 (3) <0.001

 Consolidation 33 (92) 32 (52) <0.001

 Nodules 31 (86) 35 (56) 0.003

 Calcification 27 (75) 28 (45) 0.004

Interstitial disease lung

 Interlobular septal thickening 35 (97) 47 (76) 0.013

 Interstitial reticulation 29 (81) 33 (53) 0.007

Pleural effusion 31 (86) 29 (48) 0.0001

 Right pleural effusion  9 (25)  6 (10) 0.042

 Left pleural effusion  3 (8)  5 (8) 0.737

 Unilateral pleural effusion 12 (33) 11 (18) 0.079

 Bilateral pleural effusion 19 (53) 18 (29) 0.019

Signs of PH

 Prominent main pulmonary artery  9 (25) 26 (42) 0.092

 RDPA 12 (33) 20 (32) 0.913

Cardiac signs

 PRHB 11 (31) 34 (55) 0.020

 Cardiac enlargement 26 (72) 54 (87) 0.067

CXR, chest X-radiography; PH-FM, pulmonary hypertension caused by fibrosing mediastinitis; PRHB, prominent right 
heart border; RDPA, right descending pulmonary artery.
Data are number (%).
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The logistic regression formula was: Logistic(P) = 
ln (P/(1 - P)) = 0.091 + 2.921 Atelectasis + 2.285 
Effusion + 3.381 Tuberculosis - 1.495 PRHB - 
0.432 lnBNP (atelectasis = 1 if present, 0 absent; 
effusion = 1 present, 0 absent; tuberculosis = 1 
present, 0 absent; PRHB = 0 present, 1 absent; 
lnBNP refers to the natural logarithm of the BNP 
value. PRHB indicates that the maximum dis-
tance from the midline to the right heart border is 
more than 44 mm. The cutoff point was 0.341.)

Based on these results (Table 3), a prediction 
model for PH-FM was established, with a sensi-
tivity of 91.7% and a specificity of 83.9% 
(AUC = 0.922, 95% CI: 0.861–0.983) (Table 4). 
The ROCs showed the superior power of the pre-
diction model in distinguishing PH-FM from 
PH-non-FM. Then, to ensure that there was no 
multicollinearity, feature selection was carried 
out by calculating tolerance and variance inflation 
factor (VIF) of each variable in the subset of sta-
tistical predictors from the stepwise regression 
results. It turned out that the tolerance was more 
than 0.1, and VIF was substantially less than 10 
in the current study (Supplemental Table 5), 
indicating no collinearity among the independent 
variables.

Development of nomogram and internal validation
Nomogram for PH-FM was developed based on 
the analysis results (Figure 3(a)). To further 
examine the stability of the nomogram, an inter-
nal validation was conducted, and then the 
C-index and AUC values were calculated (Figure 
3(b)). As shown in Figure 3(c), when the cutoff 
point was 0.341 for predicting the risk of PH-FM 
in PH patients, the combination of five factors 

Figure 2. The power for predicting fibrosing mediastinitis using ROC curves: (a) atelectasis, (b) pleural 
effusion, and (c) PRHB.
AUC, area under the curve; PRHB, prominent right heart border; ROC, receiver operator characteristic.

Table 3. Multivariate logistic regression analyses 
based on a forward likelihood ratio stepwise selection 
procedure.

OR 95% CI p value

Atelectasis 18.56 2.9–119.5 0.002

Pleural effusion 9.83 2.1–45.3 0.003

Tuberculosis 29.40 3.7–232.4 0.001

PRHB 0.22 0.1–0.9 0.040

lnBNP 0.649 0.4–0.99 0.048

CI, confidence interval; lnBNP, the natural logarithm of 
N-terminal pro-B-type brain natriuretic peptide; OR, odds 
ratio; PRHB, prominent right heart border.

Table 4. The sensitivity and specificity of atelectasis, pleural effusion, tuberculosis, PRHB, and lnBNP.

Sensitivity, %
(95% CI)

Specificity, %
(95% CI)

Positive LR
(95% CI)

Negative LR
(95% CI)

AUC

91.7 (77.5–98.2) 83.9 (72.3–92.0) 5.68 0.099 0.922 (0.861–0.983)

AUC, area under curve; CI, confidence interval; lnBNP, the natural logarithm of N-terminal pro-B-type brain natriuretic 
peptide; LR, likelihood ratio; PRHB, prominent right heart border.
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could reach the specificity of 0.839 and the sensi-
tivity of 0.917, with the AUC being 0.922 (95% 
CI: 0.861–0.983). The established nomograms 
had a C-index of 0.922 (95% CI: 0.860–0.983) 
and were well calibrated (Figure 3(d)).

Discussion
This retrospective and observational study dem-
onstrated the value of CXR in screening PH-FM 
patients among patients with PH. The results 
suggest that the CXR features may facilitate iden-
tification of PH-FM based on clinical informa-
tion. Specifically, the most typical features of 
PH-FM on CXR were atelectasis, pleural 

effusion, and PRHB. If clinical information, such 
as history of tuberculosis and lnBNP value, was 
added, the accuracy in prediction of PH-FM 
could be improved. The predictive model com-
posed of these five factors had excellent calibra-
tion and discrimination, thereby facilitating early 
identification and diagnosis of PH-FM among 
PH patients in the primary hospital (Figure 4).

FM is a rare, benign but fatal disease character-
ized by mediastinal fibrotic tissue proliferation 
induced by histoplasmosis or tuberculosis in most 
cases. The proliferative fibrotic tissue compresses 
airway and vasculature, thereby leading to PH, 
RHF, and death.3–5,8 In this study, the patients 

Figure 3. Nomogram for multivariate logistic regression. (a) The nomogram scores of the five features (tuberculosis, lnBNP, PRHB, 
atelectasis, and pleural effusion) predicting pulmonary hypertension in patients with fibrosing mediastinitis. (b) Internal validation 
of the nomogram using ROC curve. (c) The nomogram was calibrated for the probability of pulmonary hypertension in patients with 
fibrosing mediastinitis (bootstrap 1000 repetitions). (d) Using cutoffs for the predicted probability of fibrosing mediastinitis in specific 
combinations of true-positive rate (sensitivity) and false-positive rate (1-specificity). The AUC is 0.922.
AUC, area under the curve; CI, confidence interval; lnBNP, the natural logarithm of N-terminal pro-B-type brain natriuretic peptide; PRHB, 
prominent right heart border; ROC, receiver operator characteristic.
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with PH-FM were older than those with 
PH-non-FM. Nearly half of the FM cases in this 
study were caused by tuberculosis. The RAP and 
NT-proBNP levels in patients with PH-non-FM 
were higher than those in patients with PH-FM, 
indicating that the PH-non-FM patients had 
exacerbated dysfunctions in the right heart com-
pared with those with PH-FM.

Previously, the imaging features of the patients 
with FM have been reported to include mediasti-
nal widening, hilar enlargement, and right side 
parabronchial signs.12,16 However, in this study, 
there were no significant differences in these 
parameters between the PH-FM and PH-non-FM 
patients. This could be ascribed to the greater 
incidence of hypoxia and pulmonary parenchy-
mal abnormalities in the non-FM patients. 
However, atelectasis, consolidation, nodules, cal-
cification, interlobular septal thickening, grid-like 
lesions, and pleural effusion were more prevalent 
to patients with PH-FM, and these observations 
were related to the pathological process of 
FM.8,12,16 The enlargements in the main pulmo-
nary artery and RDPA were the imaging features 
of PH,10 and there is no difference in these fea-
tures between the two groups of patients.

Interestingly, multiple regression analysis revealed 
that atelectasis, pleural effusion, tuberculosis, 
lnBNP, and PRHB were associated with PH-FM 
(Figure 4). As a matter of fact, these parameters 
are related to the special pathophysiological 

process of FM.4,8,17 For example, atelectasis is 
related to bronchial compression complicated by 
FM, for which tuberculosis is the special trig-
ger.18,19 Indeed, our results have demonstrated 
that atelectasis has an incidence up to 47% in the 
PH-FM group, almost half of which have the his-
tory of tuberculosis. Our results were comparable 
to other studies reporting that the incidence of 
atelectasis in tuberculosis-caused FM ranges 
from 37% to 50%.3,18,20 By contrast, the atelecta-
sis that occurred in two patients of the PH-non-FM 
group was caused by obstructive pneumonia 
without bronchial compression and stenosis, and 
their symptoms were improved following anti-
inflammatory treatments.

However, among the 36 patients with PH-FM 
recruited in this study, 31 (86%) had pleural effu-
sions and 19 (53%) were bilaterally afflicted, 
which agrees to the notion that the pleural effu-
sion in the PH-FM patients was mainly caused by 
pulmonary vein stenosis (PVS).9,21 Indeed, 
among the 30 patients with FM-caused PVS 
recruited in our prior study, 19 suffered from 
refractory pleural effusion; Furthermore, 17 out 
of the 19 patients with refractory pleural effusion 
were relieved by pulmonary vein angioplasty.21 
Admittedly, the PH-induced RHF is also involved 
to varying extents in the formation of pleural effu-
sion in the patients with PH-FM. By contrast, 29 
(48%) patients in the PH-non-FM group had 
pleural effusions and 18 (29%) had bilateral 
afflictions. This was in consistency with the 

Figure 4. CXR facilitate screening for PH-FM.
CXR, chest X-ray; LV, left ventricle; PH-FM, pulmonary hypertension caused by fibrosing mediastinitis; PRHB, prominent 
right heart border; RV, right ventricle; white, atelectasis; yellow, pleural effusion.
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incidence of pleural effusions in PAH, IPAH/
HPAH (heritable PAH), and PH-CTD, the  
diseases belonging to PH-non-FM and predomi-
nantly caused by RHF.22,23 These results sug-
gested that the pleural effusion in the patients 
with PH-non-FM was primarily caused by RHF.

It is notable that prominent main PA, atelectasis, 
and pleural effusion have been proposed as FM 
triad to facilitate the screening of PH-FM.8 PRHB 
demonstrated a negative correlation to PH-FM, 
being consistent with lower NT-proBNP and 
RAP levels in PH-FM patients than those in 
PH-non-FM patients.

Limitations
There were limitations in this study. First, this study 
was a single-center, retrospective study with a small 
sample size, which may increase the bias and limit 
generalization of the findings. Moreover, the indi-
vidual variabilities within and between the study 
groups may influence the comparability and objectiv-
ity of the data. Therefore, a prospective, randomized, 
multi-center study with a large sample size is war-
ranted to corroborate the identified correlations.

Conclusion
In conclusion, a combination of atelectasis, pleural 
effusion, PRHB, tuberculosis, and lnBNP is more 
accurate for predicting PH-FM among PH patients, 
thereby facilitating identification of PH-FM and 
improving diagnosis of this rare but fatal disease.
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