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ABSTRACT
Background  Pulmonary vessel-related structural (PVRS) 
abnormalities have been implicated in usual interstitial 
pneumonia; however, their significance in idiopathic 
inflammatory myopathy-associated interstitial lung disease 
(IIM-ILD) remains unclear. In this two-centre study, we 
evaluated the associations between PVRS parameters on 
high-resolution computed tomography (HRCT) and rapid 
progression and prognosis in patients with IIM-ILD.
Methods  A total of 578 IIM-ILD patients (412 females; 
median age, 53 years) were included from retrospective 
ILD cohorts of two centres. Artificial intelligence (AI)-based 
quantification was performed on baseline HRCT to assess 
PVRS and interstitial lesions. The value of PVRS for rapid 
progression and prognosis was first evaluated in the cohort 
from the first centre using logistic regression, Kaplan-
Meier analysis and Cox models. An independent cohort of 
64 patients (43 female; median age, 54 years) from the 
second centre then served to validate the generalisability 
of the PVRS-based model of IIM-ILD progression.
Results  In the first-centre cohort, 249 patients with 
rapidly progressive ILD (RP-ILD) showed significantly 
elevated mean pulmonary vascular diameter (mPVD) 
(p<0.05), shorter vascular-pleural distances, greater 
PVRS volume and higher standard deviation of pulmonary 
vascular diameter (sdPVD) (p<0.001) compared with 
non-RP-ILD patients. Multivariate analysis identified age 
(HR 1.03, 95% CI 1.01 to 1.06), ground glass opacity 
percentage (HR 1.04, 95% CI 1.02 to 1.06) and sdPVD 
at 6 mm and 18 mm from the pleura as independent risk 
factors for poor prognosis in antisynthetase syndrome 
(ASS) patients (concordance index (C-index)=0.819). In 
contrast, for patients with antimelanoma differentiation-
associated gene 5 antibody-positive dermatomyositis 
(MDA5+DM), the independent risk factors were age (HR 
1.06, 95% CI 1.02 to 1.11), mPVD at 6 mm from the pleura 
and lactic dehydrogenase levels (C-index=0.835). When 
applied to the external validation cohort, the respective 
multivariate Cox models yielded C-indices of 0.841 for ASS 
and 0.814 for MDA5+DM, confirming their generalisability.
Conclusions  Our study demonstrates that baseline PVRS 
parameters on HRCT are robust imaging biomarkers 
associated with rapid progression and poor prognosis in 

IIM-ILD. These findings underscore the clinical relevance of 
PVRS assessment in risk stratification and management.

BACKGROUND
Interstitial lung disease (ILD) is a common 
and serious pulmonary complication 
of idiopathic inflammatory myopathies 
(IIM), particularly in patients with antisyn-
thetase syndrome (ASS) or antimelanoma 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Prior studies have identified high interstitial lung 
disease (ILD) mortality in inflammatory myopathy 
(IIM) subtypes linked to vascular dysregulation, and 
quantitative CT metrics have been shown to aid dis-
ease assessment.

WHAT THIS STUDY ADDS
	⇒ This study provides evidence that pulmonary vessel-
related structural parameters distinguish rapid from 
non-rapid progressors in IIM-ILD. It further establish-
es the clinical relevance of pleura-distance-specific 
mean pulmonary vascular diameter and standard 
deviation of pulmonary vascular diameter as quan-
titative biomarkers for stratifying disease severity 
in antimelanoma differentiation-associated gene 5 
antibody-positive dermatomyositis (MDA5+DM) and 
antisynthetase syndrome (ASS)-ILD.
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PRACTICE OR POLICY

	⇒ In clinical practice, this study suggests that inte-
grating CT-based PVRS parameters with standard 
clinical features provides a more nuanced approach 
to distinguish patients at varying risk levels. This 
strategy could significantly improve patient man-
agement by facilitating earlier and more person-
alised treatment decisions for patients with ASS and 
MDA5+DM.
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differentiation-associated gene 5 antibody-positive 
dermatomyositis (MDA5+DM).1–5 The severity is under-
scored by rapidly progressive ILD (RP-ILD), which 
occurs in approximately 80% of MDA5+DM cases 
and 7.8%–8.9% of ASS cases6 7 and is associated with a 
6-month mortality exceeding 50% due to acute respira-
tory failure.8–10 This grave prognosis highlights the crit-
ical need for early prediction and timely, aggressive inter-
vention to improve patient outcomes.

Emerging evidence indicates that dysregulated angio-
genesis constitutes a critical pathophysiological mech-
anism underlying pulmonary fibrosis development.11 
Moreover, recent advancements in quantitative CT 
(QCT) analysis offer superior accuracy compared with 
visual assessments,11–14 providing a robust framework for 
exploring correlations between imaging features and 
disease prognosis. QCT-derived pulmonary vessel-related 
structures (PVRS) have demonstrated utility in predicting 
usual interstitial pneumonia patterns and evaluating 
connective tissue disease-related ILD.15–19 QCT-derived 
pulmonary vessel volume has demonstrated the strongest 
association with restrictive functional indices and could 
represent a new automated index of disease severity in 
hypersensitivity pneumonitis.20 The integration of arti-
ficial intelligence (AI) now enables efficient, sophisti-
cated QCT analysis. Leveraging this approach, our study 
specifically evaluates the association between AI-quanti-
fied PVRS characteristics of high-resolution computed 
tomography (HRCT) and disease progression trajecto-
ries in IIM-ILD.

METHODS
Study design and population
This retrospective cohort study of ILD was conducted in 
accordance with the ethical standards of the institutional 
ethics committee and the Declaration of Helsinki (1975, 
as revised in 2000). The institutional ethics committee 
of China-Japan Friendship Hospital approved the study 
protocol (No. KYLL-2019–455). The institutional ethics 
committee of General Hospital of Ningxia Medical 
University approved the study protocol on 16 March 2017 
(No. 2017–25). Informed consent was obtained from all 
participants. The study included all patients diagnosed 
with ASS or MDA5+ DM-ILD between January 2016 and 
December 2021 at our hospital. Additionally, an inde-
pendent external cohort from a second hospital, span-
ning January 2020 to December 2021, was recruited to 
validate the generalisability of the PVRS-based model for 
IIM-ILD progression. This external validation cohort was 
designed to further validate the findings and ensure the 
robustness of the study results.

All cases of IIM-ILD were diagnosed through a multi-
disciplinary discussion (MDD) involving specialists from 
pulmonary and critical care medicine, rheumatology, 
radiology and pathology. The diagnosis adhered to estab-
lished criteria for IIM and ILD, with consensus reached 
by all MDD members.9 21 22 Specifically, dermatomyositis 

(DM) was diagnosed according to the Bohan and Peter 
criteria and the 239th European Neuromuscular Centre 
International Workshop guidelines.23 24 The diagnosis 
of ASS was confirmed by the presence of antiaminoacyl-
transfer ribonucleic acid (tRNA) synthase antibodies 
and at least one of the triad findings: myositis, arthritis 
or ILD.25 Serum autoantibodies (antiaminoacyl-tRNA 
synthase and anti-MDA5) were detected using commer-
cial kits (EUROIMMUN, Lübeck, Germany) per the 
manufacturer’s protocols.

The inclusion criteria were defined as: (1) age ≥18 years, 
(2) a confirmed diagnosis of ASS or MDA5+DM, and (3) 
availability of a baseline HRCT scan prior to initiation of 
treatment. Exclusion criteria comprised the absence of a 
baseline HRCT, poor image quality precluding analysis 
or incomplete clinical data leading to loss to follow-up. 
Figure  1 provides a flowchart outlining the participant 
selection process and group allocation.

Clinical data
Demographics, clinical subtypes, treatment protocols and 
laboratory findings, including results from arterial blood 
gas analysis and inflammatory markers, were extracted 
from the ILD cohort and electronic medical records. 
All enrolled patients underwent standardised diagnostic 
evaluations at their initial presentation. Pulmonary func-
tion tests were performed (MasterScreen, Vyaire Medical 
GmbH, Hoechberg, Germany) within 1 week before or 
after the HRCT scan. Data were collected for pulmo-
nary function parameters, including vital capacity (VC), 
forced vital capacity (FVC), forced expiratory volume in 
the first second (FEV1), total lung capacity and single-
breath carbon monoxide diffusing capacity (DLCO SB), 
along with their per cent predicted value.

Patients were classified into RP-ILD and non-RP-ILD 
based on clinical manifestations. In this study, the criteria 
for identifying RP-ILD were adapted from the interna-
tional consensus statements modified by the American 
Thoracic Society (ATS) guidelines regarding idiopathic 
pulmonary fibrosis (IPF).26 27 RP-ILD was defined when 
at least two of the following indicators occurred within 3 
months of symptom onset: (1) worsening of respiratory 
symptoms, such as exertional dyspnoea; (2) increased 
pulmonary opacification on HRCT, including ground 
glass opacity (GGO), consolidation, reticular pattern or 
honeycombing; (3) physiological deterioration indicated 
by respiratory failure: defined as a >10% decrease in VC 
or a >1.33 kPa decrease in arterial oxygen tension (PaO2). 
Non-RP-ILD was defined as disease that progresses gradu-
ally or remains stable beyond 3 months.

HRCT scan
All patients underwent HRCT on multidetector CT 
systems (LightSpeed VCT/64, GE Healthcare; Toshiba 
Aquilion ONE TSX-301C/320; iCT/256 Philips; FLASH 
Dual Source CT, Siemens) in a single, breath-hold scan 
from the supine position. Acquisition and reconstruction 
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parameters followed standard CT protocols, including 
tube voltage of 100–120 kV, tube current of 100–300 mAs 
and slice thickness of 0.625–1 mm. Scanning table move-
ment was set at 39.37 mm/s, with a gantry revolution rate 
of 0.8 s. Reconstruction was carried out progressively with 
slice thicknesses of up to 1 mm.

AI-based quantitative CT analysis
HRCT images in the Digital Imaging and Communica-
tions in Medicine format were transferred to an in-house 
AI workstation (CT quantitative system: SIMBIO-T, Hang-
zhou Smart Intelligent Technology Hangzhou, China) 
for automatic quantitative analysis of lung parenchyma, 
pulmonary vessels, lung texture and radiomics parame-
ters. The analysis pipeline consisted of two main phases 
(figure  2): (1) AI-based segmentation and quantifica-
tion: the commercial AI algorithm was applied to auto-
matically segment the entire lung, its lobes, pulmonary 
vessels and interstitial lesions and to calculate various 
quantitative features related to these structures. Prior to 
its use in this study, the performance of this algorithm 
was independently validated by our team on a subset of 
our dataset that was not included in the final analysis. 
Segmentation accuracy was assessed by quantifying the 
agreement between the AI output and manual annota-
tions made by an expert radiologist using the Dice simi-
larity coefficient, which was 0.95±0.02. The reproduci-
bility of quantitative measurements was evaluated using 
the intraclass correlation coefficient, which was 0.92. (2) 
Radiologist review and adjudication: two chest radiol-
ogists with 9 and 15 years of experience independently 
evaluated all AI-generated segmentations using a stand-
ardised scoring system. Both radiologists were blinded to 
clinical information and to each other’s assessments. Any 
discrepancies in the evaluations were resolved through a 

consensus discussion with a third senior chest radiologist 
with 22 years of experience.

Statistical analysis
Statistical analyses were performed using IBM SPSS Statis-
tics 26.0 (SPSS, MAC version, IBM, Armonk, USA) and R 
(V.4.4.1, R Foundation for Statistical Computing, Vienna, 
Austria). The normality of the distribution for contin-
uous characteristics was assessed using the Kolmogorov-
Smirnov test. T-tests were used to compare variables that 
were normally distributed, and these data are expressed 
as the mean±SD. Otherwise, the Mann-Whitney U test 
was used, and the data are expressed as the median 
(IQR). For categorical characteristics, the χ2 test or Fish-
er’s exact test was used, and these data are expressed as 
counts (%). A binary logistic regression model was used 
to analyse QCT features associated with RP-ILD. Survival 
outcomes were calculated using the Kaplan-Meier 
method and compared using the log-rank test. Variables 
identified as significant in univariate Cox proportional-
hazards regression analysis were integrated into a multi-
variate Cox proportional-hazards regression model. The 
concordance index (C-index) was applied to evaluate 
the performance of the survival analysis models.28 Medi-
ation analysis was conducted to investigate the mediating 
effects of variables between independent and dependent 
variables.29 A two-sided p value <0.05 defined statistical 
significance.

Patient and public involvement
Due to the observational nature of this study, which used 
existing clinical data, patients were not directly involved 
in the initial research stages, such as question formula-
tion or study design. The research focus and outcome 

Figure 1  Flow diagram of eligibility criteria. IIM-ILD, idiopathic inflammatory myopathy-related interstitial lung disease; RP-
ILD, rapidly progressive interstitial lung disease; non-RP-ILD, non-rapidly progressive interstitial lung disease.
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Figure 2  Segmentation and schematic diagram of pulmonary vessel-related structures. (A) Automated segmentation of the 
entire lungs using a 3D-UNet-based model. (B) Three-dimensional schematic representation of automatically segmented lung 
lobes. (C) Multiplanar visualisation of lung lobe segmentation: axial, sagittal and coronal views. (D) Segmentation of interstitial 
lung disease imaging features: red—consolidation; green—ground-glass opacity; yellow—honeycombing; blue—reticular 
pattern. (E) The pulmonary blood vessels are automatically segmented using a 3D-UNet-based segmentation model and 
calculated using a three-dimensional quantitative algorithm. (F) A=area and D=diameter. The ‘Surface’ is the cross-section 
of HRCT and pulmonary blood vessels, the ‘Area’ represents the area of the cross-section of the pulmonary vessels. When 
combined with 3D reconstruction, the ‘Diameter’ of blood vessels can be calculated. The density is the average CT value of 
the entire vascular structure. HRCT, high-resolution computed tomography.
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measures, including mortality and disease progres-
sion, were chosen based on their clinical relevance and 
importance to patients with IIM-ILD. As the study relied 
solely on routinely collected medical data, no additional 
burden was placed on participants. We are committed 
to sharing the study results with the patient community. 
Key findings will be summarised in plain language and 
disseminated through patient support groups and clin-
ical departments to support better disease understanding 
and care.

RESULTS
Clinical characteristics
As shown in figure 1, 514 patients diagnosed with IIM-
ILD (367 females; median age, 54 years) at our hospital 
were initially included, of which 249 cases (165 females; 
median age, 55 years) were identified as suffering from 
RP-ILD. Table 1 presents the clinical and demographic 
data for the patients. Notably, RP-ILD patients exhibited 
a higher prevalence of anti-MDA5 antibody positivity 
compared with those with non-RP-ILD. Additionally, they 
demonstrated reduced lung volumes, ventilation and 
gas exchange capabilities and decreased arterial oxygen 
partial pressure. Furthermore, RP-ILD patients showed 
more pronounced emphysema and interstitial lesions, 
along with elevated levels of creatine kinase, serum 
ferritin, lactate dehydrogenase (LDH) and alanine 
aminotransferase.

Meanwhile, an independent external cohort of 64 
IIM-ILD patients (43 females; median age, 54 years) was 
enrolled from the second hospital, comprising 44 patients 
with ASS and 20 patients with MDA5+DM. As detailed in 
online supplemental table 1, the baseline characteristics 
of this external cohort showed no significant differences 
from those of the training cohort.

PVRS and rapid progression of IIM-ILD
Multivariable analysis, adjusted for age, sex, height and 
weight, revealed that several PVRS parameters remained 
significantly associated with rapid progression of IIM-
ILD (online supplemental table 2). An increased mean 
pulmonary vascular diameter (mPVD) was independently 
associated with a higher risk of RP-ILD, with the strength 
of association being inversely related to the distance from 
the pleura. The adjusted ORs were 5.30 (95% CI 2.74 to 
10.23) at 6 mm, 4.26 (95% CI 2.13 to 8.53) at 9 mm and 
2.75 (95% CI 1.27 to 5.99) at 12 mm. Similarly, an elevated 
standard deviation of the pulmonary vascular diameter 
(sdPVD) was an independent factor associated with the 
outcome across various distances from the pleura (OR 
range: 2.14–12.88; figure 3). Furthermore, greater total 
pulmonary vascular volume also conferred an increased 
risk of RP-ILD (OR 1.36, 95% CI: 1.23 to 1.50). These 
associations were consistently observed in patients with 
ASS (online supplemental table 3). In contrast, among 
patients with MDA5+DM, the effects were primarily 

evident in vessels nearer to the pleural surface (online 
supplemental table 4).

Risk factors for poor prognosis of IIM-ILD patients
The follow-up period for our study concluded in June 
2024, during which time the outcomes of 392 patients 
were definitively determined, while 122 patients were lost 
to follow-up (online supplemental table 5). The median 
follow-up duration, calculated using the reverse Kaplan-
Meier method, was 9.67 years (95% CI 8.26 to 12.42), 
representing time from disease onset to the final outcome 
rather than from study enrolment, as numerous patients 
experienced disease onset prior to registry accrual.

Among those with a definitive prognosis, three expe-
rienced poor outcomes (one mortality, two ICU admis-
sions) due to the involvement of systems other than 
the lungs prior to the onset of respiratory symptoms. 
Composite poor outcomes were defined as mortality, 
ICU admission or lung transplantation. The prognosis 
for RP-ILD and non-RP-ILD patients was notably distinct 
(p<0.001), as detailed in online supplemental table 6. 
The non-RP-ILD group exhibited excellent survival rates: 
99.5% at 3 months, 99.0% at 6 months, 98.5% at 1 year 
and 97.4% at 2 years. In stark contrast, the RP-ILD group 
had substantially lower survival rates: 86.4% at both 3 and 
6 months, 80.1% at 1 year and 77.4% at 2 years (online 
supplemental figure 1). As presented in table 2, age (HR 
1.03, 95% CI 1.01 to 1.06), GGO% (HR 1.04, 95% CI 1.02 
to 1.06) and the sdPVD at 6 mm (HR 1.25, 95% CI 1.02 to 
1.54) and the sdPVD at 18 mm (HR 1.35, 95% CI 1.12 to 
1.63) from the pleura on HRCT were independent risk 
factors for poor prognosis in ASS patients. The model 
incorporating these factors demonstrated moderate accu-
racy (C-index=0.819). For patients with MDA5+DM, age 
(HR 1.06, 95% CI 1.02 to 1.11), the mPVD at 6 mm from 
the pleura (HR 1.37, 95% CI 1.11 to 1.70) and LDH (HR 
1.01, 95% CI 1.01 to 1.01) were independent risk factors 
for poor prognosis. The C-index for this model is 0.835, 
also indicating accuracy above the medium threshold.

Based on Cox regression analysis, the optimal cut-
off values for prognostic stratification were deter-
mined as follows: 2.38 mm for mPVD at 6 mm from 
the pleura, 1.50 mm for sdPVD at 6 mm and 1.92 mm 
for sdPVD at 18 mm (online supplemental figure 2). 
Group comparisons using these thresholds revealed 
significant clinical differences. Among patients with 
MDA5+DM, those with an mPVD exceeding 2.38 mm 
had significantly lower FEV1%, more extensive inter-
stitial lesions and higher LDH levels (online supple-
mental table 7). Similarly, in the ASS group, patients 
with an sdPVD above the cut-off values exhibited 
worse lung volumes, impaired ventilatory function, 
greater interstitial involvement and elevated levels 
of C reactive protein and LDH (online supplemental 
tables 8 and 9).

The mediating effect analysis provides important 
insights into the pathways through which specific 
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Table 1  Characteristics of included patients with idiopathic inflammatory myopathy*

Characteristics Non-RP-ILD RP-ILD P value

n 265 249

Subtype, n (%) <0.001

ASS 211 (41.05%) 146 (28.40%)

MDA5+DM 54 (10.51%) 103 (20.04%)

Female, n (%) 202 (39.30%) 165 (32.10%) 0.013

Age, median (IQR) 54.00 (46.00, 60.00) 55.00 (47.50, 63.00) 0.043

BMI, median (IQR) 23.75 (21.50, 26.25) 24.37 (22.59, 26.19) 0.102

Smoke, n (%) 0.005

 � Current 3 (2.63) 6 (9.52)

 � Former 3 (2.63) 7 (11.11)

 � Never 108 (94.74) 50 (79.37)

Duration of the disease (months), median (IQR) 4.50 (1.17, 17.53) 3.13 (1.38, 11.73) 0.286

VC%, median (IQR) 76.65 (64.775, 89.45) 68.40 (57.10, 79.00) 0.003

FVC%, median (IQR) 77.95 (65.40, 91.08) 69.65 (56.33, 81.55) <0.001

FEV1%, median (IQR) 76.10 (63.10, 86.88) 67.45 (55.925, 79.75) 0.002

FEV1/FVC%, median (IQR) 80.55 (76.368, 84.86) 81.28 (77.02, 86.15) <0.001

TLC%, median (IQR) 73.3 (62.95, 83.25) 65.35 (54.83, 77.65) 0.002

DLCO SB%, median (IQR) 61.70 (51.05, 71.65) 50.55 (43.15, 60.28) <0.001

PaO2, median (IQR) 87.60 (80.00, 95.00) 80.25 (71.43, 91.65) 0.006

PaCO2, median (IQR) 37.90 (35.20, 40.80) 36.45 (33.70, 39.78) <0.001

The time from respiratory symptom onset to treatment 
initiation (month), median (IQR)

0.82 (0.00, 4.04) 0.88 (0.00, 2.36) 0.971

Initial treatment strategy, n (%) <0.001

Glucocorticoid 85 (40.09) 76 (36.71)

Glucocorticoid + immunosuppressant (dual) 100 (47.17) 74 (35.75)

Glucocorticoid + immunosuppressants (triple 
combination)

6 (2.83) 4 (1.93)

Glucocorticoid + immunoglobulin 3 (1.42) 14 (6.76)

Glucocorticoid + immunosuppressant(s) + 
immunoglobulin

18 (8.49) 37 (17.87)

Glucocorticoid + biologics 0 (0.00) 2 (0.97)

Initial antifibrotic therapy, n (%) 16 (7.55) 10 (4.78) 0.239

Emphysema%, median (IQR) 0.05 (0.02, 0.19) 0.09 (0.03, 0.31) <0.001

Consolidation%, median (IQR) 0.13 (0.04, 0.39) 0.27 (0.10, 0.59) <0.001

Ground glass opacity%, median (IQR) 2.46 (0.79, 7.29) 5.42 (1.41, 14.68) <0.001

Reticular pattern%, median (IQR) 3.03 (1.22, 5.90) 5.01 (2.25, 9.38) <0.001

Honeycomb%, median (IQR) 0.02 (0.00, 0.07) 0.05 (0.01, 0.19) <0.001

CK (IU/L), median (IQR) 62.00 (33.00, 174.50) 50.00 (27.00, 136.00) 0.045

CRP (mg/L), median (IQR) 0.38 (0.21, 0.98) 0.46 (0.26, 1.01) 0.228

ESR (mm/h), median (IQR) 16.00 (8.50, 28.00) 17.50 (9.00, 30.00) 0.321

Fet (ng/mL), median (IQR) 151.85 (60.43, 369.35) 359.10 (109.85, 943.45) <0.001

LDH (IU/L), median (IQR) 252.00 (197.00, 321.50) 282.00 (229.00, 355.50) <0.001

ALT (IU/L), median (IQR) 27.50 (17.25, 47.75) 34.00 (22.00, 59.00) 0.002

AST (IU/L), median (IQR) 23.50 (17.00, 37.00) 26.00 (18.00, 45.00) 0.061

*Bold values indicate statistical significance at P<0.05. 
ALT, alanine aminotransferase; ASS, antisynthetase syndrome; AST, aspartate aminotransferase; BMI, body mass index; CRP, C reactive protein; DLCOSB%, the proportion of 
actual value to the expected value for carbon monoxide diffusing capacity,; ESR, erythrocyte sedimentation rate; Fet, ferritin; FEV1%, the proportion of actual value to the expected 
value for forced expiratory volume in the first second; FEV1/FVC, the proportion of forced expiratory volume in the first second to the forced vital capacity; FiO2, fraction of inhaled 
oxygen; FVC%, the proportion of actual value to the expected value for forced vital capacity; LDH, lactic dehydrogenase; MDA5+DM, antimelanoma differentiation-associated 
gene 5 antibody-positive dermatomyositis; PaCO2, arterial carbon dioxide pressure; PaO2, arterial oxygen pressure; RP-ILD, rapidly progressive interstitial lung disease; TLC%, the 
proportion of actual value to the expected value for total lung capacity; VC%, the proportion of actual value to the expected value for vital capacity.
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variables influence the prognosis of patients with 
MDA5+DM ILD and ASS-ILD. In MDA5+DM patients, 
mPVD measured 6 mm from the pleura was found to 
have a direct impact on patient prognosis. Addition-
ally, the mPVD exerted an indirect negative impact 
on prognosis through LDH as an intermediary factor 

(online supplemental table 10). In ASS patients, 
the results were somewhat different (online supple-
mental tables 11 and 12). The indirect and mediating 
effects of GGO% were significant, while other vari-
ables did not show significant indirect and mediating 
effects (online supplemental tables 11 and 12). This 

Figure 3  Effect of pulmonary vessel diameter and volume on the rapid progression of IIM-ILD. IIM-ILD, idiopathic 
inflammatory myopathy-related interstitial lung disease. The unit of diameter is mm, and the unit of volume proportion is 
%*100.

Table 2  Multivariate Cox proportional risk regression analysis of long-term survival in patients with antisynthetase syndrome 
and antimelanoma differentiation-associated gene 5 antibody-positive dermatomyositis*

Variables β SE Z P value HR (95% CI)

Antisynthetase syndrome

 � Age 0.03 0.01 2.37 0.018 1.03 (1.01 to 1.06)

 � GGO% 0.04 0.01 4.17 <0.001 1.04 (1.02 to 1.06)

 � The SD of diameter of vessels 
(6 mm) (dmm)

0.22 0.10 2.16 0.031 1.25 (1.02 to 1.54)

 � The SD of diameter of vessels 
(18 mm) (dmm)

0.30 0.10 3.11 0.002 1.35 (1.12 to 1.63)

 � The SD of diameter of vessels 
(21 mm) (dmm)

−0.15 0.08 −1.95 0.051 0.86 (0.74 to 1.00)

Antimelanoma differentiation-
associated gene 5 antibody-positive 
dermatomyositis

 � Age 0.06 0.02 2.79 0.005 1.06 (1.02 to 1.11)

 � The mean of diameter of vessels 
(6 mm) (dmm)

0.32 0.11 2.97 0.003 1.37 (1.11 to 1.70)

 � The SD of diameter of vessels 
(12 mm) (dmm)

−0.24 0.15 −1.63 0.103 0.78 (0.58 to 1.05)

 � Fet −0.00 0.00 −1.86 0.063 1.00 (1.00 to 1.00)

 � LDH 0.01 0.00 3.09 0.002 1.01 (1.01 to 1.01)

 � AST 0.00 0.00 1.81 0.071 1.00 (1.00 to 1.00)

*The vascular-related independent variable is expressed as variables (distance from the pleura).
AST, aspartate aminotransferase; Fet, ferritin; GGO, ground glass opacity; LDH, lactic dehydrogenase.

https://dx.doi.org/10.1136/bmjresp-2025-003510
https://dx.doi.org/10.1136/bmjresp-2025-003510
https://dx.doi.org/10.1136/bmjresp-2025-003510
https://dx.doi.org/10.1136/bmjresp-2025-003510
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indicates that the sdPVD (measured 6 mm and 18 mm 
from the pleura) directly affects prognosis and indi-
rectly influences it negatively through GGO% as an 
intermediary factor.

External validation
As illustrated in figure  4A, the discriminatory ability 
of PVRS parameters for RP-ILD in the external valida-
tion cohort from the second hospital was consistent 
with that in the internal training cohort from the first 
hospital. When the multivariate Cox regression model 
developed in the internal training cohort was applied 
to the external validation cohort of patients with ASS-
ILD, the C-index for composite poor outcomes was 
0.841, compared with 0.819 in the internal cohort. 
For MDA5+DM ILD, the C-index was 0.814, closely 
matching the internal value of 0.835. Furthermore, cali-
bration curves (online supplemental figure 3) show the 

close alignment between the observed outcomes, indi-
cating that the PVRS parameters are well-calibrated and 
provide reliable risk estimates for RP-ILD in both ASS-
ILD and MDA5+DM ILD patients.

As summarised in online supplemental table 13, strat-
ification based on PVRS cut-off values in the external 
cohort revealed significant differences. ASS patients 
with greater vascular diameter dispersion at 6 mm from 
the pleura exhibited worse ventilatory and gas exchange 
functions, as well as more extensive GGO and reticular 
patterns. Those with greater vascular diameter disper-
sion at 18 mm from the pleura showed reduced diffusion 
capacity and broader inflammatory lesions. MDA5+DM 
patients with wider vascular diameters at 6 mm from the 
pleura had more extensive GGO. Kaplan-Meier analysis 
(figure  4B) demonstrated that survival curves stratified 
by PVRS cut-off values remained significantly distinct in 
the external validation cohort.

Figure 4  ROC curves of PVRS for predicting RP-ILD and Kaplan-Meier curves stratified by the Cox regression cut-off value 
in the exterior validation cohort. ASS, anti-synthetase syndrome; AUC, area under the receiver operating characteristic curve; 
MDA5+DM, anti-melanoma differentiation-associated gene five antibody-positive dermatomyositis; PVRS, pulmonary vessel 
related structures; ROC, receiver operating characteristic; RP-ILD, rapid progressive interstitial lung disease.

https://dx.doi.org/10.1136/bmjresp-2025-003510
https://dx.doi.org/10.1136/bmjresp-2025-003510
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DISCUSSION
IIM represents a heterogeneous group of diseases, with 
ILD being a well-established, major pulmonary complica-
tion that significantly influences morbidity and mortality. 
Recent studies have extensively characterised the CT 
features and clinical outcomes of IIM-ILD.30 31 Building 
on this critical foundation, our two-centre study provides 
the first evidence that PVRS derived from AI-based QCT, 
particularly the mPVD and sdPVD, is an independent 
risk factor for rapid progression in both ASS-ILD and 
MDA5+DM ILD, offering a novel perspective beyond 
parenchymal assessment.

In the RP-ILD group, a reduced number of pulmo-
nary vessels was observed, along with a higher mean and 
SD of vessel intensity compared with the non-RP-ILD 
group. Furthermore, age, GGO% and sdPVD at different 
subpleural distances (6 mm and 18 mm) were identified as 
significant risk factors for poor prognosis in patients with 
ASS. In patients with MDA5+DM, age, mean subpleural 
vascular diameter at 6 mm and LDH level were key prog-
nostic factors. Further analysis revealed the direct effects 
of these PVRS on patient outcomes, as well as indirect 
effects mediated by LDH (in MDA5+DM) and GGO% (in 
ASS).

While the existing paradigm of IIM-ILD30 31 rightly 
focuses on parenchymal patterns like GGO, our find-
ings underscore that concomitant pulmonary vascular 
remodelling is a critical and measurable phenotype. This 
vascular component may act independently or syner-
gistically with the interstitial process to drive disease 
progression, thereby proposing a more comprehensive, 
dual-pathway (vascular and interstitial) model for under-
standing and stratifying IIM-ILD.

Currently, the emergence of QCT with AI technologies, 
leveraging CT data, has marked a transformative shift 
in the approach to objectively and efficiently studying 
diseases.32–36 Our findings indicate that in the RP-ILD 
group, AI-based QCT revealed a reduced number of 
pulmonary vessels and a high degree of sdPVD and SD of 
vascular intensity, which may reflect the uneven impair-
ment of the vascular bed in conjunction with interstitial 
destruction—a pathognomonic feature of ILD charac-
terised by extensive parenchymal and interstitial damage 
leading to pulmonary vascular bed loss.11

The expansion of PVRS volume likely stems from 
multifaceted vascular remodelling mechanisms. Patho-
logical thickening of vascular walls arises from endothe-
lial cell proliferation, smooth muscle cell hypertrophy 
and extracellular collagen deposition, while aberrant 
angiogenesis disrupts normal vascular architecture and 
haemodynamics.37 Concomitantly, inflammatory infiltra-
tion and fibrotic transformation impair alveolar-capillary 
gas exchange, establishing a hypoxic microenvironment 
that triggers compensatory neovascularisation to meet 
heightened metabolic demands.18 38 39 Persistent hypoxia 
triggers hypoxic pulmonary vasoconstriction that drives 
shear stress-associated vascular remodelling, manifested 
as proliferation and hypertrophy of vascular smooth 

muscle cells.40 Additionally, hypoxia activates inflamma-
tion, releases a large number of pro-angiogenic factors, 
induces pathological vascular remodelling and aggra-
vates pulmonary vascular injury.41–43

Studies have demonstrated the occurrence of vascular 
remodelling in IPF,44–49 a process that is particularly 
pronounced in regions adjacent to fibroblast lesions, and 
the blood vessel density within the fibroblast lesions is 
reduced.44 This biphasic pattern of vascular remodelling 
is further characterised by temporally dynamic angio-
genic responses: the dynamic of angiogenesis in pulmo-
nary fibrosis initially exhibits an upsurge, peaking at a 
certain point, before subsequently diminishing to levels 
below normalcy. During the initial phase of microfibrosis 
development, there is an increase in capillary density. 
Conversely, in areas with advanced fibrosis, capillary 
density diminishes. Importantly, our imaging analyses 
corroborate this chronological trajectory, as heightened 
vascular intensity on QCT—likely reflecting the hyper-
proliferative phase—showed strong association with 
rapid disease progression.

In patients with MDA5+DM, LDH emerges as a direct 
risk factor and a mediator of subpleural vessel diam-
eter, both of which impact patient prognosis. LDH itself 
usually does not have specific and direct ‘functional’ 
effects on blood vessels when it is released into the blood-
stream. However, the underlying pathological conditions 
reflected by the release of LDH into the blood may affect 
blood vessels through inflammation-mediated patho-
physiological mechanisms, enhanced oxidative stress 
and metabolic dysregulation. Inflammation-mediated 
vascular injury: serum LDH levels correlate with disease 
activity in IIM, reflecting myocyte damage and inflamma-
tory responses. Inflammatory mediators (eg, cytokines) 
released during muscle injury directly impair vascular 
endothelial cells, leading to dysregulated vasodilation/
constriction.50–56 Oxidative stress mechanisms: LDH-
driven glycolysis under hypoxia/inflammation promotes 
lactate accumulation and microenvironment acidifica-
tion, exacerbating myocyte injury. Concurrent mitochon-
drial dysfunction generates excessive reactive oxygen 
species, damaging vascular smooth muscle cells and 
endothelial integrity via oxidative stress.53 57–62 Metabolic 
dysregulation: chronic inflammation disrupts glucose/
lipid metabolism via oxidative stress. Hyperglycaemia 
induces endothelial glycation, while dyslipidaemia 
promotes vascular lipid deposition, collectively acceler-
ating atherosclerosis and vascular stenosis.59 63–68

Previous studies have demonstrated that PVRS stands as 
the most significant independent predictor of mortality 
in connective tissue disease-associated ILD patients.18 69 70 
Chung et al19 revealed a negative correlation between 
PVRS and DLCO% in connective tissue disease-associated 
ILD individuals. Our findings also indicate that the quan-
titative PVRS characteristics of vascular diameter directly 
affect the prognosis of patients. Consequently, quantita-
tive pulmonary vascular CT features serve as a valuable 
tool for assessing disease severity and evaluating outcomes, 
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with PVRS emerging as a viable imaging marker in serial 
CT scans. Furthermore, QCT features offer insights into 
the quantity, volume, intensity and diameter of blood 
vessels, which, coupled with fundamental research, can 
deepen our understanding of the pathophysiological 
mechanisms underlying vascular alterations in ILD.

This is the first study to demonstrate that PVRS 
serves as a risk factor for RP-ILD and poor prognosis 
in patients with ASS and MDA5+DM; however, there 
are several limitations as follows: first, the sample size 
of our external validation cohort was relatively small, 
which may affect the generalisability of our findings 
and necessitate further confirmation in larger, multi-
centre studies. Second, potential biases inherent in the 
AI-based analysis should be considered. Spectrum bias 
may exist based on the composition and distribution of 
the training datasets used during its development. In 
addition, the accuracy of the segmentation is dependent 
on image quality and specific scanner protocols. Varia-
tions in these factors across institutions could affect the 
algorithm’s performance when applied to new popula-
tions. Although it demonstrated high reproducibility in 
our internal validation, these potential biases suggest 
that its performance should be further validated across 
diverse clinical settings and equipment. Furthermore, 
the quantitative PVRS could not differentiate between 
arterial and venous vessels. Additionally, we failed to 
incorporate clinical features of pulmonary pressure from 
echocardiography or right heart catheterisation and did 
not thoroughly explore the relationship between PVRS 
and pulmonary arterial hypertension. Another limitation 
of this study is the 24% attrition rate, which may intro-
duce selection bias. However, a comparison of baseline 
characteristics revealed that while there were differences 
in subtype, disease duration and ALT, the groups were 
comparable on key prognostic factors. Since our analysis 
was stratified by subtype and the other differing variables 
were not independent risk factors of the outcome, we 
believe the risk of substantial bias is low. Finally, during 
the inflammatory process, various cytokines and inflam-
matory mediators are produced. These inflammatory 
mediators can damage vascular endothelial cells, leading 
to their dysfunction, resulting in abnormal vasodilation 
and constriction functions of blood vessels. However, we 
did not analyse the correlation of PVRS with cytokines 
and inflammatory mediators.

CONCLUSION
AI-based QCT enables the development of digital 
biomarkers that have significantly contributed to the 
assessment of prognosis and disease behaviour of IIM-
ILD. The QCT features of PVRS at baseline in IIM-ILD 
patients were associated with rapid progression and were 
inversely associated with interstitial lesions and pulmo-
nary function outcomes. Quantitative characteristics of 
pulmonary vessel diameter are risk factors for poor prog-
nosis in patients with IIM-ILD.
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