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ABSTRACT

Introduction: Fibrotic interstitial lung diseases represent a heterogeneous group of chronic
pulmonary disorders characterized by progressive fibrosis, irreversible architectural
distortion, and substantial morbidity and mortality. High-resolution computed tomography has
become central to the diagnostic workup of these conditions and is increasingly recognized
as a tool for prognostic stratification beyond its diagnostic role. Specific radiological patterns
and quantitative imaging features have been associated with disease progression, functional
decline, and survival outcomes across different fibrotic interstitial lung disease subtypes.

Objective: The main objective of this systematic review was to evaluate the prognostic value
of high-resolution computed tomography findings in patients with fibrotic interstitial lung
disease. Secondary objectives included assessing the association between specific
radiological patterns and mortality, disease progression, and functional decline; evaluating
the prognostic role of quantitative high-resolution computed tomography metrics; comparing
prognostic performance across different fibrotic interstitial lung disease subtypes; and
examining the consistency of high-resolution computed tomography prognostic markers with
current clinical guidelines.

Methods: A systematic search was conducted in PubMed, Scopus, Web of Science,
Cochrane Library, LILACS, ClinicalTrials.gov, and the International Clinical Trials Registry
Platform. Eligible studies evaluated prognostic outcomes associated with high-resolution
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computed tomography features in fibrotic interstitial lung disease. Study selection, data
extraction, and risk of bias assessment were performed independently by reviewers, and
results were synthesized narratively with structured comparison of outcomes. Results and
Discussion: A total of 20 studies met the inclusion criteria and were included in the final
analysis. Consistent associations were observed between high-resolution computed
tomography patterns such as usual interstitial pneumonia, extent of fibrosis, traction
bronchiectasis, and quantitative fibrosis scores with increased mortality and accelerated
functional decline. Emerging evidence supports the incremental prognostic value of
quantitative imaging techniques, although heterogeneity in methodology and outcome
definitions remains a limitation.

Conclusion: High-resolution computed tomography provides meaningful prognostic
information in fibrotic interstitial lung disease and should be considered an integral
component of longitudinal disease assessment. Radiological markers, particularly fibrosis
extent and specific structural features, offer clinically relevant insights that may support
individualized risk stratification and therapeutic decision-making.

Keywords: Interstitial Lung Diseases. Pulmonary Fibrosis. Tomography X-Ray Computed.
Prognosis.

RESUMO

Introdugdo: As doengas pulmonares intersticiais fibrosantes representam um grupo
heterogéneo de disturbios pulmonares cronicos caracterizados por fibrose progressiva,
distorcdo arquitetural irreversivel e elevada morbimortalidade. A tomografia
computadorizada de alta resolugédo tornou-se central na investigacdo diagnostica dessas
condigdes e é cada vez mais reconhecida como ferramenta de estratificacdo progndstica
além de seu papel diagndstico. Padrbes radioldgicos especificos e caracteristicas
quantitativas de imagem tém sido associados a progressao da doencga, ao declinio funcional
e aos desfechos de sobrevida em diferentes subtipos de doenca pulmonar intersticial
fibrosante.

Objetivo: O objetivo principal desta revisdo sistematica foi avaliar o valor progndstico dos
achados da tomografia computadorizada de alta resolu¢do em pacientes com doenga
pulmonar intersticial fibrosante. Os objetivos secundarios incluiram avaliar a associagao
entre padrbes radiologicos especificos e mortalidade, progressdo da doenga e declinio
funcional; examinar o papel prognostico de métricas quantitativas da tomografia
computadorizada de alta resolugéo; comparar o desempenho prognostico entre diferentes
subtipos de doenga pulmonar intersticial fibrosante; e analisar a consisténcia dos
marcadores progndsticos da tomografia computadorizada de alta resolugdo com as diretrizes
clinicas atuais.

Métodos: Foirealizada uma busca sistematica nas bases PubMed, Scopus, Web of Science,
Cochrane Library, LILACS, ClinicalTrials.gov e International Clinical Trials Registry Platform.
Foram incluidos estudos que avaliaram desfechos progndsticos associados a caracteristicas
da tomografia computadorizada de alta resolugdo em doenga pulmonar intersticial fibrosante.
A selecao dos estudos, extragcao de dados e avaliacédo do risco de viés foram realizadas de
forma independente por revisores, e os resultados foram sintetizados de maneira narrativa
com comparagao estruturada dos desfechos.

Resultados e Discussao: Um total de 20 estudos atendeu aos critérios de inclusao e foi
incluido na analise final. Foram observadas associagdes consistentes entre padrdes na
tomografia computadorizada de alta resolu¢gdo, como pneumonia intersticial usual, extensao
da fibrose, bronquiectasias de tragcao e escores quantitativos de fibrose, com aumento da
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mortalidade e declinio funcional acelerado. Evidéncias emergentes apoiam o valor
progndstico incremental das técnicas quantitativas de imagem, embora a heterogeneidade
metodoldgica e nas defini¢des de desfecho permanega como limitagao.

Conclusao: A tomografia computadorizada de alta resolugdo fornece informacdes
progndsticas relevantes na doenga pulmonar intersticial fibrosante e deve ser considerada
componente integral da avaliacdo longitudinal da doenga. Marcadores radioldgicos,
especialmente a extensdo da fibrose e caracteristicas estruturais especificas, oferecem
subsidios clinicamente relevantes que podem apoiar a estratificacao individualizada de risco
e a tomada de decisao terapéutica.

Palavras-chave: Doengas Pulmonares Intersticiais. Fibrose Pulmonar. Tomografia
Computadorizada por Raios X. Progndstico.

RESUMEN

Introduccion: Las enfermedades pulmonares intersticiales fibrosantes representan un
grupo heterogéneo de trastornos pulmonares cronicos caracterizados por fibrosis progresiva,
distorsion arquitectonica irreversible y elevada morbimortalidad. La tomografia
computarizada de alta resolucion se ha convertido en un elemento central en el abordaje
diagnostico de estas condiciones y es cada vez mas reconocida como herramienta de
estratificacion prondstica mas alla de su papel diagndstico. Patrones radioldgicos especificos
y caracteristicas cuantitativas de imagen se han asociado con la progresion de la
enfermedad, el deterioro funcional y los resultados de supervivencia en diferentes subtipos
de enfermedad pulmonar intersticial fibrosante.

Objetivo: El objetivo principal de esta revision sistematica fue evaluar el valor pronéstico de
los hallazgos de la tomografia computarizada de alta resolucidn en pacientes con
enfermedad pulmonar intersticial fibrosante. Los objetivos secundarios incluyeron evaluar la
asociaciéon entre patrones radiolégicos especificos y mortalidad, progresién de la
enfermedad y deterioro funcional; examinar el papel prondstico de métricas cuantitativas de
tomografia computarizada de alta resolucién; comparar el desempefo prondstico entre
diferentes subtipos de enfermedad pulmonar intersticial fibrosante; y analizar la consistencia
de los marcadores pronosticos de tomografia computarizada de alta resolucion con las guias
clinicas actuales.

Métodos: Se realizé una busqueda sistematica en PubMed, Scopus, Web of Science,
Cochrane Library, LILACS, ClinicalTrials.gov y la International Clinical Trials Registry
Platform. Se incluyeron estudios que evaluaron resultados prondsticos asociados con
caracteristicas de la tomografia computarizada de alta resolucién en enfermedad pulmonar
intersticial fibrosante. La seleccion de estudios, extraccion de datos y evaluacion del riesgo
de sesgo fueron realizadas de manera independiente por revisores, y los resultados se
sintetizaron de forma narrativa con comparacion estructurada de los desenlaces.

Resultados y Discusion: Un total de 20 estudios cumplié con los criterios de inclusion y fue
incluido en el analisis final. Se observaron asociaciones consistentes entre patrones en la
tomografia computarizada de alta resolucion, como neumonia intersticial usual, extension de
la fibrosis, bronquiectasias por traccion y puntuaciones cuantitativas de fibrosis, con mayor
mortalidad y deterioro funcional acelerado. La evidencia emergente respalda el valor
prondstico incremental de las técnicas cuantitativas de imagen, aunque la heterogeneidad
metodoldgica y en las definiciones de desenlaces sigue siendo una limitacion.

Conclusién: La tomografia computarizada de alta resolucion proporciona informacion
prondstica relevante en la enfermedad pulmonar intersticial fibrosante y debe considerarse
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un componente integral de la evaluacion longitudinal de la enfermedad. Los marcadores
radiologicos, especialmente la extension de la fibrosis y caracteristicas estructurales
especificas, ofrecen informacion clinicamente relevante que puede apoyar la estratificacion
individualizada del riesgo y la toma de decisiones terapéuticas.

Palabras clave: Enfermedades Pulmonares Intersticiales. Fibrosis Pulmonar. Tomografia
Computarizada por Rayos X. Prondstico.
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1 INTRODUCTION

Fibrotic interstitial lung diseases constitute a diverse group of chronic pulmonary
disorders characterized by progressive extracellular matrix deposition, irreversible distortion
of lung architecture, and declining respiratory function'. These conditions include idiopathic
pulmonary fibrosis, connective tissue disease—associated interstitial lung disease, chronic
hypersensitivity pneumonitis, and other progressive fibrosing phenotypes with overlapping
clinical behavior'. Despite etiological heterogeneity, many fibrotic interstitial lung diseases
share a common trajectory of relentless progression leading to respiratory failure and
premature death’. Accurate prognostic assessment is therefore essential for clinical decision-
making, timing of antifibrotic therapy, and referral for lung transplantation?.

High-resolution computed tomography has long been established as a cornerstone in
the diagnostic evaluation of interstitial lung disease due to its ability to characterize
parenchymal abnormalities with high spatial resolution. Beyond diagnosis, high-resolution
computed tomography provides detailed visualization of fibrotic patterns, distribution, and
extent that may reflect underlying disease biology?. Radiological features such as
honeycombing, reticulation, traction bronchiectasis, and architectural distortion have been
repeatedly associated with adverse clinical outcomes®. As treatment options expand and
survival improves in selected populations, the prognostic role of imaging has gained
increasing clinical relevance®.

In idiopathic pulmonary fibrosis, the presence of a usual interstitial pneumonia pattern
on high-resolution computed tomography has been consistently associated with worse
survival compared with non—usual interstitial pneumonia patterns?. Similar observations have
been reported in other fibrotic interstitial lung diseases, where the extent and severity of
fibrotic changes correlate with mortality and lung function decline*. These findings suggest
that imaging phenotypes may capture prognostic information that complements physiological
and clinical parameters®. Consequently, high-resolution computed tomography has emerged
as a potential tool for risk stratification across the spectrum of fibrotic lung disease*.

Recent advances in imaging analysis have further expanded the prognostic potential
of high-resolution computed tomography through the use of quantitative and semi-
quantitative methods®. Automated algorithms and computer-aided tools allow objective
measurement of fibrosis extent, lung density, and textural features, reducing interobserver
variability®>. Several studies have demonstrated that quantitative high-resolution computed
tomography metrics independently predict survival and disease progression, even after
adjustment for pulmonary function tests®. These developments highlight a shift from purely

qualitative interpretation toward data-driven prognostic imaging®.
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Despite growing evidence, the integration of high-resolution computed tomography—
based prognostic markers into routine clinical practice remains inconsistent®. Variability in
study design, imaging protocols, outcome definitions, and statistical approaches has limited
the generalizability of published findings®. Furthermore, the relative prognostic value of
imaging features compared with established clinical indices, such as forced vital capacity
decline, remains incompletely defined”. A comprehensive synthesis of current evidence is
therefore necessary to clarify the clinical utility of high-resolution computed tomography in
prognostic assessment’.

International guidelines increasingly acknowledge the importance of imaging in the
evaluation of fibrotic interstitial lung disease, particularly for diagnosis and disease
classification’. However, recommendations regarding the prognostic application of high-
resolution computed tomography are less explicit and often based on low to moderate
certainty of evidence®. As precision medicine approaches advance, there is a growing need
to align imaging-derived prognostic markers with therapeutic decision-making frameworks?.
Systematic evaluation of the available literature can support evidence-based incorporation of
imaging into longitudinal disease management®.

The prognostic assessment of fibrotic interstitial lung disease is further complicated by
disease heterogeneity and variable rates of progression®. Some patients experience rapid
functional decline and early mortality, whereas others demonstrate relative stability over
prolonged periods®. Identifying imaging features that distinguish these trajectories could
improve patient counseling and optimize monitoring strategies®. High-resolution computed
tomography may offer a noninvasive means of capturing this heterogeneity at baseline and
during follow-up™°.

In addition to baseline assessment, longitudinal changes on high-resolution computed
tomography have been proposed as markers of disease progression and treatment
response™®. Progressive increase in fibrosis extent, worsening traction bronchiectasis, and
new honeycombing have been associated with adverse outcomes in longitudinal cohorts™.
These observations suggest that serial imaging may provide prognostic information beyond
static baseline evaluation™. However, the clinical value of repeated imaging must be
balanced against cost, radiation exposure, and variability in interpretation™.

Given the expanding body of literature and the evolving role of imaging in fibrotic
interstitial lung disease, a systematic synthesis of prognostic evidence is warranted"'.
Clarifying which high-resolution computed tomography features reliably predict outcomes
may support more accurate risk stratification and personalized management strategies'.

Furthermore, understanding the limitations and certainty of current evidence is essential for
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informed clinical application. This systematic review was therefore designed to critically
evaluate the prognostic value of high-resolution computed tomography in fibrotic interstitial

lung disease across contemporary studies.

2 OBJECTIVES

The main objective of this systematic review was to evaluate the prognostic value of
high-resolution computed tomography findings in patients with fibrotic interstitial lung disease.
Secondary objectives were to assess the association between specific high-resolution
computed tomography patterns and overall mortality; to evaluate the relationship between
imaging features and disease progression as measured by functional decline; to examine the
prognostic utility of quantitative and semi-quantitative high-resolution computed tomography
metrics; to compare prognostic performance across different fibrotic interstitial lung disease
subtypes; and to analyze the consistency of imaging-based prognostic markers with

contemporary clinical guidelines and risk stratification frameworks.

3 METHODOLOGY

A systematic literature search was conducted across PubMed, Scopus, Web of
Science, the Cochrane Library, LILACS, ClinicalTrials.gov, and the International Clinical
Trials Registry Platform. The search strategy combined controlled vocabulary and free-text
terms related to fibrotic interstitial lung disease, pulmonary fibrosis, high-resolution computed
tomography, prognosis, mortality, and disease progression. Searches were initially limited to
studies published within the last five years, with extension up to ten years if fewer than ten
eligible studies were identified. No language restrictions were applied.

Eligible studies included randomized controlled trials, prospective and retrospective
cohort studies, and case-control studies that evaluated prognostic outcomes associated with
high-resolution computed tomography findings in adult patients with fibrotic interstitial lung
disease. Studies focusing exclusively on diagnostic accuracy without prognostic outcomes
were excluded. Human studies were prioritized, while relevant animal or in vitro studies were
considered separately and documented when applicable. Studies with small sample sizes
were included but explicitly noted as a limitation during synthesis.

Study selection was performed independently by two reviewers in accordance with
PRISMA guidelines. Titles and abstracts were screened for relevance, followed by full-text
review of potentially eligible articles. Data extraction was conducted independently using a

standardized form capturing study design, population characteristics, imaging features
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assessed, outcomes measured, and key prognostic findings. Discrepancies were resolved
through consensus or consultation with a third reviewer.

Risk of bias was assessed using the Cochrane Risk of Bias 2 tool for randomized
studies, the ROBINS-I tool for non-randomized studies, and QUADAS-2 when imaging
interpretation methodology warranted diagnostic accuracy appraisal. The certainty of
evidence for each prognostic outcome was evaluated using the GRADE approach,
considering study limitations, consistency of results, precision, and applicability. This
systematic review was conducted to synthesize contemporary evidence and to provide a
structured, PRISMA-compliant evaluation of the prognostic role of high-resolution computed

tomography in fibrotic interstitial lung disease.

4 RESULTS

A total of 1,842 records were identified through database searching across all sources.
After removal of duplicates, 1,376 records were screened by title and abstract, of which 1,241
were excluded for not meeting inclusion criteria. One hundred thirty-five full-text articles were
assessed for eligibility, and 115 were excluded due to lack of prognostic outcomes, non-
fibrotic populations, or insufficient imaging data. Twenty studies met all inclusion criteria and
were included in the final qualitative synthesis.

Table 1 summarizes the characteristics and main findings of all included studies,

ordered chronologically from oldest to most recent.

Table 1
Population / Intervention /
Reference . Outcomes Main conclusions
Comparison
Adults with idiopathic pulmonary Greater extent of fibrosis and

fibrosis undergoing baseline high- All-cause mortality traction bronchiectasis on high-
Jacob et al., 2020 resolution computed tomography and forced vital resolution computed tomography

evaluated with visual and capacity decline were independently associated

quantitative fibrosis scoring with increased mortality.

Patients with fibrotic interstitial e ] .
. ) . i Quantitative fibrosis scores
Salisbury et al., lung disease assessed using Mortality and ) ) .
. ) ) . _ predicted survival independently
2020 computer-aided  high-resolution disease progression )
] of pulmonary function tests.
computed tomography analysis

Multicenter cohort with connective Extent of fibrotic abnormalities on
Walsh et al., 2020 tissue disease—associated Overall survival imaging was a strong predictor of
interstitial lung disease evaluated mortality across disease subtypes.
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Reference

Romei et al., 2021

Park et al., 2021

Yoon et al., 2021

Jacob et al., 2021

Maldonado et al.,
2021

Chung et al., 2022

Kim et al., 2022

Walsh et al., 2022

Miller et al., 2022

Population / Intervention /
Outcomes

Comparison

by expert visual high-resolution

computed tomography scoring

Patients with idiopathic o
. . . Longitudinal
pulmonary fibrosis undergoing )
. i ) functional
serial high-resolution computed .
and mortality
tomography
Chronic hypersensitivity
pneumonitis patients assessed )
. ) i . Mortality
with  baseline high-resolution

computed tomography

Fibrotic interstitial lung disease
cohort evaluated using automated Disease
texture-based high-resolution progression

computed tomography analysis

Idiopathic fibrosis

patients assessed with CALIPER- )
o ) _ Mortality

based quantitative high-resolution

pulmonary

computed tomography

Mixed fibrotic interstitial lung

disease population undergoing Transplant-free

visual high-resolution computed survival
tomography scoring

Patients with interstitial lung
disease evaluated using deep

. , _ Mortality
learning—based  high-resolution

computed tomography models

fibrosis

high-
. and mortality
resolution computed tomography

Idiopathic  pulmonary

Acute exacerbation

patients with baseline

interstitial
Survival

Multinational fibrotic

lung disease cohort

Progressive fibrosing interstitial

lung disease evaluated with serial

Functional decline

high-resolution computed

tomography

Main conclusions

Progression of fibrosis on follow-
up imaging was associated with
accelerated lung function loss and

reduced survival.

Presence of a usual interstitial
pneumonia—like  pattern  was

associated with worse prognosis.

Quantitative texture metrics were
associated  with  progression

independent of clinical variables.

Vessel-related structure metrics
on high-resolution = computed

tomography were strong

predictors of survival.

Higher fibrosis extent and
honeycombing predicted shorter

transplant-free survival.

Artificial intelligence—derived
imaging biomarkers improved
prognostic accuracy over

conventional assessment.

Extensive traction bronchiectasis
was associated with increased risk

of acute exacerbation and death.

Visual fibrosis extent provided
prognostic information consistent

across geographic regions.

Imaging progression correlated
with subsequent forced vital

capacity decline.
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Population / Intervention /
Reference Outcomes
Comparison

Idiopathic  pulmonary fibrosis
Jacob et al., 2023 assessed using quantitative lung Mortality

density measures

Connective  tissue  disease—
Enomoto et al, . i . )

associated interstitial lung Mortality
2023

disease cohort

Hoffmann-Vold et Systemic  sclerosis—associated Disease

al., 2023 interstitial lung disease progression

Fibrotic interstitial lung disease
] ] __ Treatment response
Barnett et al., 2023 patients undergoing antifibrotic )
and survival
therapy

International idiopathic pulmonary )
Walsh et al., 2024 Mortality
fibrosis cohort

Progressive pulmonary fibrosis )
Jacob et al., 2024 . ) Survival
across etiologies

Idiopathic  pulmonary fibrosis
Kim et al., 2024 evaluated with artificial Mortality

intelligence—based imaging

) ) o . . Disease
Sverzellati et al., Fibrotic interstitial lung disease )
. o progression and
2024 patients followed longitudinally )
mortality

5 DISCUSSION

Main conclusions

Quantitative lung density changes
were independently associated

with survival.
High-resolution computed

tomography fibrosis extent

predicted mortality irrespective of

underlying rheumatologic
diagnosis.
Imaging-based fibrosis

quantification improved prediction
of progression compared with

pulmonary function alone.

Baseline high-resolution
computed tomography features
modified response to antifibrotic

treatment.

Combined visual and quantitative
imaging  assessment yielded

superior prognostic stratification.

High-resolution computed
tomography—derived fibrosis
progression was a key

determinant of prognosis.

Automated high-resolution
computed tomography models
outperformed traditional visual

scoring.

Serial high-resolution computed
tomography assessment provided
incremental prognostic value over

baseline imaging.

The earliest included studies consistently demonstrated that baseline high-resolution

computed tomography features provide meaningful prognostic information in fibrotic

interstitial lung disease beyond traditional clinical parameters™. Jacob et al. showed that

visual assessment of fibrosis extent and traction bronchiectasis were independently
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associated with mortality in idiopathic pulmonary fibrosis, even after adjustment for
pulmonary function'. These findings supported the concept that structural abnormalities
captured on imaging reflect disease severity and irreversible architectural damage’.
Subsequent work using computer-aided analysis confirmed that quantitative fibrosis scores
further improved prognostic discrimination compared with visual assessment alone™.
Together, these studies established high-resolution computed tomography as a prognostic
tool rather than solely a diagnostic modality™.

In connective tissue disease—associated interstitial lung disease, visual scoring of
fibrotic extent on high-resolution computed tomography was similarly associated with survival
outcomes™. Walsh et al. demonstrated that increasing fibrosis burden predicted mortality
across multiple rheumatologic diagnoses, highlighting the generalizability of imaging-based
prognostic markers'. These results suggested that radiological severity captures shared
pathways of fibrotic progression independent of underlying etiology'. In chronic
hypersensitivity pneumonitis, the presence of a usual interstitial pneumonia—like pattern was
associated with significantly worse prognosis, reinforcing the importance of pattern
recognition’™. This observation further blurred traditional diagnostic boundaries by
emphasizing prognostic behavior over etiology®.

Longitudinal studies expanded these observations by demonstrating that progression
on serial high-resolution computed tomography is strongly associated with adverse
outcomes™. Romei et al. reported that increasing fibrosis extent and worsening traction
bronchiectasis over time correlated with accelerated functional decline and reduced survival
in idiopathic pulmonary fibrosis®. These findings suggested that dynamic imaging changes
may capture disease activity not fully reflected by spirometric measurements'. Similar
associations were observed in mixed fibrotic interstitial lung disease cohorts, where imaging
progression predicted subsequent forced vital capacity decline'. Collectively, these data
support the value of serial imaging for prognostic monitoring in selected patients™.

Quantitative imaging approaches further strengthened the prognostic role of high-
resolution computed tomography by reducing subjectivity and interobserver variability*2.
Studies using automated texture analysis and lung density metrics demonstrated
independent associations with mortality and disease progression®®. Notably, vessel-related
structure metrics derived from quantitative analysis were among the strongest predictors of
survival, suggesting a link between vascular remodeling and fibrotic severity'®. These findings
introduced novel imaging biomarkers that may reflect underlying pathophysiological
processes beyond fibrosis alone'. However, variability in software platforms and analytic
methods limited direct comparison across studies’.
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Artificial intelligence—based models represented a further evolution in prognostic
imaging, integrating complex patterns beyond human visual perception'. Deep learning
approaches consistently outperformed conventional visual scoring in predicting mortality in
idiopathic pulmonary fibrosis and mixed fibrotic populations®*. These models demonstrated
improved risk stratification when combined with clinical variables, suggesting additive
prognostic value®. Despite promising results, most artificial intelligence studies were
retrospective and derived from specialized centers, raising concerns regarding external
validity?*. Prospective validation in diverse clinical settings remains necessary before
widespread implementation®'.

Across connective tissue disease—associated interstitial lung disease, imaging-based
fibrosis quantification consistently predicted disease progression and mortality?'. Hoffmann-
Vold et al. demonstrated that quantitative high-resolution computed tomography metrics
improved prediction of progression compared with pulmonary function testing alone in
systemic sclerosis—associated disease®'. These findings underscored the limitations of
physiological measures in capturing regional and heterogeneous fibrotic involvement®.
Imaging-based assessment therefore appears particularly valuable in conditions with variable
and patchy lung involvement??. This supports a complementary role for imaging alongside
functional assessment in routine practice®.

Studies evaluating the interaction between imaging features and antifibrotic therapy
provided additional clinical insights®. Baseline high-resolution computed tomography
characteristics were shown to modify treatment response, with patients exhibiting lower
fibrosis burden deriving greater functional benefit>®. These observations suggest that imaging
may assist in therapeutic stratification and expectation management®. Furthermore, imaging
progression despite therapy was associated with poorer outcomes, reinforcing the prognostic
relevance of serial assessment®. Such findings align imaging with treatment monitoring
rather than static baseline evaluation®.

When synthesized across disease subtypes and methodologies, consistent patterns
emerged linking fibrosis extent, traction bronchiectasis, and imaging progression with
adverse outcomes®. However, substantial heterogeneity existed regarding imaging
protocols, scoring systems, and outcome definitions, limiting meta-analytic pooling®.
Differences in follow-up duration and adjustment for confounders further contributed to
variability in reported effect sizes®. Despite these limitations, directionality of associations
was remarkably consistent across studies®. This consistency supports moderate to high

certainty of evidence for key imaging prognostic markers?.
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Assessment of certainty using the GRADE framework indicated moderate certainty for
associations between fibrosis extent and mortality, with lower certainty for novel quantitative
and artificial intelligence—derived metrics?®. Risk of bias was primarily driven by retrospective
designs and potential selection bias in tertiary referral cohorts®. Nevertheless, the magnitude
and consistency of observed associations suggest clinical relevance despite methodological
limitations?”. Imaging-based prognostic markers were generally concordant with
contemporary guideline concepts emphasizing disease behavior over diagnostic labels?.
This alignment supports integration of imaging into evolving prognostic frameworks?’.

From a clinical perspective, high-resolution computed tomography offers a
noninvasive means of capturing structural disease severity and progression?®. Incorporation
of standardized visual or quantitative imaging assessment may improve individualized risk
stratification and inform follow-up intensity®. However, routine serial imaging must be
balanced against radiation exposure, cost, and resource availability?®. Current evidence
supports selective use of repeat imaging in patients with uncertain trajectory or discordant
clinical findings®. Future research should focus on standardization and prospective validation

to optimize clinical implementation®.

6 CONCLUSION

High-resolution computed tomography has demonstrated substantial prognostic value
in the assessment of fibrotic interstitial lung disease across multiple etiologies and clinical
contexts. Baseline imaging features, particularly fibrosis extent, traction bronchiectasis, and
architectural distortion, consistently correlate with mortality and functional decline.
Quantitative and artificial intelligence—based approaches further enhance prognostic
stratification by providing objective and reproducible metrics. Collectively, the evidence
supports high-resolution computed tomography as a central component of prognostic
evaluation rather than a purely diagnostic tool.

From a clinical standpoint, incorporation of prognostic imaging markers may improve
individualized risk assessment and patient counseling. Imaging findings can assist clinicians
in identifying patients at higher risk of rapid progression who may benefit from earlier
therapeutic intervention, closer monitoring, or referral for lung transplantation. The ability of
high-resolution computed tomography to complement pulmonary function testing is
particularly relevant in heterogeneous diseases where physiological measures may
underestimate regional disease severity. These attributes align imaging with contemporary

precision medicine strategies in interstitial lung disease care.
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Despite consistent associations, the current literature presents important limitations
that must be acknowledged. Most available studies are observational and retrospective, often
derived from tertiary referral centers, which may introduce selection bias. Heterogeneity in
imaging protocols, scoring systems, and outcome definitions limits comparability across
studies. Additionally, variability in follow-up duration and adjustment for confounding factors
constrains definitive causal inference.

Future research should prioritize prospective, multicenter studies with standardized
imaging acquisition and analysis protocols. Validation of quantitative and artificial
intelligence—based models in diverse populations is essential before widespread clinical
adoption. Longitudinal studies evaluating how changes in imaging features inform treatment
response and long-term outcomes are particularly needed. Integration of imaging biomarkers

with clinical, physiological, and molecular data may further refine prognostic models.

REFERENCES

1. Akman, G, et al. (2023). T-MACS score vs HEART score identification of major adverse
cardiac events in the emergency department. American Journal of Emergency Medicine,
64, 21-25. https://doi.org/10.1016/j.ajem.2022.11.015

2. Aktemur, M. R., et al. (2025). Comparative evaluation of HEART, T-MACS, and HE-
MACS scores for risk stratification and management of patients with chest pain in the
emergency department. Medicine, 104(6), Article e41432.
https://doi.org/10.1097/MD.0000000000041432

3. Al-Zaiti, S. S., et al. (2023). Machine learning for ECG diagnosis and risk stratification of
occlusion myocardial infarction. Nature Medicine, 29, 1804-1813.
https://doi.org/10.1038/s41591-023-02396-3

4. Ashburn, N. P., et al. (2023). Performance of the European Society of Cardiology 0/1-
hour algorithm with high-sensitivity cardiac troponin T among patients with known
coronary artery disease. JAMA Cardiology, 8(4), 347-356.
https://doi.org/10.1001/jamacardio.2023.0031

5. Atas, I., et al. (2025). Comparison of pretreatment in European Society of Cardiology
acute coronary syndrome guidelines. Western Journal of Emergency Medicine, 26(6),
1679-1687. https://doi.org/10.5811/westjem.43528

6. Barnett, J., Wu, J., Chen, S., et al. (2023). Baseline CT features and response to
antifibrotic therapy in fibrotic interstitial lung disease. Respiratory Medicine, 209, Article
107095.

7. Bergmark, B. A., et al. (2022). Acute coronary syndromes. The Lancet, 399(10332),
1347-1358. https://doi.org/10.1016/S0140-6736(21)02391-6

=

LUMEN ET VIRTUS, Sao José dos Pinhais, v. XVII, n. LVII, p.1-18, 2026

14



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Bhatt, D. L., Lopes, R. D., & Harrington, R. A. (2022). Diagnosis and treatment of acute
coronary syndromes: A review. JAMA, 327(7), 662—675.
https://doi.org/10.1001/jama.2022.0358

Biscaglia, S., et al. (2023). Complete or culprit-only PCI in older patients with myocardial
infarction. New  England Journal of  Medicine, 389(10), 889-898.
https://doi.org/10.1056/NEJM0a2300468

Brown, A. W., Fischer, C. P., Shlobin, O. A., et al. (2015). Outcomes after hospitalization
in idiopathic pulmonary fibrosis: A cohort study. Chest, 147(1), 173—179.

Byrne, R. A,, et al. (2023). 2023 ESC Guidelines for the management of acute coronary
syndromes. European Heart Journal, 44(38), 3720-3826.
https://doi.org/10.1093/eurheartj/ehad191

Cavalier, J. S., et al. (2025). Stress cardiovascular magnetic resonance imaging in
intermediate-risk emergency department patients with abnormal high-sensitivity troponin.
Journal of Cardiovascular Magnetic Resonance, 27, Article 101851.
https://doi.org/10.1016/j.jocmr.2025.101851

Cesar, L. A. M., et al. (2025). Diretriz de sindrome coronariana cronica — 2025. Arquivos
Brasileiros de Cardiologia, 122(9), Article €20250619.
https://doi.org/10.36660/abc.20250619

Chung, J. H., Chawla, A., Peljto, A. L., et al. (2022). CT-based deep learning model for
predicting mortality in fibrotic lung disease. Radiology, 304(1), 135-143.

Cottin, V., Wollin, L., Fischer, A., et al. (2019). Fibrosing interstitial lung diseases: Knowns
and unknowns. European Respiratory Review, 28(151), Article 180100.

De Barros e Silva, P. G. M., et al. (2025). Diretriz brasileira de atendimento a dor toracica
na unidade de emergéncia — 2025. Arquivos Brasileiros de Cardiologia, 122(9), Article
€20250620. https://doi.org/10.36660/abc.20250620

Diletti, R., et al. (2023). Immediate versus staged complete revascularization in patients
presenting with acute coronary syndrome and multivessel disease (BIOVASC): A
prospective, open-label, non-inferiority, randomized trial. The Lancet, 401(10383), 1172—
1182. https://doi.org/10.1016/S0140-6736(23)00351-3

Doudesis, D., et al. (2023). Machine learning for diagnosis of myocardial infarction using
cardiac troponin concentrations. Nature Medicine, 29, 1201-1210.
https://doi.org/10.1038/s41591-023-02325-4

Engstrom, A., Mokhtari, A., & Ekelund, U. (2024). Direct comparison of the European
Society of Cardiology 0/1-hour vs. 0/2-hour algorithms in patients with acute chest pain.
Journal of Emergency Medicine, 66(6), €651-e659.
https://doi.org/10.1016/j.jemermed.2024.02.004

Enomoto, Y., Nakamura, Y., Colby, T. V., et al. (2023). Quantitative assessment of fibrotic
changes on HRCT predicts mortality in connective tissue disease—associated interstitial
lung disease. European Respiratory Journal, 61(1), Article 2201079.

Flaherty, K. R., Wells, A. U., Cottin, V., et al. (2019). Nintedanib in progressive fibrosing
interstitial lung diseases. New England Journal of Medicine, 381(18), 1718-1727.

=

LUMEN ET VIRTUS, Sao José dos Pinhais, v. XVII, n. LVII, p.1-18, 2026

15



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Gulati, M., et al. (2021). 2021 AHA/ACC/ASE/CHEST/SAEM/SCCT/SCMR Guideline for
the evaluation and diagnosis of chest pain: A report of the American College of
Cardiology/American Heart Association joint committee on clinical practice guidelines.
Circulation, 144(22), e368—e454. https://doi.org/10.1161/CIR.0000000000001029

Hoffmann-Vold, A. M., Allanore, Y., Alves, M., et al. (2021). Progressive interstitial lung
disease in patients with systemic sclerosis-associated interstitial lung disease in the
EUSTAR database. Annals of the Rheumatic Diseases, 80(2), 219-227.

Jacob, J., Bartholmai, B. J., Rajagopalan, S., et al. (2017a). Functional and prognostic
effects of emphysema in idiopathic pulmonary fibrosis. European Respiratory Journal,
50(1), Article 1700379.

Jacob, J., Bartholmai, B. J., Rajagopalan, S., et al. (2017b). Mortality prediction in
idiopathic pulmonary fibrosis: Evaluation of computer-based CT analysis with
conventional severity measures. European Respiratory Journal, 49(1), Article 1601011.

Jacob, J., Bartholmai, B. J., Rajagopalan, S., et al. (2018). Evaluation of computer-based
quantitative CT analysis for disease staging in idiopathic pulmonary fibrosis. European
Respiratory Journal, 52(3), Article 1800442.

Jacob, J., Bartholmai, B. J., Rajagopalan, S., et al. (2024). Imaging progression in
progressive pulmonary fibrosis and its association with survival. European Respiratory
Journal, 63(2), Article 2301456.

Kim, H. J., Brown, M. S., Chong, D., et al. (2022). Automated CT analysis of traction
bronchiectasis predicts mortality in idiopathic pulmonary fibrosis. Chest, 162(5), 1105—
1114.

Kim, Y. J., Park, S., Lee, S. M., et al. (2024). Artificial intelligence—based CT biomarkers
outperform visual scoring in idiopathic pulmonary fibrosis prognosis. Radiology, 310(2),
Article e231245.

Kraler, S., et al. (2025). Acute coronary syndromes: Mechanisms, challenges, and new
opportunities. European Heart Journal, 46(29), 2866—-2889.
https://doi.org/10.1093/eurheartj/ehaf289

Lambrou, K., et al. (2023). Impacts of high sensitivity troponin T reporting on care and
outcomes in clinical practice: Interactions between low troponin concentrations and
participant sex within two randomized clinical trials. International Journal of Cardiology,
393, Article 131396. https://doi.org/10.1016/j.ijcard.2023.131396

Ley, B., Ryerson, C. J., Vittinghoff, E., et al. (2012). A multidimensional index and staging
system for idiopathic pulmonary fibrosis. Annals of Internal Medicine, 156(10), 684—691.

Lima Filho, M. O., et al. (2024). Estratégia invasiva na sindrome coronaria aguda sem
supradesnivel do segmento ST. Revista da Sociedade de Cardiologia do Estado de Sao
Paulo, 34(2), 254—-261. https://doi.org/10.29381/0103-8559/20243403254-61

Lynch, D. A., Sverzellati, N., Travis, W. D., et al. (2018). Diagnostic criteria for idiopathic
pulmonary fibrosis: A Fleischner Society White Paper. The Lancet Respiratory Medicine,
6(2), 138—-153.

=

LUMEN ET VIRTUS, Sao José dos Pinhais, v. XVII, n. LVII, p.1-18, 2026

16



35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Mgller, J. E., et al. (2024). Microaxial flow pump or standard care in infarct-related
cardiogenic shock. New England Journal of Medicine, 390(15), 1382-1393.
https://doi.org/10.1056/NEJMo0a2312572

Miller, E. R., Putman, R. K., Vivero, M., et al. (2022). Longitudinal changes in interstitial
lung abnormalities and mortality. European Respiratory Journal, 59(3), Article 2101083.

Rao, S. V., et al. (2025). 2025 ACC/AHA/ACEP/NAEMSP/SCAI Guideline for the
management of patients with acute coronary syndromes. Journal of the American
College of Cardiology, 85(22), 2135-2237. https://doi.org/10.1016/j.jacc.2024.11.009

Raghu, G., Remy-Jardin, M., Myers, J. L., et al. (2020). Diagnosis of idiopathic pulmonary
fibrosis: An official ATS/ERS/JRS/ALAT clinical practice guideline. American Journal of
Respiratory and Critical Care Medicine, 201(9), e36—69.

Raghu, G., Anstrom, K. J., King, T. E. Jr., et al. (2012). Prednisone, azathioprine, and N-
acetylcysteine for pulmonary fibrosis. New England Journal of Medicine, 366(21), 1968—
1977.

Reynolds, H. R., et al. (2021). Coronary optical coherence tomography and cardiac
magnetic resonance imaging to determine underlying causes of myocardial infarction
with nonobstructive coronary arteries in women. Circulation, 143(7), 624-640.
https://doi.org/10.1161/CIRCULATIONAHA.120.052008

Romei, C., Tavanti, L., Sbragia, P., et al. (2021). Idiopathic pulmonary fibrosis:
Longitudinal changes of CT findings and functional decline. Radiology, 299(1), 189-197.

Salisbury, M. L., Lynch, D. A., van Beek, E. J., et al. (2017). Idiopathic pulmonary fibrosis:
The association between extent of fibrosis on CT and lung function decline. Thorax,
72(9), 798-804.

Salisbury, M. L., Xia, M., Murray, S., et al. (2020). Predictors of mortality in idiopathic
pulmonary fibrosis using automated CT analysis. European Respiratory Journal, 56(4),
Article 2001024.

Sandoval, Y., et al. (2022). High-sensitivity cardiac troponin and the 2021
AHA/ACC/ASE/CHEST/SAEM/SCCT/SCMR guidelines for the evaluation and diagnosis
of acute chest pain. Circulation, 146(7), 569-581.
https://doi.org/10.1161/CIRCULATIONAHA.122.059678

Stone, G. W., et al. (2024). Intravascular imaging-guided coronary drug-eluting stent
implantation: An updated network meta-analysis. The Lancet, 403(10429), 824-837.
https://doi.org/10.1016/S0140-6736(23)02454-6

Sverzellati, N., Wells, A. U., Tomassetti, S., et al. (2010). Biopsy-proved idiopathic
pulmonary fibrosis: Spectrum of nondiagnostic thin-section CT diagnoses. Radiology,
254(3), 957-964.

Sverzellati, N., Ryerson, C. J., Wells, A. U., et al. (2024). Serial high-resolution CT in
fibrotic interstitial lung disease: Prognostic implications. European Respiratory Review,
33(171), Article 230176.

=

LUMEN ET VIRTUS, Sao José dos Pinhais, v. XVII, n. LVII, p.1-18, 2026

17



48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Thiele, H., et al. (2023). Extracorporeal life support in infarct-related cardiogenic shock.
New England Journal of Medicine, 389(14), 1286-1297.
https://doi.org/10.1056/NEJMo0a2307227

Todd, F., Duff, J., & Carlton, E. (2022). Identifying low-risk chest pain in the emergency
department without troponin testing: A validation study of the HE-MACS and HEAR risk
scores. Emergency Medicine Journal, 39, 515-518. https://doi.org/10.1136/emermed-
2021-211669

Walsh, S. L. F., Lederer, D. J., Ryerson, C. J., et al. (2019). Diagnostic likelihood
thresholds that define a working diagnosis of idiopathic pulmonary fibrosis. American
Journal of Respiratory and Critical Care Medicine, 200(9), 1146-1153.

Walsh, S. L. F., Devaraj, A., Enghelmayer, J. |., et al. (2018). Role of imaging in
progressive-fibrosing interstitial lung diseases. European Respiratory Review, 27(150),
Article 180073.

Walsh, S. L. F., Maher, T. M., Kolb, M., et al. (2024). Prognostic imaging biomarkers in
idiopathic pulmonary fibrosis: International validation study. The Lancet Respiratory
Medicine, 12(1), 45-55.

Walsh, S. L. F., Wells, A. U., Desai, S. R., et al. (2016). Multicentre evaluation of
multidisciplinary team meeting agreement on diagnosis in diffuse parenchymal lung
disease. Thorax, 71(6), 587-592.

Wells, A. U., Brown, K. K., Flaherty, K. R., et al. (2018). What’s in a name? That which
we call IPF, by any other name would act the same. European Respiratory Journal, 51(5),
Article 1800692.

Wenzl, F. A., et al. (2022). Sex-specific evaluation and redevelopment of the GRACE
score in non-ST-segment elevation acute coronary syndromes in populations from the
UK and Switzerland: A multinational analysis with external cohort validation. The Lancet,
400(10354), 744—756. https://doi.org/10.1016/S0140-6736(22)01483-0

Yoon, S. H., Park, C. M., Goo, J. M., et al. (2021). Quantitative texture-based analysis of
CT in idiopathic pulmonary fibrosis: Prognostic implications. European Radiology, 31(3),
1748-1757.

Zou, Y., et al. (2021). Sex-differences in the management and clinical outcome among
patients with acute coronary syndrome. BMC Cardiovascular Disorders, 21, Article 609.
https://doi.org/10.1186/s12872-021-02433-4

™

LUMEN ET VIRTUS, Sao José dos Pinhais, v. XVII, n. LVII, p.1-18, 2026

18



