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Introduction

The application of Artificial Intelligence (AI) in chest Computed Tomography (CT)
is transforming the early detection and diagnosis of various pulmonary diseases.
AI algorithms significantly improve diagnostic accuracy and efficiency, particularly
in complex conditions like interstitial lung disease, pneumonia, and lung cancer,
through automated image analysis and feature extraction [1].

Magnetic Resonance Imaging (MRI) shows promising capabilities and future
prospects for diagnosing and monitoring interstitial lung diseases (ILDs). Various
MRI techniques, including proton, hyperpolarized gas, and ultrashort echo time
sequences, can provide vital functional and structural information without using
ionizing radiation, positioning MRI as a strong alternative or complementary tool
to CT [2].

Quantitative CT plays an emerging role in the comprehensive assessment and
management of Chronic Obstructive Pulmonary Disease (COPD). Quantitative
measures such as emphysema index, airway wall thickness, and gas trapping
offer personalized insights into disease progression, phenotype, and treatment
response, moving beyond traditional spirometry methods [3].

The utility of MRI extends to diagnosing and monitoring Acute Respiratory Dis-
tress Syndrome (ARDS). Advanced MRI techniques, including lung perfusion and
ventilation imaging, serve as non-invasive tools to assess lung injury, edema, and
alveolar recruitment, providing a valuable radiation-free option for critically ill pa-
tients [4].

CT pulmonary angiography (CTPA) is a highly accurate diagnostic modality for
acute pulmonary embolism (PE). Systematic reviews and meta-analyses confirm
its high sensitivity and specificity, underscoring its crucial role in the diagnostic
algorithm for suspected PE, with careful attention to technique and interpretation
being paramount [5].

Dual-Energy CT (DECT) has diverse applications in lung cancer imaging, offering
distinct advantages over conventional single-energy CT. DECT improves lesion
characterization, helps differentiate benign from malignant nodules, aids in as-
sessing lymph node involvement, detects distant metastases, and evaluates treat-
ment response comprehensively [6].

Free-breathing lung MRI demonstrates feasibility and utility in pediatric patients
with cystic fibrosis. This non-invasive technique effectively visualizes lung struc-
tural changes, inflammation, and air trapping, providing a radiation-free alternative
for long-term monitoring in this vulnerable population [7].

AI models show promising accuracy in diagnosing COVID-19 from chest CT im-
ages. Systematic reviews and meta-analyses conclude that AI-powered systems

can be valuable tools for rapid and efficient diagnosis, especially in settings with
limited resources, though further validation remains necessary [8].

Low-Dose CT (LDCT) lung cancer screening represents a critical advancement.
Narrative reviews discuss recent guideline updates, eligibility criteria, the benefits
of early detection, and the challenges like false positives and incidental findings,
emphasizing its significant role in reducing lung cancer mortality [9].

Advanced MRI techniques are also outlined for evaluating pulmonary hyperten-
sion (PH). Cardiac MRI assesses right ventricular function and morphology, while
pulmonary perfusion and flow imaging provide insights into hemodynamics and
vascular remodeling, offering a comprehensive, non-invasive assessment tool for
diagnosis and monitoring of PH [10].

Description

Medical imaging continues to evolve with significant advancements across var-
ious modalities for diagnosing and managing pulmonary diseases. Artificial In-
telligence (AI) is at the forefront of this evolution, particularly in chest Computed
Tomography (CT). AI algorithms enhance diagnostic accuracy and efficiency for
conditions such as interstitial lung disease, pneumonia, and lung cancer, by au-
tomating complex image analysis and feature extraction [1]. This demonstrates a
shift towards more precise and efficient diagnostic workflows, especially in chal-
lenging cases.

Magnetic Resonance Imaging (MRI) presents a compelling alternative, particularly
for patients requiring radiation-free options. Its capabilities are expanding in diag-
nosing and monitoring interstitial lung diseases (ILDs), employing techniques like
proton, hyperpolarized gas, and ultrashort echo time sequences to provide critical
functional and structural insights [2]. Moreover, MRI has shown significant utility
in assessing Acute Respiratory Distress Syndrome (ARDS) through lung perfu-
sion and ventilation imaging, offering a non-invasive way to evaluate lung injury,
edema, and alveolar recruitment in critically ill patients [4]. This makes MRI an
invaluable tool for long-term monitoring, exemplified by its application in pedi-
atric cystic fibrosis patients, where free-breathing lung MRI visualizes structural
changes, inflammation, and air trapping effectively [7].

CT-based imaging, while involving radiation, offers its own set of advanced ap-
plications. Quantitative CT is transforming the assessment and management of
Chronic Obstructive Pulmonary Disease (COPD). By providing measures such as
emphysema index, airway wall thickness, and gas trapping, it offers personalized
data on disease progression, phenotype, and treatment response, moving beyond
conventional spirometry [3]. Furthermore, CT pulmonary angiography (CTPA) re-
mains a highly sensitive and specific method for diagnosing acute pulmonary em-
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bolism (PE), crucial for timely intervention and patient management [5]. The pre-
cision of these CT modalities is also evident in Dual-Energy CT (DECT) for lung
cancer imaging, which improves lesion characterization, differentiates nodules,
assesses lymph node involvement, and evaluates treatment responses more ef-
fectively than standard CT [6].

The integration of AI further optimizes CT imaging, as seen in its promising perfor-
mance for COVID-19 diagnosis from chest CT images. AI-powered systems pro-
vide rapid and efficient diagnostic support, particularly in resource-constrained en-
vironments, although ongoing validation is key [8]. Beyond diagnosis, Low-Dose
CT (LDCT) lung cancer screening has become a vital tool for reducing mortality
through early detection. Current guidelines, eligibility criteria, and considerations
regarding false positives and incidental findings are continually refined to maxi-
mize its benefits [9].

Advanced MRI techniques also provide comprehensive non-invasive assessments
for conditions like pulmonary hypertension (PH). Cardiac MRI helps evaluate right
ventricular function and morphology, while pulmonary perfusion and flow imaging
offer insights into hemodynamics and vascular remodeling, improving diagnosis
and monitoring without the need for ionizing radiation [10]. This array of sophis-
ticated imaging techniques, both CT and MRI-based, often augmented by AI, col-
lectively contributes to a more accurate, efficient, and patient-centric approach to
diagnosing and managing complex pulmonary conditions.

Conclusion

Advances in medical imaging, encompassing both Computed Tomography (CT)
and Magnetic Resonance Imaging (MRI), are revolutionizing the diagnosis and
management of pulmonary diseases. Artificial Intelligence (AI) significantly en-
hances chest CT capabilities, improving diagnostic accuracy and efficiency for
conditions like interstitial lung disease, pneumonia, and lung cancer, by automat-
ing image analysis. AI models also show promise in rapid COVID-19 diagnosis
from CT scans.

Quantitative CT offers personalized insights for Chronic Obstructive Pulmonary
Disease (COPD) management, detailing disease progression and treatment re-
sponse with measures like emphysema index. Specialized CT modalities like CT
pulmonary angiography (CTPA) are crucial for diagnosing acute pulmonary em-
bolism (PE), while Dual-Energy CT (DECT) provides superior lesion characteri-
zation and staging for lung cancer. Low-Dose CT (LDCT) lung cancer screening
plays a vital role in early detection and mortality reduction.

MRI, as a radiation-free alternative, is increasingly valuable. It’s used for diagnos-
ing and monitoring interstitial lung diseases (ILDs) and Acute Respiratory Distress
Syndrome (ARDS), assessing lung injury and function. Free-breathing lung MRI is
particularly beneficial for long-term monitoring in pediatric cystic fibrosis patients.
Furthermore, advanced MRI techniques are essential for evaluating pulmonary hy-
pertension (PH), providing comprehensive assessments of cardiac function and
vascular remodeling. Collectively, these imaging innovations, often supported by
AI, lead to more precise, efficient, and safer patient care in pulmonary medicine.
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