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Abstract
Chronic obstructive pulmonary disease (COPD) is one of the leading causes of morbidity and mortality in China, highlighting the importance of 
early diagnosis and ongoing monitoring for effective management. In recent years, hyperpolarized 129Xe MRI technology has gained significant 
clinical attention due to its ability to noninvasively and visually assess lung ventilation, microstructure, and gas-exchange function. Its recent clin-
ical approval in China, the United States, and several European countries represents a significant advancement in pulmonary imaging. This re-
view provides an overview of the latest developments in hyperpolarized 129Xe MRI technology for COPD assessment in China. It covers the 
progress in instrument development, advanced imaging techniques, artificial intelligence–driven reconstruction methods, molecular imaging, 
and the application of this technology in both COPD patients and animal models. Furthermore, the review explores potential technical innova-
tions in 129Xe MRI and discusses future directions for its clinical applications, aiming to address existing challenges and expand the technology’s 
impact in clinical practice.
Keywords: hyperpolarized 129Xe MRI; COPD; pulmonary function; lung ventilation; alveolar microstructure; gas exchange; AI-driven reconstruction; 
molecular imaging. 

Introduction
Chronic obstructive pulmonary disease (COPD) represents a 
critical global health challenge, marked by persistently high 
prevalence, substantial mortality, and significant disability 
burdens, with particularly severe impacts on low- and 
middle-income countries. According to the Global Burden of 
Disease Study 2021, COPD remains one of the leading causes 
of years lived with disability and disability-adjusted life-years 
worldwide, consistently ranking among the top contributors 
to the global disease burden from 1990 to 2021.1-4 In partic-
ular, China bears the heaviest COPD burden globally, with 
epidemiological surveys estimating over 100 million diag-
nosed cases and a prevalence exceeding 40% among adults 
aged 60 years and older.5 It is concerning that recent study 
has indicated an accelerated incidence of COPD among indi-
viduals under the age of 50 years of age due to the synergistic 
effects of ozone exposure and household air pollution.6

Consequently, it has become increasingly urgent to improved 
diagnostic strategies across all age groups.

Clinically, COPD is characterized by persistent respiratory 
symptoms and progressive airflow limitation caused by air-
way inflammation, remodelling, and emphysema. Its develop-
ment and progression result from the interaction of multiple 
factors and mechanisms. It is primarily associated with the 
activation of inflammatory signalling pathways, immune im-
balance, protease/antiprotease imbalance, and oxidative/anti-
oxidative imbalance. During the progression of COPD, many 
biomarkers, such as tumour necrosis factor-alpha (TNF-α), 
interleukin-6 (IL-6), interleukin-8 (IL-8), undergo upregula-
tion or downregulation. Conventional diagnostic approaches 
for COPD include pulmonary function tests (PFTs) and CT. 
PFTs are considered the gold standard of COPD diagnosis, 
but they can only provide the overall evaluation of lung func-
tion, which limits their utility in the early disease stages of 
COPD. CT imaging is invaluable for detecting structural pa-
thologies like emphysema and airway remodelling; however, 
the associated ionizing radiation limits its routine use, partic-
ularly in younger patients.7
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Early diagnosis of COPD is vital for improving patient out-
comes.8 It enables timely interventions, such as smoking ces-
sation, personalized treatment strategies, and proactive 
disease management, which can slow disease progression and 
alleviate healthcare burdens. Yet, the insidious onset of 
COPD symptoms often leads to delayed diagnosis, highlight-
ing the need for more advanced and sensitive diagnostic tech-
niques. Over the past decades, hyperpolarized gas MRI, 
including 3He, 83Kr, and 129Xe,9-12 has been proposed for 
pulmonary function assessment. Among these, 129Xe MRI 
has the unique advantages for pulmonary gas-exchange as-
sessment owing to its good solubility in blood and tissue, and 
its chemical shift sensitivity to its local environment.13-16

Moreover, the cost-efficient production through cryogenic air 
separation and long spin polarization persistence, position 
129Xe MRI as the preferred modality over 3He (limited by 
reactor-dependent supply chains)17 and 83Kr (hampered by 
rapid depolarization kinetics)18 for clinical applications. 
Hyperpolarized 129Xe MRI has considerable potential for the 
early detection and comprehensive assessment of COPD, as it 
can visualize functional impairments that are not readily 
detected by conventional methods and has demonstrated 
safety and tolerability in both healthy volunteers and 
patients.19,20 Notably, the technique has been approved for 
clinical applications in China, United States, and some coun-
tries in Europe. A recent multinational, multicenter, and mul-
tiplatform study using 129Xe MR was initiated to evaluate 
the longitudinal progression of COPD.21 It implements a 
standardized protocol and elaborates on implementation 
steps, quality control methods, and lessons learned. It also 
tracks a GOLD III COPD patient through 48 weeks, captur-
ing 2 clinically significant events: an acute exacerbation (day 
9) and COVID-19 infection (day 103). Quantitative 129Xe 
MRI revealed progressive deterioration of gas-exchange func-
tion, with membrane uptake defects increasing and red blood 
cell (RBC) transfer deficits expanding, paralleling a decline in 
forced expiratory volume in one second (FEV1).

In this review, we focus on recent advancements in hyper-
polarized 129Xe MRI for COPD assessment, especially in 
China, and discuss its potential for improving early diagnosis 
of the disease as well as the challenges it may face in 
the future.

The development of hyperpolarized 129Xe MRI 
in China
Conventional clinical MRI relies predominantly on imaging 
protons within water molecules. However, the lung paren-
chyma, being mainly air-filled, exhibits a proton density ap-
proximately 1000 times lower than that of other tissues, 
resulting in very weak MR signals and challenging image ac-
quisition.22 Hyperpolarized 129Xe MRI overcomes this limi-
tation through spin-exchange optical pumping.23-25 In this 
process, laser-polarized alkali metal electrons transfer spin 
polarization to 129Xe nuclei via atomic collisions, generating 
hyperpolarized gas with a 104–105-fold signal enhancement 
over thermal equilibrium states, enabling high-resolution vi-
sualization of pulmonary structure, ventilation, and gas- 
exchange dynamics.

Research on the technique of hyperpolarized 129Xe MRI in 
China could date back to 1983, when Zeng et al26 conducted 
pioneering theoretical investigations into the spin-exchange 
cross-section and efficiency between alkali metal atoms and 

noble gases such as 129Xe. This seminal work established the 
theoretical framework for subsequent technological advan-
ces. Over the ensuing decades, 2 landmark achievements 
were realized: the acquisition of China’s first small animal 
129Xe lung MRI image,27 followed by the successful imple-
mentation of human pulmonary 129Xe MRI in 2010s with 
the homemade xenon gas polarizers and multi-nuclei MRI 
equipment.28 The feasibility and safety of hyperpolarized 
129Xe ventilation MRI for patients with lung diseases have 
been investigated in China in 2010s.29 During the COVID-19 
pandemic, hyperpolarized 129Xe MRI was first employed in 
China to detect impaired lung gas exchange in discharged 
COVID-19 patients,30 and its application has since expanded 
globally.31-35 These breakthroughs not only demonstrated 
the practical viability of the technology but also spurred the 
development of specialized equipment for translational re-
search, fostering comprehensive studies on methodological 
refinements and clinical applications. Notably, clinical trans-
lation of hyperpolarized 129Xe MRI has accelerated in recent 
years. In 2020, a 129Xe gas polarizer received approval from 
the National Medical Products Administration in China, and 
in 2023, the human lung multinuclear gas MRI system 
(uMR780(Xe)) was also approved for clinical lung scanning 
in China.36

Hyperpolarized 129Xe MRI for COPD 
assessment in China
Pulmonary ventilation function assessment
Hyperpolarized 129Xe MRI provides a direct and robust 
method for evaluating pulmonary ventilation. Upon inhala-
tion, xenon gas diffuses into alveolar spaces, enabling precise 
visualization of lung ventilation, which is also the earliest and 
most well-established application of 129Xe MRI. Unlike con-
ventional imaging modalities, 129Xe MRI is free from back-
ground interference from surrounding tissues (eg, cardiac or 
muscular structures), allowing unobstructed mapping of gas 
distribution and airflow dynamics within the lungs.19,37,38

This technique exhibits exceptional sensitivity in diagnosing 
obstructive lung diseases, such as COPD and asthma.39-41

The ventilation function can be quantified by calculating the 
percentage of poorly ventilated regions in co-registered 129Xe 
and 1H MRI images. Quantitative metrics such as the ventila-
tion defect percentage (VDP) are associated with the GOLD 
classification of COPD42 and have correlated strongly with 
PFTs.9,43,44 In order to characterize the heterogeneity of lung 
ventilation, more sophisticated methods such as the hierar-
chical k-means clustering algorithm45 and linear binning37

have been developed by international researchers.
In China, the technology was integrated into function- 

guided radiotherapy planning for lung cancer, where ventila-
tion maps optimized radiation beam angles to spare well- 
ventilated lung regions, enhancing therapeutic precision while 
preserving respiratory function.46

Typically, ventilation images are obtained during a sub-
ject’s breath-hold, referred to as static ventilation imaging. 
To improve image quality, various methods have been pro-
posed by Chinese researchers. For example, a k-space-based 
analysis method incorporating low-frequency boosting and 
high-frequency modulation to counteract magnetization loss, 
along with convex combination techniques in the image do-
main, was proposed. This approach could effectively enhance 
the signal-to-noise ratio (SNR) and reduce blurring in 
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ventilation images, particularly in patients with COPD.47 To 
address challenges such as limited breath-holding capacity 
and suboptimal spatial resolution, a gradient echo-zigzag se-
quence was introduced, utilizing an accelerated zigzag k- 
space trajectory. This technique enabled high-resolution func-
tional lung imaging within a clinically feasible 3.5-s acquisi-
tion window with spatial resolution of 3 mm, or 5.5-s 
acquisition window with spatial resolution of 2.5 mm 
(Figure 1), significantly improving sensitivity to impairment 
of ventilation function due to small airway obstructions.48

Beyond static imaging, hyperpolarized Xe MRI has also 
been employed for dynamic ventilation imaging, which pro-
vides continuous structural and functional information dur-
ing the respiratory cycle.49 Dynamic imaging enhances the 
ability to detect early-stage obstructive lung diseases and 
offers a more comprehensive assessment of ventilation het-
erogeneity. Several dynamic ventilation imaging methods 
have been developed, achieving image acquisition at 202 ms 
per frame, which might be helpful for the early detection of 
obstructive lung diseases.50,51

Alveolar diffusion and morphological parameters 
measurement
Quantitative assessment of the alveolar microstructure can be 
achieved by exploiting the diffusion properties of xenon gas 
within the alveoli. Hyperpolarized 129Xe diffusion-weighted 
imaging (DWI) is widely employed for this purpose. By 

integrating various diffusion models, such as the cylindrical 
model and the stretched exponential model, relevant alveolar 
structural parameters can be derived for pulmonary morpho-
logical evaluation.52,53 This approach has been successfully 
demonstrated in several pulmonary diseases characterized by 
altered alveolar structure, particularly COPD.54-56

Recent advancements in China have further expanded both 
the technique and applications of hyperpolarized 129Xe DWI. 
For instance, Wang et al57 and Ruan et al58 applied 129Xe 
DWI to assess elastase-induced emphysema in rat models. 
They reported significant differences in the apparent diffu-
sion coefficient and other morphological parameters between 
emphysematous and control groups, with these parameters 
correlating with pulmonary histological metrics. To capture 
the non-Gaussian diffusion behaviour of hyperpolarized 
129Xe in rat lungs more effectively, a diffusion kurtosis imag-
ing (DKI) model was introduced.59 This DKI approach was 
demonstrated to be sensitive in detecting smoke-induced pul-
monary lesions, including moderate emphysema and small 
airway diseases.

Acquisition of 129Xe DWI data typically requires multiple 
b-values to accurately fit the diffusion model and obtain the 
lung’s morphological parameters. In animal studies, such a 
long acquisition can be completed over multiple short breath- 
hold periods; however, in human imaging, the entire acquisi-
tion must often be completed within a single breath-hold. As 
a result, acceleration techniques are essential. Zhang et al60

Figure 1. 129Xe ventilation images obtained with balanced steady-state free precession (bSSFP) and gradient-recalled echo (GRE)-zigzag-YZ for a 
representative coronavirus disease 2019 patient. Blue, yellow, and red arrows indicate that more details of ventilation information are observed in the 
images acquired with GRE-zigzag-YZ compared with bSSFP in the corresponding slices, respectively.
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applied compressed sensing (CS) to achieve a 2-fold accelera-
tion of 129Xe DWI. Based on this work, Zhou et al61 ad-
vanced the CS method by introducing a variable-sampling- 
ratio CS technique that attained a 4-fold acceleration. Their 
methods not only maintained image quality but also reduced 
data acquisition time significantly. Most importantly, their 
methods can effectively distinguish COPD patients and 
smokers from healthy volunteers. Recently, a technique that 
combines 3D golden-angle radial sampling with keyhole re-
construction has been developed to further accelerate multi– 
b-value 129Xe DWI and achieve thinner slice imaging62; the 
lung microstructural measurements derived from this method 
showed significant differences between emphysema patients 
and healthy subjects (see Figure 2).

Pulmonary gas-exchange function assessment
Pulmonary gas-exchange capacity can be quantitatively eval-
uated by measuring the diffusion efficiency of gases across 
the alveolar-capillary membrane. Upon inhalation, hyperpo-
larized 129Xe exhibits 3 distinct resonance signals: in the alve-
olar gas phase (0 ppm), in tissue and plasma (197 ppm), and 
in RBCs (217 ppm).63 By analysing the dynamics of xenon 
gas among these compartments and applying gas-exchange 

models, the gas-blood exchange function of the lungs can be 
quantified both globally and regionally.64-66

Chemical shift saturation recovery (CSSR) was widely used for 
global quantifying the pulmonary gas-blood exchange func-
tion.16,30,67,68 In order to obtain quantitative information on gas- 
blood exchange, Patz,65 Mansson,66 and MOXE64 models were 
developed internationally. This technique has been employed in 
China to detect subtle impairments in gas-blood exchange func-
tion caused by lung diseases, such as in radiation-induced lung in-
jury,69 post-COVID-19 patients,30 and COPD.68,70 Notably, 
inspired by the CSSR technique, a new method was proposed for 
assessing pulmonary haematocrit using the properties of dis-
solved 129Xe MR signal oscillations.71

In addition to global measurements of gas exchange using 
CSSR, imaging methods have also been developed in China. 
Li et al proposed using hyperpolarized 129Xe chemical ex-
change saturation transfer (Hyper-CEST) to detect gas- 
exchange function change caused by COPD.72 They intro-
duced a parameter, the pulmonary apparent gas-exchange 
time constant (Tapp), and found that Tapp showed statistically 
significant differences between healthy and COPD cohorts.

Additionally, an approach to concurrently image lung ven-
tilation and gas-exchange function using hyperpolarized 

Figure 2. Representative 129Xe diffusion-weighted lung images (A) and corresponding pulmonary morphological parameter maps (B) from an age- 
matched healthy control (AMC; 67 years old) and a patient with emphysema (70 years old), acquired via 3D golden-angle radial sampling with keyhole 
reconstruction diffusion-weighted imaging. Abbreviation: Lm ¼mean airspace chord length, ADC ¼ apparent diffusion coefficient, SVR ¼ alveolar 
surface area to volume ratio.
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129Xe MRI has also been developed recently.73 This method 
involves separate excitation of 129Xe signals dissolved in tis-
sue/plasma and RBCs, simultaneous acquisition of 129Xe sig-
nals in alveoli and dissolved in either tissue/plasma or RBCs, 
and reconstruction by modulating the phase of k-space data. 
The technique has been successfully verified in rats and hu-
man lungs, quantifying the septal wall thickness changes 
caused by lung diseases.

Comprehensive assessment of lung function in 
COPD with 129Xe MR
A comprehensive evaluation of pulmonary function in COPD 
necessitates an integrated assessment of ventilation, micro-
structure, and gas exchange to fully understand lung physiol-
ogy. Rao et al70 utilized hyperpolarized 129Xe MR to 
systematically assess pulmonary physiological changes induced 
by ageing, smoking, and COPD. Their findings indicated that 
structural and functional changes in the lungs due to ageing, 
cigarette smoking, and COPD are diverse and exhibit progres-
sive deterioration with the accumulation of these risk factors 
(Figure 3). The clinical relevance of this study has been further 
underscored in follow-up discussions within the field.74

In addition to smoking, a well-established risk factor for 
COPD, environmental exposures such as air pollution signifi-
cantly contribute to the development and exacerbation of 
COPD. Zhang et al75 demonstrated that hyperpolarized 
129Xe MRI can quantitatively assess early-stage lung damage 
induced by fine particulate matter (PM2.5). Compared to the 
control group, although there were no significant changes in 
alveolar size, the exchange time constant and septal wall 
thickness both increased in the PM2.5 cohort, with results 
consistent with quantitative histology (Figure 4). These find-
ings demonstrated the potential of this technique for early as-
sessment of COPD.

Benefit from the radiation-free nature, hyperpolarized 
129Xe MRI emerges as an ideal modality for longitudinal pul-
monary monitoring in chronic respiratory diseases like 
COPD, given its radiation-free nature that enables safe re-
peated assessments. Zhang et al76 demonstrated this clinical 
potential through dynamic tracking of acute lung injury 
(ALI) progression, revealing distinctive biomarker sensitivi-
ties: alveolar structural parameters effectively reflected di-
mensional changes during chronic ALI phases, while the 
RBC/TP ratio maintained sensitivity to gas-exchange altera-
tions throughout the entire disease course.

Figure 3. Radar plots used to display the primary PFTs and hyperpolarized 129Xe MRI signatures associated with different groups. The mean values of the 
markers for each group are plotted along one of the 6 radial axes, which represent the following parameters: FEV1/FVC ratio, ventilation defect 
percentage (VDP), apparent diffusion coefficient (ADC), mean airspace chord length (Lm), total septal wall thickness (d), and the ratio of xenon signal from 
red blood cells to tissue (RBC/TP). Abbreviations: HY ¼ healthy young; AMC ¼ age-matched healthy control; AS ¼ asymptomatic smokers; COPD ¼
chronic obstructive pulmonary disease; FEV1/FVC ¼ forced expiratory volume in one second / forced vital capacity.
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Artificial intelligence–driven innovations in COPD 
diagnosis with hyperpolarized 129Xe MRI
While hyperpolarized gas MRI offers unparalleled insights 
into pulmonary structure and function for COPD evaluation, 
its clinical translation has been hindered by prolonged acqui-
sition times (10–20 s per scan) and noise-related artefacts. 
Cutting-edge artificial intelligence (AI) methodologies are 
now addressing these limitations through 3 synergistic path-
ways: accelerated reconstruction, noise-robust enhancement, 
and quantitative functional analysis.77

Duan et al’s78 cascaded convolutional neural networks 
CNNs model achieved fast and accurate reconstruction of hu-
man lung ventilation MRI from highly undersampled k-space 
(4×). Subsequent refinement via a cascaded deep cascade resid-
ual dense network (DC-RDN) model achieved 4× acceleration 
in gas multiple b-value diffusion-weighted MRI for lung mor-
phometry.79 The DC-RDN is able to provide both high- 
quality reconstructed images and good preservation of quanti-
tative microstructural information in both healthy volunteers 
and patients with COPD (Figure 5). To further accelerate the 
129Xe MRI, Li et al80 proposed an encoding-enhanced com-
plex CNN (EN2-CNN) that leverages the encoding properties 
of k-space data to improve reconstruction performance. By uti-
lizing the inherent characteristics of k-space data, EN2-CNN 
achieves higher quality image reconstruction, which is crucial 
for accurate diagnosis and assessment of COPD. These 
advancements in MRI reconstruction techniques have signifi-
cantly accelerated hyperpolarized 129Xe MRI, making the di-
agnosis of COPD faster and more efficient.

Beyond acceleration, AI-driven noise suppression and func-
tional quantification are revolutionizing hyperpolarized 
MRI’s diagnostic precision. Shi et al81 proposed a hybrid 
transformer-CNN network (HTC-net) for MRI denoising 
targeting Rician noise. By combining the strengths of trans-
former and CNN, HTC-net effectively captures long-range 
information and maintains local details, resulting in higher 
quality images. This method enhances the SNR and improves 
the clarity of the images, providing more accurate and reli-
able data for clinical decision-making. Furthermore, Li et al82

proposed a complementation-reinforced network (RSNet) 
that integrates reconstruction and segmentation tasks to im-
prove the precision of VDP. By sharing encoder weights and 
utilizing a feature-selecting block, RSNet demonstrates supe-
rior performance in identifying ventilated defects, which is 
crucial for COPD diagnosis. This method not only enhances 
image quality but also improves the accuracy of quantitative 
assessments, providing more reliable data for clinical deci-
sion-making.

The potential of 129Xe molecular imaging for early 
detection of COPD
While hyperpolarized 129Xe MRI is a powerful tool for 
detecting respiratory system diseases, 129Xe is an inert gas 
and does not inherently enable specific detection or 
molecular-level imaging. Molecular cages that can trap xenon 
atoms, such as cryptophane-A,83-85 cucurbit[6]uril,86 metal- 
organic frameworks,87-89 metal-organic layers,90 could gen-
erate a characteristic peak distinct from dissolved xenon or 
xenon gas (Figure 6). This provides a promising avenue for 

Figure 4. (A) Representative maps of the microstructure from the NS (top row) and PM2.5 rat groups (bottom row). H&E-stained lung tissue from 
representative NS (B) and PM2.5 rats (C). Dissolved xenon recovery curves of the representative NS rat (D) and PM2.5 rat (E). Comparison of RBC/gas, TP/ 
gas, and RBC/TP between the PM2.5 and NS cohorts (F). Correlation of septal thickness derived by hyperpolarized 129Xe MR and histology (G). 
Abbreviations: NS ¼ normal saline; PM2.5 ¼ particulate matter; SVR ¼ alveolar surface area to volume ratio; RBC/TP ¼ the ratio of xenon signal from red 
blood cells to tissue; TP ¼ tissue/plasma.
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hyperpolarized 129Xe MRI as a potential molecular imag-
ing modality.

In recent years, researchers in China have developed a se-
ries of hyperpolarized 129Xe molecular probes for detecting 
and imaging biomolecules in biological systems.91-96 These 
probes exhibit high selectivity and sensitivity with the best 
performance demonstrating an exceptional detection thresh-
old as low as 100 picomolar (pM), offering great potential 
for trace biomolecule detection in biological systems. 
Combining the detection and analysis of multiple biological 
markers may provide more significant insights than relying 
on a single marker alone. Although the field of molecular 
probe imaging is still in its infancy, in the future, hyperpolar-
ized 129Xe molecular probes are expected to be used for 
detecting and imaging COPD—related biomarkers, monitor-
ing COPD activity and progression, and guiding treatment. 
This could provide a novel way to diagnose COPD, making it 
a promising area for further research.

Future prospects and conclusions
Hyperpolarized 129Xe MRI represents a groundbreaking ad-
vancement in the evaluation of COPD, offering high- 

resolution visualization of lung physiology to comprehen-
sively assess ventilation patterns, structural morphology, and 
gas-exchange efficiency. Unlike conventional imaging modal-
ities, this technique eliminates exposure to ionizing radiation, 
rendering it uniquely suited for longitudinal monitoring of 
disease progression, therapeutic response, and early interven-
tion strategies.97

To translate its potential into routine clinical practice, the 
establishment of standardized protocols for patient prepara-
tion, image acquisition, and data analysis is imperative to en-
sure reproducibility and cross-study comparability.98

Integration of rapid imaging sequences, such as CS or parallel 
imaging, could further enhance scan efficiency while preserv-
ing diagnostic resolution. Concurrently, multicenter clinical 
trials are warranted to establish normative reference values, 
validate diagnostic thresholds, and identify imaging bio-
markers for personalized therapeutic strategies. 
Technological innovations, including optimized radiofre-
quency coils, next-generation polarizers, and advanced recon-
struction algorithms, will improve SNR and imaging 
sensitivity. Additionally, the development of a standardized 
lung atlas, analogous to neuroimaging templates, would en-
able automated quantification of regional ventilation defects 

Figure 5. Lung morphometry maps derived from the fully sampled and DC-RDN reconstructed images. Abbreviations: COPD ¼ chronic obstructive 
pulmonary disease; DC-RDN ¼ deep cascade of residual dense network; SVR ¼ alveolar surface area to volume ratio.
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and gas-transfer abnormalities, enhancing diagnostic preci-
sion and inter-institutional consistency.

The integration of 129Xe MRI with complementary modal-
ities, such as CT, PET, and molecular imaging, may provide a 
multiparametric assessment of pulmonary structure, func-
tion, and molecular activity, thereby improving diagnostic ac-
curacy and mechanistic insights. These advancements align 
with China’s national health priorities, particularly the 
Healthy China 2030 initiative, which emphasizes reducing 
mortality from chronic respiratory diseases and enhancing 
patient quality of life.99 The noninvasive, repeatable nature 
of hyperpolarized 129Xe MRI positions it as a strategic tool 
for achieving these objectives through early disease detection, 
precise monitoring, and tailored therapeutic regimens.

While challenges persist in protocol harmonization, infra-
structure development, and cost-effectiveness, hyperpolarized 
129Xe MRI holds transformative potential for COPD man-
agement. Several academic centres and hospitals have jointly 
drafted a multicenter 129Xe MRI clinical trials consortium 
for multisite trials, aiming to promote standardization and 
harmonization of this technique in clinical practice. In China, 
to address these challenges, radiologists and researchers have 
collaboratively developed a consensus statement on the stan-
dardized clinical application of hyperpolarized 129Xe pulmo-
nary functional MRI.100 This document provides detailed 
professional recommendations regarding hardware selection, 
personnel requirements, imaging sequences and parameters, 
and data processing methods for clinical 129Xe MRI. Besides 
the consensus, AI-driven automation and targeted training 
programmes can also mitigate expertise gaps in the future. 
To ensure equitable access to this advanced imaging modal-
ity, strategies such as platform sharing and cost-reduction ini-
tiatives are essential. These measures can facilitate adoption 
across varied socioeconomic groups, supporting a more equi-
table distribution of respiratory healthcare resources.
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