
 

   
   

   
   

   
  

  
  

Hyperpolarized Xenon-129 Gas for Imaging of 
Lung Function 

Provides direct measure of regional lung function 
Simple, 10 second breath hold procedure 
• Not effort dependent enhances patient ease 
No radiation exposure to patient unlike Chest CT 
• Can be used for longitudinal monitoring 
• Natural 129Xe different than radioisotope 133Xe 
Reproducible measure with minimal variation 
More sensitive than spirometry 
• Detects mild disease changes earlier 
• Can precisely measure effects of treatment 

Low ventilation 
distribution 
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2) In the MRI Suite 1) Xenon Hyperpolarizer Lab Where HP 129Xenon is created 
from 129Xenon Preparation Blend- Not a Contrast Agent 

b) Patient inhales HP 129 Xenon for 
Lung MRI enabled by the coil to 

Detect HP 129 Xenon Signal 
Measurement 

Station 

Hyperpolarizer 

Xenon and 
Nitrogen Gas 

a) 129Xe-specific MRI Chest Coil 
Placed on the Patient 
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HP 129Xe gas enhances the MRI 
signal and produces a 3-D image 
of the ventilation within the 
lung to better characterize lung 
ventilation defects of function 
and anatomy. 

HP  129Xe gas is 
inhaled by a 
patient and fills 
the space in the 
lungs normally 
occupied by air. 

133Xenon Gamma Scintigraphy 
Ionizing Radiation 129Xenon MRI No Ionizing 

Radiation or Nephrotoxicity 
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Definitive diagnosis is not 
well characterized 



 
 

 

 

  

Three Compartment Gas-Exchange Visualization 
HP 129Xenon MRI can more precisely characterize multiple diseases 

Air Spaces 
• Severe Asthma 
• Cystic Fibrosis
• COPD 

Barrier Tissues 

Red Blood Cells 

• Interstitial Lung Disease 
• IPF 
• Systemic Sclerosis 

• Pulmonary Hypertension 
• Long-Haul COVID-19 
• Transplant Rejection 
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80% Outpatient 
20% Inpatient 

 
 

 
   

  
  

Measuring Ventilation Changes Measuring Barrier Changes after Measuring RBC Transfer Defects 
Response to Biologics in Asthma introduction of antifibrotic drug in Long-Haul COVID Patients 

  
    

HP 129Xenon MR Images Provide Information Used to Diagnose 
Disease Across Asthma, COPD, CF, Lung Defects 
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   Clinical Evidence of Use Across Multiple Pulmonary Diseases 

−Relationship with clinically relevant measurements and asthma outcomes 
HP 129 Xenon MR images correlate with routine pulmonary function measures. 
*Pulmonary function tests (FEV1, FEF25-75%, FEV1/FVC) Ebner et al. Invest Radiol 2017; Lin et al. JACI 2020; etc. 
*Asthma control Svenningsen et al. Eur Respir J. 2016; Mummy et al. JACI 2020 
*Severe outcomes (ED, hospitalizations) Mummy et al. JACI 2018 
*Exacerbations Mummy et al. JACI 2020 Ex. Dx J44-J44.9; J43-J43.8, J98.3; J41-J42 

− Sensitivity to the components of airways disease reporting regions of VDP and oxygen exchange to 
quantify severity of disease 

*Smooth muscle dysfunction Svenningsen et al. AJRCCM 2018 
*Airway eosinophilia Svenningsen et al. AJRCCM 2018; Mummy et al. JACI 2020; Mummy et al. JACI 2018 
*Mucus plugging Svenningsen et al. Chest 2019; Mummy et al. AJRCCM 2020 (abstract) Ex. Dx  ILD J84-J84.9; CF 
E84.84.9; J45-45.998; I27.0-I27.2 

− Sensitivity of treatment response to select pharmacologic treatment 
*Bronchodilator Svenningsen et al. AJRCCM 2018; Svenningsen et al. JMRI 2013; Svenningsen et al. Acad Radiol 2020 
*Bronchial Thermoplasty Hall et al. AJRCCM 2020 
*Biologics Svenningsen et al. Thorax 2019; Svenningsen et al. Chest 2020 Ex. Dx Z79.51, Z79.52 

− Guide Surgical Planning aids early recognition of lung transplant rejection 
Hall CS, et al. Am J Respir Crit Care Med. 2020 Aug 15;202(4):524-534 Ex. Dx. Z94.2-.3, T86.3-T86.812; D47.Z1; Z21.9 



    

129Xenon Provides Quantitative Measures – Asthma Example 

Post 
19% 

Ventilation Defect 
Percentage (VDP) Post-SABA 

Ventilation Defect 
Percentage (VDP) 

Pre 
34% 

Pre-SABA 

Duke University Medical Center, unpublished data; used with permission. 7 



 
    

 Asthma (n=45)  Pre/Post BD  

 Age, years 54 ± 8 

Female  25 (56%) 

 FEV1 % predicted 65 ± 19/75 ± 20 

 FVC % predicted 81 ± 15/85 ± 14 

FEV1/FVC % 62 ± 13/68 ± 13 

VDP % 10 ± 8/7 ± 7 

 ∆FEV1/∆VDP mL  +300 ± 260 / -150 ± 190 

COPD (n =  13)  Pre/Post BD  

 Age, years 70 ± 6 

Female  6 (46%) 

Pr
e-

BD
 

 FEV1 % predicted 47 ± 12/51 ± 14 D 

 FVC % predicted 82 ± 12/83 ± 12 

Po
st

-B

FEV1/FVC % 43 ± 9/45 ± 9 

VDP % 24 ± 9/22 ± 11 

 ∆FEV1/∆VDP mL  +110 ± 110 / -10 ± 630 
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Overarching Needs: Transition between diseases and overlap 
Asthma COPD 

FEV1 & VDP reversibility VDP reversibility only 
FEV1 & VDP reversibility VDP reversibility only 

Po
st

-B
D 

Pr
e-

BD
 

“Post-bronchodilator MRI ventilation defect and FEV1 responses are not always concordant in participants with asthma and COPD, 
suggesting that VDP may provide a more sensitive tool to measure response to treatment in the small airways and identify the need for a 

change in treatment”. 

27Serajeddini H, et al. Eur Respir J 2020;55:1901947; DOI: 10.1183/13993003.01947 2019 



   
  

        
       

   

HP 129Xenon MRI -Guided Bronchial Thermoplasty (BT):  Demonstrates 
Clinical Utility in the Reduction of Number of Interventions Improving 
Outcomes 

33% of participants experienced asthma exacerbations after one guided BT 
compared with 73% requiring three unguided BTs (p=0.028) for suitable outcomes 

Hall CS, et al. Am J Respir Crit Care Med. 2020 Aug 15;202(4):524-534. 
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Clinical Documentation Pre Stent Placement Informing 
Interventional Pulmonologist Lung Transplant Patient 
Order: Assess the feasibility of ultrashort 
echo time (UTE) and HP 129Xenon MRI in 
patients with metal stents 

History: Patient had received a left single 
orthotopic lung transplant (SOLT) and 
developed stenosis in the left upper lobe 
(LUL), where an uncovered nitinol metal stent 
had previously been placed 

D) HP 129Xe MRI 6-bin ventilation map 
showed impaired ventilation of the LUL; C 
(inserted yellow circle on the slide and red 
color in bottom right image) and normal – 
high ventilation (green-blue color) of left 
lower lobe without any significant artifacts 

A) Bronchoscopic view of left upper bronchial stenosis, 
and UTE  B) MRI coronal reconstruction SOLT subject 
prior to stent placement. C) 129Xe ventilation image 

Mahmood K, et al.  Am J Transplant 2017;17:1895 1904. doi: 10.1111/ajt.14287 
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COPD Patient HP 129Xenon MRI Findings Before and After 
Bronchodilator Treatment to Diagnose Effect 

Left slide: Ventilation maps 
before and after dual 
bronchodilator therapy in 4 
patients with COPD. Patient in 
the top row showed improved 
ventilation following therapy 
(green arrows).  Patients in the 
bottom row exhibited no 
change in ventilation (left) or 
worsening of ventilation (right 
with red arrow). 

Right slide: Ventilation / barrier uptake / RBC 
transfer (L to R) in a patient with COPD prior to (top 
panel) and following admin. of a dual 
bronchodilator (bottom panel). 
Findings: A region of improved ventilation following 
bronchodilator therapy (white arrows on bottom 
panel) reveal areas of normal barrier uptake but 
poor RBC transfer in the same area. Improved 
ventilation does not always correlate with 
improvements in gas exchange measures; thus it is 
often important to have all 3 compartments 
. 

11Mummy D, et al.  J Magn Reason Imaging 2021; 54(3): 964 74. DOI: 10.1002/jmri.27662. 
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HP 129Xenon (XENOVIEW) MRI Typical Patient Presentation 
• Patient presents with diagnosis of lung disease and/or with difficulty breathing requiring medical attention. 
• Relevant history: suspect or known COPD, asthma, cystic fibrosis, bronchiolitis obliterans, interstitial lung 

disease, pulmonary hypertension, patients recommended for surgical lung resection to inform the surgeon 
of regional lung function, or post lung transplant patients to diagnose a failing transplant early informing 
corrective action to save the lung. 

• Patient triaged to pulmonologist. Reviews significant history of prior findings: CT image, or spirometry, 
however history does not explain the patient’s immediate symptoms. 

• Pulmonologist prescribes HP 129Xenon MRI to obtain quantified metrics of gas exchange across 3 
compartments, pulmonary function measures of ventilation defect percentage (VDP), forced expiratory 
volume in 1 sec (FEV1), forced vital capacity (FVC), FEV1/FVC, and Dlco . These sensitive metrics of lung 
function. In real time allow physicians to see regional defects without compromising patient comfort, thus 
aiding clinical decision-making. 

• Patient is prepped for lung MRI. HP 129Xenon MRI chest coil is applied, patient is coached on inhalation 
technique. 

• Patient is positioned in the MRI gantry, inhales HP 129Xenon, and the lung MRI is completed. 
• Radiologist reads the image with Polarean software reporting their findings in the Radiology Section of the 

patient documentation. 
• Pulmonologist reviews the radiology findings, provide their diagnosis and chart course of treatment in the 

progress notes. 

Wang Z, Rankine L, Bier EA, Mummy D, Lu J, et. al. Using hyperpolarized 129Xe gas exchange MRI to model the regional airspace, membrane and capillary contributions to diffusing capacity. J Appl Physiol.122021;130:1398 1409. 



 
   

 
  

 
  

 
 

 

  
  

  

  

  
 

 

  
  

 
Measured HP 129Xenon dose arrives 
at MRI suite having completed the 

hyperpolarization process 

Patient fitted with 
chest coil & trained 

on/reminded of 
breath hold process 

Perform 
standard 1H 

scan 

Findings in 
Radiology 

Report 
Requesting MD 

Patient requiring pulmonary function assessment 
due to prior tests not informing on cause or 

progression of disease 

Enable MRI 
with MNS 

Capability 

Radiologist 
Administers the Dose 

Image Acquisition 
(MRI Tech with Standard Protocol) 

1. Input 
2. Registration 
3. Segmentation 
4. Post-Processing 

Image Analysis 
(Trained Radiologist and 

FDA-cleared Product X VDP) 

completes 
progress notes 

Synchronizing Hyperpolarized 129Xenon Dose Delivery,  
Administration and Report Creation 
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Patient Presentation to Prescribe HP 129Xenon MRI 
Presentation History or diagnosis leading to HP129Xenon MRI HP 129Xenon MRI Findings 

Asthma Patient presents with small airway disease not readily Radiology Note: Evaluation of pulmonary 
measured via CT. Prior spirometry results not clinical function, including the smallest airway 
to distinguish between large/small airway function branches.  VDP. VDS, and/or FEV1)/FVC), 

COPD Patient is not responding to treatment. Require Radiology findings, and progress notes aid 
images to distinguish severity of disease throughout drug prescribing. VDP informs diagnosis of 
the 23 branches of the lung. Lung function may be early COPD, justify treatments, track 
preserved or normal in early COPD (GOLD 0); not treatment effects, and supports patient 
measured via CT or Spirometry. Aids clinical compliance with therapies, i.e. improve 
treatment decision to avoid under or over smoking cessation rate 
prescribing. 

Unexplained Patient presents with persistent cough, breathing Radiology Note: HP 129Xenon MRI 
dyspnea difficulty with no obvious oral or pharyngeal quantitative findings may reveal lack of 
and chronic obstruction. Spirometry and imaging are often ventilation defect to rule out likely pulmonary 
cough “normal”, therefore HP 129Xenon is ordered. causes for dyspnea or cough, may 

quantitatively identify deficit of pulmonary 
function. 

Safety: HP 129Xenon has met safety requirement for use. FDA human clinical trial reported minimal adverse events, 
and no significant adverse events attributed to HP 129Xenon. The most commonly reported adverse reactions 
were oropharyngeal pain, headache, and dizziness which quickly resolved. 

14 



    

    
  

   
    

   

 
     
     

  
    

   

 

    
   

   
  

 

   
   

   

     
       

Patient Presentation to Prescribe HP 129Xenon MRI 

Presentation History or diagnosis leading to HP 
129Xenon MRI 

HP 129Xenon MRI Findings 

Planned 
pulmonary 
intervention 

Patient requires stent placement or 
bronchial thermoplasty. CT images are 
limited to inform on access of collateral 
ventilation prior to placement of stents 
or necessary lung resections. 

Radiology Note: Images identify anatomical 
location of high/low ventilation to inform 
surgeon on optimal Bronchial Lung Volume 
Reduction (BLVR) to determine pre/post 
valve or stent placement, saving highest 
quality lung tissue. 

Post lung 
transplant patient 
with signs of lung 
transplant 
rejection 

Lung transplant patients presenting with 
early signs of possible rejection. Patients 
identified with CLAD, also known as 
bronchiolitis obliterans syndrome based 
upon >20% reduction in FEV1 or FVC 

Radiology Note: Images report VDP and gas 
exchange abnormalities prior to significant 
reduction in pulmonary function. 

HP 129Xenon procedure may be identified in the radiology notes, pulmonologist progress notes, notated 
in the following manner: HP 129Xe, Xenon-129, Xe-129, hyperpolarized 129Xe MRI, HP 129Xe MRI 
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