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1. Who is 4DMedical?

4DMedical is a Software as a Service (SaaS) company dedicated to providing greater information about lung 

health. 4DMedical uses the scans that you acquire with your PermetiumTM and associated AccuVent 200TM 

ventilator to quantitatively measure the motion of the lung at all locations throughout the lung, and all phases 

of the breath. The collected motion data can be used to calculate measures that are known indicators of 

disease.

To learn more about 4DMedical please visit - www.4DMedical.com
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2. Scan Output Options

Permetium operators have the choice of saving unprocessed scan images onto the scanner hard-drive for local 

analysis or sending images to 4DMedical for processing / receipt of 4DMedical analysis and reporting.  

OPTION A - UNPROCESSED IMAGES

Unprocessed images are the RAW data from the Permetium X-ray detector (i.e. a series of 2-dimensional X-ray 

images, just like a series of medical fluoroscopy images), saved in a DICOM or .BTF format. The RAW data 

is essentially the same data that an operator can see in the “live preview” on the Permetium when a scan is 

acquired.  You can most easily conceptualize the RAW data as a live video recording of the actual scan.

OPTION B - PROCESSED IMAGES

If a Permetium Operator elects to send raw images to 4DMedical for processing, they have the option of 

requesting a standard report output or a custom report.

2.1 STANDARD PROCESSED DATA OUTPUT

If the Permetium operator requests standard processed data output, 4DMedical will return a DICOM file (or 

series of DICOM files as appropriate) such that the file(s) contain:

1. Individual voxel values of tissue expansion in a *.csv format for further statistical analysis;

2. 3-dimensional data set of the ventilation values and expiratory time constant values as a series of 

DICOM files or other readily accessible data format so further 3-dimensional reconstruction map can be 

performed; and

3. All contiguous slices of dataset with the ability for Customer to extract these values.
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2.2 4DMEDICAL CUSTOM ANALYSIS

Using your Permetium you are able to order Custom scan reports. The particular output that is most 

appropriate for you will depend on the biomarkers you are most interested in.

To get the most out of your study we suggest that you contact us at  support@4DMedical.com before 

commencing so that we can assist in identifying/developing the best selection of outputs for you.   

2.2.1 – CUSTOM ANALYSIS

1. Ventilation Analysis 

2. Airway Flow Analysis 

3. Vasculature Analysis (contrast-free pulmonary angiography)

4. 3D Ventilation Render

5. 4D Ventilation Render

A selection of representative outputs can be found in the pages following.  A glossary of the terms used in 

the outputs is provided at the end of this document.

Custom outputs are ordered through our Software as a Service (SaaS) Platform, which requires you 

complete a custom output request. More information about the ordering process can be found in Section 3 

of this document, “Ordering a 4DMedical Custom Output”. If new/novel outputs are required please do not 

hesitate to contact 4DMedical at  support@4DMedical.com to discuss your specific requirements.

In addition, the following publications provide further examples of measurements that the 4DMedical 

software has previously produced:

• Stahr, C.S., et al. (2016) Quantification of heterogeneity in lung disease with image-based pulmonary

function testing. Scientific Reports, 6, 29438; and

• Samarage, C.R., et al. (2016) Contrast free angiography of the pulmonary vasculature in live mice using 

laboratory X-ray source. Medical Physics, 43, 6017.

A full list of papers can be found on our web page: www.4DMedical.com/publications/
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2.2.2 – VENTILATION

Ventilation outputs are designed to provide regional information of lung ventilation, allowing the areas of the 

lung that are receiving reduced ventilation to be identified.  Specifically, Ventilation outputs provide a number 

of global and regional measurements (see Appendix A, Page 8). Regional maps of specific ventilation and 

expiratory time constant are provided at slices through the lungs (anterior-posterior and transverse slices). 

Measurements can also provided for six regions that are defined by geometric division of the measurement 

volume/lung (left, right, top, middle, bottom). The underlying regional (i.e. point by point) measurement data 

is provided, allowing further analysis of the data by the user, if desired.

2.2.3 – AIRWAY FLOW

Airway Flow outputs are designed to provide flow information in the airway branches of the lung, allowing 

direct comparison of the flow moving through each airway (e.g. enabling flow analysis at a lobar scale). 

Specifically, Airway Flow outputs provide a number of global and regional measurements (see Appendix B, 

Page 11). Regional maps of airway flow (on a segmented airway tree) and specific ventilation (on an anterior-

posterior X-ray) can be provided, along with a global flow volume loop. Lobar measurements, both absolute 

and normalized by lobar volume, are also provided, including flow volume loops for each lobe. The underlying 

regional measurement data (i.e. point by point and airway by airway) is provided, allowing further analysis of 

the data by the user, if desired.

2.2.4 - VASCULATURE

Contrast free pulmonary angiography (CFPA) provides regional measurements of pulmonary vascular 

diameter and volume. These measurements can be provided in a number of different ways. For example, this 

can be provided visually, numerically, or both. See Appendix C, Page 14 for examples of CFPA measurements 

(i.e. 3D vascular diameter heat map, vascular diameter vs occurrence plot, and 2D distance from trachea vs 

diameter heat maps).

This particular measurement can be provided to Permetium operators without any other ventilation 

information (i.e. separate from the other 4DMedical offerings), and we believe it will be desirable to 

physicians because it removes the need for contrast agents, which are known to negatively impact the health 

of patients.

2.2.5 – 3D VENTILATION RENDER

The 3D ventilation render is a visualization designed to illustrate the high degree of spatial information in 

the ventilation data, as may be desired for a journal publication or conference presentation. Specifically, the 

3D ventilation render is made from a CT image where we remove the lung structure and replace it with a 

colormap of the regional measurements, typically the regional tidal volume (see Appendix D, Page 16). An 

animation of a 360° rotation around the subject is also provided.

2.2.6 – 4D VENTILATION RENDER

The 4D ventilation render is a visualization designed to illustrate the high degree of spatial information in 

the ventilation data, as may be desired for a conference presentation. Specifically, the 4D ventilation render 

represents the regional ventilation measurements as a sequence of 3D volume renders over a full breath.  A 

360° rotation animation around the subject is also provided (see Appendix E, Page 17).
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3. Ordering a Custom Output

Permetium operators will use the Custom Output Request Form (below) and specify the outputs required and 

submit the form to support@4DMedical.com.   Outlined below is the custom output request process:

1. Custom Output Request Form submission by Customer

2. 4DMedical request review – follow-up questions to Customer (if required)

3. Quote issued (including deliverables and delivery date) and sent to Customer for approval

4. Quote approval email from Customer

5. 4DMedical Job commencement

6. 4DMedical Job completion - deliver outputs / confirm job closed

7. 4DMedical invoices Customer at the end of the job

468 St Kilda Rd, Suite 501, Melbourne VIC 3004, AUSTRALIA 

p +61 (3) 9545 5940  |  w 4DMedical.com  |  e support@4DMedical.com

T H E  F U T U R E  O F  L U N G  H E A L T H

Custom Output Request

Organisation: 

Name: 

Date: 

   Qty

Input Data: Number of scans to be processed by 4DMedical  

Output Type: Render 3D 

  4D 

 Airway Flow  

 Vasculature (CFPA)  

 Other (please specify request)  

 Other custom request - please specify analysis required and outputs / deliverables

  Date when data is ready 

  Date when analysis is required 

Please email request to - support@4DMedical.com. 
Your request will be reviewed and a quote provided 
within 2 business days.

SUBMIT REQUEST
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APPENDIX A 

Ventilation Analysis

Specific Ventilation

Figure 1: Specific ventilation - A) AP       B) Upper third       C) Middle third       D) Lower third
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APPENDIX A 

Ventilation Analysis

Figure 2: Regional expiratory time constant - A) AP       B) Upper third       C) Middle third       D) Lower third
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Regional Analysis

UPPER THIRD Right Lung Left Lung

Specific Ventilation 0.2283 0.2843

Exp. Time Constant (s) 0.3049 0.299

 Volume (%) 7.79 3.84

MIDDLE THIRD Right Lung Left Lung

Specific Ventilation 0.2959 0.2848

Exp. Time Constant (s) 0.2947 0.2949

 Volume (%) 29.89 22.88

LOWER THIRD Right Lung Left Lung

Specific Ventilation 0.3312 0.3149

Exp. Time Constant (s) 0.2926 0.287

 Volume (%) 21.53 14.07

APPENDIX A 

Ventilation Analysis
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Figure 1: A) Airway tree colored by tidal volume. B) CT at AP colored by specific ventilation.
C) Flow-Volume loop.*

* Values are normalized by the change in ventilation pressure (PIP – PEEP) and TLC.
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APPENDIX B 

Airway Flow Analysis
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Regional Airway Flow Analysis

Label Name

RS Right lung - Superior lobe

RM Right lung - Middle lobe

 RI Right lung - Inferior lobe

RPC Right lung- Post-caval lobe

L Left lung

Figure 2: Regional labeling scheme. Pulmonary 
Function is measured on a lobar basis.

APPENDIX B 

Airway Flow Analysis
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Regional Flow-Volume Loops and Summary Data Table

LOBAR RS RM RI RPC L

Tidal Volume (mL) 0.0330 0.0170 0.0120 0.0500 0.0570

Dynamic Compliance (mL cmH20-1) 0.0020 0.0170 0.0008 0.0031 0.0035

Peak Inspiratory Flow (mL s-1) 0.3100 0.1600 0.1200 0.4700 0.5200

Peak Expiratory Flow (mL s-1) -0.2300 -0.1200 -0.1100 -0.3900 -0.4300

Expiratory Time Constant (s) 0.2800 0.2700 0.2700 0.2700 0.2700

LOBAR - NORMALIZED* RS RM RI RPC L

Specific Ventilation (AV / V) 0.2800 0.2800 0.2700 0.3100 0.3100

Specific Dynamic Compliance 0.0170 0.0180 0.0170 0.0200 0.0190

Peak Inspiratory Flow 0.1600 0.1600 0.1600 0.1900 0.1800

Peak Expiratory Flow -0.1200 -0.1300 -0.1500 -0.1500 -0.1400

Figure 3: Lobar flow-volume loop.*

* Values are normalized by the change in ventilation pressure (PIP – PEEP) and TLC.

Figure 4: Lobar flow-volume loop.

APPENDIX B 

Airway Flow Analysis
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A. 3D rendering of the pulmonary vasculature of a mouse segmented from 3D non-contrast CT image data. 

B. Quantification of the pulmonary vasculature calibre (color) as measured using CFPA from the same 

data used in (A). 

A B

APPENDIX C 

Vasculature Analysis
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C

APPENDIX C 

Vasculature Analysis

C. Quantitative result showing the histogram of length versus cross-sectional area for pulmonary 

vasculature of non-contrast CT image data of mouse.
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3D render at different rotational points

Figure 1: Visualization of ventilation, at peak inspiration, as the subject is 
rotated about the craniocaudal axis.

APPENDIX D 

3D Ventilation Render



1717

Ventilation measurements as a sequence of 3D volume renders over a full breath

APPENDIX E 

4D Ventilation Render
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4. Glossary
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Mean Specific Ventilation

• Specific ventilation refers to the volume of air that enters and leaves a region of the lung each breath by the volume 
of air in that region at end expiration.  Another way of saying that is regional volume over regional functional residual 
capacity (see illustration above).

• Specific ventilation is a normalized measure of mean, global ventilation.
• Additionally, because we used a pressure-controlled ventilator, ventilation measurements can also be interpreted as 

measurements of tissue compliance.

Heterogeneity Index

Otherwise known as the coefficient of variation, which is the standard view of regional tidal volumes over the mean 
regional tidal volume.  A measure of ventilation heterogeneity, the higher the number the higher the degree of ventilation 
heterogeneity.

Tidal Volume

The total volume of air inhaled/exhaled each breath (see illustration)
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4DMedical Limited

Melbourne Office

5/468 St Kilda Rd, Suite 501

Melbourne VIC 3004

Australia

Los Angeles Office

21600 Oxnard St. Suite 300

Woodland Hills, CA 91367

USA

For more information

support@4DMedical.com

www.4DMedical.com


