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1. Preface

These Instructions for Use (IFU) describe the operation of XV Lung Ventilation Analysis Software 
(XV LVAS™; the Device). Prior to use, read this entire document. 

2. Conventions and Acronyms

2.1 Document Conventions
CAUTION
For information related to patient safety.

2.2 Description of Device Markings

Prescription

Consult Electronic Instructions for Use

Manufacturer

Date of Manufacture

Medical Device

Unique Device Identification

2.3 Acronyms

CT Computed Tomography
DICOM Digital Imaging and Communications in Medicine
FOV Field of View
SID Source-to-Image Receptor Distance
LAO Left Anterior Oblique
RAO Right Anterior Oblique
PA Posterior Anterior
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3. Overview

XV Lung Ventilation Analysis Software (XV LVAS™) reports four-dimensional regional ventilation 
of pulmonary tissues, throughout the entire lung, and at all phases of the breath. The device is 
not intended to be a primary clinical data source, it is instead intended to complement and 
support other clinical data.

This manual describes the steps required to request a Report and provides information regarding 
the input data required. The explanation of how to read the Report can be found in the XV LVAS 
Ventilation Report. 

3.1 Intended Use & Indications for Use
The XV LVAS™ provides reproducible quantification of ventilation for pulmonary tissue, which is 
essential for providing quantitative support for diagnosis and follow up examinations. For use by 
referral from a pulmonary specialist or equivalent, the Device can be used to provide the physician 
with additional clinical data in the diagnosis and documentation of inhomogeneities and defects 
in pulmonary ventilation. Quantification and statistics are provided in the form of a Report, 
including:

• The tidal volume (i.e. total lung ventilation), presented as a single value;

• Visualisation of lung ventilation with colour-defined specific ventilation ranges overlaid on 
the CT slices;

• The heterogeneity of lung ventilation, presented as three values, which quantifies the 
regional variability of the ventilation; and

• Ventilation graph/ histogram of the classified lung voxel’s relative frequencies showing the 
frequency distribution of regional specific ventilation across the entire lung, including 
ventilation defect percentage which shows the volume of lung with low ventilation.

The XV LVAS™ is software-based image processing technology that analyses cinefluorograph 
images and a CT (can be a previously acquired CT that is representative of the patient’s present 
lung envelope), to quantify ventilation of pulmonary tissue for use in adult patients.

The clinical study used to validate the Device was limited to patients selected to undergo 
Radiation Therapy (most commonly for breast cancer and oesophageal cancer). In this study these 
patients were examined using the Device at four time-points over a 13-month period (twice prior 
and twice following radiation therapy).
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3.2 Contraindications for Use
For use by referral from a requesting physician, pulmonary specialist or equivalent

4DMedical recommends that the requesting physician takes note of all advice and precautionary 
statements included in this manual.

4. Requesting a Ventilation Report (Summary)

To request an XV LVAS™ Report:

1. Review imaging protocol;
2. Acquire the set of five cinefluorograph series;
3. Review imaging data for completeness;
4. Send to 4DMedical: 

a. (Five) Cinefluorograph series;
b. Computed Tomography (CT) scan.

5. Receive Report (once analysis is complete). 
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5. Safety and Regulatory

Read all safety information prior to prescribing acquisition of input data. 

5.1 Safety Concerns

CAUTION Acquisition of the Device inputs (i.e., cinefluorograph and CT imaging) involves 
exposure to radiation.

The requesting physician must use their judgement to assess the risk to the patient before 
proceeding with acquisition of images. For more information on the cinefluorograph acquisition 
protocol please refer to Section 7. The typical dose for acquiring a set of five cinefluorograph 
series as described herein is 0.21 mSv - 0.51 mSv, which is equivalent to 2 – 5 chest X-rays or 
natural background radiation for 3 – 7 weeks. 

The qualitative risk level of acquiring the cinefluorograph is considered minimal to very low risk, 
see Table 1.

Table 1 (Radiologyinfo.org1) Qualitative risk levels

Risk Level Description 
Negligible risk Less than 2 days of natural background exposure.
Minimal risk More than 2 days and up to 1 month of natural background exposure.
Very low risk More than 1 month and up to 8 months of natural background exposure.
Low risk More than 8 months and up to 6 years of natural background exposure.
Moderate risk More than 6 years of natural background exposure.

A thoracic CT is required for the analysis. The thoracic CT scan can be retrospective, e.g. using an 
existing CT scan. The same thoracic CT image can be used for multiple Device analysis Reports.

If the patient has had surgery on the lungs since the last CT scan, the CT scan may not be suitable. 
See Section 6.1.1 for guidance on using a previously acquired CT.

5.2 Comparison to PFT
The Device outputs have a weak correlation with PFT measures. A strong correlation is not 
expected as the Device outputs are derived from regional (4D) values compared to the global (1D) 
PFT measurements. 

5.3 Precautions Relating to Input Data
Metrics presented in the Report are dependent on the correct information being supplied in the 
input data and associated metadata. The radiographer is responsible for the suitability of the 
input images (see Section 6 for detailed information about acceptable datasets). 

The Report is intended to be interpreted by the requesting physician and they must ultimately 
use their clinical judgement in making decisions that concern patient management. Areas with 

1 American College of Radiology (ACR). How much dose do I get from different procedures? Radiology (ACR). 
https://www.radiologyinfo.org/en/info.cfm?pg=safety-hiw_07. Accessed September 17, 2019.
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artefacts and anomalies within the imaging may give unpredictable results, and therefore, the XV 
LVAS results should be interpreted with appropriate clinical judgement.

5.4 Precautions Relating to Cybersecurity
XV LVAS™ is delivered using a Software as a Service (SaaS) model, and it is important to note that 
cybersecurity is a shared responsibility.  Cybersecurity is taken seriously by 4DMedical and the 
cybersecurity statement can be found in Section 9 of this document.
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6. Device Input Requirements

XV LVAS™ requires two types of inputs: 

• A Cinefluorograph set (i.e., the five cinefluorograph series) to obtain motion 
information about the lung; and 

• A Computed Tomography (CT) scan to obtain morphological information about the 
lung. 

6.1 Computed Tomography Scan

6.1.1 Using a Previously Acquired CT
The Device allows for the use of a previously acquired (retrospective) thoracic CT. A retrospective 
CT can only be used if the CT is indicative of the patient’s current lung anatomy (and meets the 
image requirements listed in 6.1.2). Using a retrospective CT will reduce the overall radiation dose 
that is administered to the patient. The same CT can be submitted with multiple uses of the 
Device. 

If the patient has had lung surgery since the last CT scan (e.g. lung volume reduction surgery), the 
CT scan may not be suitable. A new thoracic CT of the lungs should only be acquired if there isn’t 
a retrospective CT that is indicative of the patient’s current lung shape, or if the existing CT does 
not meet the image requirements listed in 6.1.2.

6.1.2 Image Requirements

6.1.2.1 CT: Resolution 
The thoracic CT must have:

• An x and y pixel spacing of less than 1.3 mm; and
• A slice spacing of a maximum of 2.5mm

6.1.2.2 CT: Metadata
The CT image must contain the following metadata: 

• pixel spacing;
• slice spacing. 

6.1.2.3 CT: Age of data
The thoracic CT scan can be:

• A recent thoracic CT from the patient’s records

6.1.2.4 CT: Filetype
The CT image must be in DICOM (Digital Imaging and Communications in Medicine) format. 
DICOM files must remain uncompressed to preserve data integrity.  However, compression with 
a lossless compression algorithm is acceptable.
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6.2 X-Ray Cinefluorographs
It is recommended that prior to imaging of patients, 4DMedical personnel, or other qualified 
professional reviews the cinefluorograph imaging requirements and confirms that the 
cinefluoroscopic system meets the following requirements.

6.2.1 Hardware Requirements
The cinefluoroscopic hardware must support the following features:

• Pulsed cinefluoroscopic acquisition mode;

• Ability to capture frame rate of 15fps or greater;

• Adjustable Source-to-Image Receptor Distance (SID) to control magnification;

• Suitable for use on stationary fluoroscopes;

• Source-detector axis rotates around a fixed isocentre, with digital read out of angular 
position;

• Source-detector axis rotates of at least +/- 60degrees from PA (RAO & LAO);

• Automatic Brightness Control capability; and

• A detector panel size of nominally 40 cm x 30 cm (W x H).

6.2.2 Image Requirements

6.2.2.1 Cinefluorograph: Resolution
The fluoroscopy hardware must support the following:

• Acquire images with a resolution of approximately 1024 x 768 px (W x H);

• Have a maximum pixel size of 0.040 cm x 0.040 cm; and

• Acquire images at an image capture rate of at least 15 frames per second.

6.2.2.2 Cinefluorograph: Metadata
The cinefluorographs must contain the following metadata: 

• Detector pixel size – DICOM tag (0018,1164); 

• Source-to-Image Receptor distance (SID) – DICOM tag (0018,1110); 

• Gantry angle attribute position (i.e. source-to-image receptor axis angular (oblique) 
position around the isocentre) – DICOM tag (0018,1510); and

• Collimator shutter position – DICOM tag (0018,1622). 

6.2.2.3 Cinefluorograph: Filetype
The cinefluorographs must be in DICOM (Digital Imaging and Communications in Medicine) 
format, in RTIMAGE or XA DICOM type. DICOM files must remain uncompressed to preserve data 
integrity.  However, compression with a lossless compression algorithm is acceptable.
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7. Imaging Protocol

The thoracic CT is acquired using a standard imaging protocol, and therefore no further 
instructions are provided. The cinefluorographs are acquired on standard equipment using a 
4DMedical imaging protocol, the protocol selected is dependent on the equipment which will be 
utilised to acquire the images. Equipment capable of imaging +/-72˚ refer to Radial (72 ,36, PA) 
detailed in Section 7.1, the alternative protocol is Radial (60, 36, PA), detailed in Section 7.2.
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7.1 Radial (72,36, PA)
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7.2 Radial (60,36, PA)
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8. Image Transfer and Report Delivery

4DMedical XV LVAS™ utilises DICOM routing systems that are managed by your institution to 
transfer the set of cinefluorograph series and CT scan to 4DMedical's SaaS platform.  

The set of five cinefluorograph series acquired should be sent to your institution's DICOM routing 
system (e.g. Kailo Hub by Kailo Medical), for example via the modality or PACS system. The precise 
details will vary for each site’s workflow and PACS/modality vendor. By default, on receipt of the 
DICOMs, the DICOM routing system is configured to automatically send the set of cinefluorograph 
series and the CT scan to 4DMedical.

If your institution’s configuration allows for files to be manually selected and sent to 4DMedical, 
contact support for the manual instructions specific to your DICOM routing system.

8.1 Report Delivery Timeline
The expected delivery time of a Report will be as per the institution service agreement. 

8.2 Viewing the Report
The Ventilation Report can be viewed in a PDF reader, such as Adobe Reader. In the Report select 
the green box (shown in Figure 8) on the top right to view the HTML version of the Report on the 
XV Technology™ Report Viewer. Information on how to read the report can be found in the XV 
LVAS Ventilation Report.

Figure 8 Link to HTML Report Viewer
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8.3 Sample Report

Figure 9 Sample Report

The physician will receive a multipage 
report, with an executive summary 
showing key metrics followed by the 
detailed results and how to read 
instructions. 
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9. Cybersecurity Statement

XV LVAS™ is delivered using a Software as a Service (SaaS) model, with only two in-hospital 
components that need to be managed by your local IT support. It is important to note that in this 
deployment model cybersecurity is a shared responsibility.   

9.1 Guidance for Secure Configuration and Use
Your integration partner will configure the in-hospital components, the DICOM routing system 
(e.g. Kailo Medical’s (Victoria, 3124) product Kailo Hub) to integrate with the institution’s systems.  
The following security precautions and configuration principles should be applied, in addition to 
standard best practices for Windows-based Servers:

• Your integration partner will enable Transport Layer Security (TLS) for communication 
between the DICOM routing system installation and the relevant 4DMedical SaaS 
environment.  This protects the integrity and security of patient data and must not be 
disabled.

• Your integration partner will configure the DICOM routing system to de-identify all patient 
data transmitted to the 4DMedical SaaS environment.  This should not be disabled.  Local 
institution policies and guidance regarding the scope and extent of de-identification 
(outside of the attributes listed in DICOM Confidentiality profile) should be reviewed and 
compared with the DICOM routing system configuration.

• Local IT should ensure a firewall is present between the DICOM routing system 
installations and the public internet.  The firewall should only allow incoming DICOM TLS 
connections and outgoing DICOM TLS connections to/from the 4DMedical SaaS 
environment and the local DICOM routing system installation.

• Local IT should configure user authentication to restrict access to the DICOM routing 
system to only those staff members authorized to request and view scans. Shared 
accounts should not be used.

• Local IT should restrict administrative access to the DICOM routing system web interface, 
if available, and Windows login access to the machines hosting your DICOM routing 
system.  4DMedical recommends that access is logged and regularly reviewed to ensure 
anomalies can be identified.

• Local IT should establish a regular patching and maintenance schedule for your DICOM 
routing system.
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9.2 Mandatory Breach and Coordinated Disclosure
4DMedical takes the security and privacy of customer and patient information seriously, and 
continuously monitors and works to improve our surveillance of potential information breaches. 
In the case of an identified breach, 4DMedical will:

• Notify your nominated Privacy Officer when first becoming aware of the breach.

• Take immediate steps to contain the breach, up to and including disabling services or 
functionality until 4DMedical is satisfied that service can be resumed without further 
compromise. Continue to inform you via your Privacy Officer as the situation develops. 

• Inform your Privacy Officer, if after subsequent investigation, the scope or extent of the 
breach is more severe than originally determined.

• Contact law enforcement, as appropriate.

4DMedical operate a Coordinated Disclosure Program, whereby we can be securely notified of 
potential vulnerabilities or potential unauthorized information disclosure. For more information, 
please see contact: infosec@4dmedical.com
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10. Support, Labelling and Notice 

10.1 Support
For all information, troubleshooting, feedback, suggestions, comments, and issues with the 
Device, please contact 4DMedical, between 8am to 4pm Monday to Friday Australian Eastern 
Standard Time (AEST) or UTC+11:00:

Australia & New Zealand
Phone: +61 1800-XV-SCAN (+61 1 800 987 226)
Address: Level 7, 700 Swanston Street

Carlton, Victoria
3053
Australia

Email: support@4DMedical.com | 4DMedical.com/ventilation-support 

10.2 Labelling
Labelling is applied to the Report (example shown in Figure 10).

Figure 10: Device Label

10.3 Notice
The Device provides information to support physicians with their assessment of patients with lung 
diseases. The Device does not, in itself, provide a diagnosis of lung health. 4DMedical assumes no 
responsibility for the improper use of, or self-diagnosis using, the Device.

4DMedical

Australian Address:

US Address:

Electronically Available 

Unique Device Identifier 

Device Version:
Device Release Date:
Serial Number:
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11. Glossary

Phase point Refers to the phase of breath to which a particular frame corresponds.

Specific ventilation Defined as the ratio of the change in volume of a region of the lung (ΔV) 
following an inspiration, divided by the end-expiratory volume (V0) of 
that same lung region. Presented values are normalized by mean specific 
ventilation.

Tidal volume The Tidal Volume provides the volume of air inhaled from start 
inspiration to peak inspiration (i.e. the change in volume of the lung over 
the breath), expressed in litres (L) of air. The tidal volume is calculated 
from the regional ventilation to peak inspiration. Abnormal tidal volume 
is an important biomarker of lung disease.

Ventilation defect 
percentage

The percentage of ventilation volume below 60% of the mean specific 
ventilation. High VDP has been associated with larger defect regions and 
abnormal lung function1–10.

Ventilation 
Heterogeneity

The regional variability of the ventilation. This is the ratio of the 
interquartile range to the mean of the specific ventilation. Low 
Ventilation Heterogeneity values are associated with uniform ventilation 
throughout the lung, while high Ventilation Heterogeneity values 
represent significant variability in the lung. High ventilation 
heterogeneity values (large scale, small scale, and total) have been 
associated with abnormal lung function11–24.

Ventilation 
heterogeneity: 
large scale

The degree of heterogeneity within larger regions of the lung (e.g. lobar 
and larger), calculated after first filtering out small scale variations (i.e. 
scales smaller than 64 mm / 2.5”). 

Ventilation 
heterogeneity: 
small scale

The degree of heterogeneity within local regions of the lung (e.g. alveolar 
to lobar size), calculated after first filtering out large scale variations (i.e. 
scales larger than 64 mm / 2.5”).

Ventilation 
heterogeneity: 
total

The overall value of heterogeneity, calculated using all regional specific 
ventilation data (as displayed in the Ventilation Report Regional 
Ventilation Visualizations)
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