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I. Executive Summary
Summary of Clinical Trial Usage as described in "Lung Density Imaging Profile"
This imaging protocol will establish the methods to estimate lung densities and lung volumes from CT images obtained during longitudinal studies.  Lung densities and lung volumes will serve as surrogate endpoints for severity of emphysema, degree of air trapping, and degree of hyperinflation in COPD and asthma.
II. Clinical Context and Claims
This section describes the surrogate endpoints and their clinical utility. The section then proceeds to identify targeted levels of accuracies and precisions for the clinical trial endpoints.
Utilities and Endpoints for Clinical Trials
This imaging protocol will be able to establish three endpoints to serve a clinical trial:
1. It will establish the severity of emphysema.
Define specific metrics below. Emphysema metrics are global measurements based on CT attenuation histogram. Methods used for calculation of extent of emphysema include the density mask technique, where the percent emphysema is calculated based on the percentage of lung voxels with CT attenuation below a given threshold. The threshold used for extent of emphysema has varied from -900 to -970 HU. Correlation with histologic and morphometric measures of emphysema suggests that the optimal threshold at total lung capacity, using thin-section volumetric CT, may be -960 or -970. Percentile values based on the CT attenuation histogram may be ….. Perc 15. (caveats- sliding scale, sensitivity vs specificity, scanner variability, slice thickness). 
2. It will establish the degree of air trapping in the lungs.
Define specific metrics below. -856 HU at FRC or RV- pros and cons- limited data
3. It will establish inspiratory and expiratory lung volumes.

Define specific metrics below. TLC. Correlation with physiologic TLC. FRC/RV

Claim 1: Longitudinal Stability of Lung-equivalent phantom Densitometry
Phil Judy: I recommend expressing the compliance levels for lung density metrics that are consistent with the CT number precisions specification (Section 7).  Have a description and use of various emphysema metrics and relationships with each other.  Then estimate expected precision of those emphysema measurements.  Instrumental claim for air trapping same as emphysema because based on same phantom measurements.  
We describe procedures to establish reference values (Ref and Ref’)  in Section 8. Image Post-processing Metrics or in Section 9 Image Analysis. Group should decide which section 
Using this profile, we will be able to achieve adequate calibration and longitudinal stability of CT scanners in order to permit measurement of longitudinal change in attenuation of air on CT phantom of ±1 HU. CT phantom measurements should be made at least once a month, and after every recalibration, hardware/software change, or CT service, to ensure long-term stability and precision of CT measurements. CT phantom should be optimized for measurement of air and lung equivalent material (COPDGene II phantom or equivalent phantom as approved by QIBA technical committee). Phantom should be scanned using the same CT parameters as used in the CT study, and at each available scan acquisition data collection diameter. While there are some data on short-term precision, there is little information on long-term precision of CT measurements of emphysema. 
Claim 2: Longitudinal Stability of Lung Densitometry
Claim regarding precision of in vivo patient measurement. Using this protocol, we will be able to measure severity of lung emphysema (measured using density mask technique at -950 HU) with repeatability of X%, or 5 HU shift in 15th percentile of lung attenuation (do we have data for this?) with repeatability of X%. 



Compliance Levels for Measurement CT phantom measurements of air or lung equivalent material)

	Measurement Result
	Performance Levels Achieved under Bull's Eye Conditions

	
	

	CT attenuation (air inside phantom) 
	If Activities are Performed at Target Level

-995 to -1005 
HU


	Longitudinal stability:

CT attenuation (lung equivalent material) 
Deviation from baseline measurement
	If Activities are Performed at Target Level

± 2 HU



III. Profile Details
0. Reserved (included in Executive Summary)
1. Reserved (relevance restricted to Protocol) Context of the Imaging Protocol within the Clinical Trial
2. Reserved (relevance restricted to Protocol) Site Selection, Qualification and Training
3. Scanner type: scans for COPD/asthma should be performed using helical scanners with ≥64 detector rows
. Phantoms must be used to maintain consistency and precision of CT attenuation measurements at the low end of the Hounsfield unit scale.
3. Subject Scheduling
This protocol does not presume a specific timing.  In general, baseline measurements are performed as close as possible to evaluation or start of treatment.  In clinical trials, there is an expectation that follow up scans will be acquired at regular, protocol-specific intervals.  The imaging should occur within 24-72 hours of other clinical measures that are being gathered to characterize the patient.
4. Subject Preparation
The following sections describe how subjects are prepared.
4.1. Prior to Arrival 
Female participants should be queried about the possibility of pregnancy.  All participants should be queried about implanted medical devices (e.g., cardiac pacemaker, defibrillator, metal prosthetic heart valve, metal shoulder prosthesis, etc.) and presence of metallic objects in the chest (e.g., shotgun shot, shrapnel, bullets, etc.) that will interfere with CT scan analysis.  Participants in asthma trials will be asked to modify the use of bronchodilators as specified by the protocol 
No exam preparation is specified beyond the local standard of care for CT. 

5. Imaging-related Substance Preparation and Administration  
Contrast agents are never used in CT assessment of COPD or Asthma.
7. Imaging Procedure
CT measurement of lung density requires consistently calibrated CT number. Scanner quality assurance using the lung-specific phantom should be performed as specified in Section XX. 
Image acquisition

	Parameter
	Compliance Levels whole lung

	Whole lung

scan duration
	Target
10 sec



	Parameter
	Compliance Levels whole lung

	Anatomic Coverage
	Target
Entire lung fields, bilaterally (lung apices through bases)


	Parameter
	Compliance Levels whole lung

	Data co (if available)
	Target
Rib to rib



	Parameter
	Compliance Levels

	IEC Pitch
	Target
0.9-1.1




CT scans are acquired using a tube potential of 120 kV with no tube current modulation.

Radiation dose values specific to protocol, shall be tailored to patient size, and shall be kept constant for longitudinal studies. 
Rotation speed should be ≤ 500 msec
Pitch specification is specific to protocol. 
 This is a sampling artifact – dose tradeoff.  Phil Judy would claim if artifact “specification” met then pitch of 2.0 is ideal.
Acquisition collimation (cone angle)? 

Detector configuration?

Dose modulation- currently not recommended because of varying manufacturer specifications.

Image reconstruction
The image data is consistently reconstructed attenuation values (CT number) in the specified anatomic region of the lung.  The image data is acquired in less than some scan duration.  Document will use “required coverage” to mean the specified anatomic region of interest.  Field of View affects pixel size because the fixed image matrix size of most CT scanners is 512X512.  If it is necessary to expand the field of view to encompass more anatomy, the resulting larger pixels are less than ideal.
	Reconstruction field of view
	Acceptable
Complete thorax
Target
Rib to rib
Ideal
Rib to rib


	Parameter
	Compliance Levels whole lung

	Matrix
	Acceptable
512X512

Target
512X512

Ideal
1024X1024



	Slice thickness
	Acceptable

<= 2.0 mm 

Target

<= 1.0 mm 

Ideal

<= 0.5 mm 



	Slice Interval 
	Acceptable

Shall be less 1.1 (contiguous)

Target

Should be less 0.75 (25% overlap)

Ideal

Should be less 0.5 (50% overlap)



	Parameter
	Compliance Levels

	Reconstruction Kernel Characteristics: Emphysema
	Target
Relatively soft



Iterative reconstruction- not currently recommended because of manufacturer variation and lack of information regarding effect on quantitative measures. 
7.1.2. Data Structure
The image data is a uniform digital sampling of the reconstruction.  The sampling is assumed to satisfy Nyquist–Shannon sampling requirements to obtain all the information available in reconstruction.  The axial image sampling is 512X512, which may be inadequate for large subjects, 1024X1024 would be ideal.  The distances between axial image reconstructions (slice increment) should be constant.  The typical digital sampling of reconstructed attenuation coefficient is 1 HU from -1024 HU to +1024 (?).  The minimum of -1024 can leads to truncation of the lung histogram, particularly with sharp reconstruction kernel and low dose CT scans.
7.1.3. Data Quality

ACR accredited, 

Insert COPDGene phantom measures
The full width at half of the line spread function shall be used as a measurement of resolution.  (Could use a cutoff of the MTF.  These compliance levels are driven by air way size measurement, density measurement may benefit from thicker sections.  Need to define a measurable slice thickness. 
From previous document. “Spatial Resolution Metric quantifies the ability to resolve spatial details. It is stated in terms of the number of line-pairs per cm that can be resolved in a scan of resolution phantom (such as the synthetic model provided by the American College of Radiology and other professional organizations). Does not determine an objective quantitative measurement.  ACR subjective visual evaluation.  Lower spatial resolution can make it difficult to accurately determine the borders of tumors, and as a consequence, decreases the precision of volume measurements.  Spatial resolution is mostly determined by the scanner geometry (which is not usually under user control) and the reconstruction algorithm (which is under user control)”
	Axial FWHM
	Acceptable

<= 2.0 mm 

Target

<= 1.0 mm 

Ideal

<= 0.5 mm 



	Measured slice thickness
	Acceptable

<= 2.0 mm 

Target

<= 1.0 mm 

Ideal

<= 0.5 mm 



	Measured slice Interval 
	Acceptable

Shall be less 1.1 (contiguous)

Target

Should be less 0.75 (25% overlap)

Ideal

Should be less 0.5 (50% overlap)



	Alternative

Spatial Resolution
	Acceptable
>= 6 lp/cm 
Target
>= 7 lp/cm
Ideal
>= 8 lp/cm




Noise Metrics quantify the magnitude of the random variation in reconstructed CT numbers.  Some properties of the noise can be characterized by the standard deviation of reconstructed CT numbers over a uniform region in phantom.  The standard phantom is a 20cm acrylic tube filled with water.   Noise (pixel standard deviation) can be reduced by using thicker slices for a given mAs. A constant value for the noise metric might be achieved by increasing mAs for thinner slices and reducing mAs for thicker slices.  The limitation of the standard deviation as complete measure of noise is the pixel standard deviation is modified by changes in spatial characteristics of reconstruction kernel in the absence of changes in radiation dose or slice thickness.  The reconstruction kernel and procedure for obtaining the noise metric for a given protocol should be described in that protocol.
	Delete this table Noise Metrics
	Acceptable
Std. dev. in 20cm water phantom < 40 HU
Target
Ideal





 “Pixel Size directly affects voxel size along the subject x-axis and y-axis. Smaller voxels are preferable to reduce partial volume effects and (likely) provide higher measurement precision.” Pixel size is determined by field of view, so don’t need to specify Compliance Levels. In any case should specify in Section 7.3 Image Reconstruction.
Scan Plane may differ for some subjects due to the need to position for physical deformities, but should be constant for each scan of a given subject. Slice plane specification is protocol specific.  
How are artifact quantified? “Motion Artifacts may produce false targets and distort the size of existing targets. “Minimal” artifacts are such that motion does not degrade the ability of image analysts to detect the boundaries of target lesions.” This is statement is specific to volume measurements.  Artifact specification specific to protocol.  
).  
7.2. Imaging Data Acquisition
The following sections describe the acquisition of imaging data.

7.2.1. Subject Positioning
	Parameter
	Compliance Levels

	Subject positioning
	Acceptable
They may be placed in a different position if medically unavoidable due to a change in clinical status 
Target
Same positioning should be used for each scan
Ideal



The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	Recording
	Acceptable
Subject positioning shall be recorded, manually by the staff 
Target
In the image dataset header
Ideal



7.2.2. Scout scans & Scan Length

Certain manufacturers require scouts in both a PA and Lateral view as standard protocol, while others require only one PA scout view.  Scouts should be determined by the site radiologist and technologist in order to ensure the proper scan length.  Prescribed scan length should start near the apex of the lung and should include the lungs only.  
The following set of requirements extends what has been stated in the protocol.

	Parameter
	Compliance Levels

	Recording
	Acceptable
Target
Ideal



7.2.3. Breathing Instructions

Rigorous adherence to instructing the patient how to breathe before the scan is obtained in order to attain TLC or RV volume before each chest CT is performed. These must be done verbally as the breathing should mimic breathing instructions typically provided in Pulmonary Function Laboratories. 
Breath holding reduces motion which might degrade the image. Full inspiration inflates the lungs which is necessary to separate structures and make lesions more conspicuous.  Full expiration allows for measurement of air-trapping for determination of amount of emphysema present. 

The following set of requirements extends what has been stated in the protocol.

	Parameter
	Compliance Levels

	Breath hold
	Acceptable
At least near the high end inspiration & expiration 
Target
Subjects should be instructed to hold a single breath at full inspiration and full expiration
Ideal
Subjects holding at max inspiration and max expiration using the instructions outlined.



These are instructions given by the Technologist which are listed in sequence of scan acquisition.  Breathing instructions are for two standard scout scans, PA and Lateral, and two lung volumes: inspiration or total lung capacity (TLC) and expiration or residual volume (RV) volumetric scans.  

* Side notes for technologist in italics

It is important for the Technologist to ensure that the subject is able to follow the commands appropriately and also that the subject is appropriately coached PRIOR to performing the actual imaging procedures. Practice breathing maneuvers are recommended and built into the breathing instructions to reduce subject anxiety and limit mistakes during actual scan acquisition. 

(a) Practice Breathing (TLC)

For the first part of this scan, I am going to ask you to take a couple of deep breaths in and out before we have you hold your breath all the way in.

First let’s practice

Take a deep breath in (watch chest to ensure a deep breath as far in as possible then start scan)
Let it out (watch chest to ensure air is out)

Take a deep breath in (watch chest to ensure a deep breath in)
Let it out (watch chest to ensure air is out)
Now breathe all the way IN…IN…IN… (watch chest to ensure a deep breath in as far as possible)

Keep holding your breath- DO NOT BREATHE!  (watch chest to ensure spine remains on the table, patients is not shaking- watch for these throughout the study!)

Breathe and relax

(b) Scout views: PA & Lateral (TLC)

OK let’s get started

Take a deep breath in (watch chest to ensure a deep breath in)

Let it out (watch chest to ensure air is out)

Take a deep breath in (watch chest to ensure a deep breath in)
Let it out (watch chest to ensure air is out)

Now breathe all the way IN... IN... IN... and hold it (watch chest to ensure a deep breath as far in as possible)

Keep holding your breath- DO NOT BREATHE!  (watch chest to ensure the spine remains on the table, subject is not shaking and then start the scout scan)
Perform scout

At the end of the scout- Breathe and relax

Scout views: Lateral (TLC)

OK let’s get started

Take a deep breath in (watch chest to ensure a deep breath in)

Let it out (watch chest to ensure air is out)
Take a deep breath in (watch chest to ensure a deep breath in)
Let it out (watch chest to ensure air is out)

Now breathe all the way IN... IN... IN... and hold it (watch chest to ensure a deep breath as far in as possible)

Keep holding your breath- DO NOT BREATHE!  (watch chest to ensure the spine remains on the table, subject is not shaking and then start the scout scan)

Perform scout

At the end of the scout- Breathe and relax

 (c) Inspiratory CT (TLC)

Now we’re ready again so please

Take a deep breath in (watch chest to ensure a deep breath in)
Let it out (watch chest to ensure air is out) 

Take a deep breath in (watch chest to ensure a deep breath in)
Let it out (watch chest to ensure air is out) 

Now breathe all of the way IN...IN...IN as far as possible and hold it in (watch chest to ensure a deep breath in as far as possible)

Keep holding your breath – DO NOT BREATHE! 

At the end of scan- Breathe and relax

(d) Practice Breathing (RV)

For the second part of this scan, I am going to ask you to take a couple of deep breaths in and out before we have you hold your breath all the way out.

First let’s practice

Take a deep breath in (watch chest to ensure a deep breath in)
Let it out (watch chest to ensure air is out)

Take a deep breath in (watch chest to ensure a deep breath in)
Let it out (watch chest to ensure air is out)

Take another deep breath in (watch chest to ensure a deep breath in)

Now breathe all the way OUT…OUT…OUT…as far as possible and hold it out (watch chest to ensure a deep breath out as far as possible)

Keep holding your breath- DO NOT BREATHE!  (watch chest to ensure spine remains on the table, patients is not shaking- watch for these throughout the study!)

Breathe and relax

(e) Scout views: PA & Lateral (RV)


Scout views: PA (RV)

OK let’s get started

Take a deep breath in (watch chest to ensure a deep breath in)
Let it out (watch chest to ensure air is out)

Take a deep breath in (watch chest to ensure a deep breath in)
Let it out (watch chest to ensure air is out)

Take another deep breath in (watch chest to ensure a deep breath in)

Now breathe all the way OUT…OUT…OUT…as far as possible and hold it out (watch chest to ensure a deep breath out as far as possible)

Keep holding your breath- DO NOT BREATHE!  (watch chest to ensure spine remains on the table, patients is not shaking- watch for these throughout the study!)

Breathe and relax

Scout views: Lateral (RV)


OK let’s get started

Take a deep breath in (watch chest to ensure a deep breath in)
Let it out (watch chest to ensure air is out)

Take a deep breath in (watch chest to ensure a deep breath in)
Let it out (watch chest to ensure air is out)

Take another deep breath in (watch chest to ensure a deep breath in)

Now breathe all the way OUT…OUT…OUT…as far as possible and hold it out (watch chest to ensure a deep breath out as far as possible)

Keep holding your breath- DO NOT BREATHE!  (watch chest to ensure spine remains on the table, patients is not shaking- watch for these throughout the study!)

Breathe and relax

(f) Expiratory CT (RV)

Now we’re ready again so please

Take a deep breath in (watch chest to ensure a deep breath in)

Let it out (watch chest to ensure air is out) 

Take a deep breath in (watch chest to ensure a deep breath in)

Let it out (watch chest to ensure air is out) 

Take another deep breath in (watch chest to ensure a deep breath in)

Now breathe all of the way OUT...OUT...OUT… as far as possible and hold it out (watch chest to ensure a deep breath out as far as possible)

Keep holding your breath – DO NOT BREATHE! 

At the end of scan- Breathe and relax

7.2.5. Model-specific Parameters 
Appendix G.1 lists acquisition parameter values for specific models/versions that can be expected to produce data meeting the requirements of Section 7.1. 
7.2.6. Archival Requirements for Primary Source Imaging Data
See 11.3
7.2.7. Quality Control
See 12.3
7.3. Imaging Data Reconstruction
 Appendix G.1 lists acquisition parameter values for specific models/versions that can be expected to produce data meeting the requirements of Section 7.1. 
	Parameter
	Compliance Levels

	CT Number Linearity
	Acceptable
Target
Linear between air CT number and “lung” of density 0.3 g/cc
Ideal



7.3.4. Platform-specific Instructions
Appendix G.2 lists reconstruction parameter values for specific models/versions that can be expected to produce data meeting the requirements of Section 7.2. 
7.3.5. Archival Requirements for Reconstructed Imaging Data
See 11.4
7.3.6. Quality Control
See 12.4
8. Image Post-processing

**Introduce the Image Post-processing section.
Postprocessing to correct in vivo measurements for CT attenuation measurements in phantom, achieved lung volumes
8.1. Input Data to Be Used 
Image files, acquired as above 
Reference phantom calibration data
8.2. Methods to Be Used
Linear transformation of CT numbers

Smooth to reference reconstruction 
**Describe how the analysis should be performed. (e.g. algorithms to be used; where measurements should be taken; definition of key anatomical points or pathology boundaries; related annotations) 
	Parameter
	Compliance Levels

	None noted
	Acceptable
Target
Ideal



The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



8.3. Required Characteristics of Resulting Data
Consistency of lung density metrics among CT scanner devices/models
**Place requirements on characteristics of resulting data.
	Parameter
	Compliance Levels

	None noted
	Acceptable
Target
Ideal



The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



8.4. Platform-specific Instructions 
Appendix G.3 lists post-processing parameter values for specific models/versions that can be expected to produce data meeting the requirements of Section 8. 
8.5. Archival Requirements
See 11.5
8.6. Quality Control
See 12.5
9. Image Analysis
**Introduce the Image Analysis section.
9.1. Input Data to Be Used 
Reference corrected mages files 
The reconstructed images may be used directly since no post-processing is specified.  No other data is required for this Analysis step.  
	Parameter
	Compliance Levels

	Reconstruction Results
	Acceptable
Reconstruction results conforming to Acceptable specifications
Target
Reconstruction results conforming to Target specifications
Ideal
Reconstruction results conforming to Ideal specifications



The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



9.2. Methods to Be Used
**Introduce the section.
Segmentation method- lung or lobe (protocol specific). Image processing shall use the same segmentation algorithm throughout each study.

(Which algorithm should be used? How do we ensure that image analysis algorithms are measuring the same thing?)
Histogram measurement

    Fraction of lung less than “reference CT number”- usually -950 (but may vary depending on phantom measurements)
    Percentile(“reference”)

Volume correction
Longitudinal analysis:

Shall be on same scanner, same acquisition parameters, similar breathhold.  If different scanner, adjust for inter-scanner differences, adjust for differences in breathhold. 

The following set of requirements extends what has been stated in the protocol.
<Technical parameters such as algorithm developers need, e.g., how well when ...>
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



9.3. Required Characteristics of Resulting Data
**Introduce the section.
Lung Volume

Emphysema metrics
	Parameter
	Compliance Levels

	Intra-rater reliability of fully automated read-outs
	Acceptable
Greater than 80%
Target
Greater than 90%
Ideal
Greater than 95%



The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



9.4. Platform-specific Instructions 
Appendix G.4 lists image analysis parameter values for specific models/versions that can be expected to produce data meeting the requirements of Section 9. 
9.5. Archival Requirements 
See 11.6
9.6. Quality Control
See 12.6
12. Quality Control
This is the section where all aspects of Quality Control are identified and described.
12.1. QC Associated with the Site
The following sections consider various aspects of quality control.
12.1.1. Quality Control Procedures

Compliance with protocol- DICOM header

Visual review

Adequacy of inspiration/expiration compare with predicted TLC/FRC

Motion artifact

Inclusion of entire lung

Adequacy of segmentation

Adequacy of lobar segmentation

Image noise?

Acquisition System Calibration

Target: A protocol specific calibration and QA program shall be designed consistent with the goals of the clinical trial.  This program shall include (a) elements to verify that sites are performing the specified protocol correctly, and (b) elements to verify that sites’ CT scanner(s) is (are) performing within specified calibration values.  These additional protocols will use specifically the COPDGene Phantom to address lung CT number calibration.  Additional phantom testing that address issues relating to both radiation dose and image quality (which may include issues relating to water calibration, uniformity, noise, in axial plane spatial resolution, and reconstructed slice thickness z-axis resolution). This phantom testing may be done in additional to the QA program defined by the device manufacturer as it evaluates performance that is specific to the goals of the clinical trial. 

12.1.2. Reserved
12.1.3. Reserved
12.2. QC Associated with Imaging-related Substance Preparation and Administration
N/A
12.3. QC Associated with Individual Subject Imaging 
The following sections describe aspects of QC associated with individual subject imaging.
12.3.1. Phantom Imaging and/or Calibration 
The following requirements are placed on phantom imaging and/or calibration.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



12.3.2. Quality Control of the Subject Image and Image Data
The following requirements are placed on QC of the subject image and image data.
	Parameter
	Compliance Levels

	  
	Acceptable
Target
Ideal



The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



12.4. QC Associated with Image Reconstruction
The following requirements are placed on QC associated with image reconstruction.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



12.5. QC Associated with Image Processing
The following requirements are placed on QC associated with image processing.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



12.6. QC Associated with Image Analysis
The following requirements are placed on QC associated with image analysis.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



12.7. QC Associated with Interpretation
The following requirements are placed on QC associated with interpretation.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



13. Imaging-associated Risks and Risk Management
The following sections consider various imaging-associated risks and risk management.
13.1. Radiation Dose and Safety Considerations
It is recognized that X-ray CT uses ionizing radiation and this poses some small, but non-zero risk to the patients in any clinical trial. The radiation dose to the subjects in any trial should consider the age and disease status (e.g. known disease or screening populations) of these subjects as well as the goals of the clinical trial. These should inform the tradeoffs between desired image quality and radiation dose necessary to achieve the goals of the clinical trial. 


The following set of requirements extends what has been stated in the protocol.
IV. Compliance
Acquisition Devices
In addition to specifications as set out in the Image Acqusition section above, CT scanners that conform to Medical Device Directive Quality System and the Essential Requirements of the Medical Device Directive. The CT scanners should (shall?) have been designed and tested for safety in accordance with IEC 601-1, as well as for ElectroMagnetic Compatibility (EMC) in accordance with the European Union’s EMC Directive, 89/336/EEC. Labeling for these requirements, as well as ISO 9001 and Class II Laser Product, should (shall) appear at appropriate locations on the product and in its literature. The scanners should be CSA compliant.
References
**a reference
Appendices
Appendix A: Acknowledgements and Attributions
**fill in
Appendix B: Background Information
Inflammatory parenchymal lung diseases are common and are significant causes of disability and premature death. These diseases are the result of sub-acute/chronic or chronic inflammatory processes, and are linked to cigarette smoking, either as a cause or as a modifying agent. Chronic obstructive pulmonary disease (COPD) is currently the 12th leading cause of disability in the world and is predicted to be 5th by the year 2020 (201). In the United States alone, it has been estimated that the annual cost of morbidity and early mortality due to COPD is approximately 4.7 billion dollars (202). COPD is a complex condition in which environmental factors interact with genetic susceptibility to cause disease. Tobacco smoke is the most important environmental risk factor, and in susceptible individuals it causes an exaggerated inflammatory response that ultimately destroys the lung parenchyma (emphysema) and/or increases airway resistance by remodeling of the airway wall (203). It has long been known that the pathway varies between individuals; some patients have predominant emphysema while others can have similar degrees of airflow obstruction due to severe small airway disease with relatively preserved parenchyma, but the proportion and contribution of each to the pathogenesis of disease is still unknown. (175) 
The pathologic events leading to emphysema are insidious and include structural and physiologic alterations that are characterized by inflammatory processes within the peripheral pulmonary parenchyma, thickening of arteriolar walls, and parenchymal destruction. A growing body of literature documents that these changes are likely to be associated with alterations in blood flow dynamics at a regional, microvascular level, and thus may serve as a beacon pointing toward the onset of early emphysema. Regional alterations in blood flow parameters may not only serve as an early marker for inflammatory processes but may also be a major etiologic component of the pathologic process, leading to emphysema in a subset of the smoking population (not all smokers have emphysema). (176) 
Measures based on airflow or other measures of global lung function have reached their limits in their ability to provide new insights into the etiology of the disease, or even in leading us to an understanding of how lung volume reduction, in late stages of the disease, provides patient improvements. A number of articles have been written in which attempts are made to explain improvements of physiologic status post-LVRS (9, 16) on the basis of lung mechanics, and we find it difficult to understand how these relate to the observations from the NETT (15) showing that subjects with apical but not basal prevalence of disease receive the greatest benefit from surgery. However, if regional pulmonary perfusion is again brought into consideration, it makes sense that, if one removes apical lung that is not contributing well to gas exchange and blood is shunted to less diseased basal lung, gas exchange will be improved. Furthermore, by removing a diseased portion of the basal lung when the disease is predominantly basal, then it is likely that blood will be preferentially shunted to the contralateral basal lung. Using scintigraphy to assess regional V˙ /Q˙ , Moonen and colleagues (2) have recently concluded that an important mechanism for improvement in functional status post-LVRS relates to the reduction of regional shunt (i.e., blood flow may be directed toward regions of improved ventilation whereas regions receiving blood flow but that have poor ventilation are removed). 
A recent international consensus statement on the diagnosis and therapy of COPD—the Global Strategy for the Diagnosis, Management, and Prevention of Chronic Obstructive Lung Disease (GOLD [Global Initiative for Chronic Obstructive Lung Disease])—has established diagnostic criteria that currently do not include CT findings (17). This is not surprising given that the consensus statement has been developed in part for the World Health Organization. It is notable that the summary makes the observation that different inflammatory events occur “in various parts of the lung,” a reference to the marked heterogeneity of the disease which cannot be defined without imaging. Of interest also are the future recommended research directions, which include identifying better defining characteristics of COPD, developing other measures to assess and monitor COPD, and recognizing the increasing need to identify earlier cases of the disease, all potential outcomes of improvements to quantitative lung imaging. 
It has been well demonstrated that lung function declines with age (18–21) and perhaps also as a result of inflammation (22). This has confounded research related to the effects of smoking cessation on lung health. There are mixed results as to whether or not smoking cessation halts the progression of emphysematous lung disease (20, 23–27). Work by Bosse and colleagues (28) attempted to take into account the aging process and suggested that the disease process is slowed if one stops smoking. However, tests were not sensitive enough to conclude this definitively. There appear to be important sex differences in the effects of cigarette smoking and cessation (29). No reliable specific biochemical markers of disease presence or progression have been identified (30), in part perhaps because of the lack of a sensitive standard to diagnose and follow the diseases. More recently, CT parameters have been shown to be likely more sensitive to disease progression (31). Furthermore, the long time course of these diseases means that clinical trials using only whole lung function as primary outcome measures require huge numbers of subjects for extremely long periods of time.  
Anatomic–Physiologic Correlates of Emphysema 
The lack of a direct marker for emphysema has meant that epidemiologic studies have been limited to COPD, and these perhaps give a limited view as to the epidemiology of emphysema, a specific subset of COPD but not identified as such by spirometry. The direct effect of cigarette smoking on lung function has been widely studied, with differences in relative changes in FEV1 and the effects of smoking noted (28, 32–35). Although some studies show an increased rate of loss of FEV1 for current smokers, there is a less significant decrease in FEV1 for reformed Hoffman, Simon, and McLennan: CT-Based Lung Structure and Function 521 smokers (28, 32).However, more recent studies have found similar FEV1 declines with age in both smokers and never-smokers (34, 35). It must be emphasized that these changes are likely related to bronchial hyper-reactivity (36, 37) rather than to emphysema, highlighting again the need for objective measurement tools to assess emphysema. As indicated, chronic airflow limitation (COPD) is commonly seen in emphysema, but it is not essential. Measurements of lung physiology are not always able to distinguish the abnormalities that result from emphysema from those which result from the other causes of COPD, such as chronic bronchitis or asthma (38). The strongest positive association between an index of airflow limitation, FEV1 (% predicted) and a pathologically derived emphysema score comes from the National Institutes of Health Intermittent Positive-pressure Breathing Trial (39). There were only 48 subjects in this study, as autopsies were required for the pathologic assessment to be performed. Pulmonary function tests were performed every 3 months during the study, and were therefore available at some point before death. However, these subjects were highly selected; to enter the study, they were required to have very significant airflow obstruction, and could not be severely hypoxic; and to complete the study, they had to die during the observation period. In contrast, a study examining pathologic lung specimens taken during surgery, and appropriately fixed, showed no relationship between the pathologic emphysema rating and indices of airflow (40). Furthermore, an autopsy study enrolling 242 subjects over 6 years demonstrated that, although those subjects with greater pulmonary disability tended to have a greater degree of pathologic emphysema, 17 subjects with greater than 30% pathologic emphysema had no evidence for clinical COPD (41). Other pulmonary function tests—namely, diffusing capacity for carbon monoxide (DlCO) and the exponential description of the deflation pressure/volume curve (K)—have been used to identify, and to obtain a measure of, severity for pulmonary emphysema. A number of studies have found that measurement of DlCO has a very weak correlation with the pathologic assessment of emphysema (42–44). Measurements of elastic recoil pressure curves in life compared with pathologic assessment of emphysema at subsequent lung resection or postmortem have yielded conflicting results on the value of static compliance and K as a measure of emphysema (45–49). More recent studies show a weak but significant correlation between K and macroscopic emphysema (r _ 0.49) (47, 48), with K believed to be a measure of alveolar distensibility. This background highlights the continuing search for a marker for emphysema presence and severity. 
Even though recent research has advanced our understanding of COPD pathogenesis, leading to the identification of potential targets and pathways for drug development, there are still major difficulties in conducting clinical trials designed to evaluate the benefits of new drug treatment for several reasons. These reasons include: 
(1) the lack of validated short- and intermediate-term endpoints (or surrogates) that are predictive of future hard clinical outcomes, and  
(2) the lack of a method to provide precise phenotypes suitable for large-scale studies.  
It is for these reasons that computed tomography (CT) has become such an important tool in COPD research. CT provides a noninvasive method to obtain images of the lung that look similar to anatomic assessment, and CT images themselves are densitometry maps of the lung. Therefore any change in the structure of the lung will change the densitometry of the lung and, therefore, the image. Virtually every clinical center in all regions of the world has access to a CT scanner, so it is thought that CT images should be quite easy to obtain and it should be easy to conduct large, meaningful clinical studies. 
Appendix C: Conventions and Definitions 
Acquisition vs. Analysis vs. Interpretation: This document organizes acquisition, reconstruction, post-processing, analysis and interpretation as steps in a pipeline that transforms data to information to knowledge. Acquisition, reconstruction and post-processing are considered to address the collection and structuring of new data from the subject. Analysis is primarily considered to be computational steps that transform the data into information, extracting important values. Interpretation is primarily considered to be judgment that transforms the information into knowledge. (The transformation of knowledge into wisdom is beyond the scope of this document.)  
Bulls-eye Compliance Levels Acquisition parameter values and some other requirements in this protocol are specified using a “bullseye” approach. Three rings are considered from widest to narrowest with the following semantics:  
ACCEPTABLE: failing to meet this specification will result in data that is likely unacceptable for the intended use of this protocol.  
TARGET: meeting this specification is considered to be achievable with reasonable effort and equipment and is expected to provide better results than meeting the ACCEPTABLE specification.  
IDEAL: meeting this specification may require unusual effort or equipment, but is expected to provide better results than meeting the TARGET.  
An ACCEPTABLE value will always be provided for each parameter. When there is no reason to expect better results (e.g. in terms of higher image quality, greater consistency, lower dose, etc.), TARGET and IDEAL values are not provided.  
Some protocols may need sites that perform at higher compliance levels do so consistently, so sites may be requested to declare their “level of compliance”. If a site declares they will operate at the TARGET level, they must achieve the TARGET specification whenever it is provided and the ACCEPTABLE specification when a TARGET specification is not provided. Similarly, if they declare IDEAL, they must achieve the IDEAL specification whenever it is provided, the TARGET specification where no IDEAL level is specified, and the ACCEPTABLE level for the rest.  
Appendix D: Documents included in the imaging protocol (e.g., CRFs)
**(Material the site needs to submit)  
**Subject preparation  
**Imaging agent dose calculation  
**Imaging agent  
**Image data acquisition  
**Inherent image data reconstruction / processing 
**Image analysis  
**Interpretation  
**Site selection and Quality Control  
**Phantom Imaging and Calibration  
Appendix E: Associated Documents
**e.g. the Imaging Charter, Site Manual, Standard Operating Procedures, etc.
Appendix F: TBD
Appendix G: Model-specific Instructions and Parameters 
The presence of specific product models/versions in the following tables should not be taken to imply that those products are fully compliant with the QIBA Profile. Compliance with a profile involves meeting a variety of requirements of which operating by these parameters is just one. To determine if a product (and a specific model/version of that product) is compliant, please refer to the QIBA Conformance Document for that product. G.1. Image Acquisition Parameters The following technique tables list acquisition parameter values for specific models/versions that can be expected to produce data meeting the requirements of Section 7.1.  
These technique tables may have been prepared by the submitter of this imaging protocol document, the clinical trial organizer, the vendor of the equipment, and/or some other source. (Consequently, a given model/version may appear in more than one table.) The source is listed at the top of each table.  
Sites using models listed here are encouraged to consider using these parameters for both simplicity and consistency. Sites using models not listed here may be able to devise their own acquisition parameters that result in data meeting the requirements of Section 7.1 and conform to the considerations in Section 13.  
In some cases, parameter sets may be available as an electronic file for direct implementation on the imaging platform.  
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