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I. CLINICAL CONTEXT

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.

II. CLAIMS

HERE IS THE EXAMPLE AS IT PRESENTLY STANDS FOR VOLUME CT IN CANCER, NEED TO DETERMINE WHAT IT SHOULD BE FOR COPD: Following this protocol is expected to provide volume repeatability of at least 18% (in order to be “twice as sensitive as RECIST”, based on the idea that for uniformly expanding cubes and solid spheres, an increase in the RECIST defined uni-dimensional Longest Diameter of a Measurable Lesion corresponds to an increase in volume of about 72% and to diagnose Progressive Disease at a change of about one half that volume, 36%, the noise needs to be less than about 18%).   

III. ACTORS

The participants involved with this quantification activity are as follows:

· Acquisition device

· Imaging technician responsible for acquisition

· Image archive hosting storage

· Post-processing software package for feature extraction and optionally assisting with classification

· Reading radiologist interpreting scans and annotating images

In each case, there may be as many as the number of longitudinal time points.
IV. PROFILE DETAIL/PROTOCOL (Structured according to UPICT protocol for content re-use.) 

Instructions to Clinical Trialists who are adapting this imaging protocol for inclusion in their Clinical Trial Protocol are shown in italics.  All italic text should generally be removed as part of preparing the final protocol text.
0. Executive Summary

Provide a brief (less than 250 words) synopsis to let readers quickly determine if this imaging protocol is relevant to them.  Sketch key details such as the primary utility, imaging study design, specific aims, context, methods, expected results, risks, and deliverables.
The studies of lung parenchyma fall into three broad categories:

(1) small cross-sectional studies conducted in a single institution,

(2) large multi-institutional cross-sectional studies, and

(3) longitudinal studies that may be either single-center or multicenter.

Large multicenter studies are now becoming very popular as investigators try and use CT as a tool to phenotype individuals or to study disease progression or the effect of therapeutic interventions. There are, obviously, many factors to consider when designing studies that use CT, but the longitudinal multicenter studies are the most problematic because they include many different parameters that need to be standardized.

This protocol describes imaging, measurements and interpretation for quantitatively evaluating the progression/regression of lung tumors greater than 1cm in Longest Diameter.  It is intended to provide “twice the sensitivity of RECIST”.
1. Context of the Imaging Protocol within the Clinical Trial
Refine the following sub-sections to accurately and specifically describe how this imaging protocol interfaces with the rest of your clinical trial. E.g. what are the specific utilities of the imaging protocol in your trial.
1.1. Utilities and Endpoints of the Imaging Protocol
This image acquisition and processing protocol is appropriate for quantifying the volume of a solid tumor of the lung, and longitudinal changes in volume within subjects. 
This protocol is otherwise agnostic to the clinical settings in which the measurements are made and the way the measurements will be used to make decisions about individual patients with cancer or new treatments for patients with cancer.  Typical uses might include assessing response to treatment, establishing the presence of progression for determining TTP, PFS, etc, or determining eligibility of potential subjects in a clinical trial.  
1.2. Timing of Imaging within the Clinical Trial Calendar 
Describe for each discrete imaging acquisition the timing that will be considered “on-schedule” preferably as a “window” of acceptable timing relative to other events in the clinical trial calendar.  Consider presenting the information as a grid which could be incorporated into the clinical trial calendar.
This protocol does not presume a specific timing.  Generally, per RECIST 1.1, "all baseline evaluations should be performed as close as possible to the treatment start". 
1.3. Management of Pre-enrollment Imaging
Describe the evaluation, handling and usage of imaging performed prior to enrollment.
Clearly identify purposes for which such imaging may be used: eligibility determination, sample enrichment, stratification, setting the measurement base-line, etc.
(e.g. What characteristics or timing will make the imaging acceptable for the purpose?

        Will digitized films be accepted?
        Will low-grade images be annotated and/or excluded from parts of the trial?
        Is there normalization that should be done to improve low-grade priors?
        How should such imaging be obtained, archived, transferred, etc.)
To quantify volumes and volume changes with the precision claimed in this protocol, the pre-enrollment image acquisition and processing must meet or exceed the minimum specifications described in this protocol in order to serve as the “baseline” scan.  

Management of pre-enrollment imaging, including decisions on whether to accept lower precision or to require a new baseline scan, are left to the Clinical Trial Protocol author.
1.4. Management of Protocol Imaging Performed Off-schedule

Describe the evaluation, handling and usage of imaging performed according to the Procedure below but not within the “on-schedule” timing window described in Section 1.2.
(e.g. For what purpose(s) may such imaging be used (for clinical decision-making; for data
           analysis; for primary endpoints; for secondary endpoints; for continued subject eligibility
           evaluation; to supplement but not replace on-schedule imaging, etc.)?  

        What characteristics or timing will make the imaging acceptable for the purpose?

         Is there normalization that should be done to account for the schedule deviation?

        What is the expected statistical impact of such imaging on data analysis? 

        How should such imaging be recorded, archived, etc.)
This protocol does not presume a specific imaging schedule.  It is intended to measure tumor volume change between two arbitrary time points.

Management of the clinical trial calendar, deviations from the calendar, and potential impacts of deviations or non-uniformity of interval timing on derived outcomes such are Time-To-Progression (TTP) or Progression-Free-Survival (PFS) time are left to the Clinical Trial Protocol author.
1.5. Management of Protocol Imaging Performed Off-specification
Describe the evaluation, handling and usage of imaging described below but not performed completely according to the specified Procedure.  This may include deviations or errors in subject preparation, the acquisition protocol, data reconstruction, analysis, interpretation, and/or adequate recording and archiving of necessary data.

(e.g. For what purpose(s) may such imaging be used (for clinical decision-making; for data

           analysis; for primary endpoints; for secondary endpoints; for continued subject eligibility

           evaluation; to supplement but not replace on-schedule imaging, etc.)?  

        What characteristics or timing will make the imaging acceptable for the purpose?

         Is there normalization that should be done to account for the schedule deviation?

        What is the expected statistical impact of such imaging on data analysis? 

        How should such imaging be recorded, archived, etc.)

Deviation from this specification will likely degrade the quality of measurements.
Management of off-specification imaging, including decisions on whether to accept lower precision or to require repeat scans, are left to the Clinical Trial Protocol author.
1.6. Management of Off-protocol Imaging 

Describe the evaluation, handling and usage of additional imaging not described below.  This may include imaging obtained in the course of clinical care or potentially for research purposes unrelated to the clinical trial at the local site.

 (e.g. For what purpose(s) may such imaging be used (for clinical decision-making; for data

           analysis; for primary endpoints; for secondary endpoints; for continued subject eligibility

           evaluation; to supplement but not replace on-schedule imaging, etc.)?  

        What characteristics or timing will make the imaging acceptable for the purpose?

         Is there normalization that should be done to account for the schedule deviation?

        What is the expected statistical impact of such imaging on data analysis? 

        How should such imaging be recorded, archived, etc.)
Management of Off-protocol imaging is left to the Clinical Trial Protocol author.
1.7. Subject Selection Criteria Related to Imaging 
1.7.1. Relative Contraindications and Mitigations
Describe criteria that may require modification of the imaging protocol.
This protocol involves ionizing radiation.  Risk and Safety considerations, e.g. for young children or pregnant women, are referenced in section 13.1.  Local standards for good clinical practice (cGCP) should be followed.
This protocol involves the use of intravenous contrast.  Risk and Safety considerations, e.g. for subjects with chronic renal failure, are referenced in section 13.2.  Local standards for good clinical practice (cGCP) should be followed.  The use of contrast in section 5 assumes there are no known contra-indications in a particular subject.
1.7.2. Absolute Contraindications and Alternatives
There are few, if any, absolute contra-indications to the CT image acquisition and processing procedures described in this protocol.  Local standards for good clinical practice (cGCP) should be followed.

No alternative imaging protocols are currently available to reference.
2. Site Selection, Qualification and Training
2.1. Personnel Qualifications
This protocol does not presume specific personnel or qualifications beyond those normally required for the performance and interpretation of CT exams with contrast.  
2.1.1. Technical

2.1.2. Physics

2.1.3. Physician
2.1.4. Other (Radiochemist, Radiobiologist, Pharmacist, etc.)
2.2. Imaging Equipment 
This protocol requires the following equipment:
· CT scanner with the following characteristics:

· while multi-slice is not required, it will produce better results.  
Acceptable: Single slice, Target: 16 or greater, Ideal: 64 or greater 

· See section 7 for required acquisition capabilities

· conforms to the Medical Device Directive Quality System and the Essential Requirements of the Medical Device Directive
· 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

· Labelled for these requirements, as well as ISO 9001 and Class II Laser Product, at appropriate locations on the product and in its literature

· CSA compliant
· Measurement Software

· See section 9 for required capabilities

Participating sites may be required to qualify for, and consistently perform at, a specific level of compliance (See discussion of Bulls-eye Compliance Levels in Appendix C).   Documentation of Acceptable/Target/Ideal Levels of Compliance will appear in relevant sections throughout this document.
2.3. Infrastructure 
List required infrastructure, such as subject management capabilities, internet capability, image de-identification and transmission capability.
Update this section to reflect your data archival and distribution requirements as described in section 11. 

No particular infrastructure is specified.  

2.4. Quality Control 

2.4.1. Procedures 

See 12.1.1 for procedures the site must document/implement.
2.4.2. Baseline Metrics Submitted Prior to Subject Accrual

See 12.1.2 for metric submission requirements.
2.4.3. Metrics Submitted Periodically During the Trial

See 12.1.3 for metric submission requirements.
Additional task-specific Quality Control is described in sections below.
2.5. Protocol-specific Training
No protocol-specific training is specified beyond familiarity with the relevant sections of this document.
2.5.1. Physician 

2.5.2. Physics 

2.5.3. Technician

3. Subject Scheduling
Describe requirements and considerations for the physician when scheduling imaging and other activities, which may include things both related and unrelated to the trial.
3.1. Timing Relative to Index Intervention Activity
Define the timing window for imaging relative to the index intervention activity.  This parameter is significantly influenced by the specifics of the index intervention (e.g. the specific pharmaceutical under investigation).
3.2. Timing Relative to confounding Activities (to minimize “impact”)
This protocol does not presume any timing relative to other activities.  Fasting prior to a contemporaneous FDG PET scan or the administration of oral contrast for abdominal CT are not expected to have any adverse impact on this protocol.
3.3. Scheduling Ancillary Testing
This protocol does not depend on any ancillary testing.
4. Subject Preparation

4.1. Prior to Arrival 

No preparation is specified beyond the local standard of care for CT with contrast.
4.2. Upon Arrival 
4.2.1. Confirmation of subject compliance with instructions

No preparation is specified beyond the local standard of care for CT with contrast.
4.2.2. Ancillary Testing 

No ancillary testing is specified beyond the local standard of care for CT with contrast.
4.2.3. Preparation for Exam 

No exam preparation is specified beyond the local standard of care for CT with contrast.
5. Imaging-related Substance Preparation and Administration  
5.1. Substance Description and Purpose  
The use of contrast is not an absolute requirement for this protocol.  However, the use of intravenous contrast material is often medically indicated for the diagnosis and staging of lung cancer in many clinical settings.

Contrast characteristics influence the appearance and quantification of the tumors, therefore a given subject must be scanned with the same contrast agent and administration procedures for each scan, even if that means no contrast is given due to it not being given in previous exams of this subject in this trial. 

A subject should be scanned with the same brand of contrast agent for each scan (Target).  Another brand or type of contrast may be used if necessary (Acceptable).

5.2. Dose Calculation and/or Schedule

6. X-RAY DOSE

A thorough review of X-ray dose can be found in numerous reviews, including the ones found in the articles in this issue. However, an important feature to bear in mind is that X-ray dose is directly related to the mA setting of the CT scanner (258). While the actual effects of radiation on subjects is still unknown, it is the recommendation that the lowest possible dose be used.

The level of radiation dose that can be used is dependent on the age of the subject: the younger the subject, the less the dose that should be used (258, 259). Because image noise within the CT scan is also dependent on the dose of the scan, questions involving the lung parenchyma may be answered using a very low radiation dose while airway analysis may require a higher dose (235, 259).

For a given subject, the same contrast dose should be used for each scan (Target).  If a different brand or type of contrast is used, the dose may be adjusted to ensure comparability if appropriate and as documented by peer-reviewed literature and/or the contrast manufacturers’ package inserts (Acceptable). 
Site-specific sliding scales that have been approved by local medical staffs and regulatory authorities should be used for patients with impaired renal function (e.g. Contrast Dose Reduction Based On Creatinine Clearance).
6.1. Timing, Subject Activity Level, and Factors Relevant to Initiation of Image Data Acquisition
For a given subject, image acquisition should start at the same time after contrast administration for each scan (Target).
Scan delay after contrast administration is dependent upon the both the dose and rate of administration, as well as the type of scanner being used. Contrast administration should be tailored for both the vascular tree as well as optimization of lesion conspicuity in the solid organs. (These guidelines do not refer to perfusion imaging of single tumors.) Generally, since there are multiple concentrations of contrast as well as administration rates and scanning speeds, it is difficult to mandate a specific value. Generally institutional guidelines should be followed so as to optimize reproducibility of the scan technique. 
<Should we discuss adjustment of imaging delay and/or timing on the basis of cardiac output as determined by some sort of pre-imaging bolus protocol?>>
6.2. Administration Route
Intravenous.
6.3. Rate, Delay and Related Parameters / Apparatus
Contrast may be administered manually (Acceptable), preferably at the same rate for each scan (Target), which is most easily achieved by using a power injector (Ideal). 
If a different brand or type of contrast is used, the rate may be adjusted to ensure comparability if appropriate and as documented by peer-reviewed literature and/or the contrast manufacturers’ package inserts (Acceptable).

6.4. Required Visualization / Monitoring, if any
No particular visualization or monitoring is specified beyond the local standard of care for CT with contrast.
6.5. Quality Control 
See 12.2.
7. Individual Subject Imaging-related Quality Control
See 12.3.
8. Imaging Procedure
CONTENT HERE FROM HOFFMAN PAPER.  NEEDS TO BE RATIONALIZED WITH UPICT FORMAT.

It is important in either cross-sectional studies or longitudinal studies that CT technique is held constant for all parameters, slice thickness, reconstruction algorithm, and X-ray dose. Another group of factors include subject characteristics, including body size and, most importantly, the size of breath that the subject took during the scan. Lung volume CT scanning is an important characteristic to take into account, and there have been methods proposed to try and compensate for this, including spirometrically gating the CT scan or using a mathematical approach to correct for lung volume (218, 232, 236).  Spirometrical gating has proven to be problematic and is likely not practical in large multicenter studies; therefore, it has been recommended that a mathematical adjustment of lung volume be applied in all longitudinal studies (218, 219).
Volume Scans

Our current volumetric protocol consists of 100 milliampere seconds (mAs), 120 kV, and 1-mm collimation, with an effective slice thickness of 1.3 mm, overlap of 0.65 mm, and pitch of 1.2 mm. The slice parameter mode is 32 _ 0.6 mm. We will use 512 _ 512 slice matrices. The subject is apneic at a controlled lung volume (40 and 95% VC). We carefully check the calibration of the scanner on a weekly basis. To estimate the effective dose, we have used the WinDOSE program developed by Professor Willi Kalender (University of Erlangen, Germany) and the CT dose index (CTDI) for the Siemens Sensation 64. The total effective dose (He) is the primary measure that our radiation safety committee evaluates. The radiation dose, as outlined in Table 1, from the procedures is equal to the risk that the average American experiences from exposure to 40 months of natural background radiation.

Xenon Regional Ventilation

Reference whole lung scans obtained at static inflations of 40 and 95% VC are used for axial scan locations. A ventilation study is performed at 20 time points with 80 kVp and 150 mAs. The slice parameter mode is 20 _ 1.2 mm so that a 2.4 cm (or greater depending on the axial extent of the field-of-view on future scanner configurations) z-axis coverage is achieved. To estimate the effective dose, we have used the WinDOSE program and the CTDI for the Siemens Sensation 64. The total effective dose (He) is the primary measure that the radiation safety committee evaluates. The radiation dose, as outlined in Table 2, from the procedures is equal to the risk that the average American experiences from exposure to 14 months of natural background radiation.

The ECG signal is replaced by a signal from our custom data acquisition and control program to trigger the scanner at specific points during the ventilatory cycle. The subject breathes spontaneously with a mouthpiece connected to our lung volume controller and two-way switching valve (room air and the Xe Enhancer set to provide 30% Xe/30% O2). The subject is instructed to maintain a constant breathing pattern by watching a graphical display with target lines. To deliver xenon gas, we use an Enhancer 9000, which allows for xenon recycling. CO2 is scrubbed from the exhalate and xenon and oxygen are sensed and replaced to maintain a constant concentration of the inspired gas. The scanner is activated via our PC software programmed in the LabView (National Instruments) environment and three gated images are taken as the pre-Xe baseline. The switching valve connects the subject to 30% Xe gas. The subject inhales nine breaths of Xe.

TABLE 1. RADIATION DOSE ESTIMATES FOR TWO VOLUME SCANS Volume scans 64 slice Two scans Male Female Organs, dose (mrad) Lung 2,060 2,100 Breast 0 1,920 Skeleton 1,040 1,200 Esophagus 1,430 1,600 Red marrow 630 680 Skin 3,900 3,900 HE, mrem 690 1,060 (Table taken from Hoffman paper; needs to be formatted properly if chosen to retain in the Profile.)
TABLE 2. RADIATION DOSE ESTIMATES FOR VENTILATION STUDY Ventilation 150 mAs 80 kV 15 scans Male Female Organs, dose (mrad) Lung 830 848 Breast 0 900 Skeleton 330 382.5 Esophagus 406 410 Red marrow 150 180 Skin 18,000 18,000 HE, mrem 236.25 360(Table taken from Hoffman paper; needs to be formatted properly if chosen to retain in the Profile.)
Bolus Contrast Regional Perfusion

Scanning is in the axial mode at the same slice locations as in the ventilation study. To obtain regional perfusion (Q) with contrast injection, the scanner is set up as in the Xe protocols described above, with an ECG trigger signal, and the subject remains apneic during scanning. A Medrad power injector system (Mark V Power Injector; Medrad, Indianola, PA) is used to give a 2-second bolus of contrast (0.5 ml/kg, up to a total volume of 50 ml). The lung volume controller is used to start breath-hold at normal functional residual capacity. Two to three baseline images are obtained followed by dye injection. A total of 12 stacked image sets, one per heartbeat, are obtained to follow the contrast agent (Visipaque; GE Healthcare, Milwaukee, WI) through the lung fields. The scanner is setup in axial, ECG triggering mode, using 80 kVp, 150 mAs, 360_ rotations, 0.5-second scan time, 512 _ 512 matrix, and the field of view adjusted to fit the lung field of interest. The slice parameter mode is 20 _ 1.2 mm so that a 2.4-cm portion of the lung field will be examined. To estimate the effective dose, we used the WinDOSE program and the CTDI for the Siemens Sensation 64. The total effective dose (He) is the primary measure that our radiation safety committee evaluates. The radiation dose from the procedures, as outlined in Table 3, is equal to the risk that the average American experiences from exposure to 19 months of natural background radiation.

TABLE 3. RADIATION DOSE ESTIMATES FOR VENTILATION STUDY Blood flow 150 mAs 80 kV 20 scans Male Female Organs, dose (mrad) Lung 1,320 1,140 Breast 0 960 Skeleton 660 580 Esophagus 540 620 Red marrow 200 240 Skin 24,200 24,200 HE, mrem 315 480(Table taken from Hoffman paper; needs to be formatted properly if chosen to retain in the Profile.)
8.1. Required Characteristics of Resulting Data
This section describes characteristics of the acquired images that are important to this protocol.  Characteristics not covered here are left to the discretion of the participating site.

Additional details about the method for acquiring these images are provided in section 7.2.
8.1.1. Data Content
These parameters describe what the acquired images should contain/cover.
	Parameter
	ComplianceLevel *
	

	Anatomic Coverage
	Acceptable
	Entire Lung Fields, Bilaterally
(Lung apices through bases)

	
	Target
	Entire Lung Fields, Bilaterally

(Lung apices through adrenal glands)

	Field of View : Pixel Size
	Acceptable
	Complete Thorax : 0.8 to 1.0mm

	
	Target
	Outer Thorax        : 0.7 to 0.8mm

	
	Ideal
	Rib-to-rib               : 0.55 to 0.75mm


    * See Appendix C for a discussion of Bulls-eye Compliance Levels
Field of View affects Pixel Size due to the fixed image matrix size used by most CT scanners.  If it is clinically necessary to expand the Field of View to encompass more anatomy, the resulting larger pixels are acceptable. 

8.1.2. Data Structure
These parameters describe how the data should be organized/sampled.
	Parameter
	ComplianceLevel *
	

	Collimation Width
	Acceptable
	5 to 160mm

	
	Target
	10 to 80mm

	
	Ideal
	20 to 40mm

	Slice Interval
	Acceptable
	Contiguous or up to 20% overlap

	Slice Width
	Acceptable
	<= 5.0mm

	
	Target
	1.0 to 2.5mm

	
	Ideal
	<= 1.0mm

	Pixel Size
	
	See 7.1.1

	Isotropic Voxels
	Acceptable
	(5:1) Slice width <= 5 x Pixel Size

	
	Target
	(1:1) Slice width = Pixel Size

	Scan Plane
	Acceptable
	Same for each scan of subject

	
	Target
	0 azimuth

	Rotation Speed
	Acceptable
	Manufacturer’s default


    * See Appendix C for a discussion of Compliance Level
Collimation Width (defined as the total nominal beam width) is often not directly visible in the scanner interface.  Wider collimation widths can increase coverage and shorten acquisition, but can introduce cone beam artifacts which may degrade image quality.
Slice intervals that result in discontiguous data are unacceptable as they may “truncate” the spatial extent of the tumor, degrade the identification of tumor boundaries, etc.  
<Pitch?> impacts dose since the area of overlap results in additional dose to the tissue in that area.  Overlaps of greater than 20% have insufficient benefit to justify the increased exposure.

Slice Width directly affects voxel size along the subject z-axis.  Smaller voxels are preferable to reduce partial volume effects and (likely) provide higher precision due to higher spatial resolution. 

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. 

Isotropic Voxels are expected to improve the reproducibility of tumor volume measurements, since the impact of tumor orientation (which is difficult to control) is reduced by more isotropic voxels.
Scan Plane may differ for some subjects due to the need to position for physical deformities or external hardware, but should be constant for each scan of a given subject.
Faster Rotation Speed reduces the breath hold requirements and reduces the likelihood of motion artifacts.
8.1.3. Data Quality
 These parameters describe the quality of the images.
	Parameter
	ComplianceLevel *
	

	Motion Artifact
	Acceptable
	Minimal (see below)

	
	Target
	No Artifact

	Noise Metric
	Acceptable
	std. dev. in 20cm water phantom < 40 HU

	
	Target
	

	
	Ideal
	

	Spatial Resolution Metric
	Acceptable
	>= 6 lp/cm

	
	Target
	>= 7 lp/cm

	
	Ideal
	>= 8 lp/cm


    * See Appendix C for a discussion of Bulls-eye Compliance Levels
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. 

Proposal: Remove Noise Metric and Spatial Resolution Metric until we can properly document the procedure for generating these values on site systems in a reliable fashion.  Work with 1C groundwork activities to test the concept and prepare such procedure specifications.  < When time comes to first publish this protocol, resolve this based on the then current status of 1C> 
Noise Metric quantifies the level of noise in the image pixel values.  The procedure for obtaining the noise metric for a given acquisition protocol on a given piece of equipment is described in section XX.   Greater levels of noise may degrade segmentation by image analysis operators or automatic edge detection algorithms.

Noise 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. 
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 an ACR resolution phantom (or equivalent). The procedure for obtaining the spatial resolution metric for a given acquisition protocol on a given piece of equipment is described in section XX.  Lower spatial resolution can make it difficult to accurately determine the borders of tumors.
Spatial resolution is mostly determined by the scanner geometry (not under user control) and the reconstruction algorithm (which is under user control).
8.2. Imaging Data Acquisition
8.2.1. Subject Positioning
For a given subject, they may be placed in a different position if medically unavoidable due to a change in clinical status (Acceptable), but otherwise the same positioning should be used for each scan (Target) and if possible, that should be Supine/Arms Up/Feet First (Ideal). 
If the previous positioning is unknown, the subject should be positioned Supine/Arms Up/Feet First if possible.  This has the advantage of promoting consistency, and reducing cases where intravenous lines, which could introduce artifacts, go through gantry. 

Subject positioning shall be recorded, manually by the staff (Acceptable) or in the image dataset (Target). 

Consistent positioning is required to avoid unnecessary variance in attenuation, changes in gravity induced shape, or changes in anatomical shape due to posture, contortion, etc.  Careful attention should be paid to details such as the position of their upper extremities, the anterior-to-posterior curvature of their spines as determined by pillows under their backs or knees, the lateral straightness of their spines, and, if prone, the direction the head is turned.

Factors that adversely influence patient positioning or limit their ability to cooperate (breath hold, remaining motionless, etc.) should be recorded in the corresponding DICOM tags and case report forms, e.g., agitation in patients with decreased levels of consciousness, patients with chronic pain syndromes, etc.
8.2.2. Instructions to Subject During Acquisition 
Breath Hold
Subjects should be instructed to hold a single breath at full inspiration (Target) or at least near high % of end inspiration (Acceptable) for the duration of the acquisition.  

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.
Respiratory Gating

It is important to also take great care that the lung is imaged at standardized volumes, just as one coaches a patient in the pulmonary function laboratory. To this end, we have established a respiratory gating methodology that allows us to accurately gate image acquisition to lung volume in human subjects, using either a pneumotachograph, an inductance plethysmograph (Respitrace; Research Instrumentation Associates, Inc., Chesterland, OH), or turbine flowmeter signal. With modified scanner software, one is able to reduce the scanner pitch (table increment per 360_ gantry rotation divided by beam collimation) down to 0.1 for retrospective respiratory-gated spiral imaging. Within our laboratory, we have built a fully integrated software/hardware solution using the pneumotachometer and inductance plethysmograph and are currently building a second system based on the turbine for Xe imaging in humans. We use software written in LabView (National Instruments, Austin, TX) to record patient physiology (including airway pressure, ECG, blood pressures, etc.) and then we are able to gate the scanner on and off according to the physiologic parameters of interest. Scanner manufacturers are currently providing simple pneumatic belts for respiratory gating. Little work has currently been done to verify the accuracy of these belts under various conditions, such as shifts from abdominal to ribcage breathing and prone versus supine scanning.

8.2.3. Timing/Triggers 
(e.g., relative to administration of imaging agents; inter-time point standardization)
For each subject, the time-interval between the administration of intravenous contrast and the start of the image acquisition should be determined in advance, and then maintained as precisely as possible during all subsequent examinations.
(Describe a pre-bolus time to target, account for different circulation,
Acceptable: use a standard time; Target: evaluate “manually”
Ideal: “smart-prep”™ features, 
8.2.4. 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.  
8.2.5. Archival Requirements for Primary Source Imaging Data

See 11.3.
8.3. Imaging Data Reconstruction
Studies have shown that changing the image reconstruction algorithm can greatly influence the extent of emphysema measured using the threshold cutoff value (233, 234). 

These parameters describe general characteristics of the reconstruction.
	Parameter
	ComplianceLevel *
	

	Reconstruction Kernel Characteristics
	Acceptable
	soft to overenhancing

	
	Target
	standard to enhancing

	
	Ideal
	slightly enhancing

	Reconstruction Interval
	Acceptable
	<= 5mm

	
	Target
	<= 3mm

	
	Ideal
	<= 1mm

	Reconstruction Overlap
	Acceptable
	Contiguous (e.g., 5mm thick slices, spaced 5mm apart or 1.25mm spaced1.25 mm apart)

	
	Target
	20% Overlap (e.g. 5mm thick slices, spaced 4mm apart or 1.25mm spaced 1mm apart)


    * See Appendix C for a discussion of Bulls-eye Compliance Levels
Reconstruction Kernel Characteristics should be the same for each scan of a given subject.  A softer kernel can reduce noise at the expense of spatial resolution.  An enhancing kernel can improve resolving power at the expense of increased noise.  Moderation on both fronts is recommended with a slight bias towards enhancement.
Reconstruction Interval should be the same for each scan of a given subject.
Reconstruction Overlap should be the same for each scan of a given subject.
• Decisions about overlap should consider the technical requirements of the clinical trial, including effects on measurement, throughput, image analysis time, and storage requirements. 

• Reconstructing datasets with overlap will increase the number of images and may slow down throughput, increase reading time and increase storage requirements. 
It should be noted that for multidetector row CT (MDCT) scanners, creating overlapping image data sets has NO effect on radiation exposure; this is true because multiple reconstructions having different kernel, slice thickness and intervals can be reconstructed from the same acquisition (raw projection data) and therefore no additional radiation exposure is needed. 

<Gary: Based on this discussion, should the UPICT protocol provide advice to those sites with multiple types of scanners as to the characteristics of the preferred scanner – multidetector, multirow, vs. single slice, etc.?>
8.3.1. Model-Specific Parameters 

Appendix G.2 lists reconstruction parameter values for specific models/versions that can be expected to produce data meeting the requirements of Section 7.1.  
8.3.2. Archival Requirements for Reconstructed Imaging Data
See 11.4.
8.3.3. Quality Control

See 12.4.
9. Image Post-processing
 (e.g. spatial registration, spatial re-orientation, re-slicing, feature enhancement, 3D view generation) 
No post-processing shall be performed on the reconstructed images sent for image analysis.  Such processing, if performed, has the potential to disrupt the consistency of the results.
10. Image Analysis
Critical to taking full advantage of MDCT (and MRI) is the ability to objectively evaluate the information content of the images. In the case of the lung, the starting point is reliable detection of the lungs, lobes, airways, and blood vessels, followed by an analysis of parenchymal density and texture, and finally a regional quantification of regional ventilation and perfusion parameters.

The segmentation of the lung, lobes, airway, and pulmonary vascular bed is described together with methods for assessing lung texture (parenchymal pathologies), perfusion, and ventilation in the following sections.

Lung Segmentation

Automated segmentation of the lungs from a 3D set of CT images is a crucial first step in the  quantitative analysis of pulmonary physiology or pathophysiology. With large 3D image volumes becoming commonplace, routine manual segmentation to identify regions of interest (ROIs) is too cumbersome and time consuming. In addition, manual analysis has significant interobserver and intraobserver variability.

Segmentation may be automatic or semiautomatic, using thresholding to obtain approximate initial lung masks. These lung masks are refined using topologic analysis (e.g., to delete cavities and small disconnected pieces) and specialized processing to enforce anatomic constraints (e.g., using a graph search to find the most likely location of the line separating the left and right lung).

Lobe Segmentation

Zhang and colleagues (100) have developed a semiautomatic method for identifying the fissures in CT images (Figure 1). This method uses a combination of anatomic features and CT image features to identify the fissures on 2D transverse slices. These features are combined into a cost function that reflects the likelihood that a pixel lays on the fissure. A graph search, which is a heuristic cost-based search technique, is used to find a path between the endpoints. Graph searching finds the minimum cost path between the two endpoints, where the cost function definition reflects the problem of interest. The user must initialize the process once for each fissure of interest, but once the procedure has been initialized, the entire 3D surface can be automatically identified. The overall root mean square error between manual tracing of the fissure and our semiautomatic method is about 2 pixels. Under development are methods to automatically initiate the lobe segmentation process through the development of a standard lung atlas representing the average shape of the normal human lung. The individual is then matched to the atlas and the location of the fissures in the atlas serve as the initial guess for the search initiation. More recent work from the laboratory has used an anatomic pulmonary atlas with a priori knowledge about lobar fissure shapes from a set of presegmented training datasets to achieve a fully automatic lobe segmentation (101).

Figure 1. Results of vascular (upper left), lobe (middle), and airway (lower right) segmentation. After the airways are identified (segmented) and the centerline and branchpoints are identified, then the airway tree is automatically labeled. The lobar fissures are identified by the geometry of the segmented blood vessels as shown by the red and green arrowheads shown in the upper left panel. L _ left, R _ right, B _ broncus, UL _ upper lobe, M _ middle lobe, LL _ lower lobe.

Airway Lumen and Wall Segmentation

Airways of interest range in size from 1- to 15-mm inside diameter, and the software determines the borders of the inner and outer airway walls (102). The small airways have very thin walls, typically on the order of 10 to 15% of the inner diameter. The established full-width at half-maximum method for measurement can give very inaccurate results for these small thin-walled structures. To address this problem, we use a new method of estimating the airway wall locations. We first assess the point spread function of the particular scanner/slice selection/reconstruction algorithm of interest and then use a model-based deconvolution to account for blur introduced in the scanning process. This approach was shown to be more accurate than previously used wall detection methods, especially for thin walled structures. Phantom studies have demonstrated the new method to be applicable across a wide variety of airway sizes (102, 103). As shown in Figure 2, once the airway tree has been identified in 3D, airway paths can be “straightened” into a pathway “pipe” view to allow for assessment of the local geometry perpendicular to the airway centerline. To identify the airway tree structure, Tschirren and colleagues (104, 105) have developed an automated segmentation, skeletonization, and branchpoint matching method. The airway tree is identified using a seeded region growing algorithm, starting from an automatically identified seed point within the trachea. The algorithm is designed so that it can overcome subtle graylevel changes (e.g., those caused by beam hardening). On the other hand, a “leaking” into the surrounding lung tissue can be avoided. The implementation of the algorithm uses graph algorithms that make it fast and memory friendly. The method reliably segments the first five to six airway generations. The binary airway tree is then skeletonized to identify the 3D centerlines of individual branches and to determine the branchpoint locations. A sequential 3D thinning algorithm reported by Palagyi and colleagues (106) was customized for our application. False branches are pruned, and the resulting skeleton is guaranteed to lie in the middle of the cylindrically shaped airway segments.

Branchpoints are used to define airway tree segments, which are then automatically labeled with a modified standardized nomenclature that we have established that takes into account the most common variability between individuals. This nomenclature (shown in Figure 1) can be applied to images of multiple lung volumes of the same individual to allow us to track the change in airway dimensions along an airway path as well as the change in airway dimensions with change in lung volume. Our airway segmentation methods have been shown to be robust in the presence of significant emphysema and when applied to images acquired using low-dose scanning protocols. In Figure 3, we demonstrate the ability to extract an airway tree of a subject with interstitial lung disease in which there is considerable mixed pathology, including emphysema, honeycombing, traction bronchiectasis, and fibrosis.

Figure 2. Once the three-dimensional airway tree has been identified and labeled, paths can be identified and straightened so as to provide luminal and wall dimensions measured as a function of the distance along the path and perpendicular to the local long axis.

The airway cross-section corresponding to the yellow vertical line in the upper panel is shown in the lower left panel. The green arrow in the lower left panel can be rotated about the centerline of the airway to alter the cut plane shown in the straightened airway presented in the upper panel.

Figure 3. Demonstration of the ability to extract a detailed airway tree from computed tomography (CT) scans of a patient with significant mixed-lung pathology. The images show emphysema, honeycombing, traction bronchiectasis, and fibrosis.

Parenchymal Analysis
The analysis of the lung parenchyma has essentially remained unchanged for 20 years. There are two features of the CT scan that are measured using quantitative methods: volume and the apparent X-ray attenuation. Volume is simply measured by separating, or segmenting, the lung from the surrounding chest wall and mediastinal structures. Once the lung is segmented, the computer is used to count the number of voxels within the lung and then multiply them by the voxel dimensions. The voxel dimensions in the X and Y plane are the field of view (FOV) divided by image matrix size (usually 512 3 512). The voxel dimension in the Z dimension is the slice thickness, or in the case of noncontiguous or ‘‘gapped’’ slices the distance between the two CT slices. Most lung segmentation algorithms are very robust at finding the lung, and there is uniform agreement that lung volume can be reliably and accurately estimated using CT scans. With the advent of MDCT scans, it is now possible to obtain contiguous thin slice images of the entire lung during a single breath-hold. This makes it possible to segment the individual lobes from each other so that in addition to lung volume it is now possible to obtain the volume of individual lobes (205–211). In the absence of contiguous thin slices, it may be still possible to manually segment the lobes by tracing the fissures using a cursor but this introduces a certain amount of error, although this is usually less than 10%. The other metric that can be obtained from the CT scan is the apparent X-ray attenuation value. This value, measured in Hounsfield units (HU), gives an indication of the density of the lung, as the HU scale is directly proportional to density within the biological range. Using this HU scale, Muller and coworkers (212, 213) originally reported that the percentage of the lung CT voxels that were less dense than the threshold cut-off value of 2910 HU on conventional thick slice CT scans correlated with the extent of emphysema measured on pathological specimens. This study was reported at about the same time as another investigation by Hayhurst and colleagues (214, 215) showed that the lowest 5th percentile of the frequency distribution of X-ray attenuation values correlated with pathology. Over the succeeding years CT scanners have evolved to create thin slice images, then images acquired helically and then by multi-detector row.

The latter two techniques have stood the test of time even though the actual value of either the threshold cutoff or the percentile values have been modified. The most common threshold point in use today is 2950 HU (216), even though more recent data suggests that for multi-detector CT scanners 2960 HU would be a better cutoff value (217). The percentile value has undergone some modification as well, and now the most universally used is the lowest 15th percentile cutoff value (204, 218–225). Numerous studies have shown that these studies all give reasonable estimates of the extent of disease in crosssectional studies (218–220, 222, 224, 226–232). It is in longitudinal studies that there is some disagreement in the literature as to the appropriate method to use.

In longitudinal studies the CT scanner on which the images have been acquired, including both scanner manufacturer as well as the type of scanner used (how many detectors used), and the exposure of the scanner (kVp, mA), are of critical importance.

Computer-based methods for objective quantitation of MDCT datasets to compare normal and diseased lung parenchyma are increasingly being used in conjunction with 2D datasets. A cornerstone of lung assessment for emphysema by MDCT scanning has become known as the density mask. The basis of the density mask is that a CT scanner, if properly calibrated, reconstructs air with a Hounsfield unit (HU _ standardized unit of X-ray attenuation) of _1,000, water as 0, and blood/tissue as approximately _55. Because the lung is composed of only air or blood/ tissue densities and because the HU is linear between these two values, one is able to assess the percentage of air and percentage of blood/tissue in each reconstructed voxel. Because emphysema is defined as an enlargement of the peripheral airspaces associated with parenchymal destruction, the HU of a voxel becomes an index of presence and severity of the disease. By empirically defining a given lung density at full inspiration as emphysema, one can set a density threshold (HU) below which all voxels are considered to be emphysema (107–114). This is the so-called density mask. It has been observed that the density mask for severe emphysema in 5-mm-thin or thinner slices falls at approximately _950 HU, moderate emphysema at approximately _910 HU, and mild at approximately _850 HU. By identifying where the lung is in the image and then dividing the lung into left and right, apical, mid, and basal regions, and then dividing these regions into the “core” and “peel,” we are able to begin to establish phenotypes for populations (distinguished, for instance, by sex, ethnicity, _1-antitrypsin deficiency, and now possibly subpopulations of smokers),  differentiating populations based on characteristics of the pattern and severity of emphysema. Adams and coworkers have pointed out the importance of imaging without contrast agent when using HU as a measure of emphysema (107). A density-masking approach alone is not sufficient to accurately distinguish normal from diseased lung (115–117), especially in the case of early or mixed pathologic processes. The density mask is, however, particularly useful in characterizing mild/moderate and severe emphysema and has been used in the NETT to identify subgroups of patients who show benefit from LVRS (15). With the increased use of CT to screen for lung cancer (118) and coronary calcium (119), Reddy and colleagues have demonstrated the utility of using these same scans to characterize the presence and distribution of emphysema (120, 121). Care must be taken when one uses CT to quantitate parenchymal characteristics because scanner miscalibration and reconstruction kernels can cause some variations in the measurements (122–124). Furthermore, because the X-ray is not a single energy, beam-hardening artifacts, if not well corrected for by the manufacturers, can cause additional errors.

Airway Analysis
Airway analysis is the most complex analysis that is in common use today (206, 207, 237–256). Unfortunately, there are almost as many different algorithms in use as there are centers that are use them. New multi-detector CT scanners can now acquire images with near isotropic voxel resolution within a single breath-hold. However, this type of image acquisition requires 0.5-mm slice thickness and, therefore, a CT scanner with a minimum of 64 detectors. While there is and has been much work done on developing the best algorithm to measure airways dimensions, distal airways that are responsible for the airflow limitation in COPD are below the resolution of the CT scanner. Two studies have examined this problem. Using the two-dimensional approach on trans-axial CT scans, Nakano and coworkers (250) showed that the wall thickness in the small airways, measured using histology, was correlated with the wall area in the intermediate sized airways measured with CT. Another study by Hasegawa and colleagues (256) using three-dimensional reconstructions of the airway walls showed that airway wall dimensions in the smallest airways that were measureable (i.e., 6th generation) had the strongest correlation with FEV1 compared with larger segmental (3rd generation) airways. These data have given investigators hope that airway measurements obtained using CT will provide useful data in the understanding of COPD.

As mentioned briefly above, there are numerous limitations to the use of CT scanning to measure airways. The first and obvious limitation is the resolution of the CT scanner. In usual clinical CT scanning, the field of view limits the pixel size to approximately 0.5 mm in the X and Y dimension. Furthermore, until the recent advent of multi-slice CT scanners that can acquire images with 0.5-mm slice thickness, the CT slice thickness has limited the Z dimension to 1 mm. This means that the airways that are responsible for airflow limitation are below the resolution of the CT scanner. Second, there are no definitive data on the best algorithm to measure the airway wall. While a great deal of research has gone into airway wall algorithms (206, 207, 237, 240, 250, 254–257), there is no clear indication that one algorithm provides more useful data than another one. Third, the analysis of airways using three-dimensional algorithms is still in its infancy and definitive data are still lacking in this area. An obvious problem of the three-dimensional approach is that there are now many airways that can be ‘‘named,’’ and investigators do not know how many airways or how many airway paths to measure. It should also be noted that there are very few longitudinal studies of airways. Longitudinal analysis of airways is very problematic because the effect of CT image acquisition parameters such as X-ray dose, subject position, and volume of inspiration (to name a few) is completely unknown. It is likely that the size of breath the subject takes will produce very different CT images of the airway tree, thereby affecting all of the data derived from the images. Airway analysis still has a long way to go before it becomes practical in the clinical setting. As such, it remains in the research domain and is limited in its applicability.
Texture (Adaptive Multiple-Feature Method)

High-resolution CT (HRCT) enhances the resolving power of the image (126–130), allowing detection of less severe emphysema. Various computer-assisted texture-based methods have successfully been used for tissue characterization. Traditional methods of texture analysis can be grouped into statistical, structural, and hybrid methods (131). Methods for tissue classification typically rely on region gray-scale statistical measures (i.e., mean, variance, frequency histogram) or textural measures (autocorrelation, co-occurrence matrices, run-length matrices, etc.) (107– 111, 132–141).

Although simple density measures are adequate for the assessment of moderate to severe emphysema, this simple measure is inadequate in assessing early pathologic changes, detecting changes where the pathology is mixed, or detecting more complex patterns such as ground glass. We have developed and patented a unique method of texture analysis of the lung for the objective assessment of pathologic processes in which simple lung density measures are inadequate for detection or differentiation of processes. 
10.1. Input Data to Be Used 
The reconstructed images may be used directly since no post-processing is specified.

No other data is required for this Analysis step. 

10.2. Methods to Be Used
Each lesion shall be characterized by determining the boundary of the lesion (referred to as segmentation) and taking certain measurements of the segmented lesion.

Segmentation may be performed automatically by a software algorithm, manually by a human observer, or semi-automatically by an algorithm working with human guidance/intervention.

Measurements may be performed automatically by a software algorithm, manually by a human observer with “e-calipers”, or semi-automatically by an algorithm working with human guidance/intervention. 

It is expected that automated boundary detection algorithms will place segmentation edges with greater precision, accuracy and speed than an operator can draw by hand with a pointing device.  It is also expected that automated algorithms for finding the Longest Diameter (LD) and Longest Perpendicular (LP) within each ROI will have greater speed and precision of measurement than an operator using electronic calipers.  The performance of the algorithms will, however, depend on the characteristics of the lesions may be challenged by complex lung tumors.

For each method of segmentation and measurement a site chooses to use, the baseline intra- and inter-rater reliability for segmentation and for linear measurement shall be measured using the methods described in section 9.6 (and provided with the resulting data?). 

<Mention adjudication – but needs to be in the context of specific response criteria> <Repeatability of a measurement vs repeatability of a “cognitive” process> <Detectability of new lesions is quite different from the repeatable measurement of existing “known” lesions>
The segmentation reliability (reproducibility? accuracy? precision?) shall be greater than 80% (Acceptable) and preferably greater than 90% (Target).
The linear measurement reliability (reproducibility? accuracy? precision?) shall be greater than 80% (Acceptable) and preferably greater than 90% (Target).
(do we want to define where tumor measurements should be taken; algorithms to be used; definition of key anatomical points or pathology boundaries; scoring scales and criteria, related annotations)
<Gary: Should we define that whatever segmentation and/or measurement stipulations are used for baseline should be used consistently for all subsequent studies and therefore need to be archived along with the studies?  For example, measuring leading edge to leading edge, outer edge to outer edge, etc.?>
Proposal: Save the following speed performance details for the QIBA Profile.   Speed mostly affects the workflow and different clinical trials will have different workflows/needs so speed is mostly beyond the scope of a UPICT protocol.

 (Ask products to state their speed performance/style (batch vs realtime) on a declared CPU specification)(Remind PI to state speed requirements if they have any)(Encourage differentiated offerings that exceed a minimum baseline requirement)

The software can process an algorithm in a specified period of time with a CPU with the following specifications. (Note that the time performance depends on the workflow of the site and slower may be acceptable, for other workflows, batch processing would be unworkable, e.g. if the operator has to validate the result immediately or take it into consideration in the subsequent step).  Software allows segmentation algorithms to be corrected and adjust the segmentation results. The maximum number of mouse clicks to perform segmentation on a lesion will be specified,
10.3. Required Characteristics of Resulting Data
While all measurement metrics are surrogates for tumor burden, it is still uncertain which measurement metric is optimal to assess for change.  Accordingly, multiple overlapping measurements are specified here.

For each lesion analyzed, the data shall include: 
· lesion volume, in mm3 or mL (volumetric metric)

· (RECIST 1.0, 1.1 instead of “re-interpreting?” but might be nice to clarify ambiguities for more consistent results)(note no difference between 1.0 and 1.1 for lung lesions)
· greatest maximal? diameter, in mm (uni-dimensional metric) (in the volume? in the “best” axial plane)
· greatest maximal diameter and longest perpendicular (LP), in mm (bi-dimensional metric)<in the same plane>
<Need better definitions to clarify whether it’s in the axial plane, etc.><RECIST says in the plane, but other software is trying others><We need to define a baseline
Additional lesion measurements which would be desirable? to obtain are:

· WHO measurement (reference to the paper)
· maximum 3D diameter, in mm

· shape parameters like roundishness or others (should explain how to score/characterized this in the methods section 9.2)
Provide error margins for each measurement?

For each lesion segmentation, the following data shall be provided for the voxels within the segmentation:
(is this for evaluating the quality of the segmentation? If so, should it stay here or go into QC 9.6 and explain how it should be used; or is this something that gets recorded and archived but not sent to the Clinical Trail Center)
· histogram of the HU (Hounsfield Unit) values

· the min, max, mean, and standard deviation of the HU values
· the markup of the lesion boundary (and calculated unidimensional and volumetric measurement? or is the data up above sufficient)
· <Gary: If contrast is used, are we suggesting contrast densitometry or DCE-CT with AUC, upslope, persistence of contrast, etc.?>

10.4. Platform-specific Instructions 
Appendix G.4 lists parameter values and/or instructions for specific models/versions that can be expected to produce data meeting the requirements of Section 9.3.  

(Can we ask Definiens, Kitware, Siemens, …)
10.5. Archival and Distribution Requirements 
See 11.6.
10.6. Quality Control

See 12.6.

Software to provide accuracy of Z% (Petrick phantom data) using a predefined phantom test data set and Y% using a predefined clinical data set (MSK Coffee break data)(Fenimore RIDER data may be good for testing repeatability but not for validating accuracy)(LIDC Consortium [NCI-Sponsored] database may also be useful – 4-6 radiologists marking up each study)

(Also need to calibrate accuracy and repeatability scores against the difficulty of the dataset; if using a static dataset we can use a single score)

(this is done in some studies today.  Issues include size of test dataset; tweaking algorithms to game the test set but not perform as well on others; need general comment about the algorithm working on independent dataset;
11. Image Interpretation
Describe the diagnostic conclusions of interest to be drawn from the images. 
(e.g. progression of disease, presence/absence/degree of pathology, viable tumor vs. necrotic)

While Analysis is primarily about computation; Interpretation is primarily about judgment.  Interpretation may be performed at both the lesional / target level and in the aggregate at the subject level (e.g., in an oncology study each index lesion may be measured in longest diameter during the analysis phase, but in this phase a judgment may be made as to whether there is a new “non-index” lesion; the aggregation of the measured lesions with comparison to previous studies coupled with the judgment as to the presence or absence of a new lesion will result in the RECIST classification at the subject level).
Ventilation assessed by CT. 
Regional ventilation is measured from time course of CT density change during a multibreath wash-in and washout of radio-dense Xe gas (153). Studies to date have demonstrated that the optimal imaging time is at end expiration when conducting airways are filled with alveolar gas (154). Average regional time constants are similar for repeat runs reducing inspired Xe gas concentrations from 55 to 30%, but the coefficient of variation at 30% Xe is significantly greater than at 40% and higher concentrations. The addition of 30% krypton gas to 30% Xe gas provides the same contrast enhancement and signal-to-noise ratio as 40% Xe (155). Krypton has none of the unwanted side effects of higher concentrations of Xe gas. Of particular note is the observation that wash-in and washout time constants are not equal, as previously assumed. Washout is longer, specifically at higher Xe concentrations and in dependent basal lung regions (154).

Perfusion assessed by CT. 
Dynamic imaging methods have been used to estimate arterial, venous, and capillary transit times and capillary flow distributions (156–163). These methods involve two types of image data collection regimes: inlet–outlet detection is typically used for conducting vessels and whole organ analysis; the other data collection regime is referred to as residue detection. Residue detection is typically used alone or in conjunction with inlet detection for analysis of microvascular regions wherein the individual vessels are below the resolution of the imaging system. Various approaches for determining blood flow and/or mean transit time have been described (157, 160–170).

To assess regional parenchymal perfusion, we place a catheter in the right ventricular outflow tract in animals and in the superior vena cava in humans. A sharp (0.5 cc/kg over 2 s) bolus of iodinated contrast agent (Visipaque; GE Healthcare, Milwaukee, WI) is delivered during ECG gated axial scanning. Scanning commences one to two heartbeats before contrast injection, with lungs held at functional residual capacity. By sampling the reconstructed time-attenuation curves within the region of a pulmonary artery and the lung parenchyma, we are able to calculate regional mean transit times as well as blood flow normalized to air or tissue content (171). We are able to deconvolve the signals such that we can estimate the timing of flow within the microvascular bed (162, 172). We have begun imaging normal human subjects to establish the image-based atlas of blood flow in the normal human lung. As part of our work to determine the differences between the normal lung and the lung of smokers, we have imaged a series of never-smokers and smokers, both falling within a GOLD category 0. As shown in Figure 4, in preliminary studies we have found that smokers, even if defined as normal by pulmonary function tests, have increased heterogeneity (coefficient of variation) of local mean transit times of the contrast agent. With voxels on the order of 0.4 _ 0.4 _ 0.4 mm, the increased coefficient of variation shows up only when sampling of regional blood flow occurs in regions no larger than 3 _ 3 voxels, indicating that the level of early disruption of blood flow is at the level of the microvasculature.

11.1. Input Data to Be Used 
Describe required input data and any necessary validation or adjustments which should be performed on it. May also specify data which should not be used until after the clinical trial interpretation is recorded.
(e.g. particular image series or views; before and after processing versions of images to evaluate/validate the effects of processing; analysis results)

11.2. Methods to Be Used
Describe how the interpretation should be performed. 
(e.g. definition of key anatomical points or pathology boundaries; scoring scales and criteria such as BIRADS, interpretation schema such as RECIST, related annotations)

11.3. Required Characteristics of Resulting Data
11.4. Platform-specific Instructions 
Appendix G.5 provides instructions for specific models/versions that can be expected to produce data meeting the requirements of Section 10.3.  
11.5. Reader Training

11.6. Archival Requirements 
See 11.7.

11.7. Quality Control

See 12.7.
12. Archival and Distribution of Data 
Describe the required data formats, transmission methods, acceptable media, retention periods, …
(e.g. Is the site required to keep local copies in addition to transmitting to the trial repository?  Must all intermediate data be archived, or just final results? At what point may various data be discarded?)
12.1. Central Management of Imaging Data
Ideal: electronic transmission of encrypted data over a secure network 

Target: electronic transmission with a secure file transfer protocol 

Acceptable: courier shipment of physical media containing electronic copies of the data 

Note: The submission of films for digitization is not acceptable
Imaging data for analysis at central laboratories should be de-identified according to 11.2 prior to transfer.

Get Merck Clinical Computer Validation and Quality Assurance to propose a passage that can be vetted by other pharma companies 

12.2. De-identification / Anonymization Schema(s) to Be Used

The de-identification software should be certified as fit-for-purpose by regulatory authorities at both the site of origin and site of receipt. 

All personal patient information that is not needed for achieving the specific aims of the trial should be removed. 

Pre-specified data, such as height, weight, and in some cases, sex, race, or age, may be retained if it has been approved for use by regulatory authorities. Quality assurance procedures must be performed by the recipient to verify that the images that will be submitted for analysis have been properly de-identified. 

Acceptable: Data should be transferred to the "quarantine area" of a "safe harbor" for de-identification by professional research organizations or trained operators using procedures that have been certified by regulatory authorities at both the site of origin and the site of receipt. Quality assurance procedures performed by the recipient should verify that the images that will be submitted for analysis have been properly de-identified. Images that were not properly de-identified prior to receipt by the central archiving facility should be obliterated after assuring that copies conform to quality standards for patient privacy. 

12.3. Primary Source Imaging Data
This protocol presumes no archiving the pre-reconstruction image data.

12.4. Reconstructed Imaging Data
Reconstructed images shall be archived locally, formatted as either DICOM CT image objects or DICOM Enhanced CT image objects.

Retention period and policy is left to the Clinical Trial Protocol author.
12.5. Post-Processed Data

No post processing is specified, however if post-processing is performed, the images shall be archived the same as 11.4.

12.6. Analysis Results
Segmentation results may be recorded as DICOM Segmentation Objects, or STL Model Files.

Measurement results may be recorded as …
The data described in 9.3 may be provided in any of the following formats:
(we should probably tighten this up)

· DICOM SR

· DICOM RTSS?

· DICOM secondary capture

· XLS, CSV, XML

12.7. Interpretation Results
13. Quality Control

To detect early pathology and small, incremental progression of disease, one must take great care to appropriately calibrate the scanner on a regular basis, taking into account the imaging characteristics of the scanner and image reconstruction algorithms.

13.1. QC Associated with the Site

13.1.1. Quality Control Procedures

Describe required procedures and documentation for routine and periodic QC for the site and various pieces of equipment.

13.1.2. Baseline Metrics Submitted Prior to Subject Accrual

List required baseline metrics and submission details.

13.1.3. Metrics Submitted Periodically During the Trial

List required periodic metrics and submission details.

13.2. QC Associated with Imaging-related Substance Preparation and Administration
13.3. QC Associated with Individual Subject Imaging 
Acquisition System Calibration 

Ideal: 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 may involve additional phantom testing that address issues relating to both radiation dose and image quality (which may include issues relating to water calibration, uniformity, noise, spatial resolution -in the axial plane-, reconstructed slice thickness z-axis resolution, contrast scale, CT number calibration and others). 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. 

Target: A protocol specific calibration and QA program shall be designed consistent with the goals of the clinical trial. 

This program may 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 may involve additional phantom testing that address a limited set of issues primarily relating dose and image quality (such as water calibration and uniformity). 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. 

Acceptable: Site staff shall conform to the QA program defined by the device manufacturer.
13.3.1. Phantom Imaging and/or Calibration 
[Document the procedure for acquiring images and measuring the image quality metrics in the acquisition protocol description, e.g. uniformity, noise, effective resolution]
13.3.2. Quality Control of the Subject Image and Image Data
13.4. QC Associated with Image Reconstruction
13.5. QC Associated with Image Processing

13.6. QC Associated with Image Analysis
13.7. QC Associated with Interpretation
14. Imaging-associated Risks and Risk Management
14.1. 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.  Studies have also shown that changing the X-ray dose of the CT scan can influence the extent of emphysema measured using the threshold approach (235). 

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.
14.2. Imaging Agent Dose and Safety Considerations

14.3. Imaging Hardware-specific Safety Considerations
14.4. Management and Reporting of Adverse Events Associated with Imaging Agent and Enhancer Administration
14.5. Management and Reporting of Adverse Events Associated with Image Data Acquisition
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Appendix B: Background Information
Current methods for the assessment of these disorders include measures of lung function, radiologic techniques such as CT scanning (1), radionuclear-based ventilation/perfusion lung scans (2–5), use of hyperpolarized 3-He gas (2, 6–8) in conjunction with magnetic resonance imaging (MRI), or direct assessment of lung pathology. Much of the focus on mechanisms of improvement has focused on lung mechanics (9–11). Remy-Jardin and colleagues (1) have provided a unique observation via CT demonstrating that longitudinal changes leading to an emphysema-like lung begin with micronodular and ground-glass appearances in the lung field correlating to bronchiolitis and parenchymal inflammation. However, although many individuals with these regional inflammatory processes progressed toward an increased emphysema burden (in the inflamed regions), not all subjects with inflammation evolved toward emphysema, suggesting that there may be important differences in the ways individuals react to regional inflammatory processes in the lung.

With advances in multi-detector-row computed tomography (MDCT), it is now possible to image the lung in 10 s or less and accurately extract the lungs, lobes, and airway tree to the fifth- through seventh- generation bronchi and to regionally characterize lung density, texture, ventilation, and perfusion. These methods are now being used to phenotype the lung in health and disease and to gain insights into the etiology of pathologic processes.  MDCT provides the ability to image the lung with a theoretical in vivo resolution of approximately 0.5 mm. The whole lung can be imaged at this resolution in approximately 10 seconds, which is well within a single breath-hold. Scanner rotation speeds are on the order of 300 milliseconds per revolution, and recently there has been the introduction of dual-source CT whereby two X-ray guns are placed on the gantry, serving to double the temporal resolution of the scanner system, and thus opening the possibility of dual energy scanning, which allows for sensitive discrimination between tissue types and contrast agents, such as iodine and xenon. Dynamic imaging via CT allows for regional quantitative assessment of parenchymal perfusion and ventilation. With advances in image-processing methods, the lung, lobes, bronchial tree, and vascular trees can be extracted and quantitatively assessed. Density and texture measures of the lung parenchyma via MDCT imaging are now providing tools for establishing regional presence and distribution of lung pathology, which, when coupled with regional measures of function, may serve as important phenotypes within a population, serving as the starting point for the quest to define associated genotypes.

High-resolution volumetric MDCT with parenchymal structural analysis, bolus contrast–based measurement of pulmonary perfusion parameters, and xenon-enhanced measurement of regional ventilation can provide objective and reproducible measures to phenotypically describe the normal and the inflamed lung and can provide important information regarding regional physiologic status of the lung before and after interventional procedures such as LVRS, endobronchial valve insertions to limit gas flow to proximal lung, and grommet placements to relieve trapped gas.
Appendix C: Conventions and Definitions 
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 a specified 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.
<Gary: Maintaining this performance standard would be an obligation for all subjects in the entire clinical trial and should not be a per subject or per test variable.  In some trials, it will be necessary for all sites to perform at a single performance level even if certain sites could perform at a higher level of compliance.  For those sites that achieve a higher level of compliance for SOC imaging, it may be necessary to provide image data at both the mandated level of compliance as well as the higher SOC level of compliance presuming there is no increased radiation risk and the additional time and effort can be appropriately recognized.>
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.)
Definitions
Review this document and define relevant terms and notations here.
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 (derived from the imaging protocol or supportive of the imaging protocol)
e.g. the Imaging Charter, Site Manual, Standard Operating Procedures, etc.

Appendix F: TBD
Appendix G: Model-specific Instructions and Parameters 

The following sections provide instructions for various equipment models/versions that are expected to produce data meeting the requirements of the relevant activity.

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.
Table G.1a

Generic: This represents parameters for a generic CT.  The v-CT committee has not yet completed the process of vetting these parameters as fit for purpose.

Model Y: <description of manufacturer, model, version, etc.>

Model Z: <description of manufacturer, model, version, etc.>

Source: QIBA v-CT Cmte                                                  Date: 2009-mm-dd
	Parameter
	Compliance Level*
	Generic

	Model Y
	Model Z

	kVp
	Acceptable
	110 to 140
	
	

	
	Target
	110 to 130
	
	

	
	Ideal
	120
	
	

	mAs 
(medium patient)
	Acceptable
	40 to 350
	
	

	
	Target
	60 to 200
	
	

	
	Ideal
	80 to 160
	
	

	Scan Duration
	Acceptable
	< 30 sec.
	
	

	
	Target
	< 15 sec.
	
	

	
	Ideal
	< 10 sec.
	
	

	Table Speed
	Acceptable
	
	
	

	
	Target
	
	
	


 * See Appendix C for a discussion of the Levels of Compliance
kVp and mAs should be adjusted as necessary, depending on the body habitus of individual patients.  The values should be consistent for all scans of the same patient.

Scan Duration values are intended to allow completion of the scan in a single breath hold for most/a majority/nearly all subjects respectively.
Table Speed values are intended to yield an IEC Pitch Value of approximately 1 while achieving the corresponding Scan Duration.

Table G.1b

The following table provides sample parameters sets that meet the “Target” Level of Compliance for specific models.  

Model A1: <description of manufacturer, model, version, etc.>

Model A2: <description of manufacturer, model, version, etc.>

Source: <submitted by who>                                     Date: <submitted when>

	Parameters
	Philips
	GE
	ACRIN

	
	MxIDT 8000
(Thin)
	MxIDT 8000
(Thick)
	Ultra

	VCT-64
	6678

	Data Content
	
	
	
	
	

	Anatomic Coverage
	
	
	
	
	

	Field of View : Pixel Size
	
	
	
	
	Rib-to-rib: 0.55-.75mm

	Data Structure
	
	
	
	
	

	Collimation Width
	16x0.75 mm
	16x1.5 mm
	
	
	(TBA)

	Slice Interval
	
	
	
	
	

	Slice Width
	0.8 mm
	5.0 mm
	
	
	1.0 mm

	Pixel Size
	
	
	
	
	0.55 mm

	Isotropic Voxels
	
	
	
	
	(2:1)

	Scan Plane
	
	
	
	
	

	Rotation Speed
	
	
	
	
	0.5 sec

	Data Quality
	
	
	
	
	

	Motion Artifact
	
	
	
	
	

	Noise Metric
	
	
	
	
	

	Spatial Resolution Metric
	
	
	
	
	

	Acquisition
	
	
	
	
	

	Tube Voltage
	120 kVp
	120 kVp
	
	
	120 kVp

	Exposure
	100 mAs
	100 mAs
	
	
	100 mAs

	Pitch
	1.2
	1.2
	
	
	

	Reconstruction
	
	
	
	
	

	Recon. Kernel
	Detailed filter
	Detailed filter
	
	
	Standard

	Recon. Interval
	
	
	
	
	

	Recon. Overlap
	50%
	50%
	
	
	20%

	
	
	
	
	
	


* See Appendix C for a discussion of the Levels of Compliance

G.2. Image Reconstruction Parameters
See above.  
G.3. Post-Processing Instructions
None provided.  
G.4. Analysis Instructions
None provided.  

G.5. Interpretation Instructions
None provided.  
V. COMPLIANCE SECTION

<This section will be filled in with information on how to certify equipment to be recognized as Profile-compliant and sites to be qualified as Profile-compliant .>
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