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Gentleman:

The American Association of Physicists in Medicine (AAPM) is a scientific, educational, and professional organization, which is the largest medical physics organization in the United States with more than 4,500 members.

Medical physicists are responsible for the technical aspects of patient safety and accuracy in the diagnosis and treatment of patients using ionizing and non-ionizing radiation. Medical physicists provide direct patient services, when requested by a physician, and indirect patient services through the calibration and monitoring of diagnostic and therapeutic equipment in the Departments of Radiology, Radiation Oncology, and Cardiology.

We are pleased that you have offered the opportunity to provide comments on proposed changes to the Electronic Products; Performance Standard for Diagnostic X-Ray Systems and Their Major Components [Federal Register: December 10, 2002 (Volume 67, Number 237)]. The Medical Physics community views these changes positively. We are aware that they have resulted from several years of consultation with the regulated community and it is our opinion that they will enhance the state of radiation safety for patients undergoing radiological procedures in the U.S.

We have several comments on the details of the proposal, which are listed in the attached document.  For ease of interpretation, we have included an excerpt of the text from the Federal Register, with our comments in italic font.

Sincerely,
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Martin S. Weinhous, Ph.D.

President, AAPM tc "President, AAPM " \l 2
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An example of a new performance consideration for the SSXI is the active detector area. Because of the need for electrical separation/insulation between individual detector elements, the detector area has both active and inactive regions, in terms of detecting image information. The relative areas of the active and inactive detector areas are usually described in terms of the fill factor. The fill factor, to a first approximation, is the pixel area (active area in terms of image formation) times the number of pixels divided by the total detector area exposed to the input image flux.

 The fill factor and other characteristics can have significant effects on imaging performance. The imaging performance must also be considered when obtaining a complete picture of the effectiveness of these devices. 

Although FDA is not offering specific proposals for imaging performance at this time, FDA is inviting comment on possible approaches to ensuring radiation protection and safety in the application of these SSXI devices.
AAPM welcomes the invitation of the FDA to offer comment on possible approaches to ensuring radiation protections and safety in the application of SSXI devices.  The subject is sufficiently complex that we feel that a more formal, interactive approach is appropriate.  Would FDA consider convening a meeting with representatives of the various professional and scientific societies, perhaps with some invited speakers to explore this issue more fully?

    Because of these concerns regarding the appropriate upper limit AKR, FDA is encouraging further comment on the topic of limits on AKR under normal and high-level fluoroscopy modes. For example, some members of the radiological community have proposed that fluoroscopic equipment allow a momentary viewing of the state of an intervention at an increased but unspecified AKR. This momentary view would have a 

maximum duration of 10 to 15 seconds. This proposal was accompanied with the comment that if physicians are not allowed to use such a mode, they will continue the practice of using cineradiography bursts at high AKRs to accomplish the clinical task.

AAPM recommends that this proposal be considered in conjunction with a review of image receptor entrance AKR requirements as described below.   If the FDA is to consider a high dose mode exception based on the assumption of a clinically necessary increase in image quality then it is essential that the relevant image quality parameters be described and related to appropriate levels of image receptor entrance AKR.  Such an exception would be inappropriate if used to compensate for an intrinsically poor imaging chain by increasing patient dose.
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     Comments received by the agency suggest that an alternative approach in place of or in addition to limits on AKR during fluoroscopy would be more useful and effective in limiting unnecessary radiation and assuring optimum system performance. The suggestion is that the limits on AKR to the patient (represented by a measurement made 

according to the compliance geometry described in current Sec.1020.32(e)(3)) be replaced by limits on the entrance AKR at the input surface of the image receptor (EAKIR). Different EAKIR limits could be established for different modes of fluoroscopic imaging, depending on the image performance required for the clinical task.

    There is a precedent for this approach in other consensus documents such as the NCRP Report No. 99 and NCRP Report No. 102 (Refs. 12 and 13). For example, the NCRP Report No. 99 states that during fluoroscopy ``typical image intensifier entrance exposure should be in the range of 13 to 52 nC/kg/image (50 to 200 microR/image) depending on image intensifier size * * *.'' (Note that, in the opinion of FDA, there is an error in the NCRP Report No. 99: these numbers reflect exposure per second, not exposure per image.) In the same manner, the NCRP Report No. 102 provides a table with ``air kerma rate values to produce acceptable fluoroscopy images'' and ``air kerma to produce static 

images equivalent to that produced by a par speed screen-film system.'' 

FDA invites comments on the feasibility and desirability of this 

approach to limit unnecessary radiation from fluoroscopic systems.
AAPM recognizes the well-established benefits of a careful analysis of entrance air kerma and image quality in x-ray imaging systems.  The establishment of regulations relating image quality to image receptor entrance AKR may well offer significant benefits to the public.  However, transferring the established science to a regulatory framework would present challenges beyond the scope of these comments.  AAPM would like to encourage FDA to establish a mechanism whereby the regulated community can participate in a discussion of the related issues. The subject is sufficiently complex that we feel that a more formal, interactive approach is appropriate.  Would FDA consider convening a meeting with representatives of the various professional and scientific societies, perhaps with some invited speakers to explore this issue more fully?

    The proposed display requirements would apply to all types of newly manufactured fluoroscopic equipment (i.e., from systems found in cardiac catheterization suites, to equipment used for upper gastrointestinal fluoroscopy, to ``mini'' C-arms, and also to each fluoroscopic x-ray tube as part of any system).

 FDA invites comments about whether these requirements would be suitable to all types, or to a limited set of fluoroscopic equipment, namely, to stationary C-arm fluoroscopes that are typically used in interventional procedures.
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AAPM believes that the requirements should apply to all types of fluoroscopic equipment, with the possible exception of mini C-arms whose use is limited to extremities.  In the current clinical environment, nearly all types of fluoroscopic systems might be used for examinations with the potential for long exposure times and/or high entrance air kerma.

    Solid state x-ray imaging device means an assembly, typically in a rectangular panel configuration, consisting of:    (1) A transducer layer that intercepts x-ray photons and through a single or multistage process converts the photon energy into a 

modulated signal representative of the x-ray image, and  (2) A matrix of integration and switching elements that are coupled to the transducer layer. An electrical signal representing the x-ray image is generated by a charge generation and transfer process within the integration and switching matrix. The electrical signals may undergo analog-to-digital conversion before leaving the panel to provide either a digital radiographic or fluoroscopic image.

AAPM recommends that this definition be made in a less specific manner.  The essential characteristics related to the regulatory process are that the device intercepts x-ray photons and through a process converts the photon energy into a modulated electronic signal representative of the x-ray image.  These signals are then used to create an image for display and/or digital (or printed) archival storage.  A less detailed definition is more likely to be robust in the face of changing technology.

    Visible area means the portion of the input surface of the image receptor over which incident x-ray photons are producing a visible image. 

AAPM suggests a minor change in the definition of “Visible Area” to clarify that the definition is intended to include the area of an SSXI that includes both the active and inactive areas of the receptor.

    (m) Beam quality--(1) Half-value layer. The half-value layer (HVL) of the useful beam for a given x-ray tube potential shall not be less than the appropriate value shown in table 1 of this section under ``Specified Dental Systems,'' for any dental x-ray system designed for use with intraoral image receptors and manufactured after December 1, 1980; under ``I--Other X-Ray Systems,'' for any dental x-ray system designed for use with intraoral image receptors and manufactured before December 1, 1980, and all other x-ray systems subject to this section and manufactured before [date 1 year after date of publication of the final rule in the Federal Register]; and under ``II--Other X-Ray Systems,'' for all x-ray systems, except dental x-ray systems designed for use with intraoral image receptors, subject to this section and manufactured on or after [date 1 year after date of publication of the final rule in the Federal Register]. If it is necessary to determine such HVL at an 

x-ray tube potential, which is not listed in table 1 of this section, linear interpolation or extrapolation may be made. Positive means\2\ shall be provided to insure that at least the 
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minimum filtration needed to achieve the above beam quality requirements is in the useful beam during each exposure. Table 1 follows:

AAPM recommends that FDA review the dose efficacy of dental intra-oral radiography at less than 60 kVp and consider a lower limit of kVp on newly manufactured intra-oral dental x-ray systems.

    (ii) For fluoroscopic equipment manufactured on or after [date 1 year after date of publication of the final rule in the Federal Register], other than radiation therapy simulation systems, the maximum area of the x-ray field in the plane of the image receptor shall conform with one of the following requirements:

    (A) When [AAPM Comment:  any linear dimension of] the visible area of the image receptor is less than or equal to 34 cm in any direction: (1) At least 80 percent of the x-ray field overlaps the visible area of the image receptor, or (2) at least 80 percent of the air kerma integrated over the x-ray field is incident on the area of the image receptor.

    (B) When [AAPM Comment:  any linear dimension of] the visible area of the image receptor is greater than 34 cm in any direction, the x-ray field measured along the direction of greatest misalignment with the visible area of the image receptor shall not extend beyond the visible area of the image receptor by more than a total of 2 cm. 

    (ii) Shall not be operable at any combination of tube potential and current that will result in an AKR in excess of 88 mGy per minute (vice 10 R/min exposure rate) at the measurement point specified in Sec. 1020.32(d)(3), except as specified in Sec.  1020.32(d)(2)(iii) of this section:

    (iii) Exceptions:

    (A) For equipment manufactured prior to [date 1 year after date of publication of the final rule in the Federal Register], during the recording of images from a fluoroscopic image receptor using photographic film or a video camera when the x-ray source is operated in a pulsed mode.

    (B) For equipment manufactured on or after [date 1 year after date of publication of the final rule in the Federal Register], during the recording of images from the fluoroscopic image receptor for the purpose of providing the user with an {AAPM Comment:  “archive of the] image(s) after termination of the exposure. 

The AAPM recommends this change to make it clear that the presence of a Last Image Hold device is not sufficient to invoke this exception. 
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(v) In a lateral type of fluoroscope, the air kerma rate shall be measured at a point 15 centimeters from the centerline of the x-ray table and in the direction of the x-ray source with the end of the beam-limiting device or spacer positioned as closely as possible to the 

point of measurement. If the tabletop is movable, it shall be positioned as closely as possible to the lateral x-ray source, with the end of the beam-limiting device or spacer no closer than 15 centimeters to the centerline of the x-ray table.

AAPM recommends addition of language to insure the intent of the entrance air kerma rate limit language is met at all times on systems that have SID tracking capabilities for adjusting maximum air kerma rate.

(5) Values displayed for the AKR and cumulative air kerma shall be determined for conditions of free-in-air irradiation at one of the following reference locations specified according to the type of fluoroscope. The reference location shall be identified and described specifically in information provided to users according to Sec. 1020.30(h)(6)(iii).

    (i) For fluoroscopes with x-ray source below the table, x-ray source above the table, or of lateral type, the reference locations shall be the respective locations specified in Sec.  1020.32(d)(3)(i), (d)(3)(ii), or (d)(3)(v) for measuring compliance with air-kerma rate 

limits.

    (ii) For C-arm type fluoroscopes, the reference location shall be 15 centimeters from the isocenter toward the x-ray source along the beam axis. Alternatively, the reference location shall be along the beam axis at a point deemed by the manufacturer to represent the intersection of the x-ray beam entrance surface and the patient skin.

AAPM recommends that the manufacturer be permitted to adjust the air kerma and air kerma rate reference location to a point specified by the clinical user of the system.
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