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This Guidance Document is dedicated to the memory of Joyce Zeider. Her efforts to improve
Quality Assurance Programs in New Jersey were instrumental in bringing about this program.

ACKNOWLEDGEMENTS
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DISCLAIMER

This Compliance Guidance Document is not a substitute for the Department’ s regulations and
compliance is not required with the procedures in this document. The procedures and/or methods
described in this document are provided for information only. Performing these procedures does
not necessarily constitute Department approval or guarantee compliance.

Reprinted materia is quoted with permission and sources are documented. A wide variety of
references are listed. Reasonable efforts have been made to publish reliable information. The
Department of Environmental Protection and any and all of its sub-units assume no responsibility
for the validity of al the materias or for the consequences of their use.
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INTRODUCTION

On January 16, 2001, the Department of Environmental Protection (Department) and the Commission on
Radiation Protection adopted regulations (New Jersey Administrative Code 7:28-22) that require all facilities
performing diagnostic x-ray procedures (radiology, fluoroscopy, x-ray bone densitometry or computed
tomography) to develop and continually implement a Quality Assurance program. The regulations apply to
equipment used on humans in hospital, medical, podiatric, chiropractic, industrial, school, and government
facilities.

This document is intended to provide guidance for performing QC tests for fluoroscopic machines only.
Additional compliance guidance documents are available for the QA Manual, Radiographic QC testsand CT
QC tests. Seethe section entitled, “ Additional Documents Available” for information on receiving these
documents.

A Quiality Assurance (QA) program, which includes quality control tests, helps to ensure that high quality
diagnostic images are consistently produced while minimizing radiation exposure. The QA program covers
the entire x-ray system from machine, to processor, to view box. This program will enable the facility to
recognize when parameters are out of limits, which will result in poor quality images and can increase the
radiation exposure to patients. Simply performing the quality control testsis not sufficient. When quality
control test results exceed established operating parameters, appropriate corrective action must be taken
immediately and documented.

This guide isintended to assist the facility in setting up their QA Program and performing the quality control
tests required to maintain high quality images and reduce patient exposure. This guide includes generally
accepted procedures that the facility may use to perform the required tests. The proceduresin this guide are
not the only way to perform the tests. Alternative test procedures may be used without Department approval.

However, al procedures being used must be documented in the facility’s QA manual and meet the
requirements of N.JA.C. 7:28-22. In some cases, manufacturer’s directions may be more appropriate than
the generic proceduresin this guide.

Product manufacturers, vendors, and service companies all have information available in the form of |eaflets,
videos and hands-on help. If the facility finds that they need more instruction than this guide provides, please
use these companies and the medical physicist as resources. A bibliography that includes some of the
available books on quality assurance is on page 33.

The responsihility for the quality control tests should be assigned to a QA program coordinator to ensure
consistency in test methodology and interpretation of the data. More than one person may perform the tests
but one person should assume overall responsibility for the day to day operation of the program. Thisleads
to better understanding of when to repeat tests, call for service, or consult with the practitioner or medical
physicist. The physician, medical physicist, and QC personnel, working together as ateam, are the key to
providing optimum quality diagnostic images.

Due to the importance of quality control in diagnostic imaging, it is recommended that the appropriate facility
personnel review the control tests, data and images quarterly.
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Fluor oscopic Quality Control

The regulation requires that each facility with fluoroscopic equipment perform, or have
performed, the testsin Table 2, “Fluoroscopic Quality Control Requirements’ (page 10), at least
at the frequency specified, and maintain records of the test results.

FREQUENCY

The frequency of tests specified in Table 2 is the minimum frequency. The frequency of quality
control tests may need to be increased depending on many factors including the age and stability
of the x-ray equipment and film processing equipment, as well as the number of problems being
encountered.

Tests may always be performed at a GREATER frequency than required by N.J.A.C. 7:28-22.
Tests may NOT be performed at frequencies LESS than required in N.JA.C. 7:28-22 unless
approved by the Department as outlined in N.J.A.C. 7:28-22.3(f). For example, if the facility
decides to check darkroom fog quarterly, this new frequency must be documented in the facility’s
QA manual and the test data needs to be recorded appropriately.

CONSISTENCY ISTHE KEY!

After each link (x-ray unit, video monitor, laser film printer, processor, darkroom, etc.) in the
imaging chain is optimized, aworking QA program will provide warning flags to the QA program
coordinator when something goes awry. If the coordinator finds, during the daily review, that the
established tolerances are exceeded, thetest or tests must be repeated to verify theresults,
then corrective action must be taken. The coordinator must be capable of identifying problems
and willing to resolve them as they occur, or the QA program will not provide the intended
benefits.

COMPETENCY

The registrant, per N.J.A.C. 7:28-22.6(c), must ensure that all individuals, performing any of the
quality control tests, have an appropriate level of training to perform the tests competently. The
regulations do not specify that a physician, aradiologic technologist or a physicist must perform
the tests (The only exception isthe Medica Physicist’s QC Survey which must be performed by a
Medical Physicist meeting the requirements of N.J.A.C. 7:28-22). Anyone with adequate training
can perform quality control tests. The level of training required depends on the test being
assigned. Some procedures such as darkroom cleaning require minimal training. Performing the
Processor Quality Control requires more training. The facility must ensure that there are
sufficient trained personnel so that there is aways someone available (i.e. to cover vacation and
sick time) to perform the necessary testing.
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TRAINING OPTIONS

The registrant may train their personnel. This assumes that the registrant is competent in the
particular procedure and is able to convey this knowledge adequately to the personnel. Product
manufacturers, vendors, and service companies have training aids available in the form of leaflets,
and videos. Companies whose sole purpose is training as well as service and repair companies and
the facility’s medical physicist can provide seminars and training courses ranging from a few hours
to several days or more on the how to perform Quality Control tests. Adequate training of
personnel will ensure that the tests are performed correctly and consistently.

USING THIS GUIDANCE DOCUMENT

This document is intended to provide guidance for performing QC tests for fluoroscopic machines
only. Additional compliance guidance documents are available for the QA Manual, Radiographic
QC testsand CT QC tests. See the section entitled, “ Additional Documents Available” for
information on receiving these documents. Severa other documents are listed in the last section
that the facility might find useful.

A detailed description of each required test follows in the order listed in Table 2. Thisisthe same
table that appearsin the regulation at N.J.A.C. 7:28-22.6.

Records of Quality Control test results, corrective actions, Medical Physicist’s QC Survey, and
Quality Assurance Program Review must be maintained for at least the time period specified in
Table 1 (page 9).

Sample forms can be found in the FORM S section beginning on page 41 of this document. Forms
provided here may be modified to meet facility needs provided that sufficient information is
included to demonstrate compliance.

A list of equipment needed to carry out the QC tests can be found in the EQUIPMENT section
beginning on page 36.

A list of vendors of QC equipment can be found in the VENDOR section beginning on page 37.
ADDITIONAL DOCUMENTSAVAILABLE

Compliance Guidance for QA Manual: this document provides guidance in setting up a QA
program, assignment of QC testing to various individuals, and the information required to be
maintained at the facility.

Compliance Guidance for Radiographic Quality Control: this document contains detailed
descriptions for performing the QC tests required for radiographic machines. Facilities using

fluoroscopic machines for spot films and/or radiography please note that this document contains
procedures for the QC tests for spot film/radiography that you need to perform.
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Compliance Guidance for Computed Tomography Quality Control: this document contains
detailed descriptions for performing the QC tests required for computed tomography machines.

Radiation Safety Manual: this document provides guidance to setting up the radiation safety
manual as required by N.J.A.C. 7:28-15.9(a) 8.

List Of Qualified Medical Physicists For QC Surveys. certain tests must be performed by or
under the direction of amedica physicist meeting certain educational and experience
requirements. This document contains a current list of individuals who meet the requirements of
N.JA.C. 7:29-22.

List Of Qualified Individuals For The Performance Of Radiation Safety Surveys Of The
Environs: this document contains the names of individuals who meet the educational and
experience requirements in N.J.A.C. 7:28 to perform radiation safety surveys of the environs on
x-ray equipment. The individuals on thislist are not necessarily the same individuals as on the
qualified medica physicists for QC surveyslist.

Commercial Personnel Monitoring Services. this document contains the names of companies
that provide personnel radiation monitoring devices (badges).

Assemblerslist: this document contains alist of vendors who sell and repair x-ray equipment.
NOTE: List of vendors for QC equipment isin this document in the Vendor section.

Copies of these documents can be obtained from the Department by any of the following
methods. If faxing or mailing a request, please be sure to include your name and mailing address

or fax number. Dueto thelength of the compliance guidance documents, we ar e not ableto
fax them.

I nternet Web site: http://www.state.nj.us/dep/rpp

Fax arequest to: 609-984-5811

Mail arequest to: New Jersey Department of Environmental Protection
Bureau of Radiological Health
PO Box 415
Trenton NJ 08625
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Table 1 Record Retention

Record Type Minimum Retention Time

EACH corrective action, repair and service Two Years

Test Resultsfor items 2, 4, 5, 6 in Table 2, Fluoroscopic | One Year
Quality Control Requirements

Radiation Safety Survey of the Environs Aslong as machine is owned plus one year

INITIAL Medical Physicist’s Fluoroscopic QC Survey Permanently (as long as unit is registered)

ANNUAL Medica Physicist’'s Fluoroscopic QC Survey Two Years

Quality Assurance Program Review Two Years
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Table 2 Fluoroscopic Quality Control Requirements
(To be performed by appropriately trained facility personnel)

[tem Required Test or Procedure Frequency Standard
1 Equipment Warm-up Procedure Daily, each day fluoroscopy is Tube warm-up and ensure equipment is working properly
performed Fluoro phantom image is comparable to facility standard
) ' : SMPTE Test Pattern Inverted gray scale
2| LeserRilm Printer Quality Control Weekly 0% patch 2.45 + 0.15 OD* 0% patch 2.50 + 0.15 OD
10% patch 2.10 + 0.15 OD 10% patch 2.25+ 0.15 0D
40% patch 1.15 + 0.15 OD 40% patch 1.35+ 0.15 OD
90% patch 0.30 + 0.08 OD 90% patch 0.30 + 0.08 OD
*OD = optical density
5% patch should just be visible inside 0% patch
95% patch should just be visible inside the 100% patch
For spot film and radiography: As specified in Table 1, As spemfl,ed in Table 1, Radiographic Quality (?ontrol Requirements.
3 ltem 2, 4, 5, 7, 9 and 11 QC tests as specified in Table Radpgraphlc Quality Control EDITOR'SNOTE: Pr_ocedurmfor p_erform|r_1g th@teﬂs can befound
1, Radiographic Quality Control Requirements Requirements inthe Compllgnce Guidance for Radiographic Quality Con_trol
’ document available from the Department. See page 7 of thisdocument
for information on how to get this document.
4 Phantom Images (Fluoro Video Monitor) Monthly kVp < 5%, MA<10% high & low contrast depends on phantom used
5 Equipment Visual Checklist Initidly and quarterly All tests passed
6 Lead Aprons, Gloves, Gonada and Initially and annually No bresksin protective garments
Thyroid Shield Integrity Check
7 Medica Physicist’'s QC Survey Initially and annually Asrequiredin N.JA.C. 7:28-22.9
8 Quality Assurance Program Review Initially and annually Asrequired in N.J.A.C. 7:28-22.4(a)7
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Equipment Warm-up

Test Frequency - Each day of operation

Standard - Tube warm-up and ensure equipment isworking properly
Fluor oscopy phantom image is compar able to facility standard

Each day during the x-ray generator warm-up, and before exposing the first patient to x-rays,
check for indicator malfunction (mA, five-minute timer, etc.) and the mechanical and electrical
safety of the x-ray system. Malfunctions and unsafe conditions (such as frayed wires) must be
corrected promptly.

Follow the x-ray system manufacturer’ s recommended warm-up and image evaluation procedure.
If no manufacturer’s procedure is available, use ProcedurelB below.

Procedure 1A Fluor oscopic System Motion Evaluation

1. For undertable tube systems, move fluoroscopic tower in al directions to verify operation
of the power assist and locks. Tower motion should be smooth and quiet.

2. For overtable systems, verify motion of x-ray tube assembly.

Procedure 1B Equipment Warm-up and I mage Evaluation

NOTE: because this procedure necessitates activation of the fluoroscopic tube, the surveyor should make
certain there is something (phantom, cubic water container, etc.) attenuating the useful x-ray beam during
operation and wear appropriate protective equipment (Ilead apron, gloves, thyroid shield, etc.)

Equipment Required:

I mage quality test tool containing a series of cooper mesh patterns of varying fineness, line pairs
or other test objects and circular depressions (holes) of various depths in an aduminum disk -OR-
other test tool as recommended by fluoroscopic unit’s manufacturer or the medical physicist.
One quarter and onedime

Copper attenuator 1/16" thickness (some test tools incorporate the attenuator into the device)
Test stand approximately 30 cm high (examples: plastic wastebasket or cardboard box) to
position test tool close to image intensifier input surface for undertable tube systems. Always use
the same test stand.

Follow the set up requirements of the test tool you areusing. In general:

Remove all pads from table surface.

Disengage compression cone, if present, and move out of field of view.

Position anti-scatter grid according to clinical use.

Place the dime on top of the quarter and place both in the center of the image quality test tool.
FOR UNDER TABLE TUBE SYSTEMS: Place the quarter/dime/test tool combination and

agrwdNPRE
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10.

11.

12.

13.

copper attenuator on the test stand. Lower fluoro tower to top of test tool.

FOR OVER TABLE TUBE SYSTEMS: Place the quarter/dime/test tool combination and
copper attenuator on the tabletop. The test stand is not used.
Select the image intensifier field of view mode closest to 9” field of view. Center the
quarter/dime/test tool under fluoroscopy.
Adjust collimators to completely open and completely closed positions to verify the operation
of the collimators. Return collimators to fully open position.

FOR DIGITAL SYSTEMS: Verify that the window and level settings are set to the pre-
established levels.
Adjust room lighting conditions to those used clinically. Observe the quarter/dime/test tool
under fluoroscopy. When adjusted correctly, the outline of the dime should be visible within
the outline of the quarter and several low contrast holes will be seen.

If needed, and the controls are available, adjust the monitor brightness and contrast. To adjust
brightness and contrast, first turn both controls completely counter-clockwise. Then, turn up
the brightness control until araster pattern (lines across the monitor screen) isjust visiblein
the background. Turn up the contrast control until the contrast is maximized and the dime
outline is visible within the quarter outline. Reduce the contrast control if there istearing or
smearing of the test objects or alphanumerics. If access to the monitor controlsis not
available, contact the appropriate service personnel to make necessary adjustments.
Observe the mesh patterns, line pairs or other test objects under fluoroscopy. The image
should be sharp. When the quality assurance program isfirst established, record the number
of mesh patterns, line pairs or other test objects seen as the baseline measurement. For
subsequent measurements, ensure that the resolution has not decreased.

If spot films are routinely used, acquire a spot film image to check the function of the device.
Use the film size, X-Ray technique and filming format most commonly used clinically. Retain
initia films for subsequent testing comparison. When the quality assurance program isfirst
established, record the number of mesh patterns, line pairs or other test objects seen as the
baseline measurement. For subsequent measurements, ensure that the resolution has not
decreased. Look for artifacts in the processed spot-film image.

If digital photo-spot images are routinely used, check the operation of the system by acquiring
several images using the X-ray Technique most commonly used clinically. Print a hard copy
image using the most frequently used film format. Retain initia films for subsequent testing
comparison. When the quality assurance program isfirst established, record the number of
mesh patterns seen as the baseline measurement. For subsequent measurements, ensure that
the resolution has not decreased.

CORRECTIVE ACTION: If an unusual noise, event, malfunction of an item, or if resolution has degraded
from basdline report to the x-ray service company for repair or replacement as soon as possible. All corrective
actions must be completed within 30 days, documented and records retained for 2 years.
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Laser Film Printer Quality Control

Test Frequency — Weekly

Standard
SMPTE Test Pattern Inverted gray scale
0% patch 2.45+ 0.15 OD* 0% patch 2.50+ 0.15 OD
10% patch 2.10+ 0.15 0D 10% patch 2.25+ 0.150D
40% patch 1.15+ 0.15 0D 40% patch 1.35+ 0.150D
90% patch 0.30+ 0.08 OD 90% patch 0.30+ 0.08 OD

The 5% patch should just bevisibleinside of the 0% patch.
The 95% patch should just bevisibleinside of the 100% patch.

*OD = Optical Density

In most clinical settings, the physician makes the diagnosis by reading the images from a
transparency recorded with a multiformat camera. The transparency should reproduce the quality
and gray scale of the original image displayed on the system monitor. The following procedure
uses the Society of Motion Picture and Television Engineers (SMPTE) digital test pattern. This
pattern is supplied with most laser printers or it can be obtained from accessory vendors.

The N.JA.C. 7:28-22.6 specifies that laser film printer QC MUST be performed weekly.

Each laser film printer in the facility must be tested. Having one laser film printer in control does
not ensure that all other laser printersin the facility are in control. QC must be performed on
laser film printers used in hospital emergency departments or mounted in mobile vans.

The facility must ensure that if the densitometer is broken, out for calibration, or otherwise
unavailable that a substitute instrument is available or another procedure isin place to ensure that
the laser film printer is operating within control limits. Thereisalist of options the facility may
consider for meeting this requirement on page 40.

Before you begin your laser film printer quality control program, you must:

Select an Appropriate Densitometer

A densitometer is a device that measures the optical density of the developed SMPTE test
pattern. Evaluation of the laser printer requires that the SMPTE test pattern is processed, the
densities measured with the densitometer, and these measurements compared to a standard or
past values.

The patches of the SMPTE test pattern film must be read with a densitometer. It isinappropriate

to visually compare the SMPTE test pattern patches. The densitometer should provide sufficient
range to properly read the SMPTE test pattern produced.
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To obtain the best results, you must:
Check Densitometer Calibration Daily

The calibration of the densitometer should be checked daily before use to ensure that it is
functioning properly. The densitometer manufacturer supplies a calibrated step tablet when the
unit was purchased. Carefully follow the manufacturer’ s instructions for using this calibration
tablet to verify that the densitometer is still calibrated over the range specified.

If the calibration tablet check indicates that the densitometer is out of calibration, most
densitometers have a screw adjustment that can be used for making minor changes. Follow the
manufacturer’ s instructions for performing this adjustment. If the densitometer cannot be brought
into calibration by facility adjustment, the densitometer must be returned to the manufacturer for a
more thorough calibration or repair.

If the densitometer needs to be calibrated or repaired, it must be returned to its manufacturer or
another vendor. A list of vendors who calibrate sensitometers and densitometers is on page 37.

The facility must ensure that if the densitometer is broken, out for calibration or otherwise
unavailable that a substitute instrument is available or another procedure isin place to ensure that
the laser film printer is operating within control limits. Thereisalist of options the facility may
consider for meeting this requirement on page 40.

When reading any step on the calibration strip, the density should be measured in the center of the
step. The values given for the calibration strip and those taken daily should agree within the
manufacturer’ s specifications (usualy + 0.02 or + 0.03) for all steps of the strip.

Use Control Charts

Control charts are needed to plot and review acquired data. Whenever a data point reaches or
exceeds the control limits, the test should be repeated immediately. If the repeated measurement
still reaches or exceeds the control limits, then immediate corrective action isrequired. The out-
of-control data point should be circled, the cause of the problem noted, corrective action
performed, documented, and then retested and the in-control data point plotted.

Theinitias of the individual who performed the evaluation of the laser film printer and the date
the test was performed should be indicated. Notes regarding changes in operating conditions
should be recorded on the control chart.

The control chart is also useful in detecting trends that indicate an unstable process. A trend isan
upward or downward change in the measured data when three data points move in the same
direction. The cause of trends should be investigated before the control limits are reached or
exceeded.
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Establish Operating Levelsand Control Limits

When establishing alaser printer quality control program, it is necessary to determine the
operating levels and control limits. The operating level isthe level normally expected. The
control limits are the extreme ranges of acceptable operation. If control limits are exceeded, the
quality control test should be repeated. If the result is till out of limits, corrective action must be
taken befor e patient films are processed..

DO NOT widen the control limits since the data indicates that the laser film printer isout
of control and corrective action is essential. Theselimitsare set by NJ State regulation.
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Procedure 3A Establishment of Laser Film Printer Quality Control Operating Levels

Frequency:  Initia setup and when significant change is made in imaging procedures such as
different type of film, chemicals, or processing conditions.

The laser film printer quality should be consistent over time and match the gray scales presented
on monitor.

The medica physicist should assist with the initial establishment of the laser film printer quality
control operating levels. The medical physicist should determine the most appropriate gray scale
test pattern to use for the facility’s laser film printer system configuration or acquire a stepwedge
phantom image if no gray scale test pattern is available.

Equipment Required:
Densitometer
Form 2 Laser Film Printer Quality Control Chart (page 43)
SMPTE (Society of Motion Picture and Television Engineers) test pattern

A. Video Monitor Setup

Must be performed on EACH video monitor (operator’s console, physician’s console, etc.) so

that the grays on the monitors al appear similar.

Clean front surface of video monitor, including the front and back surfaces of any anti-

reflective screens present, with a soft cloth and an appropriate cleaner.

Reduce room lighting to that usually used for viewing studies.

Display SMPTE test pattern on monitor.

Adjust the window width to just show the range of numbers of the test pattern.

Depending on the software, adjust the window level to either the lower or middle value so

that the entire pattern is seen.

Turn both the brightness and contrast controls completely counterclockwise.

Turn the brightness control clockwise until the video raster pattern isjust visible on the

monitor.

8. Turn the contrast control clockwise until the image is bright and clear. Both the 95% and
100% patches must be clearly separated. Do not increase contrast beyond the point where the
alphanumerics become blurred or streaked on the display.

9. Thedisplayed image must show:

a. The 5% patch just visible inside the 0% patch.

b. The area of the 0% patch should be almost black with raster lines just barely visible.
c. The 95% patch just visible inside the 100% patch.

d. The aphanumerics should be clear and sharp.

10. Record the window and level settings so that they can be used for the Weekly Laser FIm
Printer Quality Control.

Lo

abrown

No
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B. Laser Printer Setup

1.

N

10.

Send the SMPTE test pattern to the laser film printer using the largest most commonly used
image format (1 on 1 or 4 on 1).

Processfilm if applicable.

With the film on a view box and the same image on the monitor, visually compare the film
gray scale densities on the film to those on the monitor.

Make necessary adjustments to the laser film printer settings to match film appearance to
monitor appearance using manufacturer’s recommended procedures. Also compare a variety
of digital patient images printed on film with the same images as displayed on the monitor.
Thiswill ensure that the patient images appear the same on the monitor and on film.

Ensure that the 5% patch isjust visible inside of the 0% patch and the 95% patch isjust visible
inside of the 100% patch.

If the 5% patch is not just visible inside of the 0% patch and the 95% patch is not just visible
inside of the 100% patch, first recalibrate the laser film printer according to the

manufacturer’ s recommended procedure and reprint the SMPTE test pattern. If the density
steps are still out of control limits, seek service adjustment of the laser film printer. Films must
not be processed until laser film printer is operating within limits set by the regulations.

Turn on the densitometer and follow manufacturer’ s procedures for warm up. Follow
manufacturer’s procedure to zero the densitometer. Thisis usually done by holding down the
optical sensory arm and pressing the NULL button until 0.00 is displayed. The densitometer
must be zeroed before each use. The densitometer must be calibrated before each use by
using the calibration tablet supplied by the manufacturer. If the densitometer has several
aperture sizes, use the 2mm aperture.

Measure the optical density (OD) with the densitometer of the 0%, 10%, 40%, and 90%
patches. By regulation the OD of:

a. The 0% patch must be 2.45 + 0.15 OD

b. The 10% patch must be 2.10 + 0.15 OD

c. The40% patch must be 1.15 £ 0.15 OD

d. The 90% patch must be 0.30 £ 0.08 OD

If the optical densities of the four patchesin step 7 are not at the regulatory limits, first
recalibrate the laser film printer according to the manufacturer’ s recommended procedure and
reprint the SMPTE test pattern. If the density steps are still out of control limits, seek service
adjustment of the laser film printer. Films must not be processed until laser film printer is
operating within limits set by the regulations. Record the OD values on the Laser Film Printer
Quality Control Chart (Form 2).

The acceptable limits for each patch are recorded on the Laser Film Printer Quality Control
Chart (Form 2).

a. The 0% patch limitsare 2.30 OD and 2.60 OD

b. The 10% patch limitsare 1.95 OD and 2.25 OD

c. The 40% patch limits are 1.00 OD and 1.30 OD

d. The 90% patch limits are 0.22 OD and 0.38 OD
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Procedure 3B Weekly Laser Film Printer Quality Control

Frequency: Weekly

Equipment Required:

N

o o

11.

12.

Densitometer

Form 2 Laser Film Printer Quality Control Chart (page 43)

SMPTE (Society of Motion Picture and Television Engineers) test pattern (this test
pattern is usually supplied with the laser printer or it can be purchased from a vendor)

Display the gray scale test pattern on the monitor and verify that the window and level settings
have been set to values established in Procedure 3A Establishment of Laser Film Printer
Quality Control Operating Levels.

Print the image on film using the image format established in Procedure 3A.

Ensure that the 5% patch isjust visible inside of the 0% patch and the 95% patch isjust visible
inside of the 100% patch.

If the 5% patch is not just visible inside of the 0% patch and the 95% patch is not just visible
inside of the 100% patch, first recalibrate the laser film printer according to the

manufacturer’ s recommended procedure and reprint the SMPTE test pattern. If the density
steps are still out of control limits, seek service adjustment of the laser film printer. Films must
not be processed until laser film printer is operating within limits set by the regulations.
Record on Laser Film Printer Quality Control Chart (Form 2).

Turn on the densitometer and follow manufacturer’ s procedures for warm up. Follow
manufacturer’s procedure to zero the densitometer. Thisisusually done by holding down the
optical sensory arm and pressing the NULL button until 0.00 isdisplayed. The densitometer
must be zeroed before each use. The densitometer must be calibrated before each use by
using the calibration tablet supplied by the manufacturer. If the densitometer has several
aperture sizes, use the 2mm aperture.

Measure the optical density with the densitometer at the 0%, 10%, 40%, and 90% patches on
the film.

Record the OD values on the Laser Film Printer Quality Control Chart (Form 2) and
determine if any of the data points exceed the control limits,

Circle the out-of-control data point(s).

. When a density step is found to be out of control limits, first recalibrate the laser film printer

according to the manufacturer’ s recommended procedure and reprint the SMPTE test pattern.
If the density steps are still out of control limits, seek service adjustment of the laser film
printer. Films must not be processed until laser film printer is operating within limits set by the
regulations.

Note the cause of the problem in the remarks/Action Taken section of the Laser Film Printer
Quality Control Chart (Form 2) and plot the in-control data point.

Determine if there are any trends, i.e., three or more data points moving in one direction
(either upward or downward). If trends are present but the data points have not, as yet,
exceeded the control limits clinical images can be processed. However, it will be necessary to
determine the cause of the trend and to monitor the laser film printer closely to ensure that the
control limits are not exceeded.
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An example of acompleted Laser Film Printer Quality Control Chart (Form 2A) is on page 44.

CORRECTIVE ACTION: Immediate action must be taken to correct any problems. When a
density step is found to be out of control limits, first recalibrate the laser film printer according to
the manufacturer’ s recommended procedure and reprint the SMPTE test pattern. If the density
steps are still out of control limits, seek service adjustment of the laser film printer. Films must not
be processed until laser film printer is operating within limits set by the regulations. All corrective
actions must be completed before patient films are taken, documented and records retained for a
minimum of 2 years.
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Spot Film and Radiography

Facilities performing spot film and/or radiography with their fluoroscopy tube must aso perform
the following tests as applicable to the unit:

Processor Quality Control

Darkroom Cleanliness

Processor Maintenance and Chemical Solutions
Film and Chemical Shelf Life

Light Field/X-ray Field Alignment

Repeat Analysis

Analysis of Fixer Retention

Generally accepted procedures for performing these tests can be found in the Compliance
Guidance for Radiographic Quality Control document available from the Department.

A copy of this document can be obtained from the Department by any of the following methods.

If faxing or mailing a request, please be sure to include your name and mailing address. Dueto
the length of the compliance guidance document, we are not ableto fax it.

I nternet Web site: http://www.state.nj.us/dep/rpp

Fax arequest to: 609-984-5811

Mail arequest to: New Jersey Department of Environmental Protection
Bureau of Radiological Health
PO Box 415
Trenton NJ 08625
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Phantom I mages (Fluoro Video Monitor)

Test Frequency — Monthly

Standard —kVp < 5%, mA <10%, high & low contrast depends on phantom used

To ensure that film density, contrast, uniformity, and image quality due to the x-ray imaging
system and film processor are maintained at optimum levels.

NOTE: because this procedure necessitates activation of the fluoroscopic tube, the surveyor
should make certain there is something (phantom, cubic water container, etc.) attenuating the
useful x-ray beam during operation and wear appropriate protective equipment (lead apron,
gloves, thyroid shield, etc.)

Equipment Required

Phantom *

Test Tool**

(Some devices combine the phantom and test tool in one unit)
Form 3 Phantom Images (Fluoro Video Monitor) page 45

* Because of the large variety in types of fluoroscopic equipment, the different types of studies they are used
for, and the variety of phantoms available, the Department can not make a specific recommendation for the
facility asto which phantom is best for that particular facility. The phantom used should be one of the
following:
1. The phantom recommended by the equi pment manufacturer.
2. The phantom recommended by the medical physicist.
3. The fluoroscopy phantom developed by the Center for Devices and Radiological Health (CDRH)
for its national survey. Use of this phantom would make comparison of the facility’s equipment with
other facilities using the same phantom and the national results easier. This phantomisalso
recommended by the ACR in its Barium Enema Quality Control Manual.

**The test tool contains cooper mesh test patterns of varying fineness, line pairs or other test objects which
provide a measure of image sharpness (resolution) at high contrast. The test tool also contains circular
depressions (holes) of various depthsin an aluminum disc. The shallowest hole that can be detected isa
measure of the low contrast perceptibility available in the x-ray system. A decrease in the number of holes
detected can indicate an increase in system noise. The Department can not make a specific recommendation
for the facility asto which test tool is best for that particular facility. The test tool used should be one of the
following:

1. Thetest tool recommended by the equipment manufacturer.

2. Thetest tool recommended by the medical physicist.

3. The fluoroscopy test tool developed by the Center for Devices and Radiological Health (CDRH)

for its national survey. Use of this test tool would make comparison of the facility’s equipment with

other facilities using the same test tool and the national results easier. Thistest tool isaso

recommended by the ACR in its Barium Enema Quality Control Manual.
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Procedure 4A Phantom Set Up
Follow the set up requirements of the phantom you areusing. In general:

For under-table tubes: The table padding is removed. The phantom is set on the x-ray table in
the orientation required by the phantom manufacturer. If using the CDRH phantom is set on table
on the legs provided aluminum side down.

Thetest tool is placed on the tabletop underneath the phantom. The fluoroscopic tower is moved
over the phantom and initially set to a height of about one-inch above the top of the phantom.

For over-table fluor oscopy tubes and overhead radiographic tubesin a conventional R/F
room: The table padding is removed. The phantom is set directly on the tabletop in the
orientation required by the phantom manufacturer. If using the CDRH phantom should have the
handle removed and placed with the auminum side up.

The test tool is placed on top of the phantom. The phantom is centered using the light field from
the over head tube if available.

Set up fluor oscopy unit

The fluoroscopy system is set up as clinically utilized for the most common fluoroscopy exam
performed at the facility. The image intensifier field of view (FOV) is set to the mode closest to 9
inches. For example, if the unit has an 11-inch FOV and a 16-inch FOV but no 9-inch FOV, use
the 11-inch. If the grid is normally used for fluoroscopy it should be in place. The compression
cone, if any, should be removed. If the system has dose mode selection it should be set to the
value normally used clinically. Collimator should be fully open.

Fine Centering of Phantom Image
WEAR PROTECTIVE GARMENTS while performing this procedure!

Activate the fluoro beam and move the fluoro tower as required in order to center the phantom on
the image field. Cone down (close) the collimators until only edges of the phantom are visible.
Re-center as necessary. Then bring the fluoro tower down until it isin physical contact with the
top of the phantom (or test tool if it is on top) taking care not to bring the tower down so hard
that the membrane covering the fluoro tower assembly is damaged. Set the lateral/longitudinal
locks on the fluoro tower.
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Procedure 4B Establish Baseline Values for Phantom I mage Evaluation

When imaging the phantom for fluoroscopic tests, record the kVp and mA from the meters or
displays provided. Any changesin the kVp or mA values for a constant phantom thickness can
indicate problems with the fluoroscopic chain, for example, aloss of image intensifier/TV gain.

Baseline values are established when the quality control program isinitiated. The baseline values
may need to be re-established after service if the service has increased the quality of the image and
the number of meshes or holes seen hasincreased. Re-establishment of the basdline value must
never be done for the purpose of bringing an out of limits fluoroscopy unit into compliance.

This procedure assumes that the phantom used has mesh patterns. If the phantom used has line
pairs or other test objects in place of meshes, in steps 4 through 7, count and record the number
of line pairs or other test objects seen and modify Form 3 to reflect the phantom used.

1. Complete top of Form 3 (year, room, €tc.).

2. With the phantom in position as in Procedure 4A, activate fluoro. Record the fluoro kVp and
mA from the control panel on Form 3 in the appropriate sections.

3. Determine the acceptable ranges for kVp and mA and record on Form 3 in the appropriate
sections. The standard is that the kVp must not change more than + 5% and the mA must not
change more than + 10%. For example:

a If kVpis90, acceptable ranges are 90 kVp £ 5% or 85.5 kVp to 94.5 kVp.
(90X 0.05=4.5;5090-4.5=855and 90 + 4.5 = 94.5)

b. If mA is2.5, acceptable ranges are 2.5 mA + 10% or 2.25 mA to 2.75 mA.
(25X .10=.25;s025-.25=2.25and 2.5 +.25 = 2.75)

4. View the fluoro image on the TV monitor, darken the room lights, and count the number of

mesh patterns around the edge of the test tool in which you can see a mesh (criss-cross)

pattern. The mesh may be viewed close to the monitor (with a magnifying glassif desired)

and the monitor brightness may be adjusted to optimize visualization of the mesh pattern. A

mesh pattern may be counted as “seen” if the criss-cross lines can be seen over any part of the

area. If the lines are seen only in one direction (i.e. only vertical lines) you may till count the
mesh as being seen, however do not be fooled by the horizontal TV scan lines.

Record this number on Form 3 in the appropriate section.

Determine the acceptable limits for number of meshes seen and record on Form 3 in the

appropriate section.

7. For example: If the number of meshes seen is 6, acceptable rangeis+ 1 mesh or 5 to 7 meshes
seen. (6-1=5and6+1=7)

8. Count the number of low contrast holes you can visualize in the test tool. Y ou should view
the monitor at a distance of about 4 feet. Y ou may count ahole as “seen” if you detect n
object in the image of roughly the same size as the well-visualized holes. The object may
seem to “come and go” with time due to noise fluctuations, but you may count it if it can be
Seen at any time.

9. Record this number on Form 3 in the appropriate section.

10. Determine the acceptable limits for number of meshes seen and record on Form 3 in the
appropriate section.

ISRl
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11. For example: If the number of holes seen is 8, acceptable rangeis+ 1 mesh or 7 to 9 holes
seen. (8—1=7and8+1=9)

Procedure 4C Monthly Phantom I mage Evaluation

This procedure assumes that the phantom used has mesh patterns. If the phantom used has line
pairs or other test objects in place of meshes, in steps 4 through 6, count and record the number

of line pairs or other test objects seen and modify Form 3 to reflect the phantom used.

1.
2.

3.

ISRl

8.
9

10.

Record date and initials of person performing test in the appropriate sections on Form 3.

With the phantom in position as in Procedure 4A, activate fluoro. Record the fluoro kVp and
mA from the control panel on Form 3 in the appropriate sections.

Determine if the kVp and mA is within the acceptable ranges and record “yes or no” inthe“In
Range?’ section of Form 3 in the appropriate sections.

View the fluoro image on the TV monitor, darken the room lights, and count the number of
mesh patterns around the edge of the test tool in which you can see a mesh (criss-cross)
pattern. The mesh may be viewed close to the monitor (with a magnifying glassif desired)
and the monitor brightness may be adjusted to optimize visualization of the mesh pattern. A
mesh pattern may be counted as “seen” if the criss-cross lines can be seen over any part of the
area. If thelines are seen only ion one direction (i.e. only vertical lines) you may still count the
mesh as being seen, however do not be fooled by the horizontal TV scan lines.

Record this number on Form 3 in the appropriate section.

Determine if the number of meshes seen is within the acceptable range and record “yes or no”
in the “In Range?’ section of Form 3.

Count the number of low contrast holes you can visuadize in the test tool. Y ou should view
the monitor at a distance of about 4 feet. Y ou may count ahole as “seen” if you detect n
object in the image of roughly the same size as the well-visualized holes. The object may
seem to “come and go” with time due to noise fluctuations, but you may count it if it can be
Seen at any time.

Record this number on Form 3 in the appropriate section.

. Determine if the number of holes seen is within the acceptable range and record “yes or no”

in the “In Range?’ section of Form 3.
If any item on Form 3 is not within the acceptable range, determine the cause of the problem
and correct it. After correction retest and log these test scores on another line on Form 3.

An example of a completed Phantom Image (Fluoro Video Monitor) is on page 46 as Form 3A.

CORRECTIVE ACTIONS: All corrective action must be completed within 30 days,
documented and records retained for aminimum of 2 years.
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For kVp and mA changes:

If the indicated kV p differs from the baseline value by more than 5% or the mA by more than
10%, recheck the setup of the phantom and fluoro system (fluoro tower centered, collimators
adjusted to phantom manufacturer’s specifications, tower in contact with top of phantom, etc.) If
the setup is correct and the changes persists, then contact service personnel or the medical
physicist.

Decrease in number of meshes seen:

If one mesh group islost and the kVp value is the same then try adjusting the monitor brightness
if possible to optimize visualization. If no improvement is obtained then contact service or
medical physicist to perform afluoroscopic resolution test and system focusing adjustment.

Decrease number of holes seen:

If one holeislost and the kVp value is the same then try adjusting the monitor brightness if
possible to optimize visualization. Ensure that you are viewing the monitor from a distance of 4
feet. If no improvement is obtained then contact service or medical physicist to perform a
fluoroscopic resolution test and system focusing adjustment.
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Equipment Visual Checklist

Test Frequency - Initially and quarterly ther eafter

Standard - All tests passed

The purpose of this checklist is to ensure that the x-ray system is working properly and that the
mechanical rigidity and stability of the equipment is maintained. The following isalist of items
that should be checked. Thislist is generic. Items should be added or subtracted as they apply to
the specific piece of equipment being evaluated. Each item should function as the manufacturer
intended.

Procedure5 Equipment Visual Checklist

Equipment Required:
Form 1 Equipment Visual Checklist Form (page 42)

NOTE 1: because some of the items on the Checklist necessitate activation of the fluoroscopic
tube, the surveyor should make certain there is something (phantom, cubic water container, etc.)
attenuating the useful x-ray beam during operation and wear appropriate protective equipment
(lead apron, gloves, thyroid shield, etc.)

NOTE 2: some of the items on the visual checklist are operator convenience features. However,
many of the items are essential for patient safety and high quality diagnostic images. It may be
necessary to add additional items to the list that are specific to a particular piece of equipment
or procedure. These should be included on the checklist and in each evaluation.

1. Review dl theitems on the Equipment Visual Checklist (Form 1 page 42) and record pass or
fail. Eachtime atask is completed, the individual carrying out the task should write in date
and initia the appropriate area on the checklist.

2. All foot and hand switches designed to energize the fluoroscopic tube should be tested to
ensure that x-ray production is terminated as soon as the switch isreleased. |f switches have
multiple positions (example: high level control) each position should be tested.

3. Thetable, image intensfier, and tube, as applicable, should move smoothly and freely without
requiring excessive force.

4. Check all of the locks and centering detents on the tower and table for adequate function.

5. Check al switches, lights and meters on the table, control panel and image intensifier for
appropriate function. (i.e. lights should light, meters should move).

6. Using each collimating option, test for smooth collimator blade motion. If applicable, vary the
SID to assure the collimator tracks (i.e. automatically maintains the field size) as the SID
changes.

7. Check that available grids smoothly move in and out of the useful beam.

8. Check that available compression devices easily move in and out of the useful beam and
function correctly.

9. Lead drapes should be affixed to the image intensifier (under table systems) and have no

12/21/00 26



creases or gaps that may subject the operator to unnecessary scatter radiation.

10. Check that the Bucky moves smoothly along the track and its locking mechanism is
functioning.

11. If the unit is an under table fluoroscopic system, check that the shield covering the Bucky slot
during fluoroscopy is working as designed.

12. If the unit is a portable c-arm, it must be equipped with a spacer on the tube to prevent the
patient from being closer than 30 cm to the tube’ s target. This spacer must aways be used
unless it interferes with a sterile field as during surgery.

13. It must not be possible to activate the x-ray tube unless the entire fluoroscopic beam is
intercepted by the image receptor. On systems where the image intensifier can be placed in a
park position, do so and step on the pedal to assure that this interlock is functioning.

14. If there are interlocks on the door(s),check that they prevent the unit from producing radiation
when the door is open.

15. Verify that al of the indicators on the control panel are functioning.

16. Determine if the technique charts at the control panel are present and current.

17. Check that the fluoro timer emits an audible signal or terminates the exposure after 5 minutes
expires.

CORRECTIVE ACTION: Have repairs done on any item that fails. All corrective action must
be completed within 30 days, documented and records retained for a minimum of 2 years.
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L ead aprons, gloves, gonadal and thyroid shielding integrity check

Test Frequency - Initially and annually ther eafter

Standard - No breaksin protective garments

Examine the integrity of the personnel shielding devices to ensure optimal protection to the
patient when positioned properly.

NOTE: Lead aprons should never be folded. Cracksin the lead lining can develop at the fold,
reducing the useful life of the apron.

Do not assume that brand new aprons, gloves, etc. contain no defects. Visua examination is not
sufficient to ensure integrity of shielding. New aprons, gloves, etc. should be examined under x-
ray immediately upon arrival and returned to supplier if defects are found.

Procedure 6 Lead Shielding Integrity Check

Equipment required: Personnel shielding devices
Form 4 Quality Control Log - Annual Tests (page 47).

1. Lay out the item to be checked on the table.
2. Examinethe entire item for breaks in the garment’ s structure using the fluoroscope.
3. Record on Quality Control Log - Annual Tests (Form 4).

CORRECTIVE ACTION: Any item displaying breaks in the lead lining should be replaced
immediately. All corrective action must be completed within 30 days, documented and records
retained for aminimum of 2 years.
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Medical Physicist’s Fluoroscopic QC Survey

Test Freguency - Initially and ther eafter annually

Standard - Asrequired in N.J.A.C. 7:28-22.9

The registrant must ensure that qualified medical physicist has performed and documented all the
testsin Table 5. Record on Form 4 Quality Control Log — Annual Tests (page 47).

Table5 Medical Physicist’s Fluoroscopic QC Survey

Item Test Standard
1 || Fluoroscopic Unit Assembly Evaluation Asrequired at N.J.A.C. 7:28-15.5
2 || Entrance Exposure Rate to Image Fluor oscopic equipment manufacturer’s specifications
Intensifier
3 || Patient Entrance Exposure Rate Fluor oscopic equipment manufacturer’s specifications
4 1] Maximum Exposur e Rate Asrequired at N.J.A.C. 7:28-15.5
51| High Contrast Resolution/Low Contrast | Fluoroscopic equipment manufacturer’s specifications
Resolution for Fluoroscopy Video
M onitor
6 || Spot Film Automatic Exposure Control Fluor oscopic equipment manufacturer’s specifications
(AEC) System Perfor mance
7 || High Contrast Resolution/Low Contrast | Fluoroscopic equipment manufacturer’s specifications
for Fluoroscopy | mage Recor ding
System (i.e. spot film device, cine system,
videotape system, etc.)
8 || Half-Value L ayer Fluor oscopic equipment manufacturer’s specifications
91| Kilovoltage Fluor oscopic equipment manufacturer’s specifications
10 || Fluoroscopic and Spot Film Asrequired at N.J.A.C. 7:28-15.5
Callimation Assessment
11 || Review of Facility and Technologist QC Review QC testsfor proper procedureand corrective action
Tests
12 || Physicist Report and Recommendations | Communicate results and recommendationsto registrant
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Quality Assurance Program Review

Test frequency - Initially and annually ther eafter

Standard — Asrequired in N.J.A.C. 7:28-22.4(a)7

The Quality Assurance Program must be reviewed in its entirety to ensure that al information is
current and accurate. The review must occur annually or after any equipment or personnel
change. If personnel or operating procedures change frequently, reviews should be conducted
more frequently to ensure that facility’s Quality Assurance Program is maintained.

Physician should review the QA program when it isinitially established, after each change
in personnel, equipment or policy and annually. A good time for the review isright after the
Medical Physicist performs the annua QC Survey. Any changes can be reviewed with the
Medical Physicist.

Record on Form 4 Quality Control Log - Annual Tests (page 47).

NOTE: most of the following list is taken form the requirementsin N.JA.C. 7:28-22.4 and are
contained in the facility’s QA Program Manual. There are additional item listed that should be
reviewed at least annually to ensure that the facility isin compliance with all applicable sections of
N.JA.C.7: 28.

Quality Assurance Program Review Requirements
Review and update as necessary the following information:

1. Listof clearly identified individuas and assigned responsibilities for maintaining the quality
assurance program and for performing the quality control tests.

2. Quality Control (QC) measures

a. QC Teststo be performed and the frequency of each test

b. List of equipment to be tested

c. Acceptability limits for each test performed

d. Description of each QC test procedure

e. Sampleformsfor each QC test performed

f. Processor and solutions maintenance

g. Annua Medical Physicist’s QC Survey

Policies and Procedures:

a. Policy for holding patients and for presence of individuals in room during radiation
exposure

b. Policy for pregnant patients and employees

c. Policy for gonadal shielding

d. A description of the orientation program for operators of radiographic equipment
including the duration and content of that program

e. Proceduresfor proper use and maintenance of equipment
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No

10.

Policies and employee responsibilities concerning personnel radiation monitoring

Policy for releasing films

Policy for labeling films (i.e., patient’ s statistics, facility information)

A commitment to perform a Radiation Safety Survey of the Environs in accordance with

N.JA.C. 7:28-15.10 on newly installed x-ray equipment within 60 days of installation and

aninitial Medical Physicist’s QC Survey as required by N.JA.C. 7:28-22.8(a)

. Policy for using technique charts

k. Policy and rules on Radiation Safety as required by N.JA.C. 7:28-15.9(a) 8

Corrective actions

a. A planfor repairing or calibrating the x-ray equipment

b. A plan for repairing or servicing the processor

Records keeping:

Records for the most recent one year of the QC tests performed by the registrant

Records of theinitial Medical Physicist’s QC Survey plus the two most recent QC Surveys

Records of corrective actions for the most recent two years

Personnel monitoring records. Per New Jersey Administrative Code 7:28-8.1(f) records

for each employee monitored must be maintained for the length of employment plus 10

years.

Reference manuals (if any) and their location.

A provision describing how the registrant and the qualified medical physicist will review the

QA program annually.

Have you purchased new x-ray equipment either as a replacement or an additional unit? If so,

did you:

a. Register it with the Bureau of Radiological Health within 30 days of installation? And

b. Haveaqualified individual perform a Radiation Safety Survey of the Environs and submit
acopy to the Bureau of Radiological Health within 60 days of installation?

c. Haveaninitid Medical Physicist QC Radiographic Survey performed within 30 days of
installation?

Review of each Registration of a Radiation Producing M achine form to be sure the

information is current. Questions to ask yourself:

a. Haveyou moved?

b. Areyou the owner of record?

c. Hasthe facility contact person changed?

d. Isthe x-ray machine on the Registration form the one you are currently using?

e. New Jersey Administrative Code 7:28-3 requires that the Bureau of Radiological Health
be notified in writing within 30 days of a change of any of the information on the
Registration form.

Review of the Radiation Safety Survey of the Environsfor each x-ray unit to ensureit is

current. Questionsto ask yourself:

a. Hasthelocation of the equipment been changed?

b. Has any change been made to the room in which the x-ray is located?

c. Hasthe number or type of x-rays taken increased significantly?

d. Hasthere been any change in what the rooms surrounding the x-ray room are used for?

e. Any such changes should be reviewed with your medical physicist to determine if a new

Radiation Safety Survey of the Environs needs to be performed. New Jersey

- Te

oo oo
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Administrative Code 7:28 requires that a qualified individual perform a Radiation Safety
Survey of the Environs and a copy submitted to the Bureau of Radiological Health within
60 days of any such change.

11. Are your registration fees paid for the current year and previous years? You may call 609-
984-5463 to check if you have an outstanding invoice.

12. If any person other than alicensed practitioner takes x-rays, is each such person licensed as
required by N.J.S.A.26: 2D-24 and N.J.A.C. 7:28-19? Y ou may call 609-984-5890 to check
the license status of any individual who is not a New Jersey licensed physician, podiatrist, or
chiropractor. IMPORTANT: Only New Jersey licensed physician, podiatrist, or
chiropractor, or a New Jersey licensed diagnostic radiologic technologist is permitted to
operate any type of medical diagnostic x-ray equipment and position patients for radiological
procedures. The activation of the x-ray exposure for fluoroscopic procedures by alicensed
diagnostic radiologic technologist is only permitted if alicensed physician isin the room and
directing the fluoroscopic procedure. “ Operate” means the use or manipulation of x-ray
equipment in any way that leads to or causes the emission of radiation or affects the amount
or quality of radiation that is recelved by a patient. Examples of “operate” include, activating
or terminating the x-ray exposure, setting or adjusting technical factors, setting the mode of
imaging, setting the camera rate, and setting or adjusting the collimator. Tasks associated
with turning on the x-ray equipment at the beginning of the day without a patient on the table,
resetting the five minute timer, adjusting the imaging monitor, and post exposure data
processing are not considered operating x-ray equipment. “ Position patients’ means the
alignment of the x-ray tube, image receptor (image intensifier) and the area of the patient
intended for exposure to radiation.
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EQUIPMENT NEEDED TO PERFORM QC TESTS

The following chart lists the equipment a facility needs to perform the QC tests.

Some items the facility may aready have on hand. Other items, such as a phantom, may need to
be purchased. A list of vendors for these itemsislisted in the VENDORS section on page 37.

Procedure Equipment Required Form
Needed
Equipment Warm up Image quality tool None

One quarter and one dime
Copper attenuator 1/16” thick
Test stand approx. 30 cm high

Laser Printer Quality Control Densitometer 1
SMPTE test pattern

Phantom Images (Fluoro Video Monitor) | Phantom

Test tool 2
Equipment Visual Checklist None 3
Lead Aprons, Gloves, Gonadal and Personnel shielding devices 4
Thyroid Shield Integrity Check
Medical Physicist’s QC Survey None 4
Quality Assurance Program Review None 4
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VENDORSLIST

The following listing of vendorsis supplied for informational purposes only. The State of New
Jersey does not certify or license vendors. Inclusion in thislist does not imply endorsement or
recommendation by the New Jersey Department of Environmental Protection or any other state
agency. A firm's name being absent from the list does not indicate that the Department has judged
the firm unsuitable to provide services.
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Densitometer Calibration Vendors

Vendor Nameand | Recommended Cost Turnaround Loaner Available
Phone No. Frequency Time

Nuclear Associates | Annua $185 2-3weeks | Yeswith acharge of $ 82 for each 30
516-741-6360 daysfor either a densitometer
Innovision annua $135 1 -2 weeks | Limited number of loaners available.
800-850-4606 First come - first served
X Rite annua $ 120 and up 1 week Limited number of loaners available.
616-534-7663 depending on model First come - first served
JRT annual $ 150 and up 2-3weeks | No
610-327-9610 depending on model
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VENDOR LIST for QUALITY ASSURANCE SUPPLIES

Company Address City St | Zip Code Phone Fax
American Imaging Systems, 3001 Hadley Rd South Plainfield NJ| 07080 800-762-2901
Inc. Suite 5A
Andrews & Walsh X-ray Inc. 55 Cannonball Rd Pompton Lakes NJ| 07442 973-616-7100
Cares Medical, Inc. 75 Manchester Ave Key Port NJ 07735| 732-739-8900| 732-739-0316
Diagnostic Imaging, Inc. 8015 Rt. 130 S. Delran NJ| 08075| 856-461-4261
Elscint, Incorporated 86 Orchard Ave Hackensack NJ| 07601 201-750-3240
GE Medical Systems, Inc PO Box 414, SM 471 Milwaukee WI| 53225 800-558-5102
GE Medical Systems, Inc PO Box 1561 King of Prussia PA| 19406 610-992-6400
Hi-Tech X-ray Inc. 2 Oak St New Brunswick NJ| 08901| 732-448-9729| 732-448-9733
Marconi Medical Systems 4 Esterbrook Lane Cherry Hill NJ| 08003| 856-424-3620
Marconi Medical Systems 595 Miner Rd Highland Heights| OH| 44143| 800-635-9729
(Picker Int)
Marconi Medical Systems 2520 Metropolitan Dr. | Trevose PA| 19053| 215-322-9300
(Picker Int)
Med-X Imaging, Inc 1102 Industrial Parkway |Brick NJ| 08724| 732-458-4144| 732-458-4334
Metropolitan X-ray Supply 28 Eaton Rd Eatontown NJ| 07724| 732-544-9272| 732-544-1845
New Jersey X-ray Corporation |330 Belleville Tnpk N Arlington NJ| 07031| 201-998-0900| 201-998-3903
Nuclear Associates 100 Voice Rd Carle Place NY| 11514| 888-466-8257

PO Box 349

Phillips Medical Systems 150 Clearbrook Rd Elmsford NY| 10523| 800-833-3316
Smith-Chapman Inc. PO Box 378 Kearny NJ| 07032| 201-998-8877| 201-998-0988
Standard X-ray Sales Co. 60 Coit St. Irvington NJ| 07111 973-374-2400| 973-374-8435
United X-ray Inc. 1 Todd Circle No Brunswick NJ| 08902 732-381-0407
X-Rite, Incorporated 3100 44th Street, SW  |Grandville MI| 49418 616-534-7663| 616-534-8960
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Options For When The Facility’s Densitometer |s
Unavailable

The NJ regulation specifies that laser printer QC MUST be performed weekly.

The facility must ensure that if the densitometer is broken, out for calibration, or otherwise
unavailable that a substitute instrument is available or another procedure isin place to ensure that
the laser film printer is operating within control limits,

The options given below are a TEMPORARY solution for times when the densitometer is
unavailable. They are not to be used for longer than three weeks.

A facility should consult with their medical physicist or image consultant to determine which of
the listed optionsis best for their facility. It isalso possible for the medical physicist or image
consultant to design another option for the facility to use while its densitometer is unavailable.
Any such option must ensure that the laser film printer is operating within control limits.

NOTE: It may be necessary to perform Procedure 3A (Establishment of Laser Printer Quality
Control Operating Levels) after the densitometer is calibrated or repaired if the density of the
patches have changed significantly.

Below isalist of options the facility may consider for meeting this requirement.

1. Obtain aloaner densitometer from a processor service company, the calibration company or
arrange to use acolleague’s. The facility must perform the following procedure to ensure that
the Laser Printer Control Chart does not indicate an out of control laser film printer due to the
use of adifferent densitometer.

a. Dr. A hasto return his densitometer for service. Dr. A asks Dr. B (whose officeisin the
building next door) if he can use Dr. B’s densitometer. Dr. B agrees.

b. Dr. A prints and processes a SMPTE test pattern film as usual and takesit to Dr. B's
office BEFORE performing any patient x-rays.

c. Dr. A readsthe 0%, 10%, 40% and 90% patches using Dr. B’ s densitometer.

d. Dr. A compares the readings obtained in (c) to the readings he got previousdly with his
own densitometer.

e. If the previous reading for the 10% patch was 2.10 and the 10% patch read with Dr. B’s
densitometer is 2.17, Dr. A will have to add 0.07 to al readings from Dr. B’ s densitometer
in order to have comparable readings for his Laser Printer QC chart. If the readings
indicate that Dr. A’s processor is out of control, Dr. A must correct the problem and
perform steps (@) through (e) again to ensure his processor is operating within limits.

Purchase two densitometers.

Send patients to another facility to have their x-rays.

Take no patient x-rays when facility has no operable/in calibration densitometer.

PN

12/21/00 40



FORMS
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Form 1 Visual Equipment Checklist
v = Pass Initials
F=Fall Month
NA = Does Date

Not Apply

Movement
Table
Angulation
Bucky and Bucky Slot Cover
Il Movement
Power Assist
Fluoro ]
Image Grid Movement
Intensifier
Assembly Spot Compression Device
Locks
Collimator
Lead Drape
Park Position Interrupt
Sharpness
Monitor
Contrast
Spot Image
Cables
Interlocks
General Mechanical Rigidity

Mechanical Stability

Foot Pedal

5 minute Audible Timer

Technique Factors
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Form 2 Laser Film Printer Control Chart

Year: Laser Film Printer: Film:
Month
Day
Initials
0% 2.6
2.45
2.3
10% 2.25
2.10
1.95
40% 1.30
1.15
1.00
0.38
90%
0.3
0.22
5% visiblein 0%
95% visible in 100%
Date Remarks/Action Taken
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Form 2A Example of a Completed Laser Film Printer Control Chart
Year: 2001 Laser Film Printer: 1 Film: ABC
Month 4 4 4 4 4 5 5 5 5 6 6 6 6
Day 2 9 16 23 30 7 14 21 28 4 11 18 25
Initials cc|ycc|ycc|yecc|yjecc|jeccyeccyeccyeccyeccycecc|cec|oce
0% 2.6 ®
/ o~
2.45
/
2.3 ®
®
10% 2.25 ®
T
2.10
—
1.95 ®
®
40% 1.00 ®
1.15 / P
"
1.30
® ®
90% 0.22
0.3 ~— | 0
0.38 ®
5% visiblein 0% Y Y Y Y Y Y Y Y Y Y Y Y Y
95% visiblein 100% Y Y Y Y Y Y Y Y Y Y Y Y Y
Date Remarks/Action Taken
4/16 New film emulsion, recdibrate
5/14 Laser printer serviced, recalibrate
6/4 recaibrate
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Form 3 Phantom Image (Fluoro Video Monitor)

Y ear Room Fluoro Mode Field of View kVp set Grid (in/out) Pulse Rate
kVp mA Meshes Seen Holes Seen

Values established in Procedure 4B

(page 23)

- 5% + 5% - 10% + 10% -1 +1 -1 +1

Acceptable limits

Date Reading

Initials In Range?

Corrective Action:

Date Reading

Initials In Range?

Corrective Action:

Date Reading

Initials In Range?

Corrective Action:

Date Reading

Initials In Range?

Corrective Action:

Date Reading

Initials In Range?

Corrective Action:
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Form 3A Example of a completed Phantom Image (Fluoro Video M onitor)
Y ear: 2001 Room: 1 Fuoro Mode: medium detail Field of View: 9" kVp set: 80 Grid (infout): in  Pulse Rate: not pulsed
kVp mA Meshes Seen Holes Seen
Values established in Procedure 4B 90 25 6 8
(page 23)
- 5% + 5% - 10% + 10% -1 +1 -1 +1

Acceptable limits 85.5 94.5 2.25 2.75 5 7 7 9
Date 3/15/01 Reading 90 25 6 8
InitiaAls CHC In Range? Yes yes yes yes
Corrective Action:
Date 4/17/01 Reading 92 27 7 7
Initials CHC In Range? Yes yes yes yes
Corrective Action:
Date 5/12/01 Reading 94 22 4 6
InitiaAls CHC In Range? Yes yes No no
Corrective Action: service called. Adjusted monitor settings. After service # mesh seenis 6 and # holes seenis 8.
Date 6/15/01 Reading 80 22 6 8
InitidsLM In Range? NO yes yes yes

Corrective Action: service called. Calibrated kVp. After service kVp reading 90.

Date Reading
Initials In Range?
Corrective Action
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Form 4 Quality Control Log - Annual Tests

Each time alisted procedure is completed, person performing it must fill in date, their initials and note if equipment passed or failed. If equipment failed, the
appropriate person(s) must be notified and corrective action taken. Procedure should be repeated after correction to ensure that equipment now passes.

Performance and results of repeat tests should be listed on chart.

P=PASS F = FAILED Y =YES N =NO
Lead aprons, Date
gloves, gonadal
and thyroid Preformed by

shielding integrity
check

If equipment failed,
appropriate person(s)
notified

Procedure 6
Page 28
. . Date
Medicd Physicigt’s
QC Survey Preformed by
Page 29 If problems found,

appropriate person(s)
notified

Quality Assurance
Program Review

Page 30

Date

Preformed by

If problems found,
appropriate person(s)
notified

Comments can be recorded on reverse of form.
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