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INTRODUCTION

This handout discusses several crucial issues regarding quality assurance (QA) in
diagnostic ultrasound imaging. First, common misperceptions for not establishing a
quality assurance program are addressed, and justification for a QA program is presented.
Some of the complicating factors surrounding ultrasound QA are discussed. Second,
representative QA measurements are presented, followed by conclusions regarding the
clinical usefulness of each QA test, based on the measured data. Lastly, some ideas for

future tests are described.

|. A PERSPECTIVE ON THE STATE OF ULTRASOUND QUALITY ASSURANCE

The purpose of quality assurance (QA) testing is to adequately characterize specific
performance parameters for imaging equipment. The results are compared to vendor
specifications, published values, or previous measurements to determine if the image
quality is adequate. In most x-ray moddaities, performance tests are well defined and
typical values and tolerances are suggested. If the measured values differ significantly
from the reference values, corrective action must be taken. While performance testing in
x-ray modalities is dmost universaly practiced, in ultrasound, performance testing

remains somewhat controversial in the medical physics community and proliferation of
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quality assurance programs in ultrasound has not yet been realized. There are severa
reasons commonly given by those who oppose initiating quality assurance testing for
ultrasound imaging equipment, including the following:

1. Ultrasound is considered to be an established and safe modality; therefore, no
quality assurance is necessary.

2. Ultrasound scanners are very stable; therefore, no quality assurance is necessary.

3. No one redly knows what to test, how often to test, what measured values to
expect, or what equipment to use in an ultrasound quality assurance program.
Consequently, performance testing of ultrasound scanners is more trouble than its
worth.

4. There are no regulations requiring a well-defined quality assurance program;
therefore, alocating the resources and expenses to a quality assurance program is
not justified.

The first two of these reasons are most often used by radiologists, the third one by

physicists, and the last one by administrators. Each of these reasons is a misconception

that could be detrimental to a healthcare institution.

Ultrasound: An Established and Safe Modality?

Consider the common argument, “ Ultrasound imaging has been around for about 50 years,
no biological effects have ever been shown at diagnostic levels, and nothing ever goes
wrong with the machines. No physics support has been used in the past, and no one has
ever complained.” Now consider this: ultrasound has changed dramatically in just the past

few years, and the cost-effectiveness of ultrasound is driving a frenzy of competition
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among the ultrasound scanner vendors. Although clinicians and patients ultimately benefit
from the competitive efforts of the vendors, new technologies continue to emerge at
nearly a blinding rate—challenging physicists and ingtitutions to keep pace. Ultrasound
scanners are no longer the simple devices that they are often thought to be. Comparing a
modern scanner to the early clinical scanners is like comparing a calculator to a desktop
computer. Ultrasound practices are being re-defined as technology provides more echo
information and processing options. In this respect, the need for physics support has
become twofold: quality assurance to verify that the scanners are operating properly, and
technical consultation to assure that the scanners are used appropriately, both of which
have implications on patient care and safety.

For most medica professionals, the question of potential biological effects caused by
diagnostic ultrasound is amost universally dismissed as being a non-issue. However, in
1993, the FDA relaxed the restrictions on the maximum alowable power outputs of
diagnostic medical ultrasound scanners. This was done with the understanding that the
vendors would display the output indices on the scanners, implying that the sonographers
would assume responsibility for moderating the output levels. Consequently, output
power levels have increased. The maximum limits are now in terms of displayed output
indices, which depend on the scan protocol, and the user is assumed to understand
implications of the indices. Unfortunately, this assumption is not justified, as biological
effects are not often considered to be of concern.

S0, is diagnostic ultrasound still “safe?” The answer has not yet been proven to be
“no,” but there is some evidence[1] that suggests that biological effects may occur at

diagnostic power levels. Add to this the fact the some of the newer technologies, such as
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harmonic imaging, use increased power levels or require multiple acquisitions of the same
scan line (or from multiple overlapping or intersecting scan lines). Also consider that
scans that need to be repeated or require extra scan time due to poorly operating
equipment result in excess patient exposure (not to mention additional resource
expenditure). A quality assurance program can minimize scan times, reduce repeat rates,
and assure that scan protocols employ proper scanner settings, including using appropriate

technologies and lower power levels when possible.

Ultrasound: A Stable Modality?
Unlike the failure of an x-ray tube, there is no expected “life-time” of an ultrasound
scanner after which it will shut down and need repair. Some changes in performance may
change quickly and obvioudy, and are usually noted by the operator shortly after they
occur. However, other problems may occur over an extended period of time and may be
very subtle. One example involves the gradual breakdown of a transducer cable. In this
particular case, the institution where this occurred had a single scanner, and as the
transducer cable—which probably was defective at installation—was subjected to routine
use, the noise in the image became increasingly worse. However, since the change was
gradual, and since another scanner was not available for visua comparison, the problem
persisted until the image quality was substantially compromised. A QA program could
have identified the problem before the degradation in image quaity had become
significant, possibly even at installation of the scanner.

Some scanner problems may go unnoticed because they are masked or camouflaged by

patient anatomy. For example, non-functioning elements on an array transducer may be
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quite chalenging to notice on a patient image, yet when a uniform field is imaged (a QA
test) the artifact is readily apparent. Once the artifact is detected, it is typically
surprisingly obvious on the patient images.

Review of a service report for scanners at one institution showed an average of 1.8
hardware and software problems per scanner (a total of 29 scanners) over a one year
period. The problems ranged from “bad trackball” and “broken key on keyboard” to
“linesinimage,” and “system hangs on start-up.” Although some scanners had no reported
errors, others had multiple substantial problems.

For clarification, it should be stated that not every scanner is expected to exhibit
regular failures, and major malfunctions are rare. However, ultrasound equipment is not
immune to hardware and software problems, and, if such problems go unnoticed or
ignored, the impact can range from staff inconvenience to compromised patient diagnosis.
A QA program can detect a range of problems, thereby increasing the confidence of
diagnosis, reducing patient exposure, and increasing patient throughput. Another
advantage of a QA program is that all scanner problems are channeled to a single source
and documented. Documentation of all scanner-related problems can be useful in

purchasing decisions and for contract (purchasing and service) negotiations.

Testing: What, when, with what, and what to expect?

Regarding ultrasound performance tests, a substantial effort has been made to determine
the most pertinent tests, the recommended frequency of testing, the most useful phantom
design(s), and acceptable measured valueg 2-24]. However, the underlying problem in

attempting to define these issues is the fact that there are many variables that must be
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considered. In fact, the number of potential variables is so large that the conclusions can
become generadized to the point of being of questionable utility. This may be the most
valid argument against initiating a quality assurance program. For example, consider that
there are at least three common transducer types—Ilinear, sector, and curva-linear. Each
of these has specific operating and performance characteristics. Now consider that each
transducer-type typically has 2 to 4 different available frequencies—again, each with
associated performance characteristics. At each frequency, several operator-controlled
parameters can be adjusted, including focal zone(s) placement, post-processing, gain,
TGCs, power, compression, and maximum imaging depth—each also having associated
performance characteristics. Furthermore, the TGC implementation provides only a
graphical display of the setting, which makes replicating the setting non-trivial; and the
power setting is a relative measure, rendering comparison of the absolute power outputs
from scanners of different vendors nearly impossible. All of the mentioned items are used
in some combination on clinical images; however, some options (or combinations of scan
parameters) are not available on al scanners, and implementation of the scan parameters
can vary among vendors (for example, look-up tables are typically labeled as a number,
with no standardization among vendors). Now add vendor-specific features that can
change the appearance of the image, such as harmonic imaging, tempora and spatial
optimization(s), lateral gain, and elevationa focusing, to name a few. With al of thisin
mind, it is indeed daunting to devise a test and define an acceptable range for the result
that makes a clinicaly meaningful statement regarding the performance of the

scanner/transducer imaging system.
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While US QA a firg it may seem an insurmountable challenge, there is a
straightforward approach that can be taken to implement a QA program. The program can
be thought of as consisting of two separate components—“basic” tests (i.e., those that do
not require a phantom), and phantom tests. The basic tests are easy to implement and
have been shown to be useful. These tests include hard-copy/processor QA, display
settings, visua checks, room lighting, and programmed pre-set consistency.[20, 23]
These basic tests address a large percentage of image quality problems that are
encountered in ultrasound imaging. However, the basic tests can not detect the most
dangerous problems—those that are intimately integrated into the image data.

Phantom tests can provide insight to specific performance characteristics of an
ultrasound scanner. For example, resolution tests quantify the resolving capabilities of the
scanner. A uniformity test can shed light on numerous scanner malfunctions, and depth of
penetration measurements can be related to the scanner’s output power. However, not all
tests are suitable to performed routingly and not all are necessarily reasonable indicators of
clinical scanner performance.

For the phantom tests, the scan parameters (including transducer frequency), the
performance metric to be measured, and the phantom to be used must be determined.
The frequency of testing must also be addressed. The scan parameters should be those
that are commonly used in the clinical practice. That is, the physicians and sonographers
need to be consulted with to determine the scanner settings (including transducer
frequency) that are most frequently used.

The phantom design and composition also need to be considered. The phantom

should be composed of a tissue-mimicking material. Other types of materials, such as
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polyurethane and zerdine, have been used as phantom materials, but the speed of sound in
these phantoms is considerably lower than that of soft-tissue (1430-1450m/s compared to
1540 m/s). Therefore, object sizes and placement within the phantom must compensate
for the speed of sound mismatch. However, compensation for the speed of sound
mismatch is not adequate for all multi-element transducers and the focusing characteristics
of such transducers may not be correctly represented.[24] These concerns do not apply to
the tissue-mimicking phantoms, which can be made to match the speed of sound,
attenuation, and backscatter properties of soft-tissue.

The size, shape, and object contrast of “targets’ within the phantoms determine the
purpose of the phantom. Filaments, drawn across the short axis of the phantom, are often
used as high-contrast point sources, and cylindrical-shape targets (of various object-
contrast materials) are typically used to represent circular objects on the ultrasound
display. Ramps, spheres, and cones have aso been used in phantoms. Therefore, the
selection of objects within the phantom is largely dependent on the performance metric
that isto be measured.

Idedlly, the performance tests should be sensitive to small changes in the measured
parameter, easy to complete, and be related to the clinical performance of the scanner.
Typicaly, not al of these features are noted in asingle test. Therefore, some compromise
isnecessary. This manuscript contains a survey of performance tests that were carried out
over a oneyear period on 23 scanners and 14 transducers. The survey contains
representative results, including variability measurements, for many common ultrasound
QA tests. The discussion that follows the survey provides insight to tests that are useful

for routine QA and for acceptance testing.
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Regulations

In x-ray modalities, state and federal regulations require regular performance verification
of al equipment[25]. Consequently, administrators, radiologists, technologists, and
physicists are aware that resources must be allocated to assure that the equipment is
properly maintained. This is not the case with ultrasound equipment. There is no
perceived need for ultrasound performance testing and resources are focused elsewhere.
In effect, the benefits of an ultrasound quality assurance program are overshadowed by the
cost of resources needed to establish and maintain such a program. This is primarily
because the benefits are often not as tangible as in other modalities, and assigning a

monetary value to them is difficult.

One last issue must be mentioned regarding performance testing and regulation of
ultrasound. Ultrasound imaging has been very prolific in the healthcare environment.
Scanners are available that represent a range of technologies, and the price for a
ultrasound imager can range from under $20,000 to about a quarter of amillion dollars. Is
it reasonable to think that the image quality produced by all scanners is comparable?
Obviously, the answer to this question is “No.” Whether the image quality scanner is“low
end” or “state-of-the-art” is irrelevant to how it can be legally used and how much the

patient can be charged for the exam.
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1. ULTRASOUND PERFORMANCE M EASUREMENTS

A listing and a detailed description of the tests and procedures that have been suggested
for quantifying ultrasound scanner performance is summarized by an AIUM
publication11] and by Goodsitt, et. a.[11] and will not provided in detail in this
document. A study of over 2,000 measurement values is presented and the utility of
several common ultrasound QA tests are discussed. The data provide representative
ultrasound quality assurance values from a large number of ultrasound scanner
configurations from a single vendor. Statistical calculations regarding the ranges of
measured values are presented for each unique scanner configuration and comparisons
with suggested values and tolerances are presented where applicable. The results can be
used as reference data for determining appropriate tests, test procedures, and tolerance

values when establishing and maintaining and ultrasound quality assurance program.

A Survey of Ultrasound Quality Assurance Measurements

Ultrasound QA tests were performed on 23 different scanners (model 128XP, Acuson
Corp., Mountain View, CA) using 14 unique transducer models. The number of
transducers of each model ranged from 3 to 23. Of the 14 transducer models, nine could
be used a more than one frequency (multi-Hertz), resulting in 24 unique
transducer/frequency combinations and 285 unique scanner/transducer/frequency
combinations (scan configuration). Each combination was evaluated with a single set of
six QA tests (one measurement for each test), yielding a total of 2,231 measurements.
Additionally, a set of reference repeatability measurements were recorded for three

different scanner/transducer/frequency combinations. A total of 12 measurements of each
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test, over a four-week period, were performed for each of the three repeatability scan
configurations. All measurements were completed by a single individual with over seven
years of dedicated ultrasound quality assurance experience.

The QA tests incorporated a genera purpose tissue-mimicking phantom and a dice
thickness phantom (models 403 and 421, respectively, Gammex/RMI, Middleton, WI).
The scan parameters were set as follows. Power: 0%, gain: 0%, pre-processing: 1,
persistence: 3, and post-processing: 0.

The time-gain compensation controls (TGCs) were set using computer-assisted
feedback to assure that fibers depictions were displayed at gray scale levels within 10
pixel values of each other throughout the field of view (axialy) and for each scan
configuration—thereby assuring TGC repeatability and image uniformity.

The QA tests that were performed are described as follows.

Depth of Penetration (DOP). The depth of the field-of-view (FOV) was set to maximum.
The depth (to the nearest centimeter) at which the presence of electronic noise was

comparable to echo signal was recorded as the DOP.

Vertical and Horizontal Distance Accuracy. The electronic scanner calipers were placed
in the centers of the images of two vertical fibers. The distance displayed on the scanner
was recorded as the vertical distance accuracy (VDA). The horizontal distance accuracy
(HDA) was recorded in a similar manner using horizontal fibers. The fibers for both
measurements were selected such that they were separated by the maximum distance
alowed by the FOV. VDA and HDA measurements for the reference data were

performed using electronic calipers on a spatially calibrated frame-grabbed image.
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Axial Resolution. The set of phantom fibers dedicated for measuring axia resolution
(AR) was used to record the AR. The AR was recorded as the separation of the two most
closely spaced fibers that did not present an overlap in their depiction on the displayed
image. AR measurements were recorded for al possible depths (within the FOV) alowed
by the phantom (3, 8, and 14 cm). The FOV was magnified (“zoomed”) to encompass the
axial resolution fibers for each depth of interest. Magnified FOV was not used for the
repeatability data. The focal zone was placed at the fiber depth in al cases. Note that the
phantom design allows only for discrete values of 2, 1, 0.5, and 0.25 mm for axial

resolution.

Lateral Resolution. Lateral resolution was measured using a frame-grabber (model LG-3,
Scion, Corp., Frederick, MD) and personal computer (Powerbook DuoDock 11, Apple
Computer, Cupertino, CA). The lateral resolution was measured as the full-width-at-half-
maximum (FWHM) of the fiber depictions. The lateral resolution was recorded for three
depths (if alowable by the FOV). The focal zone was placed dightly below the depth of
the fiber of interest. (Note: For the repeatability data, the focal zone was placed at the

maximum depth regardless of the depth of the fiber.)

Ring-Down (Dead Zone). Ring-down, or dead zone, depth measurements were recorded
using the dedicated ring-down fibers on the phantom. The criteria that the fiber be
visualy resolved was used to determine the ring-down depth. Note that the phantom
design dlows only for discrete values of 1, 4, 7, and 10 mm for the ring-down
measurement. The focal zone was located at the maximum depth for al measurements of

ring-down depth.
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Sice Thickness. Using the dlice thickness phantom, the minimum depth range of the
horizontal band (the image of the dice thickness “ramp”) was recorded as the dice
thickness. That is, the transducer was traversed across the phantom and the narrowest
ramp depiction was determined. The endpoints for the depth range were determined

visudly.

Throughout the one-year period of data acquisition, all tested scanners produced clinically
acceptable images, were subjected to additional QA measurements (such as “non-
phantom” tests and subjective visua assessments), and were checked periodically by the

vendor as part of a preventive maintenance program.

Results and Discussion

To best demonstrate the variability in US QA measurements, all of the data were
considered valid (i.e., no “flyers’ were removed). Note that due to differences in data
acquisition, the reference data are shown for comparison with regard to variability and
were not included in the analyses of the remaining data. The key for the plotsis givenin

Figure 1. All tables and figures are included at the end of this manuscript.

Depth of Penetration (Table I). Lower frequency transducers typically showed a greater
depth of penetration, as expected. However, this was not always true with transducers
that are capable of transmitting more than one nominal frequency.

The depth of penetration (DOP) measurements showed no variation for any of the

scanner/transducer/frequency combinations evaluated. The lack of variability in the DOP
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measurement is most likely due to the method of measurement. Namely, that the
measured DOP is rounded to the nearest centimeter. The measured values do not

contradict the published suggested tolerances of +1 cm for the DOP.

Distance Accuracy (Figures 2 and 3). The error associated with the vertical distance
accuracy (VDA) is typically between 1-2% and, in all cases, the measured distance was
less than the known distance. The average standard deviation of the VDA is
approximately 0.5%, which is consistent with the average standard deviation of the
reference data. One possible explanation for a consistently negative error in the VDA
measurement is that the speed of sound in the phantom is dightly greater than 1540 m/s.
The manufacturer specification for the speed of sound in the phantom is 1540 £10 m/s,
which could introduce a maximum error of *1% in the VDA. 278 of the 285
measurements showed errors less than 2%, suggesting that a 2% tolerance limit is
reasonable.

The average error of the horizontal distance accuracy (HDA) was less than 1%. The
average standard deviation of the HDA among all transducers is approximately 0.7%,
which is comparable to the average standard deviation of the reference data. Of the 285
HDA measurements, only 14 showed an error greater than 2.5%, 9 of which were of the
curva-linear scan format. These results may also be biased by the potential speed of sound
error noted with the vertical distance accuracy. A tolerance value of 2.5% seems

reasonable for the HDA measurement.

JM. Kofler, J. AAPM 43® Annual Meeting, 2001



Quality Assurance of Ultrasound Imagers: Procedures, Expectations, and Philosophies 15

Axial Resolution (Table Il). Genera trends in the axia resolution (AR) measure are
consistent with expectations. Namely, AR is superior with higher frequency transducers
and degrades dlightly with depth.

The data show that few transducer types yielded identicad AR measurements for all
transducers. However, due to the discreteness and subjectiveness of the measurement, it
is difficult to draw conclusions regarding the source of variability. The reference data
(most notably with the L538 transducer) imply that the subjectiveness plays amgor role in
the variability. Therefore, a change of +1 fiber would have to be acceptable. However,
this range includes amost all of the fibers, and a change of more than 1 fiber would
essentially never occur. The conclusion can be made that the method of measuring axial
resolution is inadequate to obtain meaningful data for routine QA purposes. Other

methods have been suggested[20] and may be of more utility.

Lateral Resolution (Figure 4). General trends show superior lateral resolution (LR) with
higher frequencies, as expected. No correlation of the LR measurement or variability of
the measurement with scan format is evident, even with consideration for depth.
However, the LR is generally worse at the deeper depths, as expected.

The standard deviation is typically between 0.1 and 0.5 mm, indicating that a
reasonable tolerance for LR measurements is £0.5 mm for most scan configurations when
using computer-assisted analysis. One would expect that extrapolating the results to
account for variability caused by visua analyses (using the electronic calipers of the
scanner) would most likely increase the tolerances. However, computer-assisted analysis

is susceptible to local “disruptions’ of pixel values near the fibers caused by speckle.
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These variations are somewhat compensated for by the human visual system. A previous
study[26] shows that the standard deviation of lateral resolution as measured via scanner
calipers is comparable to that shown in this study. Therefore, for most scan
configurations, a tolerance of £0.5 mm may be of utility for LR measurements that are
made using the eectronic calipers on the scanner. However, as with all QA tests,
additional measurements should be acquired if the results are not within tolerance. Note
that the results show that under some circumstances (e.g., the V4 transducer at the
deepest tested depths), atolerance of £0.5 mm would not be reasonable.

With the exception of afew transducer models (V4 at 2.5 MHz and at 3.5 MHz, S228,
L382), the standard deviation varies by no more than 0.1 mm among the LR
measurements recorded at different depths. Therefore, the depth at which the
measurement is performed does not influence the stability of the measurement, and a
single depth may be used for routine LR measurements as suggested in references 20 and

23.

Ring-Down, or Dead Zone (Table I11) The measurements of the ring-down depth show
consistent results for most transducers—the variability being more prominent with the low
frequency transducers. The lack of variability is most likely caused by the discrete nature
of the measurement. Namely, only two (1 and 4 mm) of the four available depths were
needed to measure the ring-down depths for all scan configurations. Nearly all of the
transducers were able to consistently resolve the fiber at shallowest depth, suggesting that
the test does not adequately stress the imaging capabilities of the scanners. Finer

increments (and starting at a shallower depth) of the fiber placement would produce more
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detailed information regarding the ring-down characteristics of a particular scan
configuration but may not be of clinical utility. The data does not contradict the tolerance

suggested by the manufacturer of the phantom[17].

Sice Thickness (Figure 5). The dlice thickness measurements showed an expected trend
of decreasing values with increasing transmitted frequencies. Additionaly, the dlice
thickness for the linear format transducers was generally smaller than that from other scan
format transducers.

With the exception of two transducer types (C544 at 3.5 MHz and S228), the standard
deviations were less than 0.5 mm. This suggests that a reasonable tolerance for dice

thickness measurements is 0.5 mm for most transducers.

Comparison to Published Values

Table IV shows a comparison of the suggested tolerances from several references to those
concluded from the measured values. In many cases, such as depth of penetration, axial
resolution, axia resolution, and ring-down, the method for performing the measurement
limits the sengitivity of the measurement. For example, al identica transducers (at equal
frequencies) showed the same depth of penetration. This is due to the fact that the depth
of penetration is measured to the nearest centimeter. Therefore, a tolerance level can be
stated as + 1 cm, but it must be acknowledged that this tolerance is imposed based on the
sendgitivity of the measurement, and a smaller tolerance may be more appropriate if the

measurement technigque were improved.
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[11. CONCLUSIONSON THE CLINICAL UTILITY OF PHANTOM TESTS

A large number of quality assurance measurements and suggested tolerances have been
presented. These data provide insight to the expected values and variability for a specific
set of scanner from a single vendor. However, the question remains as to whether the
tests are clinically relevant. Persona experience indicates the following:

Resolution tests are reasonable for acceptance testing but are of little utility for routine
performance checks. It is aways important to verify vendors clam when a unit is
installed. However, a significant change in a resolution value would indicate that there is
serious malfunction with the scanner and mostly likely other major (and obvious) image
performance problems would be noticed. Thisis stated as speculation because in six years
of involvement in ultrasound quality assurance, | have never noted a significant
degradation in axial, lateral, or elevational resolution.

Ring-down testing is irrelevant with most modern day scanners. | suspect that some
older scanners could potentially have objectionable ring-down, but in most cases, the ring-
down is clinicaly irrelevant. The proximal 4 mm just isn't of interest in most clinical
exams (and note that ring-down was only measured as 4 mm for a few transducers, all of
which were operated at a frequency of less the 3.5 MHz—these transducers are not used
for imaging superficia structures).

Depth of penetration is a useful test for measuring a decrease in the power output of
the scanner or any increase in noise (such as from a defective transducer cable, etc.). Both
of these can produce very subtle image degradation that can be very difficult to detect by

non-invasive methods (with the exception, of course, of the depth of penetration test).

JM. Kofler, J. AAPM 43® Annual Meeting, 2001



Quality Assurance of Ultrasound Imagers: Procedures, Expectations, and Philosophies 19

Both require baseline data, which requires that a depth of penetration measurement be
performed and archived (via a hard-copy or eectronically) when the scanner isinstalled.

Distance accuracy measurements are also important tests. There is little uncertainty in
the measurement and the expected value is known. Important clinical decisions are made
based on distance measurements, and verification of the electronic calipers is essential.
Note, however, that there is dependence on the speed of sound in the phantom material
for the distance accuracy measurement and, as seen in the survey data, phantom
manufacturing tolerances should be considered. ldeally, phantom-specific speed of sound
values should be obtained, if available.

A uniformity test, which was not evaluated in the survey, is perhaps the most useful
phantom test. Many scanner malfunctions are manifested as some anomaly in the image
and are immediately apparent in a uniformity image. The test is quick, smple, and of
unquestionable clinical relevance. A hard-copy of a uniformity phantom image also should

obtained at the time the scanner is installed.

V. POTENTIAL ULTRASOUND QA TESTS

There are many potential developments that could benefit ultrasound quality assurance
efforts. A novel image quality test is currently under development that involves size-
dependent signal-to-noise ratio measurements of simulated spherical lesions in a perfect
array within a tissue-mimicking phantom.[22, 27, 28] The importance of the technique is
that uses spherica test objects, which equally consider axial, lateral, and elevationa

resolution. Spheres of different diameters and object contrasts can be used, covering a
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range of imaging sSituations. Additionally, the measurements are correlated with the
impressions of trained human observers, thereby directly addressing clinical relevance.
Another maor “breakthrough” in ultrasound QA would be the integration of some
tests into the scanner software. This would make the tests very practical, and quick
checks of the scanner could be performed regularly (such as daily or weekly). | am quite
surprised that no vendors currently offer such features. “Features’ of this nature could be
promoted as an indication of the manufactures commitment to quality scanning.
“First-scan” testing is also a noteworthy goal. The test would be a quick and simple
visual check, such as a uniformity test, that would be completed every day prior to
scanning patients. Scanner problems could be detected before any clinical images are
obtained, thereby assuring the institution that the images are free of artifacts caused by
equipment malfunctions. A test of this nature would most likely prove its worthiness to

the department after only a few scanner problems have been detected.

V. CONCLUSIONS

Ultrasound scanners are extremely complex imaging devices and developing clinicaly
relevant performance tests is a challenge. Consequently, ultrasound quality assurance has
been in a state of evolution for many years. Today, a convergence of philosophies,
combined with gained experience, is beginning to be noted. It remains our responsibility as
scientists to promote and improve the practice of ultrasound quality assurance testing. As
interest and enthusiasm increases in the physics community, refinement and proliferation of
quality assurance tests will continue. With proliferation of testing, the benefits of

performance testing will become more widespread and will eventually lead to a standard
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practice of quality assurance in ultrasound departments. As professionals in the healthcare
environment, our ultimate goal is to improve patient care, and assuring that adequate and
appropriate diagnostic ultrasound image quality is achieved and maintained directly serves

that purpose.
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TABLESAND FIGURES

Scan Format Linear

Muoclel | 1382 LS LSiE | L&ss 17 1734
MHz ] 55 ) 3550 0] 5o sa]se] 0] 70]7e=

Sample Size | 23 16 16 11 | Ref | 18 a2 12 8 Ref

Mm"’m:ﬁ sl ar st |8t s)lst]| 6] 6] 6
Scan Format Curva- Linear
Mokl Cleh {544 o7

MHz | 25 | 25 | 35 0] 501 70

SumpleSize | 7 } 7 L8| 18] 4| 4

Mensuirement
temd 20 16 6 12 10 .
Scan Format Sector Vector
Mol | 5228 S5102 Viid Vi Vi

MH: ] 25 ] 258 ] 40 | S0 S50 ] Fo ) A8 | A8 ) 2K | AR 4.0

Sample Slee | 4 7 4 7 F 3 P JRefl | 1D} 19} 19

Mesurememt P oo fiaf 12|10 | 7| 6| 16]t6| 202016

Rel: Indlicates repeatability data. | 2 measurements iover a fous-week penod)
using a sinple transdocer at the icheated frogue ncy.

f Indicate s maximum allowable depth

Tablel. Depth of penetration measurements. No variability in the depth of penetration was noted for any

of the transducer types.
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Scan Formatl L inezar

Model | 1,382 L5 1.538 558 LT 1734
MHz | 13 A5 S0 0 | 50| 50 0 7.0 70 | To*

O05mm| 0 0 1} i (1] [[] ] 4 ] 1]

lmm| 19 L] 16 | 4 7 2 | M 5 10

Z+mm | 4 1o 0 10 e 11 0 ] 0 2

a)
Scan Format Corva-lincar
Model C 366 C5M C7
MHz | 25 | 25 13 | s 20 | e
0.5 mm 0 ] i 1] L] 0
Tmm | 2 5 0 9 3 4
2+mm| =5 1 18 ) 1 ]
(]
Scan Format Sechor Ve lir
Model | 513 53192 V714 VI V4
MHz| 25 35 | 4b L] @ | 70 LE | A% | 15 15 &l
(0.5 mm ]} L] i L 1] 1 il ] ] 1] L]
Tmm| 0O 0 0 5 3 2 1 0 2 4 3
2+mm| 4 7 4 1 1 0 8 12 17 15 | 16
ch

* Indicates repeatability data. 12 measurements (over a four-week period) using a single)
transcducer at the Indicated freguency.

Tablell. Axial resolution measurements. Data was acquired using three different depths (when

possible), however, only the data acquired using depth of 3 cm is shown. The axial resolution
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values are listed on the left and the number of occurrences of the listed resolution is stated for
each transducer type. a) Linear-array scan heads;, b) Curva-linear transducers; c) Sector

and vector format scan heads.

Scun Format Linear

Muodel | L382 L= L33 L53K L7 L7354
MHz | 15 A5 Al 20" ] 20 =0 7.0 7.8 7.0+

%
=

tmm| 12 | 16 16 | 11 12 I8 | 22 | 22 5 12

4mm | 11 i 1] ] i il ik il 1] 1]

&l
S Formal Curva-Lincar
Masclel 366 (5 7
MHz | 25 i= As i s 7.0
fmm| | 1 6 | I8 4 4
4 mm G i} 2 0 i} 0
bl
Seun Formut Sextor Yeulor
Muode] | 5228 S5192 VTi4 Vil V4
MHz | L5 1= 4ib Zn 20 7.0 15 ) 185+ ) 1% Az 4.0
Ilmm| i 7 4 7 3 3 ] 12 . I 17
4mm| 4 0 i 0 0 L] L] ] 14 3 p
c)

* Indicates repeatability daia. 12 measurements {over a four-week period ) using
a single transducer at the indicated |'requency.
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Tablelll. Ring-down, or dead-zone, measurements. The measurement values are listed on the left and

29

the number of occurrences of the listed ring-down measurement is stated for each transducer

type. @ Linear-array scan heads; b) Curva-linear transducers; c) Sector and vector format

scan heads.
QuaLrTry SUGGESTED TOLERANCES*®
ASSURANCE Indicated In
TesT Rel 20 | Wel 17 Rel. 23 Ref, 13 Rusul bs Seclion
&DEP" ot *lem | £1lem =1 em + 1 em +1 em
nekration
- L5
vertiel | 22% | H% —:‘? » 1% 26
Distance or 1.2 an
Acouraey
L
Horzonwl | 3% | 2% £2% 3% $2.5%
or } mm or I mm
1 mm (=4 MHz),
F: [’ ] i " . L - ¥
Axlal Hesulution CDn 2 mm (<4 MHz) N/AT
=1 mm or
i i + LI} “ 3 = d ki a - f
Lateral Resoluion mm | £l mm » Fiuatlan 1 0.5 mm
Rings Down =T mm (=3 MHzi
el Zone) | - | CDB*F 25 mm (37 MHz) | - CDB**
=3 mm (=7 MHz)
Slice Thickness - . - - HL5 mm

* Relative 10 baseline values.

* onsistent measurable [Yifference from Baseline value.

¥ Measurement method (using axial resolution fibers) deemed inadequale for rouline QA purposes,

ttEquation 1; =2.5 x focal lenpth/[IMHz x aperature diameter (mm )]
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TablelV. A comparison of published suggested tolerances with tolerances derived from the results of this

study.
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Figure 1. Key for plots.
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Figure 2. Horizontal distance accuracy errors. Note the slightly larger negative errors associated with the

curva-linear transducers as compared to the remaining transducer types. @) Linear-array scan

heads; b) Curva-linear transducers; c) Sector and vector format scan heads.
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Figure 3. Vertical distance accuracy errors. The consistently negative errors of the vertical distance

accuracy indicates that the speed of sound in the phantom may be slightly greater than 1540

m/s. @) Linear-array scan heads; b) Curva-linear transducers; ¢) Sector and vector format
scan heads.
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Figure 4. Lateral resolution measurements. M easurements were made at three different depths (when
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possible), however, only dataform the mid-level depth is plotted. The number above the data

point indicates the depth of the measurement in centimeters. a) Linear-array scan heads; b)

Curva-linear transducers; c) Sector and vector format scan heads.
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Figure 5. Slice thickness measurements. The transducer was translated across the top of the phantom to

locate the depth corresponding to the minimum slice thickness—the depth of the
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measurement is indicated above each data point. a8) Linear-array scan heads; b) Curva-linear

transducers; c) Sector and vector format scan heads.
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