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Outline of topics

> Background
> US performance testing at Mayo-Rochester,
methods and recent experience:
o Quality control
o Acceptance testing

> Overview of US practice
accreditation




Background

Med Phys. 1998 Aug,25(8).1385-406.

Real-time B-mode ultrasound quality control test procedures. Report of AAPM Ultrasound Task

Group No. 1.
Goodsitt MM, Carson PL, Witt S, Hykes DL, Kofler Ji Jr.
Departmert of Radiology , University of Michigan, Ann Arbor 45109-0030, USA., goodsitti@umich ecu

> Good benchmark publication for US QC

> Comprehensive list of performance tests

o Primarily manual, subjective methods
Discussed advantages of computer-based methods

o Detalled test procedures
o Sliggested perfermance benchmarks
o [DiScuUsSIoN of phantom design



> Performance tests discussed by Goodsitt, et al
o Mechanical inspection
o Distance accuracy
o Depth of penetration
o Image uniformity
o Display monitor setup and fidelity
o Hard copy fidelity

Apuanbaly
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o Anechoic object Imaging
o Spatial resolution (axial, lateral, elevational)
» Dead zone
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Ultrasound phantom overview

> Key physical characteristics
o Speed of sound
o Echogenicity and echotexture (scatter)
o Attenuation and freqguency dependence
o Agueous gels most closely

mimic tissue properties

> llest targets
o Variably echogenic columns
o Arrays of fibers (“pins”)
o Anechoic spheres

> No single phantom preduct or designwas
endorsed by the authers




> Distance accuracy.

o Measure known axial (vertical) and lateral
(horizontal) distances with calipers

» Image geometry & proper operation of scanner

caliper tool 1950 g b |
\1 L 11.9 cm
L. : 2L 9.0cm




> Depth of penetration (DOP)
o Greatest depth of reliable visualization of speckie
o Closely related to system noise, SNR, sensitivity

o Maintaining consistent control settings Is critical, &
can be challenging (e.g. TGC) §
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> Image uniformity T SR

o Survey for artifacts
(usually superficial & axial)
. Live scanning w transducer - .
motion IS best |
o Malfunctioning PE

element or channel
(may need to debug)




> Computer-based US testing methods have
been reported, but availability 1s limited

Uttrazound hed Bial. 2001 Dec 27(1231697-711.

A computerised quality control testing system for B-mode ultrasound.
Gibson MM, Dudley MJ, Griffith k.

Medical Phy Department, Mottingham City Hospital MHS Trust, Hucknall Rosd, Mottingham NGS 1PB, UK. ngibzoni@ncht.org.uk

Litrazound Med Biol, 2001 Dec, 27(12)1667-76,

Improved method for determining resolution zones in ultrasound phantoms with spherical
simulated lesions.

kofler Jv Jr, Madsen EL,
Department of Radiology, Mayo Clinic, Rochester, MM 55905, US4, kofler@maya edu

Medd Phys, 2005 Aug, 32081 2615-28.
Implementation and validation of three automated methods for measuring ultrasound maximum
depth of penetration: application to ultrasound quality control.

Gorny KR, Tradup DJ, Hangiandrea M.,
Department of Radiology, Mayo Clinic, Rochester, Minnesota 55905, LS4,

Uitrazound Med Biol. 2007 har;

O tive performance testing and quality assurance of medical ultrasound equipment.
Th YWeijers &, de Korte CL.

Children's Hospital, Radboud University Mijmegen Medical Center, Mimegen, The Metherlands. j thiissen@cukz umen.nl




> Common perceptions of ultrasound QC

o Necessary tools (e.g. phantoms,
probe testers) are very expensive

o [ Esting process Is very time-consuming

o Sensitivity and repeatability of manual, subjective
test methods are limited

o Poor availability ofi computer-based testing SW

o IS US OC by the end-user really needed?
Scanners will alert you when problems arise
Sonegraphers will identify all the important issues
The eqguipment senvice folks are already deing QC
Besides, ultrasound Is safe, right?




> Current status of ultrasound QC:

o Relatively poor participation in ultrasound
eguipment testing in clinical practice, especially
compared with other modalities

o ‘Half-hearted” current QC recommendations In
some US practice accreditation programs

Only need to test 2 probes

Only need to test every 12 months

All required tests may be done without a phantom
Quality contrel Is suggested, not absolutely required



Ultrasound phantoms that most accurately mimic the
acoustic properties of human tissue are primarily
comprised of:

0% 1. A mixture of water and alcohol
0% 2. Plexiglas

3. Urethane rubber
0% 4. Water held at 20 degrees Celsius
0% 5. Aqueous gel
0%
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Ultrasound phantoms that most accurately mimic the
acoustic properties of human tissue are primarily
comprised of:

0% 1. A mixture of water and alcohol
0% 2. Plexiglas
3. Urethane rubber

0]
0% 4. Water held at 20 degrees Celsius
0% 5. Aqueous gel < is correct!
0%
Reference:

Diagnostic Ultrasound, Principles and Instruments, 7th Edition. FW Kremkau.
Saunders Elselvier, St Louis MO, 2006. Page 307.
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The maximum depth of penetration is most closely
correlated with which of the following parameters?

0% 1. Caliper accuracy
0% 2. Axial resolution

3. Post-processing lookup table
0% 4, System noise
0% 5. Scanner display calibration
0%

m




0%
0%
0%
0%
0%

The maximum depth of penetration is most closely
correlated with which of the following parameters?

L A

Reference:

Caliper accuracy

Axial resolution

Post-processing lookup table
System noise & is correct!
Scanner display calibration

Goodsitt MM, Carson PL, Witt S, Hykes DL, Kofler JM Jr. Real-time B-mode
ultrasound quality control test procedures. Report of AAPM Ultrasound Task
Group No. 1. Med Phys. 1998 Aug;25(8):1385-406.
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Ultrasound QC at MCR

> Study of 4 years ofi US QC data
GOALS
o What US QC tests actually detect problems?

Make our program more efficient / cost effective

o What Is the rate ofi US equipment failures?

ouand Med Biol, 2001 Aug 37(81:1350-7 . Epub 2011 Jun16.

Four-year experience with a clinical ultrasound quality control program.

Hangiandreou M., Stekel SF, Tradup D, Gomy KR, Eing D,
Department of Radiclogy, Mayo Clinic, Rochester, MM 55305, USA, hangiandreougmsayo. edu

Abstract
Ultrasound {(US) quality control {(QC) program data over a 4-year period from more than 45 scanners and more than 265 transducers were reviewed to
optimize the program in terms of efficiency and effectiveness. Our program included evaluations of mechanical integrity, image uniformity, distance

measurement accuracy and maximum depth of penetration (DOP). We computed failure rates and fraction of failures detected by each test. A total of
187 equipment problermns were identified. Average annual scanner component and transducer failure rates were 10.5% and 13.9%, respectively. The
mechanical integrity and uniformity evaluations detected 25.1% and 66.3% of all failures, respectively. Those evaluations plus defects detected by
sonographers accounted for 95.4% of all detected failures. DOP and distance measurement accuracy were not effective at detecting equipment
failures. For routine US QC, we recommend quarterly mechanical integrity and uniformity assessments of all transducers, A scannar with five
transducers could be tested in an estimated 30 min or less.

Copyright © 2011 World Federation for Ultrasound in Medicine & Biology. Published by Elsevier Inc. All rights reserved.

PMID: 21 11 [Puibdde for MEDLINE]



> Study of 4 years ofi US QC data
METHODS

o QC program included (1) mechanical inspection,
(2) uniformity, (3) geometric accuracy, and (4) DOP

o All transducers were tested at each QC session

o Subjective/manual and objective/PC-based
measurements were used

o [ esting was biannual = quarterly, from 2004-2007
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- Results

Ultrasound equipment inventory
from 2004 through 2007

Siemens (Acuson) 128XP
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Number of equipment failures
ReSUItS detected, & failure rate, by quarter

Time Scanner Transducer Transducer failure rate

period failures failures ( # 100 transducers/quarter)

Q1, 2004 18 6.74

Q2, 2004 17 6.37

Q3, 2004 3.37

Q4. 2004 1.87 Failure rate statistics

312 gggg g;g { # /100 transducers/quarter)
' . Minimum 0.65

Q3, 2005 1.71 Maximum 7167

Q4, 2005 2.05 Mean 346 <+

Q1, 2006 2.27 el e

Q2, 2006 0.65

Q3, 2006 2.27

Q4, 2006 1.62

Q1, 2007 3.99

Q2, 2007 7.67

Q3, 2007 1.23

Q4, 2007 7.06

Total Grand total of 186 failures found !!
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=9
- Results

Methods of detection of scanner
and transducer failures

Evaluation method

# of detected % of detected
failures failures

Mechanical integrity 46 247
Image uniformity
Caliper distance accuracy 0
Maximum DOP

Clinical use, sonographer 13 7.0

124 66.7 Cm—

0.0
: rof+—

TOTAL

186 100.0%
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> Study of 4 years ofi US QC data
CONCLUSIONS

o QC tests of DOP (1.6%) and image geometry (0%)
were Ineffective QC tools

o Uniformity evaluation and mechanical inspection
were the most useful QC tests

Uniformity eval (66.7%) + mechanical inspection (24.7%)
+ sonographer detection during clinical use (7%) = 98.4%
of detected eguipment failures
o Effective, routine guality controel testing can be
performed utilizing only the mechanical iInspection
and unifermity’ evaluation (plus display guality: evaluation)

flesting a scanner & 5 prehes required 30 min; er less



> Study of 4 years ofi US QC data
CONCLUSIONS

o Average annual fallure rates
Scanner/component: 10.5%
Transducer: 13.9%

cardiogr. 2010 Oct; 11(90:801-5. Epub 2010 Jun &.
Ultrasound transducer function: annual testing is not sufficient.

Martensson M, Olsson M, Brodin LA
School for Technology and Heatth, KTH, Campus Flemingsberg, Alfred Mobels Al 10, Huddings, Stockholm, Sweden, mmari@kth.ze

Sonoera (Unisyn) FirstCall probe tester
Transducer annual failure rate = 27.1%



Ultrasound QC at MCR

> Current US QC program

o Quarterly

Inventory, Mechanical inspection, Scanner display
guality, Uniformity (all probe ports)

BK prestate scanners: Volume measurement

o Semiannually, add...

DOP**, Geometric accuracy (mechanical probes only),
Scanner display luminance, Diagnoestic display.
luminance & quality (PACS and hard-copy)

o Annual;, aad...
Geometric accuracy (all prehes)



Ultrasound QC at MCR

> Current US perfermance testing at MCR
utilizes commercial phantoms, except for
uniformity




s Semi/automated “distance” measurements

Im1:H=9%9043cm V=118 cm
m2:H=904)em:V=1189cm
m3:H=9041¢cm:V=1189ecm
imdH=9045cm V= 1189 cm
Im5:H=9048cm :V=11.89cm

S1-5_7CC0_a_GEC_P_p13_2011031106856_003.dem
$1-5_TCO_a GEC_P_p13_20110311°0856_002.dem

AVG: H-disi = 9.0434 cm
Vedisl = 11,8898 ¢m

51-5_7C0_a_GEC_P_p13_201103110856_005.dem B _
§1-5 7C0_a_GEO_P_pl3_2011031140656_006 dom




> AISO mea:
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SN(d)?
N(d)?
d = distance from transducer face

SN = mean pixel values from phantom image
N = mean pixel values from in-air image
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> Uniformity

o Current method utilizes a custom liquid phantom

Degassed water & cornstarch (4% by weight)
In latex surgical glove

o Advantages over solid phantoms:

Complete coupling of full transducer
array for all probe models tested

Dynamic speckle patterns easily
obtained without probe motion
across phantom surface

» Agitate phantom, and

“pulse” the probe during
scanning Flexible, liquid, “snowglobe” phantom

m"ﬁ
P i - — — .-.- e

Phys Med Biol. 2010 Dec 7;55(23):M557-70. Epub 2010 Mov 16
Evaluatlun a Iow cust Ilqun:l ultrasound test object for detection of transducer artefacts.
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Automated 3D Breast ultrasound system

Unknown DJT 7:09:03 AM 5/20/2011
UsQC-DJT3EY Mayo Rm5 Rochester, MN
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» Dynamic speckle signal provides increased
sensitivity for detecting artifacts

« Viewing of dynamic scan or clip
o Median processing of clip
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> Multiple observer artifact detection study

RESULTS
Average
METHODS Detection Sensitivity (%) | Specificity (%) assessment time
> 6 observers method per image (sec)

> 56 probes, Dynamic Clip
28 w artifacts

Median

> 3 detection
methods

Subtracted

median

o Median processed Images offer advantages, but
visual inspection ofi dynamic clips Is also effective

hed Phys. 2011 Mow, 3811 16216-21.

Assessment of three msthnds for detection of ultrasound artifacts.

Department of Radiology, Mayo Clinic, Rochester, kM 55305, U sa,



> Scanner display quality and
luminance. calibration
o Ultrasound scanner monitor IS a
primary diagnostic display device

o Display guality evaluation should be
iIncluded as part of routine QC

Visual inspection ofi display test
patterns (e.g. AAPM TG18)

‘ ERERAERER
| A3 A3IA3 A3
EM ER
A3 e A3
EF EM
M3 A3D
ERERERER
A3 A3 A3 A

Pixel defects

artifacts, contrast

Geometry/distortion,
spatial resolution




> Calibration and luminance measurement w
photometer should be done at a freqguency
determined by the display technology

(calibrated? stabilized?), and previous data
Semiannual measurement IS a reasonable start

> Commercial US system displays may be lacking
In calibration capablility, and test patterns




Electronic Probe Test Systems

> Sonora (now Unisyn) FirstCall/aPerio

» Acoustical and electrical testing of each individual
array element —




> Sample FirstCall evaluation report

o Sensitivity, capacitance, center freguency,
bandwidth, pulse shape, ...

LonkaT

R
=

THE L P Dar | BRI | G G Gl e,

At ST bies MO G JFE 0L A8 80 pEDEE Tk

Pl el p S 1

i

i o~ =
i \
i /j A AR
: T TR T e
il i

Fitin '¥iiva Fovs. |

.rﬂu‘fw

L T imite] el W

T
fa
£
FE]

¥

fﬁ F\
7 ] AfiDar

Fra-gars ¢ pmotran 1

b1

g (i




> Role of probe testers in routine QC was limited

IN our practice

o Logistics involve with moving test eguipment and PC (or
probes) to same location

o lIme to set up and test each probe

o Expensive to test multiple probe models, vendors
(custom adapters for probe connector)

o Performance benchmarks for probe replacement
o Still need tests to assess scanner performance

> Useful for trouble-shooting problems

> Very useful for acceptance testing of prebes

o IHowever, availability: of test system IHW and SW. for
new US scanners and prekhes can be a limitation




Reported annual incidence rates of ultrasound
transducer defects are best estimated as:

0%
1-5%
10-30%
40-60%
>75%

0%
0%
0%

L A

0%
0%
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Reported annual incidence rates of ultrasound
transducer defects are best estimated as:

0% 1. 0%

KO0
0% 2. 1-5% |

3. 10-30% & is correct!
0]

0% 4. 40-60%
0% 5. >75%
0%
References:

1. Martensson M, Olsson M, Brodin LA. Ultrasound transducer function:
annual testing is not sufficient. Eur J Echocardiogr. 2010 Oct;11(9):801-5.
2. Hangiandreou NJ, Stekel SF, Tradup DJ, Gorny KR, King DM. Four-year
experience with a clinical ultrasound quality control program.

Ultrasound Med Biol. 2011 Aug;37(8):1350-7.
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0%
0%
0%
0%
0%

Which of the following is most effective at identifying

L A

ultrasound imaging system defects?

Assessment of Doppler accuracy
Uniformity evaluation

Mechanical integrity assessment
Depth of penetration measurement
Clinical use of the system

m




0%
0%
0%
0%
0%

Which of the following is most effective at identifying

L A

Reference:

ultrasound imaging system defects?

Assessment of Doppler accuracy
Uniformity evaluation < Is correct!
Mechanical integrity assessment

Depth of penetration measurement
Clinical use of the system

Hangiandreou NJ, Stekel SF, Tradup DJ, Gorny KR, King DM. Four-year
experience with a clinical ultrasound quality control program.
Ultrasound Med Biol. 2011 Aug;37(8):1350-7.
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Effective, routine ultrasound quality control testing for a

0%
0%
0%
0%
0%

L i

scanner and 5 transducers:

can be performed in 30 minutes or less

requires that 5 or more different phantom tests be performed
requires the use of an expensive commercial phantom

must include an evaluation of spatial resolution

IS not needed - sonographers find all important problems

m




Effective, routine ultrasound quality control testing for a
scanner and 5 transducers:

0% 1. can be performed in 30 minutes or less € is correct!
0% 2. requires that 5 or more different phantom tests be performed
3. requires the use of an expensive commercial phantom

0% 4. must include an evaluation of spatial resolution

0% 5. is not needed - sonographers find all important problems
0%

Reference:

Hangiandreou NJ, Stekel SF, Tradup DJ, Gorny KR, King DM. Four-year
experience with a clinical ultrasound quality control program.

Ultrasound Med Biol. 2011 Aug;37(8):1350-7. j
10




US Acceptance Testing at MCR

> T ests: Basic connectivity, scanner display quality.
and luminance, mechanical inspection, Image
geometry (2D&3D), uniformity (all ports), DOP

> Overview of equipment AT ed In last ~2 years:
o 3 Vendors and scanner models
o 45 scanners

o 249 transducers, including linear, curved linear,
sector, and endocavitary anrays, biplane prostate
probes, handheld mechanical 3D4D probes, and
automated breast velume scanning arnays

o 1 US modality’ workstation



S < RESULTS

e |ssues were identified with 3 scanners
(6.7%), 30 transducers (12%), as well
as with the US workstation

o Allissues were resolved through
repair or replacement (most
common), or vendor collaboration

(software tuning, clarification of
specifications, etc)

o All AT tests, except display quality
and luminance eval, identified issues

7 | 7 mp
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Ultrasound Practice Accreditation

> US not currently included in MIPPA - Medicare
Improvements for Patients & Providers Act

> Several erganizations offer programs
o American College of Radiology ACR

Ultrasound R

Breast ultrasound

o American Institute of Ultrasound in Medicine
8 different US practice areas

o INntersocietal Accreditation Commission
\ascular testing (ICAVL)
Echocardiography (ICAEL) Byystsllsiag

ACCREDITATION
COMMISSION




> Commonly reguired elements of US practice
accreditation programs
o Qualifications of all personnel in practice
o Documented practice processes and policies

o Quality control program

US System performance testing

Physician peer-review

Practice outcome data (e.g. ACR, US-guided breast bx)
o Quality assessment of sample clinical exams

> A team ofi people Is needed to best assure all
accreditation reguirements ane met



> Quality control program

o May specify performance characteristics and
minimum assessment freguencies

o Few requirements of specific testing methods or
tools (phantoms), or absolute performance criteria

o OC reguirements vary widely between programs

> Work Is underway to revise QC requirements
for ACR and AIUM US accreditation programs

ACR req’s will =mirror recently revised “ACR Technical
Standard for Diagnestic Medical Physics Performance
Monitering of Real Time Ultrasound Eguipment”



0%
0%
0%
0%
0%

Ultrasound practice accreditation programs address

L A

which of the following items?

Physician qualifications

Equipment quality control testing
Sonographer or technologist qualifications
Quality of sample clinical exams

All of these are typically addressed

m




Ultrasound practice accreditation programs address
which of the following items?

0% 1. Physician qualifications
0% 2. Equipment quality control testing
3. Sonographer or technologist qualifications
0% 4. Quality of sample clinical exams
0% 5. All of these are typically addressed < Is correct!
0%
References:

1. ACR Ultrasound Accreditation Program Requirements,
http://www.acr.org/accreditation/ultrasound/ultrasound_reqgs.aspx

2. The Complete ICAVL STANDARDS FOR ACCREDITATION IN VASCULAR
TESTING, http://www.intersocietal.org/icavl/standards/2010 ICAVL Standards.pdf

3. AIUM accreditation, Getting started, -
http://www.aium.org/accreditation/gettingstarted.aspx 10




Conclusions

> Ultrasound perfoermance testing Is worth deing
— There Is significant benefit to be gained

o Routine QC
o Acceptance testing
» (Pre-purchase evaluations)

> Effective routine US OC can be done with a
minimum of tests, In a reasonable time, with
INexpensive eguipment
o Shouldiinclude gualitative moniter assessment



Conclusions

> Objective, computer-based US performance
testing tools are not widely available

o Especially useful for acceptance testing
(and pre-purchase system evaluations)

o [racking progression ofi sub-clinical uniformity.
artifacts identified at routine QC?

> Scope of current, commonly discussed US
testing methods is limited
o Color and spectral Doppler (some literature exists)
o Elastography.



Conclusions

> US accreditation QC reguirements
o Currently vary widely between programs

o Wil likely increase and should become better
defined in the near future

ACR and AIUM currently under revision
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