Contents

iilUr.isound Bio-Safety survey for practicians - the current ECMUS

policy {Christian Kallmann) 1
| lUltrasound interactions 1
LI.IMechanical interactions 2
[.I.2Thermal interactions 7

| M pidemiological investigations and adverse biological
effects 10

i (Potential risk rating for different ultrasound imaging

modes 11
| 4Indices to estimate the potential risk 12
| 4.1Mechanical Index (MI) 13
| 4.2Thermal Index (TI) 13

| OSurvey of Tl / Ml-values measured in routine scanning 14

I M C MUS Recommendations for routine use 16
| 'J.IClinical Safety Statement 17
| S.2Souvenir images 17

| (il'r.u heal ultrasound exposure estimation, safety awareness

and safety related equipment maintenance 19

| /References 20

Mot hods for Ultrasound Scanners Performance Evaluation
tl litir.Inv Drilc/nl) 23

IM.indards and official recommendations 24



2.2Methods used for quality performance assessment of

ultrasound scanners and their parameters 35
2.2.1Simple ("paperclip" or "coin") method 35
2.2.2Daily Tests 36
2.2.3Test objects for evaluation 38
2.2.4First Call aPerio 41

2.2 .5Irradiated acoustic pressure determination by use of

hydrophone 43
2.2.6Point Spread Function (PSF) method 44
2.2.7The methods comparison 47

2.3References 51
Ultrasound Image Quality Assurance Using a Signal-to-Noise

Measurement Method (Friedrich Liberie) 55
3.1 Efforts towards increasing US image quality assurance 56
3.2Ultrasound Image Parameters 57

3.3Sources of failures and degradation of ultrasound imagers 58

3.3.1US transducer failures 59
3.3.2Standard Tests for US imagers 60
3.4Materials and Methods 62
3.4.1Construction of the test phantom 62
3.4.2Measurement procedure 66

3.4.3 Automated evaluation of the measurement results 67

3.4.4Interpretation of the measurement results 69



3.5Pilot Study
3.5.1Materials and Methods
3.5.2Results

3.6Discussion

3.7Conclusions

3.8References

Quality control of ultrasound equipment with UltralQ software
(Wendy Berkers)

4.1History

4.2General information

4.3Image import

4.4Usability with commercial test objects
4.5Actual developments and advantages
4.6HOW to perform a QA check

4. 7Summary

Automated measurements for ultrasonic QA
(Andrew Hurrell)

S.IMeasurement tank
S.I.IScanning rig
5.1.2Dat;1 acquisition
5.1.3Tank lining
5.1.4Water treatment

5.2Hydrophones

5.2.1Membrane hydrophones

71
71
71
76
79
80

83
83

83
85
85
85
87
88

89
90

90
91
92
93
94

94



5.2.2Needle hydrophones
5.2.3Fibre-optic hydrophones

5.3Data processing
5.3.1Voltage-to-pressure conversion
5.3.2Acoustic output parameters
5.3.3Quantifying spatial variation
5.3.4Reporting

5.4References

Doppler Performance Testing: Is it hitting the mark?
(Jacinto E. Browne)

6.1Review of current Doppler Performance Test Procedures

6.1.1Continuous Wave and Pulsed Wave Doppler

Performance Test Protocols

6.1.2Colour and Power Doppler Performance Test

Protocols

95

96

97

97
97
98
98

99

101
102

102

6.2Colour and Power Doppler Tissue Mimicking Phantoms and

Test Objects
6.3New Technology
6.4Conclusions

6.5References

Ecological competence of yeast suspensions in acoustic filters
(Stefan Radei, Cosima Koch)

7.1Ultrasonic particle manipulation

7.1.1Ultrasonic resonator

™9
112
H2

H8

119
121

121



8

7.1.2Radiation forces
I.l.BUItrasonically Enhanced Settling
7.1.4The h-shape separator
7.2Methods
7.2.1Suspensions
7.2.2Assessment
7.2.3Microscopy
7.2.4Handling
7.3Experiments
7.3.1lInfluence of US on yeast cells kept in pressure nodes
7.3.2Damage to yeast cells in inter-nodal space
7.3.3Influence of US on yeast cells in h-shape
7.4Conclusions
7.4.1Viable filtration
7.4.2Damaging streaming
7.4.3Replication

7 .5References

The effect of Photodynamic and Sonodynamic treatment
on B16FO cell line [Katefina Tomankova, Hana Kolarova)

8.IMaterials and Methods
S.I.IMaterials and instruments
8.1.2Photodynamic and Sonodynamic therapy

8.1.3Microscopic study

121
124
127
128
128
129
130
131
132
132
138
146
151
151
152
154

155

161
162

162
162

163



1 Ultrasound Bio-Safety survey for
practicians - the current ECMUS

policy

Christian Kollmann

The topic ultrasound bio-safety and exposure is engaged in research
and practice since the first scanning equipment was used for routine
practice. It has been detected that the ultrasound waves are not only used
to produce images but also interact with the medium or tissue being
coupled. More and more research and interest has been spent on these
various interactions, and over decades has generated different modern
application devices using the special advantages of the wave components
for therapeutic (physio-therapy, HIFU) and diagnostic purposes
(Elastography, Harmonic Imaging, Intermittent Imaging etc.)

But nevertheless there are potential drawbacks combined with the
emission of ultrasound waves and if modern equipment is used the
practician must know what is going on and what could happen.

The following paragraphs will cover a comprehensive survey of possible
ultrasound interactions, actual epidemiological outcomes and bio-effects
as well as //state-of-the-art/ safety guidelines and recommendations given
by the European Safety Committee (ECMUS) of the European Federation of
Societies for Ultrasound in Medicine and Biology (EFSUMB).

1.1 Ultrasound interactions

An ultrasound wave regardless if continuous or pulsed interacts with its
mechanical or thermal wave component with tissue (Figure 1). Depending
on the imaging mode and the selected user pre-sets and settings, different
effects can occur. Within the last 4 decades of clinical use of ultrasound
imaging along with each new scanner generation an enhancement of
ultrasound power output could be detected. The pressure amplitudes
[p., pt, MPa] representing the mechanical component of the wave and the
intensity [mW/cm?2] or total power emission [W] characterising the thermal
component have been increased [1]. In the early 1990s the Food and Drug
Administration (FDA) changed its paradigm of safety and stated a new



