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HOW SAFE IS DIAGNOSTIC ULTRASOUND TODAY?
Rosenfeld Eike

FH Merseburg, University of Applied Sciences
FB Informatics and Applied Sciences
il: Eike.Rosenfeld@IN.FH-Merscburg DE

Generally, diagnostic ultrasound is considered to be cate in me vast majority
of clinical applications. However, the continui
as well as the i ion of new di i i require a
permanent safety discussion as well as research efforts. The increase in the
ultrasound output parameters of many modern diagnostic equipments being
now often in the range of therapeutic levels and the introduction of
ultrasound contrast agents in the diagnostic routine are typical examples of
critical developmenls The answer to the question “How safe is diagnoslic
ultrasound” is lheremre of a more complex nature. One approach is the
study of the biopt 1 i of ul d effects and their
interpretation under in vivo conditions.

This approach has been taken most successfully in the field of thermal
effects. The generation of heat due to ultrasound is well understood as long
as the system under ideration is not too i But even for
systems as complex as human tissue in vivo the assessment of the
temperature elevation is possible. Theoretical models and experiments at
phantoms are the basis for the definition of the so-called Thermal Index
(TI). It allows the estimation of the temperature increase under worst case
conditions and in certain diagnostic situations (soft tissue, bone etc.) The
display of TI on screen is standard in modern diagnostic devices (ODS
regulations of the FDA).

The second important mechanism is cavitation, i.c. any bubble activity in a
liquid caused by ultrasonic waves. A great number of publications has
shown that bubble oscillations (resonance cavitation) and even more the
collapse of the bubbles (inertial cavitation) may cause heavy damage to
biological material. However, most of these experiments are carried out in
vitro. F under ic exposure in tissue or blood
cavitation is a very rare event. One reason for it is the lack of nuclei
absolutely necessary for the growth of a bubble. However, the use of
gaseous contrast agents (GCA) for diagnostic purposes in recent times has
changed the situation and increased the risk of the occurrence of cavitation
since the bubbles and their fragments could be active as cavitation nuclei.
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The synergistic effect of ultrasound and GCA is well documented in
erythrocyte suspensions and blood. At low hematocrit the hemolysis
increases significantly, even if the pulse regime equals diagnostic
conditions. In vivo different kinds of bleeding in tissue are observed. It is
remarkable that some effects may occur even hours after the destruction of
the GCA, i.e. stabilized microcavities may survive and serve later as
cavitation nuclei. All these effects depend on the sound frequency. The
increase of the cavitation threshold is assumed to be proportional to the
square root of the frequency. That is taken into account in the Mechanical
Index (MI), the second safety parameter displayed on screen.

A third group of mechanisms, the so-called non-thermal, non-cavitational
(NTNC) effects, summarize all appearances which do not belong to those
described above. Among them sound radiation pressure and acoustic
streaming are the most important ones. The former is a unidirectional time-
independent pressure occurring if the sound wave passes regions of
different energy densities or, in other words, at boundaries of different
acoustic impedance. The magnitude is very small but in some cases in vivo
effects has been found, e.g. free movable cells can be arranged in certain
patterns and mechanical sensitive cells (e.g. hearing cells) can be excited.

As an example of the influence of acoustic streaming (quartz wind) my own
experiments of the ultrasonic effect on isolated heart cells will be described.
The dynamics of the cells are studied by means aof a laser diffraction
method. The sarcomeric structure of the cells represents an optical grating
and the dlﬂmcnon pattern oscnllmes in |he hlgher orders when the cell is

In this way erties of the cell can be studied in
real time. One result is that the threshold of the electrical stimulation of the
cells decreases when ultrasound is applied and it can be shown that the
underlying mechanism is streaming.

Nevertheless, NTNC effects are considered much less critical compared to
both of the groups described above. On the other hand this kind of
mechanism may play an important part in the interpretation of therapeutic
effects of ultrasound and, perhaps, may help to find new therapeutic
techniques.
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ASPECTS AND PRACTICAL CONCEPTS FOR
PERFORMING QUALITY ASSURANCE OF ULTRASOUND
IMAGING EQUIPMENT IN CLINICAL USE

Kollmann Christian.

Department of Biomedical Engineering & Physics, University of Vienna,
‘Waehringer Guertel 18-20, A-1090 Vienna
E-mail: christian.kollmann@univie.ac.at

Introduction :

Up to the present a Quality Assurance (QA) in general and long-term
constancy check of performance parameters from ultrasound (US) imaging
equipment did not get the attention and significance that it should have or
have other clinical imaging equipment, e.g. X-ray, CT, or gamma camera
equipment.

The only reason are the missing legislative requirements, the missing offer
of easy to handle test methods, and the none recognized necessarity by the
user for these checks. Meanwhile a variety of different test objects and
phantoms, practical concepts, test methods are available; together with the
European Medical Device Directive MDD 93/42/EEC and a general shift in
iurisdication there is an obligation for apparative QA by the user and for
proving a regular QA scheme.

Today many lmspllals and clinics are having a Quality Management System
and are trying to improve their health efficiency with the standard 1ISO-9000
model (“ISO-¢ (_emﬁcanon") Doing so, the model implies that US

are dingly, too, i.c. that not only the electrical
safety but also the image quality and perl'ormauce of the equipment has to
be checked regularly and routinely.

Within the presentation several aspects of an adequate QA will be
discussed. Finally a possible practical concept for all US imaging modes
that is compartible with the I1SO-9000 model will be shown and a clinical
implementation and the results of a routine clinical trial presented.

Material & Methods :

The methods developed containing sophisticated tests checking the
acoustical output by using hydrophones or more simple tests and therefore
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suitable for the clinical use for checking the performance by using test
objects or phantoms. About the later one the focus will put on.

In our department a concept has been developed which can handle these and
specific QA requi considering i jonal and national guidel

for this topic. The concept is suitable for checking performance parameters
of all US modes (B-, Doppler-, 3D-mode) used in routine. It can be adapted
to a general Quality Management System, 1SO-9000 scheme or other
specific guidelines for health services.

For testing we are using commercially available B-mode test objects (e.g.
ATS 539/520,ATS Laboratories, Bridgeport, USA; RMI 403 GS, Gammex
RMI Middleton, USA), a Doppler test object (according to Standard IEC
61685) and 3D-test objects that are ised and fullfill

of IEC documents (IEC 61685/1390/854).

A special test protocol enables the user to figure out the “Status Quo™ of the
checked US equipment reproducibly. The table below is showing
performance parameters that can be checked for the different US modes.
During the test a photo of each measured parameter is digitised via a frame
grabber and documented together with the complete set of necessary system
settings, measurement results and identification data in a data base. This
data base is used for evaluation of the equipment’s actual status and for test
documentation. After the test a result’s sheet is generated for the user
containing the values of the actual test, the rating of it and a rating of
previous checks, if available, to document long-term constancy of the
parameter.
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Number of measured parameters

Performance-Parameter

Status & Function :

- Visual Inspection

e correlation, -width, Aperture

- field of view

- Zero-velocity noise

- Doppler sensitivity / channel separation

Accuracy & Resolution

- beam width & -thickness

- resolution

- calibration / position accuracy of Sample Volume

- max. penetration depth / dead zone / overlay grey-/colour

- flow velocity / -volume

- distances / volume / angle accurac:

in) representation

- contrast / uniformity

rel comparison

Test time per probe ca. [min]

1

grey
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Results :

Small deteriorations of image quality can be detected reproducibly with this
concept that are not documented within the maintenance service by the
manufacturer. Checking the long-term constancy over the total life- or
operation-time of the equipment is also possible.

Under suitable planning of the available resources these additional measures
can be implemented without any large effort in personnel in a QA system of
a clinic.

The results of an Austrian-wide clinical trial evaluating B-mode QA checks
show that the clinical acceptance for regular tests exists or is asked for more
and more. By using optimised test methods (simple procedures, short test
times), several routine checks can be done by clinical personnel familiar
with this kind of checks within the daily work easily.

References :

Kollmann, Chr.: Ergebnisse einer Studie zur Qualititskontrolle von
diagnostischen Ultraschall-Gerdten.Ultraschall in Med. 16 (1995),
206 - 209

Kollmann, C., Bergmann, H.: Qualitdtskontrolle von medizinischen
bildgebenden B-Mode-Ultraschall-Geriten. Zeitschrift f. Med.
Physik 6 (1996), 95 - 98

Teirlinck, Bezemer, Kollmmnn Lubbers, Hoskins, Fish, Fredfeldt,
: D¢ of flow test object and
comparison of five of zhaw test objects, constructed in various
laboratories. Ultrasonics 36 (1998), 653 — 660

Kollmann CI hr Bergmann H, Trabold T, Zotz R : Em Testobjekt zur
icherung von 3D-Uli . Z. Med.
Phys. 11(2001), 45-52

Zotz RI, Trabold T, Bock A, Kollmann Chr : In vitro measurement
accuracy of th 1UI . E i
(2001), 149-156

http://www.bmtp.akh-wien.ac. 1/home.html resp.

ftp://ftp.bmtp.akh-wien.ac.at/pub/ modev3.zip
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ULTRASOUND ACCELERATES PHARMACOLOGIC
THROMBOLYSIS:MECHANISMS AND EFFECTS OF
ULTRASOUND ACTION

Devcic-Kuhar Branka

Institut fiir Allgemeina Physik, T i Uni itat Wien,
‘Wiedner Hauptstrasse 8-10/E134, A-1040 Wien
E-Mail: deveic@iap.tuwien.ac.at

Thrombotic occlusion of the coronary artery results in myocardial
infarction, one of the major causes of death in the western world. Also,
acute peripheral ocelusions leading to limb ischemia are a severe clinical
problem requiring immediate thrombolytic therapy. The most powerful
blood clot dissolver yet known is the fibrin-selective recombinant tissue
plasminogen activator (rt-PA). However, penetration of rt-PA from the
surrounding blood into the thrombus is a very slow process and a rate-
limiting step in reestablishment of blood flow and maintenance of viability
of the affected region. A blood clot is a very heterogencous entity,
composed of a cohesive fibrin network in which blood cells and plasma are
entrapped. Although clots hinder the flow in blood vessels, due to their
compact structure, they do not represent closed systems and they exchange
molecules with their environment. The exchange of lysis reactants plays an
important role in the process of plasminogen activator induced clot lysis, as
it occurs during thrombolytic therapy. If there is no pressure drop across the
clot or if it is negligible (i.e. nonoccluding thrombi, partially lysed
oceluding thrombi, large venous thrombi) the penetration of plasminogen
activator from the surrounding liquid into the thrombus is based solely on
diffusion. A narrow lysis front, not exceeding 5-8 um in depth, moves
slowly inwards and fibrin degradation proceeds layer by layer. Peeling off a
thrombus is a very slow process, but it could be accelerated if taking place
in an ultrasound field (sonothrombolysis).

In addition to i . the of lysing blood clots
by directly applying intravascular ultrasound has long been known. The
thrombolytic effect of low frequency ultrasound (20 to 50 kHz) at high
intensities (up to 20 W/em?) is primarily based on mechanical disruption
and disintegration of blood clots. In contrast, exposure to higher ultrasound
frequencies (1 to 3 MHz) at lower intensities (up to 4 W/em®) in
jon with phar therapy is not iated with
alterations of the clots, but with enhanced enzymatic activity of the
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ic agents. C : studies have focussed
recently on the i igation of i i as a safer and
cheaper alternative to catheter based, invasive ultrasound, also requiring
less technical and logistical factors for clinical implementation.

Our results in the field of external ultrasound thrombolysis in vitro over the
last four years showed clearly the benefit of ultrasound application during
pharmacological treatment and consequently did arouse great public
interest. In our experiments, we used a sonication set up employing a
silicone tubing closely resembling the acoustic properties of human blood
vessels to study the effects of ultrasound on rt-PA induced blood clot lysis.
We performed the experiments with ultrasound of therapeutic quality
(2 MHz frequency and 1.2 W/em? acoustic intensity, applied continuously
or intermittently) which is broadly and safely used in physioterapy, and
therefore has a potential to be employed for sonothrombolysis in vivo, as
well. We also compared the efficiency of ultrasound-mediated thrombus
dissolution using standing and travelling acoustic waves, respectively. The
q ive analysis of bolysis included clot weight loss
and of ion of the fibrin i
product Ddimer (FDP-DD) in the supranatant. The best results were
achieved when travelling acoustic waves were applied intermittently with
1Hz pulse repetition frequency and 50% duty cycle. Blood clots
simultaneously treated with rt-PA and ultrasound lost more than 55% on
weight compared to the clots treated with rt-PA only and the FDP-DD level
in the former group increased seven-fold compared to the latter group.

The i by which ul d augments ic thrombolysi:
seem to be complex and still remain largely unclear. Yet, several
mechanisms such as acoustic radiation force, acoustic streaming, bubble
associated phenomena and heating have been suggested to be responsible
for this effect. However, probably the most pronounced mechanism of
ultrasound action leading to the enforced transport of thrombolytic agent
into the clot is acoustic radiation force accompanied by acoustic streaming
and shear stress. Localization of fibrinolytic enzymes (it-PA and
plasminogen) during ultrasound treatment is therefore of great importance
for idation of the effects of sonication on enzyme distribution.

To visualize the spatial distribution of fibrinolytic components within the

clot during is, we have i areliable and versatile

protocol for clot immobilization within a thermogel-matrix, which protects

the clot surface from damaging due to manipulation and facilitates the

further processing of the frozen sections. By using the immuno-

histochemical method of double staining, we were able to localize both rt-
9
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PA and plasminogen within the same sections. We found that combined
exposure of blood clots to rt-PA and ultrasound resulted in a significantly
deeper penetration of rt-PA into the clot as compared to clots treated with
either rt-PA or ultrasound alone. This significantly broader zone of lysis
correlates well with significantly enhanced clot weight reduction and
increased FDP-DD levels as compared to clots treated either with rt-PA or
ultrasound alone. Based on these facts we conclude that ultrasound-induced
changes in the spatial distribution of fibrinolytic enzymes in whole blood
clots are ible for the ing effects of on enzymatic
thrombolysis. Thus, our findings describe a new aspect of the fibrinolytic
potential of high frequency ultrasound.
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PRINCIP ALARA A BEZPECNOSTNI INDEXY
Hrazdira Ivo
0Oddéleni 7 ¢ di iky Kliniky ich metod LF MU

aFN usv. Anny v Bmé
E-mail: ivo hrazdira@fnusa.cz

Viechny vySetfovaci metody, u nichz je diagnostické informace ziskavana
pomoci fyziklni energic vysilané do organismu, jsou potencialné rizikové.
V piipadé ultrazvukové diagnostiky je celkova energie vyslana do
vySetfované asti organismu ddna akustickym vykonem zdroje a dobou
aplikace.

Ve snaze minimalizovat mozné riziko dané ll]lCl'd.k(.Clnl ultmzvukovt.ho
signalu s tkanémi, je pro
doporutovin princip opatrnosti, zndmy pod zkratkou ALARA (As Low As
Reasonably Achievable). Cilem tohoto principu je pouzii co nejnizsiho

vykonu a co nej gasu ého k ziskani kvalitni
obrazové informace. Kjeho realizaci prispivaji dva Eiselné indexy,
zobrazené béhem aktivni fize vySetfeni na obrazovee ultrasonografu.

Zobrazenim indexii prechdzi vesi odpovédnost za bezrizikové
vySetieni pacienta z vrobee na vySetiujiciho.

Indexy byly definovany FDA USA (pfedpis TRACK 3) na doporuceni
AIUM, a to na zakladé zjisténi, e z hlediska moznych biologickych
aginki, jsou dvéma zakladnimi rizikovymi faktory ohfev a kavitace. Riziko
ohfevu vyjadiuje tepelny index (TI). Mechanismus vzniku tepla je viak
zavisly na druhu na charakteru zobrazované tkané, a proto byly definovany
3 tepelné podindexy: TIS pro mekké tkang, TIB pro mineralizujici se tkaii v
ohnisku sondy a TIC pro lebecni kost v blizkosti povrchu sondy. Pro
vétsinu ultrazvukovych vySetieni vystatime vindexem TIS. Index TIB
slouzi pro porodnickd vySetieni a TIC pro transkranidlni vySetfeni.
Mechanicky index (MI) je uréen pro posouzeni rizika mechanického
poskozeni v disledku kavitacnich jevii.

Rozhodujici veliginou pro oba indexy je akusticky vykon sondy. Jejich
hodnota je vsak ovliviiovna fadou technickych i biologickych faktori. Z
technickych faktord to je druh sond, jejich konstrukce a zpisob fokusace.
Biologickymi faktory jsou predeviim druh tkang, jeji struktura a charakter
vaskularizace.
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Sprind_interpretace._obou bczpc&.nostmch indexit je predpokladem k

ini zvIaste phi zavadéni novych
zobrazovacich modalit, kieré jsou Gasto spojeny s nutnosti zvideni
akustického vykonu pfistroje.

Literatura:

Hrazdira,L.: Expozicni parametry a mozné rizika modernich ultrazvukovych
diagnostickych metod. Lékar a technika , 24, 1, 5-7, 1993.

Medical ultrasound safety. ATUM Publication, Laurel, MD, USA 1994

O’Brien W.D.: E: ion of the soft-tissue thermal index. [EEE
Trans., Ultrason., Ferroelect., Freq. Contr., 46, 6, 1459-1476, 1999
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BIOLOGICKE UCINKY ULTRAZVUKU — SOUCASNY STAV
ZNALOSTI

Mornstein Vojtéch, Skorpikova Jifina, Forytkova Lenka

Biofyzikilni astav Lékafské fakulty Masarykovy univerzity v B, Jostova
10, 662 43 Brno
E-mail: v.mornst@med.muni.cz

Mohutn rozvoj é di iky, stejné jako ¢ aplikace
ultrazvuku, zejména ultrazvuku o vysoké intenzité (metoda HIFU — high
intensity focused ultrasound), neustdle stimuluji vyzkum mechanismi
biologického psobeni ultrazvuku. Je nutno brit ohled i na aplikace
stomatologické, vzhledem k jejich znaénému rozsifeni. Mechanismy
biologického piisobeni se odvijeji od fyzikalnich interakei ultrazvuku
s prostredim, zejména od premén energie, knim maZe v prostiedi
dochdzet. RozliSujeme mechanismy tepelné, Kavitaéni a ostatni, tj.
netepelné a nekavitagni.

Zatimeo tepelné Gcinky se v zisadé neli§i od tepelnych Gcinki napf.
elektromagnetického  zifeni nebo elektrickych  proudii,  Ginky
zprostredkované kavitaci jsou vysoce specifické a do znacné miry zavislé i
na povaze biologického prostiedi (suspenze bungk, tkafi, systémova iroveii)
a na jeho fyzikalng chemickych vlastnostech (mnozstvi a druh rozpusténych
plynii, pritomnost povrchové aktivnich litek, viskozita aj.). Obecné
pozorujeme destrukci bunéénych struktur, zejména v bunéénych suspenzich
— napf. hemolyzu erylrocylu Slopy kavitace vsak 17e pii vysSich intenzitich
ultrazvuku p logickych

Utinky netepelné a nekavitatni maji velmi Siroké spektrum (zvySeni
propustnosti bunéénych membran pro riizné latky a dokonce i pro geneticky
materidl, zmény povrchového naboje bungk, imunologickych vlastnosti,
aktivity nékterych enzymi, tixotropie, zmény nékterych nekovalentnd
vazanjch struktur, nap. cytoskeletu, inhibice a nasledna stimulace ristu,
zmény proliferacni schopnosti aj.). Nelze vyloudit, 7e se v téchto pripadech
jedna o nepfimé (zprostiedkované) pisoben tepelné, které viak je silns
ym stresem vyvolavanym
vysokofrekvenénimi - akustickymi kmny budlcxho ultrazvkovchu polc
respektive rizovymi vinami
udalostmi
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Vysledky studif in vitro, zejména provadénych s bunéény .
nelze jednoznaéné aplikovat na Groveii tkéflovou nebo systémovou —
princjmensim s ohledem na zcela odliéné akustické a obecné mechanické
vlastnosti kapalnych suspenzi a visk ych tkani.

Hlavnim prakuckym piinosem studia hxo]ogu.kych uunku ultrazvuku je
ani rizikovych faktori piipadné terapie,
postupné  objasiiovani  plsobeni ultra7vuku nizdich intenzit  pfi
i icky a jeho chirurgickych aplikaci

(HIFU).
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METROLOGIE A ZDRAVOTNICTVi
Wiecek Radovan

Cesky metrologicky institut, Brno, Okruzni 31
E-mail: rwiecek@cmi.cz

Metrologie je védni a technick disciplina, zabgvajici se viemi poznatky
a ginnostmi, tykajicimi se méfeni, je zikladem jednotného a pesného
méfeni ve viech oblastech védy, hospodafstvi, statni spravy, obrany,
ochrany zdravi a Zivotniho prostiedi.

Metrologii Iz¢ rozdélit do tfi Kategorii — fundamentilni, legalni a
primyslova metrologie.

Fundamentilni metrologie se zabyvd soustavou méficich
jednotek, realizaci jejich etalond, soustavou fyzikalnich
konstant i metodami méfeni.

Legalni je j a spravnost méfeni v
regulované sféfe podle platné pravni pravy.

Prﬁmvslnva’ melrolngie zajistuje jednolné a sprévné méf-em’ ve v)’lrohé.

Nérodni y systém je vybudovin a P
pravnich predpisi up ich prava a povinnosti subjekti
v oblasti metrologie. V Ceské republice je zikladem prévni tpravy zékon o
metrologii & 505/1990 Sb. v platném znéni, na ktery dale navazuji
provadéci vyhlasky ministerstva primyslu a obchodu a také nafizeni vlidy
CR.

na zakladé

Zékladnim vykonnym organem &eského nérodniho metrologického systému
je Cesky metrologicky institut (CMI), ktery zabezpetuje jednotnost a
piesnost méfidel a méfeni ve viech oborech védecké, technické a
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hospodéiské innosti. CMI je stétni prispévkova organizace zfizeni MPO,
které bylo svéfeno provadéni uritych Cinnosti statni spravy v metrologii.
Mezi zakladni Einnosti CMI patii uchovavani statnich etalonii, ovéfovani a
kalibrace méfidel, certifikace referencnich materiali i poskytovani dalSich
odbornych sluzeb v oblasti metrologie.

Vzhledem k nenahraditelnym hodnotim lidského zdravi je naprosto
evidentni nutnost ké kontroly prostiedkil ¢ techniky s
méfici funkei.
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IMAGE QUALITY IN SONOGRAPHY - A NEW METHOD
OF ACCURATE VERIFICATION

Dolezal Ladislav, Halek Jan

Palacky University, Faculty of Medicine, Institute of Medical Biophysics,
Hnévotinskd 3, Olomouc, CZ 775 15;
E-mail: ladol@tunw.upol.cz

Urgently needed is a simple, objective and sufficiently accurate method for
verifying the quality of the image produced. One of the criteria essential for
determining the accuracy of sonographs is their lateral resolution (LR).

Lateral resolution is dependent on both the construction of the probe, the
method used for focussing and the processing of the signal pathway from
probe to output as image, so it includes the whole image chain.

Our method is based on point reflector imaging. A point reflector (diam.:
0.44 mm) mounted on a fine wire (diam. : 0.1 mm) is moved using a
computer-controlled system in all three axes inside a tank filled with
degassed water. The scanning probe is connected to the measuring bath
through a membrane from outside. Once the reflector is positioned within
the beam axis, the process of target moving and image acquisition is
performed automatically in a volume of scanned area specified beforehand.
All echo images together with spatial information are digitized and stored in
a PC via the US system's standardized video output and a frame grabber.
The Lateral Resolution (LR) parameter is calculated from the stored bitmap
picture that is used to evaluate the point reflector image amplitude profile.
In this way we obtained LR characteristic in whole 2D plane of the scanned
area.

The both data acquisition and evaluation software as well as the reflector
positioning control are based on the universal developing system
IabVIFW@ from Nauonal Instruments. This system contains an

Interface (API) capability, which permits control
and data lransfcr between image processing umt IMAQ® and motion
control unit MOTION®.

The program created was tested on real measured data sets of more than 60

of different and in various measuring
conditions to optimize the software and evaluate measurement accuracy
during last year. Sample of the resulting 3D graphs of LR characteristic

17

measured over the whole scanning area will be performed together with
evaluating data in our lecture.

The LR characteristic measured over the whole scanned area yields new and
accurate information about LR distribution uniformity in this area. The most
important are the LR distribution function and its variations. Such an
information is very important for partial picture disturbance caused by
malfunction of limited part of transducer detection and it is not achievable
by any other measuring method currently used.

The accurate measurement of whole scanning area is still time-consuming.
The measuring method is acceptable and useful when accuracy and
objective results are outweighing this fact.

References:
Kollmann, Ch. Ergebnisse ciner Studic zur Qualititskontrolle von
chall-Geriten. U der Medizin 16 (1955)

pp.: 206-209
IEC Report, Publication 854, Melhod§ of measuring the performance of
ic pulse echo CEI 1986. pp.: 33-37

Lopez, H. at all: Standard methods for measuring performance of pulse-
echo ultrasound imaging equipment. Part II: Digital Methods. American
Institute of Ultrasound in Medicine Techical Standards Committee (1995)
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ULTRAZVUKOVY MERICI SYSTEM
Rozman Jifi, Vaclavik Vlastimil, Jaros Josef

Ustav biomedicinského inzenyrstvi FEKT VUT, Brno, Purkynova 118
E-mail: rozman@feec.vutbr.cz

Reprodukovatelnost ultrazvukovych aplikaci, zvIasté pak kvalita zobrazeni
v diagnostice, jsou zivislé na fadé technickjch parametrt zobrazovacich
syslcmu Mczl zékladni parametry mlmo jiné fadime pracovni frekvenci,
. citlivost, charakteristiku
TGC, tvar vyzatovancho svazku a vellkosl generované intenzity ultrazvuku.
Zasadni vyznam viak maji vlastnosti ultrazvukovych sond.

Pro_testovani zdkladnich parametri ul(mzvukovych sond zobrazovacich
systémi, véetné hod i a Gstavu
biomedicinského inzenyrstvi navezen uniktni ultrazvukovy mefici systém.
Systém byl realizovin vramci feSeni grantového projektu GACR
£.102/00/0936 a je tvoren :

- ultrazvukovou méfici vanou se soufadnicovym systémem nastaveni
polohy hydrofonu,
hydrofonem,
elektronickymi obvody fizeni polohy hydrofonu,
elektronickymi obvody méfeni akustického tlaku,
- Fidicim potitatem.
Ultrazvukovy méfici systém slouzi k mapovini _ultrazvukovgeh poli
generovanych  sondami  nebo
v pulsnim nebo kontinualnim rezimu na frekvencich 1 + 20 MHz. Prostor
méfici vany o rozmérech 400 x 400 x 600 mm je vyplnén standardnim
roztokem 17 % CoH;OH v destilované vodé. Polohovaci systém je tvofen
linearnimi ~ vedenimi s kulickovymi ~ Srouby =~ Wiesel — ovladanymi
slejnosmemyml motorky Maxon Nastaveni po]ohy hydmfonu je fizeno
gem. Ke sniméni kého tlaku g ymi sondami
JE vyuzivan JEh]OVy hydmfon MH 28-5 fy Force Institute scnlwmu 45
nV/Pa. Ke zp ého signélu z je
kana CompuScope 225 fy Gage. Naméfena data jsou ukladana
ina ve formé ych map na monitoru Sonic PF 815,
pnpadne tisténa ve formatu az A3 na HP Desklet 1220 C. Prace
s naméfenymi daty ve 2D i 3D zobrazeni vyuziva prostfedi Matlab.
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Otekavime, Ze v bude § méici systém vyuzivin
zvIasté pii  testovani generované imenzily ultrazvuku  vSech typu

zobraz systémi, doppl y G rychlosti i terapeutickjch
zafizeni. Ve spol i s Ceskym icky se uvazuje o
akreditaci tohoto pracovists.
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CENTRUM PRO KVALITU VE ZDRAVOTNICTVi (STATNI
ZDRAVOTNIi USTAV, PRAHA) A ZAMERY REZORTNIiHO
MINISTERSTVA V OBLASTI KVALITY VE
ZDRAVOTNICTVI

Bourek Ales, Foryikova Lenka, Vik D.
Biofyzikalni tstav Lékaiské fakulty Masarykovy univerzity v Brng,
Jostova 10, 662 43 Brno

E-mail: bourck@med.muni.cz

Motto: bez kvalitnich néstrojii a bez zodpovédného pfistupu lidi nelze
ocekavat zlepseni kvality a bezpecnosti zdravotni péce ani zvyseni
vykonnosti zdravotniho systému.

CeKZ (Centrum pro kvalitu ve zdravotnictvi) vzniklo 25. zafi 2001
(rozhodnuti porady vedeni MZ CR).

- Metodicka a informac¢ni zdkladna pmgramu sledovam kvallly a efektivity
zdravotni pée s nd i na ickych  zafizeni.
Programy budou Feseny projektovymi tymy.

- Legislativni podklad - zavadéni Narodni politiky podpory jakosti
(usneseni vlady CR 458/2000, 10. kvéten 2000), naplnéni Strednédobé
koncepce resortni politiky MZ CR v letech 2000 — 2003, Nérodni program
pripravy CR na &lenstvi v EU.

- Financovani: statni rozpocet, pispévky EU, granty, zdravotni pojistovny,
sponzofi aj.

FUNKCNi SOUCASTI

Data-sklad (sbér a ukladéni dokumentii a dat, autorizovany pristup viem
Zzapojenym do price centra pomoci WWW)
HTA (kritické vyhod; ani ych technologii) k

rizika, profesni kritéria, etika

Standardy cfektivni 1éebné péce, izace procesti ve zd

zafizenich

A i a certifikace y model, vzajemna pomoc, modelové
vyuzit zahran. zkusenosti) Laboratofe (modifikovany model)
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Kvalita (zavidéni a seznamovéni s modely kvality /EFQM — balanced
scorecard/, fizeni / management jakosti, ISO, Common assessment
framework)

Ziméry a strategie / Vyzkum a vyvoj — tvorba a aplikace novych

nastroji, informatika, analyza, modelovani, scénaie

Spoluprice (Clenstvi v EFQM, ESQH, ISTAHC, INAHTA, projekty

rimcovych programii EU)

Kvalita: Pojem doznal mnoha definic, uvedeme pouze nejvyznamn&jsi

- Pouzitelnost (uZzite¢nost, uzitnd hodnota) vyrobku ¢i sluzby (Juran)

- Souhrn vlastnosti a charakteristik produktu ¢&i sluzby zalozené na

schopnosti uspokojit deklarované nebo zjevné potieby (ISO)

- Schopnost odpovidat pozadavkiim (Crosby)

- Ne-kvalita je odchylka od souboru hodnot nebo vlastnosti kterymi byl

definovén dany produkt nebo sluzba (Taguchi)

- Kvalita produktu nebo sluzby je jeho schopnost uspokojit potfeby

a otekavani klienti (v pfipadé zdravotnictvi pacientil)

Jedna se o neurditou velidinu a sama o sob& nemize byt presné zméiena.

Meéieny mohou byt jen jeji elementy. Proto se provadi dekompozice kvality

na clementy, které se oznaduji pojmem standard. Kazdy standard reflektuje

element kvality poskytované péce.

Sledovini kvality poskytované péce je predevsim zilezitosti lékafi
gch a jejich p a i Jednd se

o kontinualni proces, ktery je soucasti kazdodenni praxe, je orientovany na

pacienta a sméfuje ke zlepSeni viech aspektii poskytované péce.

Zpiisoby prosazeni koncepce kvality v praxi:

EFQM model excellence je ned icky ramec vychazejici z poznatku, ze
je mnoho moZnych zpusobii jak dosdhnout udrzitelné dokonalosti. Pfesto
existuji zékladni kameny na kterych je model EFQM zalozen. Nasleduje
jejich vycet aniz by jejich fazeni znacilo jejich vjznam pro vysledek
procesu.

Orientace na vysledk; zavisi na vyvazenosti a

potich ich osob (
komunity i téch, ktef maji finanéni podil v dané spolecnosti).
22
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Zaméfeni na_zékaznika - zikaznik (pacientklient) je koncovym
hodnotitelem kvality produktu nebo sluzby. Udrzeni &i naviseni podilu na
trhu se nejlépe realizuje jasnym vyhodnocenim potich soucasnjch a
potencidlnich zikazniki.

Vcdt.m a_cilevédomost (pochopeni a udrzeni zaméri a cild) — Chovéani

ika (vedeni) vede k Citelnosti a jednoté pri
pochopeni smys u a zimérd organizace. Je podkladem pro vznik prostiedi
ve kterém prosperuje a vynika jak organizace sama, tak jeji zaméstnanci.

Rizeni na podkladé procesii a faktii — Organizace se chovaji efektivngji a
podvaji vySsi vykon pokud jsou pochopeny a fizeny vatahy mezi viemi
provazanymi aktivitami dané o viech
a plinovanych zlepsenich jsou Cinéna na zéklads spolehlivych informaci a
postiehi viech ych osob (zékaznici, partnefi,
zaméstnanci, vedeni, $ir$i komunita — napf. obec nebo mésto).

Profesni rozvoj a zapojeni lidi — Potencial lidi dané organizace se nejlépe
uplatni pomoci sdileni stejnych hodnot, kultu vzéjemné divéry a zmocnén

P ‘ment — a i o
moznostech jak Zlepsit procesy v misté, kde zaméstnance vykonivi svoji
funkei. Pokud se ¢asem ukaze rozhodnuti jako chybné, neni to divodem
k sankcim ale analyza situace je pouZita i pro ostatni obdobni mista v
organizaci). Takovy pristup podporuje zapojeni viech zaméstnancii do
chodu organizace a jejiho zlepSovani.

Kontinualni proces ugeni, inovace a zlepsovani — Vykonnost organizace je
maximalizovana pokud je zaloZena na sdileni znalosti a dovednosti v ramei
kultury kontinudlniho procesu uceni, inovace a zlepSovani.

Rozvoj partnerskych vztahii — Organizace pracuje efektivngji pokud mé
vybudovany vzijemné vyhodné partnerské vztahy zalozené na divee,
sdileni znalosti a dovednosti a vzajemné provazanosti.

Zodpovdnost smérem k verejnosti — DI ¢ 7djmy organizace a jejich

@i jsou nejlépe uspokojoviny piijetim etického pfistupu a
piekracovinim toho, co obecné od spolecnosti oZekéva okolni spolecnost
daného regionu &i statu.

Sbornik konference "Pacient a ultrazvuk" - Olomouc 2003




Sbornik "Pacient a ultrazvuk" - Olomouc 2003

INTERPRETACNI RIZIKA V ULTRASONOGRAFII
- JEJICH PRICINY A DUSLEDKY

Kotulanova Eva, Hrazdira Ivo

Oddéleni ultrazvukové di iky Kliniky ich metod, Fakultni
nemocnice u sv. Anny v Brné
E-mail: eva.kotulanova@fhusa.cz

Mimo mozného, i kdyZ malo pravdépodobného poskozeni pimym
iginkem, je pacient vySetfovany ultrazvukem vystaven riziku chybné
obrazii nebo ¢ho zplisobu vySetieni.

Hlavni zdroje interpretagnich rizik jsou tyto:

- obrazové artefakty

i a zruénost

- $patné i parametry ¢ho pristroje

Obrazové artefakty jsou pomérmé dobie prostudovény a ultrasonografistim
jsou vétsinou znamy. Jejich hlavni pfi¢inou jsou fyzikalni pochody pii

interakei ého signdlu s i tkénémi, jako jsou
opakované odrazy nebo odrazy a lomy na zaoblengch plochach a
rozhrdmch tkani s riznou rychlosti Siteni ul(razvuku Konstrukce

¢ i pouzivanych i h a ych sond a
d1g|la]n| zpracovani obrazu vznik artefaktli vyrazné snizuje.

Chybné interpretace v disledku nedostateénych znalosti topografické

anatomie, neznalosti obsluhy pistroje a malé manualni zruénosti pfi

vlaslmm vysetrem se vyskylu]: pievazné u zacatecnikii. Mélo by se jim

p P inim Iékat a izaci predpisi pro
glovani licenci pro jednotlivé oblasti ik

Nejméné Gasto zmifiovanym zdrojem interpretacnich rizik je nestejna
kvalila i riznymi lypy ych diagnostickych piistroji a

d §patné i pistrojii starSich. Neni Vyjlmkou.
ze predevsim v soukromych ordinacich, jsou v provozu pristroje staré i 15
let a spravna mtcrprutac«. nekvalitnich obrazi, pofizenych témito pfistroji,
miZe byt i pro ¢ ickd. Vzhledem
ktomu, e vCR neni dosud zavedena pravidelna kontrola technického
stavu ultrazvukovych diagnostickych piistrojii ani  kvality zobrazeni, jsou
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vySetfeni na_ technick; jch pristrojich zdrojem falesné
negativnich nlezd, které mohou mit pro vySetiovaného vazné diisledky.

Literatura:

Hrazdira, L: Artefakty ultrazvukového zobrazeni a jejich fyzikalni podstata.
Scripta medica 69, Suppl. 1, 1996, 16-20

Steiner, E.: Ultraschallbildartefakte. Radiologe, 1993, 33, 1-1

Zdero, R., Fenton, P.V., Bryant, .T.: A digital image analysis method for
di ic ul d calibrati ics 2002, 39, 10, 695-702.
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NEPRAVE ARTEFAKTY V DVOUROZMERNE
ECHOKARDIOGRAFII A MECHANIZMUS JEJICH
VZNIKU.

Feuereisl Rudolf

Kardiologic na Bulovee spol s r.o., Na Truhldfce 62, 180 85 Praha 8,
E-mail: RFeuereisl@seznam.cz

Artefakty jsou v érné i ii Castym a
velmi zavaznym jevem.

jednat o tzv. "pravé", prevazng technické artefakty, tj. zobrazent

ce Gtvard a struktur, napk. v disledku nastaveni vysokého zisku
a tim vzniklého malého odstupu signalu od Sumu, zobrazenim laterdlnimi
laloky sondy nebo mechanizmem nékolikandsobnjch odraz.

MiiZe jit té2 o tzv. "nepravé" artefakty, vznikajici na podkladé reln
existujicich utvart a struktur nebo jejich fragmenti. Samostatnou skupinu
tvoi cizi télesa a jejich artefakty. Nepravymi dtvary, vytvofenymi
nejéastéji nespravnou technikou vySetieni nebo nespravnou interpretaci
abnormalniho a nékdy i normalniho nalezu, se zabyva prednaska, zalozena
na presentaci obrazové dokumentace. Jsou uvedeny piiklady a je podan
vyklad mechanizmu vzniku takovych atvarii na aortlni i mitralni chlopni a
v srdeénich dutinach.

Predpokladem pro korektni stanoveni diagnézy je spravna interpretace

uvedenych nalezi. To je zvlasté dulezité u diagnostiky akutni infekéni
ditidy, zejména u ficitnich pacientdi, kde echokardiografie

spolurozhoduje o okamzitém zahajeni razantni léchy. Faleiné pozitivni

diagnoza je zde stejné nebezpecna jako falesné negativni. Je proto dilezité,

aby viechny ne zcela j cné nalezy byly p i

s dostategnymi zkusenostmi.
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POSSIBILITY OF TISSUE DAMAGE BY HIGH INTENSITY
FOCUSED SHOCKWAVES

Sunka P., “Benes J., “Pouckova P., Babicky V., Clupek M.

Institute of Plasma Physics, Prague, Czech Republic
‘Institute of Biophysics, Charles University Prague, Czech Republic
E-mail: benesji@cesnet.cz

A novel method for generation of focused shock waves has been developed.
A cylindrical pressure wave created by a high voltage multi-channel
discharge in water with an increased electrical conductivity (5 — 20 mS/cm)
is focused by a metallic parabolic reflector. The discharge is formed on a
composite anode consisting of a cylindrical stainless steel electrode (60 mm
in diameter, 100 mm long) covered by a thin (0.2-0,3 mm thick) porous
(opened porosity 3-5%) ceramic layer. In such arrangement at the applied
voltage of 30 kV, the electric field on the metallic anode reaches almost the
value of IMV/em and a large number of short discharge channels
distributed homogeneously on the anode surface are initiated. Each
discharge channel creates a semi-spherical pressure wave, and by
superposition of all of the waves a cylindrical pressure wave propagating
from the anode is formed. The cylindrical pressure wave is focused by a
metallic parabolic reflector (cathode) and near the focus it is transformed
into a strong shock wave. Dimensions of the focal volume are of
®8x30 mm. Such arrangement enables us to produce either a single shock
wave that overcomes the cavitations threshold near the focal point, or two
successive shock waves where the first one produces an acoustic non-
homogeneity on which the second — main shock wave dissipates.

We demonstrated that the focused shock waves destroy human red blood
cells (erythrocytes) and white blood cells (lymphocytes) very efficiently. A
simple method to assess the mechanical effects of the focused shock waves
is to study the interaction with fresh potatoes that have a high water content.
It is known that mechanical damage to a potato results in a color change of
the damaged volume. We exposed a 6 cm thick slab of a fresh potato to the
shock waves. The slab was placed to the focal region and exposed to 10
shocks at 30 kV. The potato was then cut along the wave axis and after
several hours the damaged region became dark. The experiment
demonstrated that only the focal region (inside the potato) has been
damaged and no damage was seen between the potato surface and the focal
region. Exposition of rabbit liver in vivo and response of the animal on it
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will be studied with the aim to find out optimal parameters of the shock
waves to achieve well localized damage of the tissues.
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ULTRAZVUKOVE NALEZY U ENDOFTALMITID.
Maresova Klara, Babkova Barbora, Polachova Jana

O¢ni klinika, Fakultni nemocnice v Olomouci, 1. P. Pavlova 6, Olomouc
E-mail: maresovk@fhol.cz

Jednim z nej itrooCnich zanéti je ittida. Jedna se o
zanét viech tif Casti Zivnatky a prognéza quo ad visam je vzdy nejista.
Nejcastdjsi etiologii je zavledeni infekce do oka pfi nitroocni operaci nebo
mohou zanét vyvolat zbytky ockovych hmot po operaci katarakty.
S endoftalmitidou se muZzeme setkat i po o¢nim uraze a vzacné pii tézké
systémové infekei.

Ultrazvukové vySetieni je dilezité zvIaste tam, kde je zénétem sniZena
transparentnost predniho segmentu a do skliveové dutiny tak nevidime.
Mizeme také prokdzat eventudlni zbytky Sockovych hmot, sledovat
lokalizaci zanétu a moznou progresi.

Ultrazvukové zndmky endoflalmitidy jsou : zékaly ve sklivei a jejich
progrese v &ase, tvorba membran ve sklivei a jejich adherence k zadnimu
polu oka, ztlusténi chorioidey,

V retrospektivni studii jsme sledovali vysledky ultrazvukového vySetfeni
sedmndcti  pacientd, kiefi byli na Oeni Klinice FN v Olomouci
i dni s diagno itidy v obdobi od ledna 1999 do

listopadu 2002.

Pricinou endoftalmitidy byl ve 13 ti pripadech ( 66%) pooperacni stav, ve 2
pripadech ( 17%) traz, ve 2 piipadech ( 17%) byla jind piicina.

Pacienty jsme rozdélili do dvou skupin a to do skupiny s vyslednou
centrélni zrakovou ostrosti 6/36 a lepsi a do skupiny s centrélni zrakovou
ostrosti 6/60 a horsi. P ultrazvukovém vySetfeni jsme se zaméli na tvorbu
membrén ve sklivci, vyskyt ablace zadni plochy sklivee, ztlusténi
chorioidey , vyskyt ablace chorioidey a odchlipeni sitnice a hledali jsme
prognosticky nepiiznivé znaky pri ém vysetieni u itidy.

Ve skupiné shordi centralni zrakovou ostrosti mélo 50% pacientl
nekompletni ablaci zadni plochy sklivee a 67% pacienti mélo ztlusténi
chorioidey . Ve skuping s lepsi centrilni zrakovou ostrosti mélo 36%
pacientis nekompletni ablaci zadni plochy sklivee a 45% pacientii mélo
ztlusténi chorioidey. Tvorba membran ve sklivei byla Gastéjsi ve skupiné
s lepsi centralni zrakovou ostrosti - 67% .
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Nilez nekompletni nebo nepfitomné ablace zadni plochy sklivee a ztlusténi
chorioidey by mohly byt i nepfiznivé ¢ znaky u
endoftalmitidy.

V piednasce jsou pouzity ultrazvukové nalezy pacienti fenych na nasi
klinice.

VYZNAM 3D ENDOSONOGRAFIE U BENIGNICH
A MALIGNiCH ONEMOCNENI ANOREKTA

Zboril Pavel, Stary L., Vyslouzil K., Klementa 1., Duda M.

1I: chirurgicka klinika, Fakultni nemocnice v Olomouci, I. P. Pavlova 6,
Olomouc
E-mail: zborilp@FNOL.CZ

Endosonografie anorckta patii mezi efektivni nstroj umoziujici presné a
spolehlivé vysetfeni anorekta. Specifita a senzitivita endosnografie je
srovnatelni s CT a MRL S pouzitim rotacni sondy pracujici na frekvenci
10MHz je dosazeno rozliSeni obrazu 0.lmm. Dalsi zlepSeni ve smyslu
zvyseni presnosti morfologického ohodnoceni snimané oblasti pfinasi 3D
rekonstrukce obrazu. Na II. chirurgické klinice Fakultni nemocnice
v Olomouci toto vySetieni provadime od roku 2000. Celkem jsem provedli
212 endosonografii anorekta.

Tato metoda je prinosnd zejména u téchto diagnéz: benigni a maligni
tumory anorekta, periproktilni pistéle, abscesy a defekty svérad.
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PEROPERACNI ULTRASONOGRAFIE PRI TECHNICKY
NAROCNYCH LAPAROSKOPICKYCH OPERACICH

V RETROPERITONEU

Belej Kamil, Student V., Fiala R., Hrabec M.

Urologicka klinika, Fakultni nemocnice v Olomouci, 1. P. Pavlova 6,
Olomouc

E-mail: kamil.belej@fnol.cz

cit:
Ovéfeni moznosti pouziti
laparoskopickych operacich v retroperitoneu.
Metodika:

Laparoskopicki ultrazvukové sonda s pracovni frekvenci 7.5 MHz byla
¢né pouzita pii 22 ich retroperif

orgin. Indikaci laparoskopie bylo 8x nédorové postizeni nadledwny, 12x

i ledviny a 2x konk v horni casti

Vysledky.
Peroperaéni ¢ vySetfen z zavedeni

p kanalu, Zadné Eni i a zkratilo
primémy ¢as operaci. Sonda umoznila zobrazeni v B-mode a jeho
kombinaci s CFM, coz zlepSilo orientaci o cévach. Dalsi postup ulehéilo i
soucasné zobrazeni laparoskopického a sonografického obrazu (PIP —
pisture-in-picture). Primémé krevni ztrity u ablacnich operaci (odstranéni
orginii nebo resekee) byly mensi nez pii béznych laparoskopickych
operacich pro stejné diagnozy. U operaci nadledvin umoznila sonografie
rychlejsi orientaci o uloZeni organu a vztahu okolnich cév k nadledving. Pfi
odstranéni ledvin (radikalni nebo prosté odstranéni) sonografie urychlila
a zpiehlednila preparaci cév a jejich preruseni u anomélniho uspofadani.
Sonografie pii ureterolitotomii urychlila hledani konkrementu a zmensila
celkovy rozsah preparace.

Zivéry:
S rozifovanim indikaci laparoskopii pribyvaji technicky ndrogné operace, u
kterych gasto chybi pohmatovy viem bézny u otevienych vykond. Na
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zakladé nagich  prvnich Senosti  Ize ze eni

vyznamné &j$i operace a déle upevnila pozici
miniinvazivnich postupii v urologii bez zvyseni vskytu komplikaci.
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