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= Ultrazvuk — souéast vybaveni ICU, emergency

= Vyuziti
» Hrudnik (FATE, FAST...)
» Bricho
» Cévy
» CNS
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= Duplexni vyseFeni krénich tepen
= Duplexni vySe¥eni orbity
= Transkranialni dopplerovska sonografie (TCD)

= Transkranialni duplexni sonografie



= TRANSKRANIALNI DOPPLEROVSKA SONOGRAFIE — NARODNI STA NDARD

Ostrava 2014

VYSETRENI V RAMCI FUNK CNi SPECIALIZACE V NEUROSONOLOGII —

ODBORNA PRILOHA

Skoda O., Mikulik R.. Neurosonologickd komise cerebrovaskuldrni sekce Ceské neurologické spole¢nosti J.E.P.

Vmean (cm/s)

65 +- 17

51 +-12

Variabilni (< ACM)

44 +-11

36 + 10

39+ 9

Variabilni

Smér prutoku

K sondé (M1)

Od sondy

K sondé

P1 k sondé, P2 od sondy

Od sondy (V4)

Od sondy

K sondé

Hloubka insonace (mm)

M1: 40 — 60, M2: 30 - 45

Al:60-75

C1,C2:55-70

P1, P2:55-75

V3:55-60, V4: 65 - 85

85-115
55-75

Zakladni pristup

Transtemporalni

Transtemporalni

Transtemporalni

Transtemporalni

Subokcipitalni

Subokcipitalni
Subokcipitalni
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= Duplexni vyseFeni krénich tepen
= Duplexni vySe¥eni orbity
= Transkranialni dopplerovska sonografie (TCD)

Transkranialni duplexni sonografie (TCCS)

= Transkranialni duplexni bare¥kdédovana sonografie

= Zobrazeni intrakranialnich struktur pomoci B-obrazobrazeni cé
pomoci barevnéhd energetického modu

(Transcranial color-coded duplex sonography)
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= Kombinovana ultrazvukova metoda
» Morfologické a hemodynamicke vysgehi cév
» Morfologickeé znény tkare — otok, krvaceni, expanze

= VVyhoda oproti TCD

» Primeé zobrazeni vySgivanych struktur

» M¢reni redlneho fitoku cévami (korekce insoé@iho
uhlu)



Ostrava 2014

Figure 2. Diagram of the Bernoulli principle shows that
as fluid flows from a conduit or vessel of greater diameter to
one of lesser diameter, the velocity of flow increases and the

Figure 1. Diagram shows the Doppler effect. pressure decreases to allow the same volume of fluid to pass
Sound waves emitted at a specific frequency (7o) through the narrower area. Thus, the velocity of blood flow-

are reflected off moving red blood cells and back ing through areas of stenosis secondary to vasospasm in the

to the transducer at a higher or lower frequency setting of subarachnoid hemorrhage is expected to be higher
(fr). The difference in frequencies, known as than that of blood flowing through adjacent vessels.

the Doppler shift, can be used to calculate the
blood flow velocity (17) and direction. 8 = angle
between the incident ultrasound beam and the
direction of blood flow.

Advances in Transcranial Doppler US: Imaging Ahead

FJonathan D. Kirsch, MD « Mahan Mathur, MD « Michele H. Fohnson, MD « Gowthaman Gunabushanam, MD -
Leslie M. Scoutt, MD

RadioGraphics 2013; 33:E1-E14 * Published online 10.1148/rg.331125071 * Content Codes:




Figure 1. Diagram shows the Doppler effect.
Sound waves emitted at a specific frequency (fa)
are reflected off moving red blood cells and back
to the transducer at a higher or lower frequency
(fr). The difference in frequencies, known as
the Doppler shift, can be used to calculate the
blood flow velocity (17) and direction. 8 = angle
between the incident ultrasound beam and the
direction of blood flow.
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Insona ¢ni Uhel

< 60°

Figure 2. Diagram of the Bernoulli principle shows that
as fluid flows from a conduit or vessel of greater diameter to
one of lesser diameter, the velocity of flow increases and the
pressure decreases to allow the same volume of fluid to pass
through the narrower area. Thus, the velocity of blood flow-
ing through areas of stenosis secondary to vasospasm in the
setting of subarachnoid hemorrhage is expected to be higher
than that of blood flowing through adjacent vessels.

Leslie M. Scourt, MDD

Advances in Transcranial Doppler US: Imaging Ahead
Fonathan D. Kirsch, MD « Mahan Mathur, MD « Michele H. Fohnson, MD » Gowthaman Gunabushanam, MD «

RadioGraphics 2013; 33:E1-E14 * Published online 10.1148/rg.331125071 * Content Codes: [un|[vg][us][va)
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=Nizkofrekvenéni Selesty, turbulence

=Zmeény prutokovych rychlosti

=Zmény sméru pratoku tepnou

=Patologické znény indexi RI, PI

=Tranzitorni jednosmérné signaly s vysokou intenzitou (HITS)

=Funkéni rezervni kapacita nebo paradoxni vazoreakceifp zménach
paCO2

Skoda O., Mikulik R.. Neurosonologickd komise cerebrovaskuldrni sekce Ceské neurologické spole¢nosti J.E.P.
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=Nizkofrekvenéni

=Zmeény pruatoko
=Zmény sSméru p
=Patologické z
=Tranzitorni jg

=Funkéni re zakceipzménach

paCO2

Skoda O., Mikulik R.. Neurosonologickd komise cerebrovaskuldrni sekce Ceské neurologické spole¢nosti J.E.P.
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=Obstrukce/stenozy extrakranialnich a intrakranialnich tepen

=Chronicka cerebrovaskularni onemocrgni

=Cévni malformace

*Migréna

=Peroperatni monitorace
» Peroperani monitorace (kardiochirurgie, magistralni tepny)
» Mikroembolizace
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=\/asospasmy

*Detekce pravolevého zkratu

=Nitrolebni hypertenze

sMozkova smrt

Skoda 0., Mikulik R.. Neurosonologickd komise cerebrovaskuldrni sekce Ceské neurologické spole¢nosti J.E.P.
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= Limitace vySetreni
» Penetraceipes kost,

nedostaténd transmise

» Kontrastni vységeni
(suspenze mikrobublin)

= ACI, ACM, ACP, ACA, VA, BA

transforamindln{




Transcranial color-coded ultrasonogram of the verte brobasilar arteries using the suboccipital
window.

“RENA, 2013 = radiorraplics. rena. orp

Hoksbergen AW Jetal. Stroke. 1999;30:1450-1455

Transokcipitalni p Fistup
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Figures 4, 5.

(4) Drawing shows the ranstemporal appreach for Doppler US of intracranial vessels. The
transducer is placed on the temporal bone either above the zygomatic arch and anterior to the external

auditory canal or slightly more posterior, above the earlobe. (5) Color Doppler flow image obtained with a
transtemporal window shows blood flow through the circle of Willis.

P “RSNA, 2013 » radwgraphics. rena.org
Transtemporalni
pFistup
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TCCS (B-mode)

Skoloudik D. et al: Neurosonologie, Galén 2003



TCCS (B-mode + barevny mode)
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Skoloudik D. et al: Neurosonologie, Galén 2003



TCCS (B-mode + barevny mode + TCD)
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TCD

= Sledovane parametry

» Zmeny rychlosti krevniho piitoku
v'Blood flow velocity BFV

» Zastava krevniho ptoku

» Zmeny pulsatilniho
indexu (PI)

» Zmeny indexu
rezistence (R
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Figure 3. Duplex Doppler image
and spectral waveform show the
velocity of blood flowing within the
PCA. The PS5V, EDV, MFV, and re-
sistive index (RI) are automatically
calculated from the waveform. PI =
pulsatlity index, TCD = transcranial
Doppler.

PS5V 131 emis
EDV 38.1 crm/s
aliHz
RI 0.70 trmer
Mean (TCD) T0 cmis

PI(TCD) 1.32%
Ly | s

MFV = PSV + (EDV x 2)/3
RI = (PSV — EDV)/PSV

Pl = (PSV-EDV)/MeanV
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Lindegaard index

Table 2
Quantitative Parameters for Assessing Vaso-
spasm of the MCA

Severity of P5V MEV Lindegaard

Vasospasm  (cm/sec)  (cmisec) Ratio
Mild 200-250 120-150 345
Moderate 230-300  130-200 4.5-6.0
Severe =300 =200 =6

“RSNA, 2013 » radiographics. rena.org

. d.

Figure 10. (a) Unenhanced axial CT scan of the brain depicts a subarachnoid hemorrhage (arrow) secondary to
a ruptured aneurysm. Note the left frontal craniectomy (#). (b, ¢) Doppler US images and spectral waveforms ob-
tained in the left MCA (b) and ipsilateral distal ICA (c) show only mildly increased PSV and MFV in the left MCA
(280 cm/sec and 150 cm/sec, respectively) but a markedly elevated Lindegaard ratio of 11.53, a finding indicative of
severe vasospasm. (d) Three-dimensional reconstruction from CT angiography depicts a severe stenosis of the left
MCA (arrow).
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Vasospasmy

Hyperémie

Hypervolémie

Lindegaard index




EDV

Ri

Mean (TCD) -32 ¢
Pl {TCD)

P3V 13B cmis
EDV 33,4 emi's
Rl 0.76 g
Moan (TCD) 68 eml
PI{TCD)

Figure 11. (a) Transcranial Doppler US image obtained immediately after aneurysm rupture shows normal PSV

of 67 cmy/sec in the right ACA. (b) Follow-up transcranial duplex Doppler US image obrained approximately 10
days later depicts increased PSV of 138 cm/sec, a finding suggestive of mild vasospasm, in the right ACA. The MFV
is normal (68 cm/sec) but also has increased since baseline (32 cm/sec). (¢, d) Three-dimensional images from base-
line (¢) and follow-up (d) CT angiography demonstrate interval development of right ACA vasospasm (arrow).
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Stenoza/okluze
*Diagnostika

*Monitorace po reperfuzi
~Reokluze

ACP

>Hyperémie
»Vasospasmy

=Sonotrombolyza
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Mikroembolizace
pravolevy zkrat



DIAGNOSTIKA PRAVO-LEVEHO SRDECNIHO
ZKRATU POMOCIi TRANSKRANIALNI
DOPPLEROVSKE SONOGRAFIE

MUDr. Ales Tomek, MUDr. Martin Sramek Neurol. pro praxi, 2007: 3;4:: 915-218

Obrizek 1. Pfiprava pelmolabiini echokontrasini 18tky. Agitece smési HAES &% 8 waduchu v poméru

HITS
(high intensity transient signal)

Obrazek 1. Obraz dopplerovské kfivky MCA s patrnymi signaly mikrobublin pulmolabilni kontrastni
latky u pacienta s potvrzenym PFO




Zachyt HITS < 12 s (kardialni)

2

Zachyt HITS > 15-20 s (extrakardialni)

L
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o LR
Diagnostika foramen ovale patens (PFO) pomeci jicnové echokardiografie

e e e e e (TEE) a transkranialni dopplerovské sonografie (TCD)

ar8

cmis

Jicnova echokardiografie (TEE) i Priinik bublin pfes PFO pfi TEE
bubble testu

komunikace pfes

Zavaznost pravoleveho zkratu s
Pocet HITS (Razumovski) |
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Nitrolebni hypertenze

A CPP = MAP - ICP

ICP =20

CPP<ICP CPP<<ICP




REVIEW Open Access

Beyond optimization of

cerebral blood TTOW, 0xygen, and substrate
delivery after traumatic brain injury

Annals of Intensive Care 2013, 323
Pierre Bouzat'”, Nathalie Sala"?, Jean-Francois Payen® and Mauro Oddo'?
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Figure 2 Noninvasive transcranial Doppler to manage CBE e bedside. Example of transcranial Doppler in a patient wit' 2
hydrocephalus and increased Intracranial pressure (ICP), A. Before erraventncular drainage, TCD In the middle cerebral artery (MCA) shows
cerebral ischemia with low diastolic CBF velocities (<20 cm/sec) and elevated pulsatility index (Pl > 1.4), B. After extraventricular drainage,
normalization of ICP was associated with normalization of diastolic velocities and P, reflecting increased CBF.




Consensus opinion on diagnosis of cerebral circulatory arrest using

Doppler-sonography

Task Force Group on cerebral death of the Neurosonolgy Research Group
of the World Federation of Neurology

Xavier Ducrocq®, Werner Hassler®, Kouzo Moritake®, David W. Newell®,
Gerhard-Michael von Reutern®*. Toshiyuki Shiogai®, Robert R. Smith®

Joumal of the Neurological Sciences 1539 (1998) 145-150

Typicky pruabéh krivky prutoku
2 vysSereni v odstupu alespn 30 min
Intrakranialni i extrakranialni cévy bilateraln é

Limitace vysSetreni
» Penetraceis kost, nedostatea transmise
» Kontrastni vyséeni (suspenze mikrobublin fluoridu sirového)



TIME-COURSE OF FLOW VELOCITIES- IN MCA FROM NORMAL CONDITION UP TO
CEREBRAL CIRCULATORY ARREST

+increasing ICP

~decreasing CCP

M}%_A‘“L lno signal
A P O P

bipm!é.‘i: fleaw( Uscilut:ing Flow] —|—“5ysm{:_i: pikes L /—/—’ 2@ ———e
| CEREBRAL CIRCULATORY ARREST |

a

Fig. 1. Doppler spectral wave forms of the MCA monitoring the development from a normal recording to the
increasing intracranial pressure. In the upper row signals can be seen which are characterized by increasing p
In the lower row reverse flow is shown, however, the first two curves show an asymmetric distribution with a p
correspond to a complete cerebral circulatory arrest. This i1s only confirmed if the forward and reverse flow

Joumal of the Neurological Sciences 159 (1998) 145-150
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SBIRKA ZAKONU

CESKA REPUBLIKA

Castka 51 Rozeslana dne 7. kvétna 2013 Cena K¢ 40,

4. Zikon, kterym se méni zakon ¢, 285/2002 Sb., o darovani, odbérech a transplantacich tkini a orgint a 0 zméné nékterych
zakont (transplantaéni zikon), ve znéni pozdéjsich predpist, a dalsi souvisejici zdkony
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VYHLASKA
ze dne 29. dubna 2013

o stanoveni blizsich podminek posuzovani zdravotni zpusobilosti a rozsahu vySetreni

Y

zijictho nebo zemrelého darce tkani nebo organu pro ucely transplantaci

(vyhlaska o zdravotni zpusobilosti darce tkani a organu pro ucely transplantaci)




3. Potvrzeni nevratnosti klinickych znamek smrti mozku
_____________________________________________________________________________________|

3.1. angiografic mozkovych tepen
zjiSténa absence naplné cerebralnich useki mozkovych tepen:

datum hodina jméno a podpis vySetiujiciho Iékare

3.2. mozkova perfuzni scintigrafie
zjisténa absence zachytu radiofarmaka v mozkové tkani:

datum hodina jmeéno a podpis vySettujiciho I€kare

3.3. vysetieni sluchovych kmenovych evokovanych potenciali
Casn¢ akusticky evokovana potencionala mozkového kmene viny
I1 - V vyhaslé oboustranné (ano/ne)

--------------------------

datum hodina jméno a podpis vySettujiciho I€kare

3.4. transkranialni dopplerovska sonografie
zjisténa zastava toku v mozkovych tepnach:

Jjméno a podpis vySetiujiciho I€kare

3.5. CT angiografie
zjiSténa absence naplné€ cerebralnich usekt mozkovych cév
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VYHLASKA
ze dne 29. dubna 2013
o stanoveni specializované zpusobilosti 1ékaru zjistujicich smrt a lékart proviadéjicich vySetreni
potvrzujici nevratnost smrti pro tcely odbéru tkani nebo organu urcenych pro transplantaci

(vyhlaska o specializované zpusobilosti lékaru zjistujicich a potvrzujicich smrt pro ucely transplantaci)

(3) Lékar provadéjict vysetreni potvrzujici nevrat-
nost smrti mozku mozného dirce pomoci transkra-
nidlni dopplerovské sonografie musi mit

a) specializovanou zpusobilost v oboru radiologie
a zobrazovaci metody, neurologie nebo neuro-
chirurgie, nebo

b) zvlistni odbornou zpusobilost v oboru détskd
neurologie

a prokazatelnou nejméné triletou praxi v soustavném
provadént a interpretaci vysledka dopplerovskych vy-
setreni.
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= Registrace typickeho piitokového vzorce ve vice tepnach a
z vice akustickych oken

= 1 vySefFeni prokazujici tento obraz po dobu 30 minut nebo
opakované vysdteni s odstupem minimal@ 30 minut

= Sowasre reverberaéni pritokovy vzorec (zastava perfuze)
| v extrakranialnich tepnach (ACC, AClI, AV)
» MAP > 60 mmHg

= Nepritomnost intrakranialniho pr dtokového signalu niize
byt znamkou mozkove smrti
» CAVE - nepfichodné kostni okno!!!
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Smrt mozku
"to-and-fro” pattern,
oscillatory flow reverberation
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