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Grundlagen der Dopplersonographie

m Doppler-Effekt: zeitliche Stauchung bzw. Dehnung eines Signals
bel Veranderungen des Abstands zwischen Sender und
Empfanger wahrend der Dauer des Signals.

m Vereinfachte Dopplerformel (zulassig, wenn die Geschwindigkeit
des bewegten Objektes deutlich geringer als die
Lichtgeschwindigkeit ist):

Geschwindigkeit (%) X Ursprungsfrequenz (Hz)

Schallgeschwindigkeit (%)

Frequenzverschiebung (Hz) =
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Grundlagen der Dopplersonographie

m Anwendung in der Medizin:
Frequenzanderung eines Ultraschallstrahles durch sich
bewegende korpuskulare Bestandteile (Erythrozyten) des Blutes =
Dopplerfrequenz.

m Innerhalb des Gefal3es verschiedene Flie3geschwindigkeiten der
einzelnen Erythrozyten — verschiedene Dopplerfrequenzen
iInnerhalb eines Frequenzspektrums.
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Grundlagen der Dopplersonographie

Hofmann V, Deeg KH, Hoyer P. Ultraschalldiagnostik in Padiatrie und Kinderchirurgie, Thieme 2005
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« Kumulative Inzidenz von cerebrovaskularen Komplikationen:
11% bis 20 Jahre, Uberwiegend ischamische Infarkte

Cerebrovascular Accidents in Sickle Cell Disease: Rates and Risk Factors

By Kwaku Ohene-Frempong, Steven J. Weiner, Lynn A. Sleeper, Scott T. Miller, Stephen Embury,
John W. Moohr, Doris L. Wethers, Charles H. Pegelow, Frances M. Gill,
and the Cooperative Study of Sickle Cell Disease

Efood Vol 91, No 1 (January 1), 1993 pp 288-294

 Ursachlich: progressive Veranderungen, insbesondere Stenosen
der distalen ICA sowie ACA und MCA

 Inflammation, exzessive Adhasion von Blutzellen an das aktivierte
Endothel, Ischamie-Reperfusionsschaden, Hyperkoagulabilitat,
Storungen der Gefaldtonusregulation
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Detection of Cerebral Vasculopathy in Sickle
Cell Disease Using Transcranial Doppler
Ultrasonography and Magnetic
Resonance Imaging

Case Report

Robert J. Adams, MD, Rune Aaslid, PhD, Taher El Gammal, MD,
Fenwick T. Nichols, MD, and Virgil McKie, MD

We describe a case of homozygous sickle cell anemia in which noninvasive transcranial Doppler
ultrasonography and magnetic resonance imaging were used to detect angiographically documented
occlusive lesions of intracranial arteries. (Stroke 1988;19:518-520)
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screened with transcranial Doppler. Ann Neurol.
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Probability of No Recurrence

i

With Transfusion

Without Transfusion

Pegelow CH, Adams RJ, McKie V, et al. Risk of
recurrent stroke in patients with sickle cell dis-
ease treated with erythrocyte transfusions. J Pe-

diatr. 1995;126(6):896-899.
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PREVENTION OF A FIRST STROKE BY TRANSFUSIONS IN CHILDREN WITH
SICKLE CELL ANEMIA AND ABNORMAL RESULTS ON TRANSCRANIAL DOPPLER
ULTRASONOGRAPHY

RoeerT J. Apams, M.D., VirciL C. McKig, M.D., Lewns Hsu, M.D., PH.D., Beatrice FiLes, M.D.,
ELuotT VicHinsky, M.D., CharLes PeceLow, M.D., Micuer Aseoup, M.D., Dianne GaLLacHer, M.S,,
AppuLLad Kutear, M.D., Fenwick T. NicHors, M.D., Duane R. Bonos, M.D., ano Donalp BrameiLa, PH.D.

STANDARD
ToTaL TRANSFUSION CaRE
VARIKBLE IN= 130} (N=8&3] iIN=867]
Follow-up (mo)
Total 2550 1321 1229
Median 21.1 222 18.3
Mean 5D 19.6+6.5 21.0+57 18.3+7.0
Mo, of strokes 12 1 11
Cerebral infarction 11 1 10
Intracercbral hematoma 1 0 1

Conclusions Transfusion greatly reduces the risk
of a first stroke in children with sickle cell anemia
who have abnormal results on transcranial Doppler
ultrasonography. (N Engl J Med 1998;339:5-11.)
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bjh research paper

Elevated blood flow velocity in the anterior cerebral artery and
stroke risk in sickle cell disease: extended analysis from the

STOP trial

Janet L. Kwiathowsld," Suzanne
Granger,” Donald J. Brambilk,* R Clark
Brown,” Scott T. Miller* and Robert

1. Adams® for the STOP Trial
Irvestigators”

'Division of Harablogy, The Children's Fospigal
af Philadeplia and Department of Pediarrics,
University of Permsplvama School of Mesdiane,
Philadelphia, PA, *New England Ressarch
Institutes, Warertowny, MA, “Children's
Heltheare of Atlanta/Emary Urdversity, Adars,
GA, SUNY-Downstie Madical Cenerr/Kings
Courty Fospiml Brookyn, NY, and “Medizl
College of (rorgia, August, G4, 54

Receved 13 March 2006; acepted for
publication 2 May 2006

Comespondence: Jans L. Kwiathowski, Division
of Hematology, The Children’s Hospital of
Philzdelphia, 3535 Market Street, Room 1571,
Philadelphiz, PA 19104, 1754

E-mail kwiathowskiffemai Lchopedu

*The membhers of the STOP Trial Investigators
are given in Appendiz

Summary

Elevated velocity in the internal carotid artery (ICA) or middle cercbral artery
(MCA), detected by transcranial Doppler (TCD) ultrasonography, predicts
an increased risk of stroke in children with sidde cell disease (SCD)
Although strokes also occur in an anterior cerebral artery (ACA) distribution,
the significance of elevated velodty in this vessel has not been determined
previously,. We assessed the effect of devated ACA wvelocity on stroke risk
using the results of the first adequate TCD study performed on 1975 children
as part of The Stroke Prevention Trial in Siclle Cell Anemia (STOF). Elevated
ACA velodty (2170 cmyfs) was associated with an increased risk of stroke
(P = 0:0013) after adjusting for the ICA/MCA classification. Among subjects
with normal ICA/MCA velocity, the risk of stroke was more than 10-fold
greater in those with elevated compared with normal ACA velocity (2413 and
+Z0 per 100 patient-years, respectively, F < 0:001); risk more than doubled
with elevated compared with normal ACA velocity in those already at high
risk due to abnormal ICAMCA findings (756 vs. 322 per 100 patient-years,
P = 04042). Few of the strokes in those with elevated ACA velocity ocoarmed
in an ACA distribution, suggesting changes in blood flow velocity in anterior
vessels may be associated with diffuse arterial disease or, alternatively,
manifest collateral flow from compromised middle cerebral vessels.

Keywords: sickle cell disease, stoke, child, sidde oell radiology, vascolar
disease.
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Pediatr Radiol (2005) 35: 235-241 ) )
DOI 10.1007/500247-005-1417-7 MINISYMPOSIUM

Dorothy Bulas Screening children for sickle cell
vasculopathy: guidelines for transcranial
Doppler evaluation
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frontal dorsal

Netter F. Atlas der Anatomie des Menschen, Novartis 1997
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TCD bei SCD

o Patienten mit SCD-S/S oder SCD-S/3°-Thalassamie
« 2. Lebensjahr bis 18 Jahre
 Keine Winkelkorrektur vornehmen!

« Zugangsweg transtemporal bds (erst links, dann rechts):
Leitstruktur Pedunculi Cerebri

« Darstellung der A. Cerebri Media (MCA) und A. Cerebri Anterior
(ACA), Aufsuchen der Stelle mit der maximalen
Flussgeschwindigkeit entlang der MCA, Dokumentation von
TAMMX von MCA und ACA

« Schallkopf wenig nach kaudal kippen, Darstellung der distalen A.
Carotis Interna (ICA), Dokumentation TAMMX

 Darstellung A. Cerebri Posterior (PCA), Dokumentation TAMMX

« Zugangsweg nuchal: Darstellung und Dokumentation TAMMX der
A. Basilaris
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Normal Grenzwertig Pathologisch
TAMMx < 170cm/s TAMMXx 170 - 199cm/s TAMMXx = 200cm/s
Kurzfristige
Kontrolle
(2-3 Wochen)
Kontrolle Kontrolle Beginn
1 Jahr 3 Monate Transfusionsprogramm

Ziel: HbS < 30%
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE ‘

Discontinuing Prophylactic Transfusions
Used to Prevent Stroke in Sickle Cell Disease

RESULTS
The study was stopped after 79 children of a planned enrollment of 100 underwent
randomization. Among the 41 children in the transfusion-halted group, high-risk
Doppler results developed in 14 and stroke in 2 others within a mean (£SD) of
4.5+2.6 months (range, 2.1 to 10.1) of the last transfusion. Neither of these events
of the composite end point occurred in the 38 children who continued to receive
transfusions. The average of the last two transcranial Doppler results before trans-
fusion was started was the only predictor of the composite end point (P=0.05).

CONCLUSIONS
Discontinuation of transfusion for the prevention of stroke in children with sickle
cell disease results in a high rate of reversion to abnormal blood-flow velocities on
Doppler studies and stroke. (ClinicalTrials.gov number, NCT00006182.)
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Stroke With Transfusions Changing to Hydroxyurea (SWiTCH)

Russell E. Ware' and Ronald W. Helms,? for the SWITCH Investigators
"Baylor College of Madicine, Houston, TX; and *Rho Inc, Chapel Hill, NC

Stroke Is a devastating complication of
slckle cell anemla (SCA) with high recut-
rence If untreated. Chronlic transfuslons
reduce recurrent strokes but have assocl-
ated morbiditles Including Iron overload.
Stroke With Transfuslons Changing to
Hydroxyurea (SWITCH) was a multicenter
phase 3 randomized trlal comparing stan-
dard treatment (transfuslons/chelation) to
alternative treatment (hydroxyurea/phle-
botomy) for chilldren with SCA, stroke,
and Iron overload. SWITCH was a noninfe-
rlority trial with a composlite primary end
polnt, allowing an Increased stroke risk

but requiring superlority for removing
Iron. Subjects on standard treatment re-
celved monthly transfuslons plus dally
deferasirox Iron chelatlon. Subjects on
alternative treatment recelved hydroxyurea
plus overlap transfuslons during dose esca-
latlon to maximum tolerated dose (MTD),
followed by monthly phiebotomy. Subjects
on standard treatment (N = 66) malntalned
30% sickle hemoglobin (HbS) and tolerated
deferasirox at 28.2 = 6.0 mg/kg/d. Subjects
on alternative treatment (N = 67) Initlated
hydroxyurea and 60 (90%) reached MTD
at 26.2 = 4.9 mg/kg/d with 29.1% = 6.7%

fetal hemoglobin (HbF). Adjudication
documented no strokes on transfusions/
chelation but 7 (10%) on hydroxyurea/
phlebotomy, stlll within the noninferlority
stroke margin. The Natlonal Heart, Lung,
and Blood Institute closed SWITCH after
Interim analysls revealed equlvalent liver
Iron content, Indicating futllity for the
composlte primary end polnt. Transfu-
slons and chelatlon remaln a better way
to manage chlldren with SCA, stroke, and
Iron overload. This clinical trlal was regls-
tered at ClinicalTrlals.gov NCT00122980.
(Blood. 2012:119(17):3925-3932)
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Hydroxyurea therapy lowers transcranial Doppler flow velocities in children

with sickle cell anemia

Sherri A. Zimmerman,! William H. Schultz,? Shelly Burgetit, Nicole A. Mortier,? and Russell E. Ware?

'Duke Pediatric Sickle Cell Program and Division of Pediatric Hematology/Oncology, Duke University Medical Center, Durham, NC; 2Department of Hematology,

5t Jude Children's Research Hospital, Memphis, TN

Hydroxyurea has hematologic and clini-
cal efficacy in sickle cell anemia (SCA),
but its effects on transcranial Doppler
(TCD) flow velocities remain undefined.
Fifty-nine children initiating hydroxyurea
therapy for clinical severity had pretreat-
ment baseline TCD measurements; 37
with increased flow velocities (= 140
cm/s) were then enrolled in an institu-
tional review board (IRB)-approved pro-
spective phase 2 trial with TCD velocities
measured at maximum tolerated dose
(MTD) and one year later. At hydroxyurea

MTD (mean = 1 SD = 27.9 + 2.7 mg/kg per
day), significant decreases were observed
in the right middle cerebral artery (MCA)
(166 = 27 cm/sto 135 = 27 cm/s, P < .001)
and left (MCA) (168 = 26 cm/s to 142 = 27
cm/s, P < .001) velocities. The magnitude
of TCD velocity decline was significantly
correlated with the maximal baseline TCD
value. At hydroxyurea MTD, 14 of 15 chil-
dren with conditional baseline TCD val-
ues improved, while 5 of 6 with abnormal
TCD velocities whose families refused
transfusions became less than 200 cm/s.

TCD changes were sustained at follow-
up. These prospective data indicate that
hydroxyurea can significantly decrease
elevated TCD flow velocities, often into
the normal range. A multicenter trial is
warranted to determine the efficacy of
hydroxyurea for the management of in-
creased TCD values, and ultimately for pri-
mary stroke prevention in children with SCA.
(Blood. 2007;110:1043-1047)

© 2007 by The American Soclety of Hematology
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National Institutes of Health
Turning Discovery Into Health

For Immediate Release: Wednesday, November 19, 2014

NIH ends Transcranial Doppler
(TCD) with Transfusions Changing
to Hydroxyurea (TWiTCH) clinical
trial due to early results

The TWiTCH study sought to determine whether giving daily doses of hydroxyurea (currently the only
FDA-approved drug for sickle cell disease) lowers the TCD blood velocity in children with sickle cell disease (SCD)
to a similar degree as blood transfusions. Children with sickle cell disease who are at a higher risk for stroke are
identified by measuring the velocity of blood flow to the brain by TCD ultrasound studies. Children with the
highest TCD velocities have a greater risk of strokes. The early review showed that hydroxyurea reduces TCD

blood velocities to a similar degree as blood transfusions.

The results of this study show that hydroxyurea is not inferior to (that is, no worse than) regular blood

transfusions in lowering TCD velocities in children with sickle cell disease who are at high risk for stroke.
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Ulmer Erfahrungen

25 Patienten untersucht seit Sommer 2010

Darunter 16 Patienten mit unauffalligem Befund
(1-5 Untersuchungen / Patient)

6 Patienten mit grenzwertigem Befund, teilweise in der Kontrolle
nach 3 Monaten unauffallig, teilweise Uber langeren Zeitraum
hinweg

3 Patienten mit pathologischem Befund

24.04.2015 TCD bei SCD Matthias C. Schaal



Ulmer Erfahrungen

Patient 1:

« Homozygote SCD (ED mit 4 Monaten)

* Rezidivierend Milzsequestrationen, Splenektomie mit 11 Monaten

« Im Alter von 2 7/12 Jahren schlaffe Parese rechter Arm distal betont
« Kernspintomographie: Infarkt MCA links

« Sofortige partielle Austauschtransfusion

* Beginn chronisches Transfusionsprogramm

« TCD: nivelliertes poststenotisches Flusssignal der MCA links,
pathologischer Fluss der ACA rechts

* Neurologische Rehabilitation, deutliche Besserung der
Halbseitensymptomatik

 HLA-Typisierung, Fremdspendersuche

« Unter Transfusionsprogramm Normalisierung des Flusses der ACA
rechts
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Ulmer Erfahrungen

Patient 2:

- Alterer Bruder von Patient 1

 Homozygote SCD

* Rezidivierend Thoraxsyndrom im Alter von 1-2 Jahren

 Alter von 5 4/12 Jahren: TCD mit pathologischem Fluss der ACA
rechts, klinisch kein Hinweis auf Infarkt

* Beginn chronisches Transfusionsprogramm

« Unter Transfusionsprogramm Normalisierung des Flusses der ACA
rechts
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Zusammenfassung

« Akuter ZNS-Infarkt: Indikation fur allogene Stammzelltransplantation

* Reduktion des Risikos fur ein Infarktrezidiv: lebenslanges
Transfusionsprogramm

* Reduktion des Risikos fur einen Infarkt bei Kindern mit
pathologischem TCD-Ergebnis: Transfusionsprogramm mindestens
bis ins Erwachsenenalter

* Beginn Transfusionsbehandlung bei zwei innerhalb weniger Wochen
unabhangig voneinander durchgefihrten TCD-Untersuchungen mit
pathologischem Ergebnis ohne Vorliegen einer schwergradigen
Anamie (Hb-Gehalt entspricht steady state des Patienten)

« Alternative (ohne vorangegangenen Infarkt): Hydroxycarbamid

» Ggfs. Kombination Transfusionsprogramm und Hydroxycarbamid
bel Progress
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Vielen Dank fur lhre Aufmerksamkeit
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