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TTpon3BCAEHE  4OTHIpE ONCpPdlMK  Kecapeba
CeYeHMsA 110 AKYILEPCKMM NOXKA33dHNAAM {KAMEHM
HeCKM Y3KMM Ta3, Ta30oBoe T[IPeAAeXKalHe &
Coveranuyl C PAHHMM OTXOXAEHHEM OKOACIAOA-
HHIX BOA ¥ RO3PACTOM >XeHIUWHEL, T&3IOBOE Ipep
AGKaHMe B COMETAHMK C TeHACHUUEHN K KpyIo
MAOAMIO U OGBUTHIO TIYTIOBMHBLL BOKDYT WEH).
MocAepuAOBBIN TIGPHOA Y BCEX JKEHIIMH Mpo
XoAMA Ge3  ocobentocTei.

[posepeHUBIE  HMCCACAOBAHMA  OO3BOAKIOT
MPEANIOACXKMUTE, YTO IUTOHUS M YyMEPEHHAs CUM
TaTHKOTOHMA B TMOKOE B COYETAMHUM C CMMMa-
THKOTOHWYECKHUM M ACHMMIATHKOTOHHYECKKM TH-
namd BP B TpeTheMm ‘rpumectpe HepeMeniiocTH,
BereraTyprioe  obecrieyeHue GHUINYSCKOH  Aes
TeABHOCTH € YCHMACHHAEM TOHYCd CMMIIATUYECKOro
otaeaa BIHC nepep popaMn  ssaaxrcy, 10
BHAHMOM)’. ONTHMAABHBIMIA AN PeaAmr3aliaud
AAMTAYWOHNILIX pedaKIMit opranmsma npy Gepe
MEHNOCTY, obecneddBaidT e (bHSHOAOTH‘JOCKO(‘.
TeYeHMe U DAAIOIHOAYYHBIM KCX0p popon. Paz-
AMYUe Oxe ARYVX I'pyTiy, BCPORTIIO, HEBEARCTCH
OTPAXKEOHUEM PAZAUYHDLIX BAPWAIITOR HOPMAAL-
HEIX YPpoBHER (DYHKIMOHUPORARWA CUCTEM, Ha
410[10 KOTOPLEIX OPOTCKAST FeCTAlHMs .

TakuM obpaseM, 11pU PUBHOADIMURCKOM Te
YeHUUn 69})&31\"[(.‘.[-1]{0(_"]'“ AAANTAUOHHEIE TTROIeC
Chl 110 0feCTIeUEHMID BCreTATHRHOrG [OMeGCTasza
OCYIICCTRBAAKOTCH 3a4 CYEeT YCHACHHUA TOHYCa CUM-
MATOGAPLHAALBOID 3BeEl&, CTenenh AKTHRAIHH
KUTOPOTO 3aBHCHT OT UCXOAHOTO (hyHKLMOHAADL
HOTO COCTORHMSA PeryAMpyinux cuctem. [loay-
YEHHBIE HGMM AGHHBIE [TOATREDKAQOTCH 3aKO
HOM TOMeocTasza o6 UCXOAHOM YPORHe (3aKOH
"HAYAALHOTO 3HaueHus ' Yailapcpa): 4eM seiure
YpoBens HCXOAHOﬁ AKTHBIIOCTH (i.lHSHOAO{'VI‘JCC
KOTO COCTOAHMA, TeM MeHbIle OIHOCUTeAbHOe
H3MCHEHHe 3TOTO  YPOBHS 0OpPY  BOZASHCTHUN
UMOYALCOB QAHOM W TOM e WATeHCUBHOCTA.
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DETECTING A PATENT FORAMEN OVALE
BY TRANSCRANIAL DOPPLER SONOGRAPHY (TCD)

(5 years of clinical experience with a new method)

Dept. of Neurology, von-Boedelschwingh Krankenhaus, Schuistr. Ibbenbiiren, FRG

Abstract In patients with cerebraf ischemia of
unknown origin, paradoxical embolism must be considered as
one of the possible causes, if there is an abnommal! right-lo.
left shunt. The most likely site of transmission is a pessisting
patent foramen ovale (PFO), which is found in approximately
30% of adult persons in autopsy studies, Using tramscranial
Doppler sonography {TCD) and an agitated saline solution as
an inexpensive and readily available contrast medium, probab-
ly all clinically irnporlant right to-left shunis can be detected.
in our department we exarnined 215 patients within the last
5 years, 30% of which had an abnormal right-to-left shunt
with insignificant difference between 10 and 69 years of age.

M.Caaagiuek, P Bunkesn

BLIABAEHWE AE®EKTA OBAABHOIC OTBEPCTHA
C TNMOMOILIO TPAHCKPAHMAABHOM
AOMNMAEPCOHOTPAOHH

{5-ACTHMA KAMHAYECKHA OUEIT GPWMCIICHHA
HOBOINU METOoAA)

B uncAe BepOATHbDN UPHUYEH MICMUYECKOrO HHCYARTS
MOXeT OWTE MAPAAOKCAALHAA SMOOAMA B YCAODA#X AHOMAAL-
HOMN IPaBO- # APBOCTOPOHHCTO MeXIIPEACEPAHOTO IUYHTA.
OcropHaM nyred 3abpoca 3M60Aa RUAgETEH GYHKOHOHKPYK-
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wee OTKPUITOR DEAARHOC OTBEPCTHE, XOTOpoe o(HApyKUBa-
erest LOWTH ¥ 30% mBapocanX Ay Opu ayroncuum. [TpuMeinstd
TRAICKPAHRAALHYIO  AOIIACPLOHOrPadHI0 12 oHe BIYTPH
BERHO BACALINIOND BIOODATAHHOIG QM IHOADIHUCCKUrG Paciso
P&, BOIMUMXHD DRIHRMTL RPand: 1 ACROCTOPOHHHH LHAYTPH
DPCACCPARBIH DIYITE B KAMIMKC. B Tellellne HocAentx 5 AcT
1 HAmeM OTARACHHMH Oitau obcacAoRallo 215 vanuewton o
MSEMANECKEM BHCYARTOM, 30% XOTOPDIX MMEAN JHOMAABIEL
UPaRn - M AGBOCTOPONHWU YUY, He RPOndAHOHH  ceby
KAMDMYECKH VAWML B paspacte o1 10 An 69 aet
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Pamdoxma} embolt as a cause of cerebral
1schemias have drawn inereasing attention of
vascuilar neuroiogisls, as in a considerable num
ber of patients no other vascular, cardiac or
thrombogenic causc of stroke can be found. it
is estimaled, (hat about 15% of all ischemic
strokes are caused by a paradoxical embolization
via a pofentially open foramen ovale |1]. Small
thrombi may spontaneously form in one of the
deep veins of the legs or the pelvis, especially
when a person sils or lies withoul moving for
several hours. When such a thrombus becomes
an cmbolus, it must reach a certain size, to
affecl the funclion of the lung, usually about
8-—10 ml. However, a blood clol much smalier
than (his may alrcady occlude a cerebral artery
tong cnough to produce a transient or perina
nent ischemic deficit. All it needs is an abnormal
righ{-to left shunt. The most likely location of
this shunt is a palenl foramen ovale (PFO). In
rare cases, shunts on the pulmonary level are
also possible.

The prevalence of a right to left shunt can
be assessed by intravenous application of an
ullrasound contrast-medium, which is unable to
pass the lung and by detecling traces of this
medium in the arlerial syslem, either in the left
half of the heart by transesophaygeal echocar
diography (contrast-TEE) or by iranscraniat
Doppler sonography (contrast-TCD).  Using
conlrasl TEE as a standard, the sensitivity of
conirast-TCD was reported Lo be about 90%
[56], the specificity about 93% [6,7]. Both
methods proved to be similarty efficient to de
tect small amounts of echo-contrast bubbles (8],
especially during the Vaisalva maneuver.
However, the iv.-contrast-TCD method is more
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conventent for cxaminers and patients; it is
available in more nevrological offices or de
parlments, and il can detecl not only a PFO
but alse abnormal shunts on (he pulmonary
level.

The autopsy incidence of PIFQ has been
reported to be approximalely 30% [3], whereas
ullrasonod contraslt TEE reveals only aboul 10%
of PFO in normal patients |2]. In younger per-
sons with cerebrovascular events of unknown
source, however, the incidence of PFO, as detec
ted by contrast-TEE or contrast TCD, is reported
io be approximalely 50% |1.6].

METLOD

As an ultrasound conlrast medium we use
agitafed saline solulions accordiag to Teage and
Sharma |7]: 7-—9 m! of saline solubion are mixed
with 2 il of fresh venous blood and about
0.1 ml of air beiween iwo hypodermic syrnges
attached to a 3-way adapler. Some ol our cases
were also examined with 10 ml of Echovist®
(micro air bubbles surrounded by a thin layer
ol galaciose), showing identical resulls. in
1991—1994  unilaleral  examinalions ol the
middle cerebral artery with a hand held probe
on the alfecled side of the brain were performed
during and after repeated v injections ol
ultrasound contrast solutions into a cubilal vein
without and with a Valsalva maneuver. [n case
of a negative resull this procedure was repeated
on the conlralaters) middle cerebral arlery, in
some cases also afler changing the side of
injeclion. Since 1995 bilateral examinations of
both middle cerehral arleries were performed
using two probes fixed with o special head
gear simultaneously. Appearance of contrast-
enhanced signals within 8--10 hearl cycles were
considered (o prove a PFO, repeated delay of
microembolic signals until the 11* cardiac cycle
ar laler were suspicious of a pulmonary shunt.

RESULTS

Up lo now, we examined 215 patients (108
male, 107 female) with sudden cerebral events
suspicious of ischemias. Most of Lhese cases
were thought 1o be thrombo embolic, bul some
may have had vasculitis {clevaled ANA titer),
complicated migraine (migraine accompagnee),
or disturbed coagulalion (e.qg. elevated anti
cardiolipine levels). Two cases wilh multiple
sclerosis also had @ PFO, and mneither case
history nor clinical examination or MRIJ could
distinguish between individual lesions caused by
demyelinization or by ischemias. None of the
palients had stcnoses of the coxtra or intra
cranial arteries (all were examined by Doppler
and duplex sonography) or possible cardial
sources of emboli (normal ECG and echocar
diography). Of these 215 patients 65 (33 mate,
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32 female, averaging 30 %) with a persisting
right to left shunt were detecled. only two of
them with a pulmonary localion {one with severe
chronic obslructive lung disease, the other one
witlh Osler's teleangieclasis). The cxaminalion
method bhad no side cffects.

Bilaterat testing was nol  significantly
superior 1o unilateral testing: most cases had
positive echo conlrast signals in both middle
cerebral art~ries, so (hat unilateral examinations
were sufficient, even when using a hand held
probe. Fixing the probes with a special head
gear, however, had the advantage of fewer
artifacis and of fewer injections of confrast
medivin nreeded. The incidence of an abnormal
shunt was not significantly influenced by age;
m every subgroup between 10 and 79 vyears
of age about 30% of thce cases had a right
to-leff shunt with the highest incidence between

B0 and 09 years (36%) (see [ligure).
DLISCUSSION
Paradoxical embolism may be a cause of

stroke al any age, and contrast TCL is a rela-
tively reliable and casy 1o use method of detec
ling o possible site of transmission. Yet our ve-
sults of aboul 30% of abnormal lefll-to right
shunis in  patients  suspicions  of  cerebral
jschemias withoul any other cardiac or vascular
cause seem to be somewhat less effective (han
those reporied elsewhere in recenlt literalure. We
tonsider  several explanations:

a) our palients include some with possible
other reasons for cerebral ischemia, some with
complicated migraine {early communications
suggested, that a PFO may be the true source
of the vascular complications), some with mulii-
ple sclerosis, and some with a disorder of their
coagulation; we could not possibly exclude the
lalter group, as a disorder in coagulation may
be one of the reasons, why a blood clot will
form in lhe deep veins before it becomes a
paradoxical embolus;

b) instead of an expensive pharmaceutical
preparalion like Echovist® we used agilated
saline solutions wilh blood and minule amounts
of air. The costs of this preparation are near
to nothing. However, Echovist® may be some-
whal Imore slablc;

c) the cubital vein may not be lhe optimal
site for injecling & contrast medium, which sho
uld pass through an aperlure of the atrial

seplum. Recent unpublished  communications
sugges!, thal the femoral vein may yield belter
results. If a cubital vein is used, il may help
to elevale the arm and 1ell the palienl to use
his muscle pump during injection of the contrast
medium and the Valsalva maneuver [1j.

By injecting an agitated saline solution into
a cubilal vein instead of Echovist® into the
femoral vein, we may have missed a PFO in
a few percenl ol our patients. We assume,
however, that if a PFO is missed, it must be
very small and unlikely lo form a possible sile
of transmission for a paradoxical embojus. We
therefore recommend agitated saline solutions
as relatively reliable and inexpensive contrast
media when  used with  transcranial Doppler
(TCD} in the search for an abnormal left to-
right shunling.

A palent {oramen ovale, however, does not
necessarily induce a cerehbro-vascular event, just
as a carotid stenosis is nul always the source
of a cerebral ischemia. Careful exploration of
the case history in respect for situalions, in
which deep venous clot formation could have
oceurred, and carelul physical examinalions are
always necessary [4]. Studics of the cosgulatory
status may be useful. Prevenlive treatineni must
be adjusted lo each individual case. In a few
patients no coniinuous  lreatmenl may  be
nccessary,  with  the exceplion ol injecting
heparin, whenever a longes resl is unavoidable.
Cigarette smoking ought to be discontinued in
cvery case. In our female patierts the intake
of esirogens was discouraged. A few patienls
received conlinuous anticoagulanl therapy. The
patient wilh Osler's teleangicclasis in bis lung
was  successfully lreated by interventional
angiography (particle-occlusion) of the malfor-
malions.
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