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VIEWING VERTEBRAL ARTERIES BY DUPLEX SCAN: WHAT TQ EXPECT

Vaon-Rodelshwingh-Krankenhuus Schulstr. fbhenbueren, FRG

Abstracl In vertebral arleries (v.a) most slenoses
occur at thetr origins. Ullrasound studies with a 7,5 MHz
sector duplex-probe are able o reveal the origins in 63—
68% of the right, 1 43—02% of the left vertebral arleries
(men<women), whereas the provertebral and the inlerirans
versal parts C . —C, . are visnalized in 70—90%. The mean
curnulative lumen ot both v.a. increases by age from 6,0
mm fage<30) to 7.9 mun {age>B0) wilh a clear predo
minance of the lefl v.a. in 33%. of the right v.a, o 17%.
Hypoplasia of one or bolh v.a. is present in 5,2%. In
a4 sample of 1131 peticnts pathological findinygs occured
m 11% of The vertebral arleries {stenoses or occlusions,
sleal phenomenal and in 16% of the carotwd arleries (steno
ses 50%. occlusions]. In 42% of the cases with infarctions
in the vertebro bastlar supplicd patliotogical
duplex hindings were preseni, simlary in 20% of infarc
tiohs in the carotid supplicd territories, and e 15% ol
verhigo, bul also in 62% of patients with pertpheral vascu
lar disease withont neurological signs or symptoms —
versus only in 3% of control palients of similar age with
oul neurological or penpbheral vascular disease

territorics

M Caramex

BU3YAAMSBAUMST [MTO3BOHOUHLIX APTEPUA
METOAOM ABOMHOTO CKAHWMPOBAHUA

Pe @ e pat. B HOMMOHOYHEX QPTOPHUAX CTOITONLL
H DOABLHIMHCTBE C;'\y‘{d':’H BO3MNMMUKIHT y HX 1idYdAo. Y»\I-‘['p(l
ZAVKOLRLIE UCCABAOBAHUR C TOMOLILID 30HAZ B YaCTOTHOM
pexuMe 7.5 MIG  HO3BOAMAM  BLINSHITL  VETHS  IPABLIX
IN3ROMOLHLIY aApTepuit ¥ 63—68% M AesLix -- y 43--62%
OBCACADBAUILIX, TOTAS Kak WX npeneprefpasknnie o
Mexnonepeube otacant C, —C. - BA3YAAHIMDOBAAKCL Y
T0—90%. TunoitAdadHsl OAMOH KAM 0B0UX  1ITO3NOHOYEX
APTePWU BuIFBARIia ¥y 5,2% obcacannandui. Y pribopouio
RITHIX 1131 IIaHHeIITA TATOAOFHHCCKHN UIMEHCHUY B 1103
BOHOURLIX APTEPUAX BHIARAGHR B 119 [CTEHO3WL OKKAK)
UM, CUNAPOM OOKpaALiBatMs] HadAACUMK, B 16% -~
YCTAHORBACHDBY HM3MEeHeHWS B COHHARIX deﬂpMHX ((ZT(‘.H()Z! e
50%. orkaoamu). B 42Y% cAyYaen wineMnuecxors MHACYAbTa
{nudapkT) B BeprebpobazKanpyoy HACCOHHE UMEAH MECTO
HATODAOIHYECKHME HW3MEeHE&HMNH, HLINBASHHLIE METOAOM )\H()“
Moro craunpoBakiv. [MoACSHLIE HapyUIeHUA DBLISRACHLL B
20% cAyd4aeB diCYALTa B GacceWHe CONHLIX apTepud, B
15% CAYYaeR FrOAOBOKPYXEHMH. a Takxke ¥ 62% MaunenTon
¢ 3a00AeBaHMEMHU flepuhbepHYECKEX COCYAOR Oe3 Hespo-
AGTHYCCKMX CHHAPOMOK, ¥ IIANPOTUR, — TOALKO ¥y 3% n
KOUTPOABHOU TPylue 3A0PCBLIX AWM.

M. Caramex

YMBIPTKA BATAHACHI APTEPUACEH HKEAE
CKAHHWPAAY IOAR] BEADH BHM3YAAHMIAUMSALY
tKY39TY)

Kynyeaek o4pakTa YMBIPTKa ©Garaiachl apTepRuAdpe
Tapamw (CTCHO3} aHBIM OYBLIHHAH SawAama. 7.5 MM emwanik
Tarsl peXUMALI 30HA SPASMCHAD YTKODEATDII YALTDATARLIA
6HpIHYASD THKWEPEeAraHHapHeN b3 — 68 IpoleHTLHAA YH
AK YMLIPTKAa apTepuasape aBhI3BiE hom 43 — 52 uponew
THHAR CYA ATLIH QYLIKAQY MOMKHIIACTEH DMpAE. © aAAPHBIN
CopV=VI)—-C, (IH—-1V) upeseprefparr haM  apKLlAnl
Syrexaspe 70— 90 npONEHT TUKINEPEAISHHAPAD YarbiAbIll

™

TaGa. Dep aucs uxe yMuIpTKa Haralia apTepusce rulolAl
BHACE TUKLICPEATDHBOPICI] 5,2 IIPOIIEHTHLINAA JYLIKAAHAD-
Caunan  aabmren 1131 POUEHTRIHAD
YMBIPTRd Gdraudchl aprepusacenaa, 16 npomineirrniing Hoxu
APTCPHAAGPEHAD  YIrBpetAsp  OYAYL  auLIKAGHALL Wi
hapkTELIY  (MeMUS HRCYARTBIHMH) 42 npolledthl oupa
ILILAL HKEGAC CKAHWPAAY BLICYAR! OCAQN peprebpobasdatp
HACCEHUAG MMATOACTHK Y3TIPCUIAID. HOPMAAAH TaMITIALIN
Adp  OYAYLI  @SbLIKAQANIALL  MOHALH
aprepHACce 0ACCRHUL UHCYALThINLIH 20 npnieHT anparnul
Aa, Bam oRAouyien 15 aponenrt odpareitipa, ucphhepux
TAMLIPAAPBI (HERPOAOTUH BUArcaADpeces) TupaAn 62 nporent
nanwSrTa hoM, KMpecendd. Hapbl 3 NPONEenT CoAamar
KCWECAIPAD OYAYLL OURIKAATTIALL

TatMesrriubie bl

TaNUBALITITAG Y HOKD

omparing the most hkely siles ol sienotie
c lesions in Lhe carolid and the vertebral arle
ries, there is one important dilference: in ihe
carolid arteries most stenoses occur al the level
of the bifurcatlions, whereas in the vertebral
arferies stenoses must be expecled mainly at
their origins [3,4].

The carotid bilurcations are casily accessibie
by uttrasound: they are close {o the surface, their
diameler is large, and there s no Lony siruciure
in the way of the ultrasonic beam. On the other
hand, the origing of the vertebral arleries and
their prevertebral parts lic deeper bhelow the sur
face and, at times, they are already behind the
clavicular bones. Therelore lhe cxamination of
these parts of the arteries can be difficult, especi-
ally when using a relatively large transducer.

For our investigations Diasonic RA 1 and
PRF-300 seclor-scanners with 7,5 MHEz duplex
probes were used. Distances were calculated by
readings between cursor posilions; because of an
axial resolution of the probes of only 0.3-04
am, these measurments could only be appro
ximations.

NORMAL FENDINGS

Examining 122 successive paliends (61 male,
61 female), the ongins of the vertebral arteries
were visualized in aboul 50% of the men and
65% of the women - the sex difference probably
being the resull of the smalier necks most
women had. The resi of the prevertebral parts
and the further course of the vertebral arteries
in the interiransversal spaces C,,. and C, . was
visible in more than 90% of the cases; C, could
be inspecied in about 70 to 80% and C, . in
about 10 to 30% (fig. 1.2). 1In only 1,4% of 1131
patients no part of a vertebral arlery could be
visualized, either on one or on botlh sides. Si
milar findings were reported by Touboul et al.
and Visona et al. {7,8].
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Fig. i. Vertebral arteries. Visibility by duplex-scan. Male
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Fig. 2. Vertebral arleries. Visibilily by duplex scan. Female

The fumina of the vertebral arteries diifer
more between right and left than in the carotid
arteries, In about one half of 1131 patients the
Jumina of both vertebral arleries were identical
within 0,5 mm. The left artery was dominant
in 33%, the right artery in 17% of the cases.
A left/right-difference of more than 1 mm in
lumen was found in 33% {24% J.r., 9% r.l.).
Hypoplasias {lumen equal or less than {,5 mm)
were seen in 3,1% of the right, 1,9% of the
left vertebral arteries: 3 of 1131 patients {C,3%]}
had hypoplasias of both vertebral arteries. The
mean cumulative lumen of both vertebral arteries
increased by age from 6,0 mm in patients youn-
ger than 30 years to 7,9 mm in patients older
than 80 years without a significani sex difference
{(+/—1,1 mm for each agegroup) {(fig. 3).
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Fig. 3. Cumulative mean Jumen of bolb vertebral arteries

PATHOLOGICAL FINDINGS

Hemodynamically important stenoses of the
vertebral arteries were found only at their ori
gins. Some plaques were also visualized in the
prevertebral, few in the intertransversal parts.
In most cases the degree of stenosis could not
be determined, as sufficient B-mode cross-sec-
tions were not possible; estimations had to rely
on the doppler-signal. For this reason al! ciearly
visible plaques are included under the term
"stenosis” in the following data.

Occlusions of vertebral arteries can be diifi-
cult to demonstrate, since the diagnosis must
rely on a missing doppler signal in several paris
of the artery, and reopenings by collateral path-
ways cannot always be visualized. Angiography
was performed in 4 of our 7 cases, coniirming
the duplex findings.

Vertebral steal-phenomena can easily be
delected by ultrasound-duplex-scan (table I).

Table 1

127 cases of stenoses, occlusions
and vertebral steal in 1131 patients

Stenoses TOcclusions Vertebr. steal
Right vertebr.a 51 I 3 1
Left vertebr.a 38 3 11
Both vertebr.a ! 13 1 =

The percentage of pathological findings in
the vertebral arteries increased by age from 3%
in patients in their 4th decade ta 16% in thase
over 80 years of age. Ip the same group of
patients, carotid stenoses of more than 50%
occured somewhat more frequently in most age
groups (fig. 4).

Of all 1131 patients, 16% had at least one
carotid-stenosis of more than 50%, versus 11%
of pathelogical vertebral findings. Among spe-
cific diseases intracranial infarctions in the ver
tebro-basilar territory and peripheral vascular dise-
ase (withoui neurological signs or symptomsl
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Fig. 4. Vertebral a: steal phenomena. all stenoses.
Carotid a stenoses >50%
were parlicularly associated with  pathological

vertebral findings. It is doubtful whether verfeb
ral hypoplasias are of any diagnostic importance;
yot they scem 1o coincide inore frequently with
cases of infarctions or lransitory dislurbances in
the vertebro-basilar supplied arcas of ibe brain
(table 2.

DISCUSSIGN

Arteriosclerotic changes in the verlebral arle
ries will rarely lead to surgical inlervenlion; ho
wever their presence can influcnce the decision
whether to treat carotid slenoses conservalively
or surgically. Although conventional doppler
sonography can already reveal many hemody
namically significant stenoses at the origins of
the vesscls 5], duplex-scanning will help to
identify the vessels more clearly and to place
the sample volume of 1he pulsed-doppler system
right al the area of interest. The usefuiness ol
this approach has already been described by

I

others |1,2]. Our investigation of more than 1000
patients confirmed their findings, adding inte
resting diagnostic details.

Our previous studies by uifrasound duplex
scan revealed thal in 88% of the cases with
a carolid-stenosis of more than half the lumen
on one side, altheromatosis was also present in
the coniralateral carotid arfery, We expected a
somewhal lower coincidence in the vertebral
arteries |6]. This assumption was confirmed by
the present ultrasound study, We decided to
comparce the percentage of carotid stenoses of
more than 950% with all pathological findings
in the verlebral arlerics including non-stenotic
plaques. This seems 1o he justified, because pla
ques in the vertebral arleries arc not as easy
{0 detect by ullrasound as in the carotid arteries:
3 mode and Doppler signals are more dilficult
te interpret, bocause the arteries lie deeper and
are surrounded by bony structures; hience small
plaques will not be recognized as easily in the
vertebral as i the carotid arteries. Cross sections
of the verlebral arleties will seldo reveal (he
cxacl degree of stenosis. Plagues of low ccho
densily, even difficult to dislinguish iz the ves
sels close to the surface, are rare in the duplex
scans of the vertebral arteries.

In spite of these resiriclions we demonstrated
a tendency of high proportions of pathological
verlebral findings in patienls having infarctions
of the posterior parls of the brain and in cases
of TIA, verligo and peripheral vascular disease
without neurological signs or sympioms. Hypo
plasia of a vertebral arlery (defined by a lumen
<15 min) was also more frequent in veriebro-
basilar infarctions than in other diagnostic groups.

We  therefore  propose to include  the
investigation of the verlebral arteries in duplex
examinations of the neck of pafients with clear
vertebro basilar symptoms, and also in every
person in whom surgery of a carolid artery is
under consideration,

T ahbl

(&

Pathological duplex-scans of carolids {(sienoses >50% ), vertebral arleries (all stenoscs, steal-effect),
and vertebral hypoplasias in several ideatical diagnosiic groups (% of each diagnostic group)

L Carotid arteries Vertebral arterics Vertebral
stenoses >30% sieal, all stenoses hypoplasias
All patienis 1131 16,2 18] 52 8,3
Control-pat 123 0,8 3,3 7,3
Infarction, vert. bas. 19 10,5 42,0 15,8
Infarction, carotid , 198 31,6 9,8 1L
TIA, vert, bas. 17 11,8 17,6 11,8
TIA, carotid 70 25,7 20,0 1,4
Visua) disturbance 56 17,9 10,7 1,8
Vertigo 183 14,2 15,3 7,1
Syncope 84 13,1 2,4 7,1
Parkinson's disease 41 17,1 9.8 0,0
Psycho-organic syndrome 50 30,0 4,0 8,0
Periph. vascular discase 32 50,0 62,5 6.2

1R




OPWUIMHAJIBHBLIE CTATbM

REFCRENCELES

I. Ackerstaff R.G., Hoeneveldt H., Slowinkowski LM, Mol I L.,
Eiketboom H.C., Ludwing S W. Ultrasoruc duplex scanning in
arterio -sclerolc disease of the innominate, subclavian and
vertebral  arteries. A comparative  study with  angiograpby
//Ultrasound Med. Biol.—1984. —DMeg 10.—P.409—418.

2. Baud J.M., Gras C., De Crepy K., Tricot JF. Apport de
I'achetomographic en lemps reel dans le bilan de la maladie
alheromateuse cervico-encephalique /7). Mal. Vasc.—1983, —
Ne B.—P.239—244.

3. Bostrom K., Greitz T., I{assler O., Lillequist B. Sienosis of
the vertebral artery at its ongin from the subclavian arlery.
A radiological and histological study //Acta Neurol. Scand. —
1666.—Ne 42 —~P . 32—-38,

4, Daoefler . Ein Beitrag zur Frage der lokalisation aer
arteriosklerose der gehirngelasse mit besonderer Berucksicht
qung der arteria carolis interna //Arch. Psychiat. Nervenkr.—
1935 —Ne  103.—S.180— 190).

YAK 616,74 073.75+610.74—085 B44

3. Von Reutern G.M., Clarenbach P. Valenr de I'exploration
Dappler des collaterales cervicales el de 'osium vertegral
dans le dieynostic des stenoses el occiusions de I'artece
verlebrale //Ultrasons.—1980,~Ne 1.—£.153— 162,

6. RickenbacherJ. Normale und patholorische Analomie
des Himgefasssysiems //Ganshiri H., edit. Der Himkreis lauf.—
Stuttgart, 1972.

7. Touboul P.J., Bousser M.G., LaPlane D., Castuigne P, Dup
lex scanning of normal vertcbral arteries //Stroke.—1986.—
Ne 17.—P.921—923.

B. Visona A., Lusiani L., Castellani V., Rounsisvalle G, Bona-
nome A., Pagnan A. The echo-Doppler {duplex) system for the
delection of verlebral arlery occlusive disease: comparison

with angiography.—J. Ultrasound. Med.. 1986 —No 5 —
12.247—250.

T .Mokrusch

MAGNETIC RESONANCE IMAGING IN SKELETAL MUSCLE FOLLOWING
DENERVATION AND ELECTRICAL STIMULATION

Hedon-Kitnik, Lingen, FRG

Abstract Following chronic dencrvation, MRI
evalualicn of fast rabbit muscles revealed a  distinct
imcrease of signal intensity and T, relaxation tnme. These
changes were missing or less pronounced alter treatment
with a new type ol electrical stimulation, which previousty
had proved efiective in avoiding muscle alrephy. One
month alter denervation, there was a slight increase of
signal intensity as well in the stimulated as in the untre
aled animals, after two months, however, the mcrease was
stalistically significant only in the non-slimulaled muscles.
T, relaxation lime showed a slight increase after one
month of therapy, while there was a significanl increase
afler one and two mownths without therapy. Afler 3--6
manths of electrical stimulation, there was no increase
of T, at all. The results indicate 1), that MRI can be
used when monitoring stimulaiion effects on denervated
muscle, and 2), that, for this purpose, T, relaxation lime
5 more uscful then signal intensily.

T Mokpyuw:

BUIYAANMSAUMS CKEAETHBLIX MbILULL
METOAOM SAEPHO MAMHUTHOTO PE30OHAHCA
TMOCAE AEHEPBALIMU
U SAEKTPUHMECKOW CTUMYASLIUMK

Ped e p a 1. Busyaansauus MeTOAOM SACPIIO-
MAHUTHOTO PEe3OHAHCA MbIWY KPOAHKA © XPOHAYCCKOH
ACHePBALMeH Ha JOHE TOAUVAAHMA O3BOAKMAS 0OGHADPYXKUTL
ABHOE YHEAMNEHHEe HHTERCUBHOCTH CHI'HAAd M BpCMEHH
perakcanmd T,. Oty uaMerewMsa He HaOAAAAMCE HAK
BLlAM MeHee BEIPAZKEHh! NMOCAS AY2UME SACKTDOCTHUMYAA
umeil, KoTOpas patice OKazrarach 3(QeKTUREOE B npodH
AJKTHKE aTpoduu MblUL. ‘lcpe3 MeCsif BOCAe ACHIePBANMA
HAOAIOAANOCE  HEBOABLIOE BO3IPACTAHHE WHTEHCHBHOCTY
CHIHAAd RAK Y CTUMyAHMPOBEHHBIX, TAK M Y HECTHMYAH
POBAHHBIX XUBOTHBIx. OpHaKo vepes 2 Jec ero so3pac:
TauMe BLIAD CTATHOTMIECKW AHA¥WTEABILIM TOABKO B CTW
MYAMPOBAHHLIX MBIIIIEX .

T.Mokpyw

ACHEPBALINA haM 3AEKTP CTUMYASITOPLIHHAH
CON CKEAET MYCKYAAAPRIH TOLU-MATHWT
THUPGDHEWIL bLICYARl BEADH BU3YAAUIAUMAABY
{KY3aTY, TUKIEPY)

AYARIK dpPRACKIIAG KMAENl ULIKKAK XPOIIKK AcHepBa
nMsAe  AOPT KYRHLL MYCKYALIH Tl MATHHT Tupbadeure
bICYARI GeAdH KYIDTY (BHIYAAMIALMHAIY) CHIHAA KeUeHei
ycyer hom T, peaaxcalmsi BAKBLITBI apTyLiH TanTel. 3AeK
MYCKYA arpohusicery [3aTEIHPBAIHYCN) AOB3AATAHAG SHODT
HOTUXIAIDIS  KWIEPTIIT  JACKTD CTUMyAsuuace BeasH
ASBAAATAHHAH COH MOHALIH Y3TAPEIIADD CH3EAGPACK KHUMO
A€ Huco BoTeHADR KydoTeaMase. AeHepBauus GaufiaHsIm.
Gep aft y3raMuaH COH, CTHMYARUUSADHISH XaUBAHHAPAQ Ad.
CYHMYAANMIASHMSMOH XaWBAHHAPAG Ad CHI'HaA KOYeHeH
fepas yoye Ky3aTeAs. AIKMH 2 dBAaH yoeur 6apll THK CTH

MYAALHAAONIOH MYCKYAAdPAA PhlHA CAH HrbiHHAH CH3EAED
ACK OyAha.

Denervation atrophy and electrical stimulation

F ollowing chronic denervation, a lol of well
known changes occurt in a skeletal muscle,
particularly concerning contractile properties
and morphological features {6]. While contrac-
tion force decrcasecs, the muscle fibres become
smaller and histologically an increase of fal and
conneclive lissue is found.

Despite many investigations during the last
decades, the discussion on the efficacy of electro
therapy in chronic denervation is still controver
sial. In most of the earlier irvestigations, electro
therapy was found to delay, but not 1o avoid
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